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 Foreword     

   The UFAW Handbook on the Care and Management of Laboratory 
and Other Research Animals  is now here again in an 8th 
edition. 

 When I was contacted by Robert Hubrecht earlier this 
year and asked if I would like to write a foreword to this 
new edition I jumped at the chance. This book has formed 
an important part of the laboratory research environment 
throughout the last 50 years and it is a real privilege to able 
to make some contribution, albeit a very small contribution, 
to the 8 th  edition. 

 It is important to see this hugely authoritative work in the 
context of UFAW itself, and the sustained contribution to 
the improvement of laboratory animal welfare that this 
organisation has made since its inception.  The Universities 
Federation for Animal Welfare  was created formally in 1936, 
although its origins can be traced back farther than that to 
1926, when the body from which it evolved, the  University 
of London Animal Welfare Society,  was founded by Major 
Charles Hume. It was Hume who laid the foundations for 
future developments by making it clear that animal welfare 
must be closely associated with science, and with human 
and veterinary medicine, but that importantly policy should 
be based on facts rather than sentimentality. It is still the 
vision that progress in this area will be best served by ensur-
ing that there is close alignment between scientifi c progress 
and animal welfare, so that opportunities to exploit scientifi c 
and technical know - how for delivering real improvements 
are realised quickly and effectively. 

 Under the guidance of Hume, UFAW led the way in 
improving animal welfare, among their stated aims being 
the promotion, by educational and other methods, of inter-
est in the welfare of animals, and enlisting the infl uence of 
University  ‘ men and women ’  on behalf of animals. William 
Russell, the late and greatly lamented polymath, then came 

on to the scene, and joined UFAW from Oxford University 
in 1954. Some short time later Russell was joined by Rex 
Burch, and as they say, the rest is history. In 1959 Russell 
and Burch published their infl uential book  The Principles of 
Humane Experimental Technique , and this year (2009) has seen 
many appreciations and celebrations of the 50 th  anniversary 
of this truly groundbreaking event in the evolution of exper-
imental research. 

 However, let it not be forgotten, that some 12 years 
before the Russell and Burch book was published there 
was another seminal literary event. In 1947 there appeared 
the fi rst edition of the UFAW handbook, edited by 
Alastair Worden. That book, which ran to some 368 
pages, was also hugely infl uential and provided a template 
for best practice for the use of animals in research. 
From those important beginnings, and through a series of 
succeeding editions, has evolved this current  tour de force.  
This 8 th  edition is a magnifi cent achievement and represents 
a truly comprehensive and authoritative work embracing in 
50 very detailed chapters all aspects of animal care and 
husbandry. 

 This book, which will serve to inform and guide practice 
for years to come, is a timely reminder of what UFAW has 
achieved. The many authors that have contributed to this 
work, and in particular the editors who have undertaken the 
Herculean task of producing a volume of such quality, are 
to be warmly congratulated. 

 This is an important job well done. 

    Professor Ian Kimber  
  Professor of Toxicology  

  University of Manchester  
  Faculty of Life Sciences  

  Manchester, UK  
       



 Introduction  
  Robert   Hubrecht   and   James   Kirkwood       
 

1
 It is widely accepted, and implicit in the legislation of many 
countries, that animals used in research should be kept as 
far as possible in a state of good welfare. This duty of care 
is not only a legal and ethical obligation but is also very 
often necessary to achieve high - quality science. Animals 
housed in conditions that meet their needs are much less 
likely to be stressed, a state which can bias results or 
result in increased variation between animals as they attempt 
to cope with the stressor. Therefore, it is often said that 
good animal welfare is in both the animals ’  and the scien-
tists ’  best interests. From the very fi rst edition of the 
Handbook in 1947, the UFAW Laboratory Animal Handbook 
has promoted the importance of high standards of care 
for animals used in research. Indeed, the 1947 edition was 
the fi rst manual on laboratory animal care and housing 
ever to be published and was instrumental in stimulating 
the development of laboratory animal care as a fundamental 
component of laboratory animal science. Since then, it 
has remained an internationally valued resource that has 
helped to refi ne laboratory animal use and to advance 
the Three Rs (3 Rs  –  replacement, reduction and refi nement), 
originally described in 1959 by the UFAW scholars 
Russell and Burch in the  Principles of Humane Experimental 
Technique , and now generally accepted as the key ethical 
principles under which animal experimentation should be 
carried out. 

 Professor, Sir Harold Himsworth, Honorary Physician to 
the Queen and a prominent scientist in the study of diabetes, 
stated in a foreword to the 3rd edition in 1959 that,  ‘  Good 
intentions and wishful thinking are never enough when faced with 
natural problems. Knowledge and yet more knowledge is needed . ’  
Yet it is not always easy to acquire this knowledge. It is hard 
to shake off the biases of anthropomorphism and anthropo-
centrism to establish the real requirements of animals. 
Nonetheless, since the publication of the previous 7th 
edition, there have been considerable scientifi c develop-
ments in the fi eld of laboratory animal welfare that fully 
justify the production of this updated volume. 

 We have included in this edition 10 new chapters on 
implementing the Three Rs in research, addressing areas 
that have developed considerably since the last edition and 
drawing attention to some important general principles. 
There has been a dramatic increase in the numbers of geneti-
cally altered animals used in research, mainly mice, and so 
we have included a chapter on phenotyping to draw atten-
tion to techniques that can be used to better characterise 

these animals and identify welfare issues. Good experimen-
tal design, which has implications on the numbers of animals 
used, needs to take account of genetic status and sometimes 
of housing conditions. Given the importance of these con-
siderations, a general introduction to experimental design is 
included that we hope will be of use, not only to animal care 
staff, but also to researchers and those involved in ethical 
review. The implications of research on wild animals, often 
not within a closely controlled laboratory environment and 
in some cases in the fi eld, are not always well understood, 
and so we have included chapters to address issues relating 
to these animals. This edition also includes a chapter on the 
use of non - traditional laboratory animals  –  those not com-
monly used in biomedical research. 

 Since the 7th edition there have been considerable devel-
opments in animal welfare research relating to both the 
methodology of assessing animal welfare and the use of new 
techniques to judge the importance of environmental provi-
sions aimed at allowing animals to express strongly moti-
vated behaviours. These advances are refl ected within the 
husbandry sections of individual chapters, and in the chap-
ters on assessing welfare and the provision of enrichment. 
Finally, we have included chapters on: legislation and the 
oversight of animal experiments  –  at both local and national 
level; on training and competence assessment; and on 
euthanasia. 

 We have also made other changes. The previous edition 
was published as two volumes but this time we have 
reverted to a single volume, which we believe will be more 
convenient as a source of information. It is not possible to 
cover all the species used in research around the world but 
we have provided chapters on the most commonly used 
species or groups of species. Fish are becoming increasingly 
used in research, and we have provided updated informa-
tion in a chapter on general issues common to marine and 
freshwater fi sh. 

 We have endeavoured as editors to ensure that the chap-
ters refl ect UFAW ’ s approach to the care and husbandry of 
animals used in research, however the chapters are the indi-
vidual authors ’  work and the views they have expressed 
should not be taken as UFAW ’ s offi cial opinions. We have 
included a chapter on chimpanzees although not all coun-
tries use or permit their use. As with other species, their 
inclusion in this book is not meant to imply approval of their 
use, but is to encourage implementation of high standards 
of care. 
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2 Introduction

 It is very important to us that The UFAW Handbook 
should be an international resource, so we have tried to 
ensure that the text is not overly biased towards the European 
situation. However, at the time of writing there has been 
a recent review of European standards of housing 
(Appendix A to Council of Europe ETS 123 and Annex II to 
European Directive 86/609). In addition, changes to the 
European legislation (European Directive 86/609) are being 
debated that might affect both its scope and the regulation of 
animal care. Many chapters make reference to these changes 
to draw attention to recent views on minimum appropriate 
standards and possible future legal obligations. It is, of 
course, the responsibility of those working with animals to 
ensure that the practices they adopt comply with national 
legislation relating to health and safety and animal welfare. 

 It has been our goal to produce an authoritative resource 
in the tradition of previous editions of the Laboratory 
Handbook. The best information about animals ’  needs and 
how these can be met, is based on well planned and exe-
cuted animal welfare science studies published in the refe-

reed scientifi c literature. However, many aspects of animal 
husbandry have not yet received such detailed scientifi c 
investigation and are based on practices that are considered 
through practical experience to be suitable. To help us to 
ensure that as far as possible the chapters refl ect good 
current practice and are a guide for future developments, all 
the chapters in the Handbook have been peer reviewed by 
anonymous referees. We are enormously grateful to all 
those who have undertaken these reviews, for their time and 
expertise and for their advice which has been of great assist-
ance to both editors and authors. 

 We are also extremely grateful to the authors for their 
time and energy in distilling the research literature and their 
practical experiences into concise and valuable chapters, to 
AstraZeneca for a generous donation towards the produc-
tion costs, and to Laboratory Animals Limited for their help 
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2
  Opening  r emarks   

 The Universities Federation for Animal Welfare (UFAW) 
promotes the welfare of animals bred, kept and used for 
experimental and other scientifi c purposes by: 

   •      adopting a scientifi c approach to animal welfare, pro-
viding evidence - based insights into  ‘  what is meaningful 
to the animal  ’ ; and  

   •      advocating that  ‘  best welfare is indeed best science  ’  and 
that we must  ‘   …  aim at well - being rather than at mere 
absence of distress  ’  (Russell  &  Burch  1959 ).    

 In 1954 UFAW commissioned work by William Russell and 
Rex Burch which led to the publication in 1959 of  The 
Principles of Humane Experimental Technique  (Russell  &  Burch 
 1959 ). Russell and Burch demonstrated that high standards 
of animal welfare underpin good science, indeed that better 
welfare facilitates better science, arguing that  ‘   …  humanity 
can be promoted without prejudice to scientifi c and medical aims  ’  
and  ‘   …  the humanest possible treatment of experimental animals 
 …  is actually a prerequisite for successful animal experiments  ’ . 
They advised that:

    …  If we are to use a criterion for choosing experiments to 
perform, the criterion of humanity is the best we could pos-
sibly invent  …  The greatest scientifi c experiments have 
always been the most humane and most aesthetically attrac-
tive, conveying that sense of beauty and which is the essence 
of science at its most successful.  …     

 That is, the Three Rs (3Rs) are part of mainstream science, 
not something separate from it. 

 This chapter provides an overview to the Three Rs of 
humane experimental technique as they have evolved in the 
half - century since Russell and Burch ’ s landmark publica-
tion, focusing on general principles, as a prelude to the more 
detailed and context - specifi c material contained in later 
chapters.  

  Introduction 

 The use of animals for scientifi c purposes is an emotive and 
sensitive issue, and must be conducted with care and com-
passion. Whilst there are national and cultural differences 
in the precise language used, and the protection offered, it 
is now generally accepted that some animals, such as the 

vertebrates, are likely to be able to experience pain, suffering 
and distress. All of those involved in the care and use of live 
animals for scientifi c or other experimental purposes have a 
moral, and in many cases a legal, obligation to minimise any 
justifi able suffering caused. 

 It is generally accepted that animal studies should only 
be undertaken when all of the following conditions are 
met: 

   •      the scientifi c objectives are timely, of suffi cient impor-
tance and attainable;  

   •      there is no non - sentient replacement alternative;  
   •      all relevant and practical reduction and refi nement 

strategies have been implemented;  
   •      the design and conduct of the study minimises the 

animal welfare cost as refl ected in the total pain, suffer-
ing and distress that may be produced, and not simply 
the number of animals used;  

   •      the scientifi c and societal benefi ts are maximised.    

 Animal welfare is a complex issue: it comprises not only the 
health of an animal, but also its state of well - being. It has 
both physical and psychological dimensions and can be 
compromised not only by the infl iction of that which is 
unpleasant, but also by the denial of that which is 
pleasurable. 

 Implementing humane experimental technique requires: 
knowledge and understanding of behaviours and fi ndings 
in normal animals; the impact of care systems and 
scientifi c procedures; how welfare can be evaluated; and 
the development and application of informed, practical 
solutions. 

 The acceptance of the principles of humane experimental 
technique established by Russell and Burch  (1959)  led to a 
period of reducing animal use and signifi cant welfare gains, 
at a time of increasing investment and rapid advances in the 
biomedical sciences. However, the use of animals for experi-
mental and other scientifi c purposes is again increasing, 
primarily due to the production and use of genetically 
altered animals (Home Offi ce  2007 ). The established princi-
ples of humane experimental technique are, nevertheless, 
suffi ciently wide - ranging and fl exible to be applicable to this 
class of animal use not foreseen at the time of Russell and 
Burch ’ s publication. 

 There is a need to ensure, as new technologies and trends 
emerge and new and revised regulatory requirements are 
introduced, that the principles of humane experimental 
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technique inform strategic thinking, regulatory frameworks 
and scientifi c and husbandry practices.  

  Model  s ystems 

 Early scientifi c use of animals was generally curiosity -
 driven, and involved demonstrating biological phenomena 
without necessarily having practical applications in mind 
(Barley  1999 ). The imperative subsequently shifted towards 
understanding the underlying mechanisms and regulation 
of observed phenomena. We are now largely in the era of 
 ‘ deductive science ’ : formulating and testing hypotheses 
with practical applications, with the results being widely 
published. These differing approaches to science are still 
refl ected in the types of studies undertaken and animal 
models used (Festing  2000 ): 

   •      exploratory models generate knowledge without neces-
sarily being relevant to any immediate practical 
application;  

   •      explanatory models elucidate the mechanisms;  
   •      predictive models allow problem solving and decision 

making.    

  The  h igh -  fi  delity  f allacy 

 For the most part, animals in science are now used to model 
complex and dynamic biological systems. Both animal and 
non - animal models mimic only limited aspects of the human 
condition or other system of interest (Sams - Dodd  2006 ) and 
this must be kept in mind when the most appropriate model 
is selected, and fi ndings analysed, interpreted, generalised 
and extrapolated. 

 Russell and Burch  (1959)  warned of the  ‘ high - 
fi delity fallacy ’ : the false assumption that high fi delity (the 
closeness in biological terms of a model system to the actual 
system of interest) equates to a sound model system. Non -
 human primates can be considered to be high - fi delity 
models of man as   ‘ in their general physiological and pharmaco-
logical properties ’   they are   ‘ more consistently like us than are 
other organisms ’  . However, any instinctive preference for 
high - fi delity models   ‘ ignores all the advantages of correlation ’  , 
whereby   ‘ the responses of two utterly different systems may be 
correlated with perfect regularity ’  . High - fi delity models are not 
necessarily required in practice as what is essential is not 
that a model system  ‘ looks like ’  the system of interest, but 
that it behaves like it. High - discrimination models are the 
required scientifi c tools. This is a key concept. The essential 
quality of a good model system is high discrimination: its 
ability, in the context of a defi ned biological process or 
outcome, to produce responses which correlate with the 
response of the system which they model. 

 Replacement alternatives (for example isolated tissues, 
cell cultures and computer models) are high discrimination 
but, inevitably, low fi delity. They   ‘ reproduce one particular 
property of the original, in which we happen to be interested ’ .  The 
Limulus Amoebocyte Lysate test (Levin  &  Bang  1964 ), used 
to detect the presence of Gram - negative endotoxins in a 
range of materials used in clinical practice, is an example of 

a low - fi delity/high - discrimination model. It does not use 
mammalian tissue; does not rely on reproducing the pyrexia 
and other systemic adverse effects seen when Gram - negative 
endotoxins interact with mammalian systems; but instead 
reliably demonstrates the presence of Gram - negative endo-
toxins by a specifi c change in the haemolymph of horseshoe 
crabs.   

  The Three Rs 

 The concepts of replacement, reduction and refi nement in 
relation to the use of animals in science can be traced back 
to Victorian Britain (Richmond  2000 ). An 1839 London 
Medical Gazette editorial advised that live animals should 
not be used:

    …  till it is suffi ciently clear that the fact pursued neither is, 
nor can be proved by any other evidence which is within 
reach, nor by any more mode of enquiry.   (Anon.  1839 )    

 The principles of humane experimental technique also 
feature in Marshall Hall ’ s publications from the same period. 
In an 1847 Lancet article he wrote:

   We should never have recourse to experiment in cases which 
observation can afford us the information required; No experi-
ment should be performed without a distinct and defi nite object 
and without the persuasion that the object will be attained and 
produce a real and uncomplicated result; We should not need-
lessly repeat experiments and cause the least possible suffer-
ing, using the lowest order of animals and avoiding the 
infl iction of pain; We should try to secure due observation so 
as to avoid the necessity of repetition.   (Hall  1847 )    

 Russell and Burch  (1959)  subsequently provided a concep-
tual framework where humane animal care and use was set 
in the context of the need, whilst safeguarding or enhancing 
the quality of the science undertaken. This framework 
requires the implementation of all reasonable and practical 
means available to replace sentient animals; the reduction 
to the necessary minimum of the numbers used; the refi ne-
ment of their production, care and use to minimise the suf-
fering caused; and the promotion of research relevant to 
replacement, reduction and refi nement. 

 They referred to replacement, reduction and refi nement 
as the principles of humane experimental technique, but not 
as  ‘ alternative methods ’  or the  ‘ 3 Rs ’ . The earliest reference 
to replacement, reduction and refi nement as the  ‘  Three Rs  ’  
is in David Smyth ’ s book  Alternatives to Living Animals  
(Smyth  1978 ). 

 Russell and Burch  (1959)  defi ned: 

   •      replacement as   ‘ any scientifi c method employing non - 
sentient material which may in the history of animal 
experimentation replace methods which use conscious living 
vertebrates ’  ;  

   •      reduction as means of minimising, other than by 
replacement,   ‘ the number of animals used to obtain infor-
mation of a given amount and precision  ’ ;  

   •      refi nement as measures leading to a   ‘ decrease in the inci-
dence or severity of inhumane procedures applied to those 
animals which have to be used ’  .    
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 Progress with the Three Rs is not solely, or even primarily, 
driven by a desire to improve animal welfare. Methodological 
improvements are required to overcome the limitations of 
existing animal models and open up new lines of scientifi c 
enquiry. In practice,  ‘ alternative ’  methods are generally 
more technically  ‘ advanced ’ , cost effective, reliable, easily 
scalable and scientifi cally valid than those traditionally 
used. 

 Thus the case for the Three Rs can be made simultane-
ously on three grounds: 

   •      better animal welfare;  
   •      better science in terms of quality and rate of progress;  
   •      logistics and economics.    

  A  h olistic  a pproach 

 A holistic, rather than sequential, approach to the Three Rs 
is required, particularly with respect to reduction and refi ne-
ment where tensions can exist, balances may have to be 
struck and synergies exploited. In all cases decisions must 
be taken on a case - by - case basis in the context of the specifi c 
scientifi c objectives being pursued.  

  Simple  w ords:  c omplex  m eanings 

 The commonly used defi nitions of replacement, reduction 
and refi nement are deceptively simple, and the use of these 
everyday words conceals subtleties of meaning that must be 
carefully considered and fully understood in order to appre-
ciate the power and relevance of the Three Rs. Even the term 
 ‘ alternatives ’  can mislead by creating the false impression 
that only replacement is relevant; and that alternative 
methods simply substitute for, but retain the scope and limi-
tations of, the original animal models. 

 Replacement methods are not just substitutes for animal 
models: they are often better science, more powerful and 
versatile and the tools of choice. For example the use of 
robotics and  in vitro  replacement systems for high - through-
put screening of potential novel pharmaceuticals allows 
rates of progress not previously possible using animal 
models. 

 Reduction is best considered as minimisation or optimisa-
tion of animal numbers. The intention is to minimise the 
number of animals required to provide suitably robust data: 
using more is wasteful; using fewer at best requires that 
work is repeated and at worst results in misleading conclu-
sions being drawn from the available data. There are occa-
sions when the original estimates of the number of animals 
required prove on examination to be too few to meet the 
scientifi c objective, and on these occasions applying the 
principles of reduction will result in the intentional use of 
more animals than originally estimated. 

 The total number of animals used annually for experimen-
tal and other scientifi c purposes is determined by a range of 
factors, including the level of spending on science (which is 
increasing in real terms), strategic funding priorities (for 

example better understanding of gene function and control), 
the availability of new technologies (such as the ability to 
produce genetically altered animals) and changes in regula-
tions to protect man and the environment (for example the 
European Union REACH legislation). Because of such 
drivers, progress with replacement and reduction cannot be 
judged simply on the basis of the total number of animals 
used for experimental and other scientifi c purposes. 
However, there are specifi c classes of animal use where 
replacement and reduction have had a demonstrable impact; 
for example improved tissue culture systems have effec-
tively ended the use of animals to produce monoclonal anti-
bodies by the ascites method; and the use of the Limulus 
Amoebocyte Lysate test has reduced the use of rabbits for 
pyrogen testing. 

 In some cases, to minimise welfare costs, balances have to 
be struck between reduction and refi nement. More aggres-
sive protocols, the intensive re - use of animals and less 
refi ned endpoints may allow scientifi c objectives to be 
attained using fewer animals, but at a disproportionate 
welfare cost. On other occasions, there may be a choice to 
be made between the use of asymptomatic large - animal 
models which will not experience signifi cant pain, suffering 
or distress; and symptomatic small - animal models which 
will. Experience and expert judgment may be required to 
determine which option is both scientifi cally satisfactory 
and minimises the overall likely suffering. In all cases, the 
correct and most humane principle that can be applied is to 
minimise the total suffering that might be caused, without 
compromising the scientifi c objective, and without imposing 
an unreasonable welfare cost on any experimental subject 
(Richmond  1999 ). 

 Despite the tremendous progress that has been made with 
refi nement, as evidenced by numerous practical instances 
detailed elsewhere in this book, it has proved diffi cult to 
date to capture and publish defi nitive data, other than case 
studies, which objectively demonstrate the resulting aggre-
gate welfare gains.   

  Scientifi c  v alidation and  r egulatory  a cceptance 

 The adoption of new and improved research technologies 
depends on the publication and acceptance of technical 
progress. However, in many cases little or no prominence is 
given to progress with the Three Rs in mainstream core -
 science journals, and, although there are specialist publica-
tions and websites dedicated to the Three Rs, this literature 
may be unfamiliar to many scientists. 

 Formal scientifi c validation of alternative methods with 
respect to their relevance and reliability for their stated 
purpose, is required if non - animal tests, and more refi ned 
animal tests, are to gain regulatory acceptance. Scientifi c 
validation addresses test optimisation and defi nition, 
within - laboratory variability, transferability between labo-
ratories, between - laboratory variability, predictive capacity, 
applicability domain and minimum performance standards 
(Balls  et al.   1995 ). Although these can be addressed in a 
sequential process,  ‘  modular  ’  approaches (Hartung  et al.  
 2004 ) have been developed to take account the non - sequen-
tial development of alternatives; as have  ‘  weight - of - evidence  ’  
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(Balls  et al.   2006 ) and  ‘ catch - up ’  schemes to cope more effi -
ciently with variations on existing methods. 

 The scientifi c validation of replacement, reduction and 
refi nement alternatives is fraught with problems. 

 Although the most appropriate means to assess the valid-
ity of any replacement or more refi ned method would seem 
to be a direct comparison of its performance against reliable 
human (or other target species) data, this is seldom possible. 
Where animal test data is available the inherent variability, 
indeed unreliability, of some existing animal models 
presents diffi culties. Available animal data tends to be of 
variable quality, generated using test systems not them-
selves fully standardised or scientifi cally validated, and 
which imperfectly reproduce the human response. An 
improved alternative test that has greater specifi city or sen-
sitivity, although better science and more reliable, will there-
fore give different results to the established animal model. 
The inability to reproduce strictly the results obtained with 
imperfect but established test methods can delay the valida-
tion and acceptance of new and improved test systems. In 
addition there is still no effi cient global mechanism for the 
rapid regulatory acceptance and use of newly validated test 
methods.  

  Training and  t eamwork 

 The ability to review that which has already been reported 
and to make new connections, or offer new insights, is 
common to success in many walks of life. It should be 
regarded as a core competence of all of those involved in the 
care and use of animals for scientifi c purposes. A scientifi c 
training and continuing professional development should 
instil and maintain the knowledge, mindset and practices 
that place the Three Rs at the heart of animal - based research 
and testing. The objective is not only to equip individuals 
with factual knowledge and technical skills relating to their 
immediate area of scientifi c interest, but also to develop the 
other competencies required to plan, conduct, assess and 
report high - quality, humane research and to keep abreast of 
technical progress. 

 This includes awareness and acceptance that expert input 
from others is required, as it is no longer possible for any 
one person to have all of the necessary knowledge and skills; 
and even the largest research teams may at times have to 
seek expert advice. For example, with the relentless increase 
in information available in both peer - reviewed journals and 
the internet, accessing and assessing relevant information 
increasingly needs specialist training and skills, requiring 
either the training of scientists to do this better, or placing 
reliance on information specialists. In addition, it is no more 
reasonable to expect a short training course in statistics to 
turn a biological scientist into a competent statistician, than 
it would be to expect an equally short training in the biologi-
cal sciences to turn a statistician into a competent biological 
scientist. 

 For these reasons many research organisations provide 
institutional - level expert support with elements of animal 
care and use, experimental design, laboratory animal science 
and veterinary medicine.  

  Replacement 

 Although we do not currently have the means to replace all 
forms of animal use without slowing or halting scientifi c 
progress in many areas of research and testing, replacement 
is relevant to fundamental and applied biomedical research, 
regulatory testing and the use of animals for education and 
training. Replacement alternatives offer a range of benefi ts 
over the animal models they supersede, often allowing more 
rapid progress than was possible using animal models and 
in some cases providing scientifi c insights not possible using 
animal models. 

 Russell and Burch  (1959)  defi ned replacement as   ‘ any sci-
entifi c method employing non - sentient material which may in the 
history of animal experimentation replace methods which use con-
scious living vertebrates ’  , distinguishing between  ‘ absolute ’  
replacement, with no sentient animal use (for example com-
puter models), and  ‘ relative ’  replacement, using animals in 
non - painful procedures (for example humane killing to 
obtain tissue, or the use of immature forms incapable of 
experiencing pain, suffering or distress). 

 Replacement alternatives must be based on good science 
and produce responses that correlate with those of biologi-
cal systems which they model. Their development requires 
an understanding of the underlying biological mechanisms 
and their responses; and is often dependent on the availabil-
ity (or  de novo  generation) of reliable animal or human refer-
ence data, and appropriate non - animal technologies. 

 Progress with replacement models has, to date, been 
largely with single - stage processes involving biological 
effects mediated by clearly understood single - event mecha-
nisms, and for which there is high - quality human or rele-
vant animal data. Devising non - animal models of more 
dynamic and complex biological interactions is more diffi -
cult; although a 2007 NC3Rs workshop has indicated that 
even with processes as complex as emesis there are signs 
that non - sentient test systems are possible and perhaps even 
within reach. 

 The range of replacement options can be deceptively wide 
and may include: 

   •      strategies avoiding the need to generate new animal -
 based data;  

   •      systems allowing elements of evidence gathering, anal-
ysis or decision making to be undertaken without live 
animal use;  

   •      methods and models providing the required insights 
without causing procedure - related pain, suffering or 
distress to sentient animals.    

  Replacement  s trategies and  s ystems 

 In some instances, scientifi c objectives can be achieved 
without the need for additional animal use. Examples 
include: 

   •      Amending regulatory requirements and provisions to 
dispense with inessential tests: for example the 
Abnormal Toxicity Test (Schwanig  et al.   1997 ) is no 
longer required for the evaluation of a range of prod-
ucts used in clinical practice.  
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   •      Harmonising international validation processes, regu-
latory testing requirements and decision making to 
eliminate the need to use animals in different protocols 
to inform multiple regulators about a single toxicologi-
cal endpoint.  

   •      Reformulating scientifi c objectives to allow relevant 
insights to be gained using existing data or new non -
 animal data.  

   •      Reviewing published work to ensure that relevant 
existing data is not overlooked and animal experiments 
inadvertently replicated. There is, however, an impor-
tant distinction to make between unnecessary duplica-
tion (the unintended repetition of studies that have 
already been completed and reported) and justifi ed, 
intentional replication. This latter class of animal use 
may be necessary when introducing new model 
systems, evaluating procedural changes, restarting pro-
grammes of work after periods of inactivity or changing 
laboratories or key personnel.  

   •      Data sharing where previous relevant fi ndings have not 
been published  –  for example accessing data generated 
for in - house decision making or contained in regulatory 
submissions.     

  Replacement  m ethods and  m odels 

 Where additional data are required, a wide range of replace-
ment methods and models can be considered: 

   •      The use of physico - chemical properties to predict bio-
logical effects to screen or fully evaluate test materials. 
Examples include the use of pH and buffer capacity to 
predict potential severe ocular irritation or corrosion; 
and the use of computer models, generally strictly 
limited in scope and heavily dependent on reliable  in 
vivo  data, allowing molecular structure to be correlated 
with specifi c biological activities.  

   •      The use of non - sentient organisms. Examples include 
the use of bacteria to assess genotoxic potential (Ames 
 et al.   1973 ).  

   •      The use of immature forms of sentient species incapable 
of experiencing pain, suffering or distress; for example 
fi sh larvae to evaluate aquatic toxicity.  

   •      The use of  ex vivo  and  in vitro  systems, of animal or 
human origin, at the level of the organ, tissue slice, cell 
culture/suspension or sub - cellular component. These 
may be absolute replacements (for example non - 
primary cell cultures that do not require to be main-
tained using foetal calf serum), or relative replacements 
(for example animal primary - cell cultures, or other cell 
culture systems requiring the use of foetal calf serum).  

   •      Human studies, subject to appropriate ethical safe-
guards. Data may be gathered in the course of volun-
teer, clinical - trial, post - marketing surveillance or 
epidemiological studies. New technologies (for example 
improved methods of diagnostic imaging, and pre -
 clinical markers of biological effects) can offer new 
opportunities to work with human subjects.  

   •      A wide range of replacement alternatives can be used 
in education and training to demonstrate biological 
phenomena, processes and interactions; train partici-

pants in manual skills; and develop problem - solving 
skills. These include models, fi lms and videotapes of 
procedures, interactive software simulations, course-
ware on compact discs and interactive laser discs, and 
virtual reality systems. See, for example, the Interniche 
website 1 .      

  Reduction 

 Russell and Burch  (1959)  defi ned reduction as  ‘  reduction in 
the number of animals used to obtain information of a given 
amount and precision  ’  other than by replacement, stressing 
the imperative to use the right number rather than too many 
or too few. 

 Reduction can be considered to comprise any strategy or 
method which: 

   •      other than by replacement reduces the need for animal 
studies; or  

   •      minimises the number of animals required to achieve a 
defi ned scientifi c objective; or  

   •      permits more data or product to be obtained from the 
animals that must still be used.    

 Reduction and refi nement must always be considered 
simultaneously. Focusing purely on decreasing numbers 
can lead to solutions that reduce the numbers used, but 
produce a disproportionate increase in the pain and distress 
caused to the animals that are used (Richmond  1999 ). 

 Whilst statistical elements of experimental design such as 
sample size, power, variation, precision and the proper 
application of appropriate statistical methods are important 
means of determining the number of animals required and 
interpreting the data that is generated (Festing  &  Altman 
 2002 ), there are equally important non - statistical reduction 
considerations such as selection of suitable experimental 
subjects, husbandry and care systems, procedural details 
and other means of controlling and minimising unwanted 
stressors and unnecessary variables (see Chapters  3  –  16 ). 

 It is important to be aware of the full range of reduction 
options and opportunities. 

   •      The sequence in which objectives are pursued 
and experiments are carried out are important 
considerations.  

   •      One of the most effective means of minimising the 
numbers of animals required for a programme of work 
is to apply tiered and hierarchical approaches to enable 
the early identifi cation and discarding of materials (and 
hypothesis) not destined for further development, thus 
obviating the need for inessential animal studies. 
Taking the assessment of the ocular safety of materials 
as an example (Gallegos Saliner  &  Worth  2007 ): consid-
ering physicochemical properties; considering  in vitro  
test results; conducting dermal safety tests; and identi-
fying strong skin irritants and corrosive materials, 
enable a reliable evaluation to be made of likely ocular 
safety without the need to undertake tests on live 
animals. When ocular safety tests on live animals are 

  1       http://www.interniche.org/  
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still required, testing fi rst on a single animal can reduce 
the number of animals used as materials giving strong 
positives in a single animal do not require confi rmatory 
testing using additional animals. These examples also 
link to refi nement, dispensing with the need to use 
animals to test materials most likely to cause the great-
est degrees of pain, suffering, distress and lasting harm. 
In other contexts, small proof - of - concept studies, if they 
fail to demonstrate the expected outcomes, obviate the 
need for failed large - scale defi nitive studies.  
   �      Preliminary  in vitro  data can reduce the number of 

animals required for defi nitive studies.  
   �      Although no single  in vitro  test, indeed no battery of 

such tests, has yet been scientifi cally validated as a 
full replacement for the live rabbit ocular safety test, 
a positive test result for some classes of test materi-
als in some  in vitro  test systems can be accepted as 
evidence of ocular corrosive or severe irritant poten-
tial, requiring that only materials testing negative in 
the  in vitro  systems are further characterised using 
live animals (Gallegos Saliner  &  Worth  2007 ). This 
example again links to refi nement.  

   �      Preliminary cytotoxicity data is now used to reduce 
the number of animals used in acute toxicity studies 
by determining the appropriate doses of test mate-
rials to be used in the animal studies (ICCVAM 
 2001 ).    

   •      Sometimes defi nitive studies can only be planned in 
detail once preliminary animal data are available: 
    �       Pilot experiments are small - scale preliminary 

studies to examine the logistics of proposed defi ni-
tive studies (see Chapter  3 ). In many cases the 
results will not be published, but will be used to 
design improved defi nitive studies. Procedural 
improvements can include insights into: likely 
inter - individual variation and the number of 
animals required to obtain robust scientifi c results; 
the most appropriate dosing and sampling regi-
mens; the nature, incidence, severity and timing of 
possible physiological, behavioural changes and 
adverse effects; and how they can best be avoided, 
elucidated or managed. Importantly, they may 
identify and remedy unexpected, extraneous 
experimental variables before larger - scale studies 
are undertaken.    

   •      The number of animals required to meet the scientifi c 
objectives refl ects the required degree of precision and 
certainty; thus the number of animals required should 
be no more than is necessary to meet the scientifi c 
objective: 
    �      There may be opportunities for reducing the 

number of animals required by taking account of 
prevalence of the outcome of interest (Hoffmann  &  
Hartung  2006 ): it may require less data to identify 
candidate test materials with a common property, 
than with an uncommon property.  

   �      Where test materials are only to be assigned to 
general categories, requiring only an estimate of 
their biological properties, smaller numbers of 
animals may be suffi cient rather than the larger 
numbers required to calculate the more precise or 

absolute values necessary to place test materials in 
rank order.    

   •      Making appropriate use of control groups and data: 
    �      A negative control is known to give a negative 

result, acting as a means of demonstrating the base-
line result obtained when a test was conducted, 
and confi rming that the basic conditions of the test 
system were able to produce appropriate negative 
results even if the experiment does not produce a 
negative result.  

   �      A positive control is treated to produce a positive 
result under normal conditions, confi rming that 
the basic conditions of the test system were able to 
produce appropriate positive results even if the 
experiment does not produce a positive result.  

   �      Control and other experimental groups are in all 
other respects exposed to identical conditions, 
observations and investigations.  

   �      Control groups can be used as standards for com-
parison, making conclusions about the relevance 
and signifi cance of the results more robust by dem-
onstrating that the test system is appropriately 
responsive; eliminating alternative explanations of 
experimental results (the possibility that the exper-
imental subjects were prone to, or incapable of, 
giving appropriate positive or negative results); 
and taking account of other potential confounding 
variables within the test system (for example the 
chance that some unrecognised intercurrent 
problem infl uenced the responses observed).  

   �      In cases where the experiment causes substantial 
suffering it may be possible to reduce the numbers 
of animals in the treatment group but increase the 
numbers in the control group (by more than the 
numbers reduced in the treatment group). This 
technique results in the same statistical power, but 
fewer animals suffering in the treatment group. 
This example illustrates the need for taking 
informed decisions when refi nement, in the sense 
of the total suffering that may be caused, must be 
balanced against outcomes requiring the use of 
larger numbers of animals.  

   �      When there is a need for control data, the number 
of animals might, in some circumstances, be mini-
mised by the use of a single concurrent control to 
evaluate simultaneously a range of test materials 
for the same biological property, or by the use of 
historical controls. Both of these are relevant, for 
example, when animals are used to evaluate the 
skin sensitisation potential of test materials. In 
these studies a single control group may suffi ce 
when a number of test materials are tested in the 
same laboratory on the same day. Moreover, the 
routine use of concurrent positive controls, to dem-
onstrate that the test method as applied in a labora-
tory can produce an appropriate positive response, 
is generally unnecessary if the routine testing pro-
gramme itself regularly produces both positive and 
negative results.    

   •      In some circumstances, a disproportionately large 
amount of additional information can be gained from 
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the use of small additional satellite groups to pursue 
more than one scientifi c objective within a single 
experiment. For example, toxicokinetic data can be 
gathered in the course of single - dose toxicity studies 
(ICH  1994 ).  

   •      The degree of uniformity/lack of variability within and 
between experimental subjects is an important determi-
nant of the number of experimental subjects required, 
and all reasonable efforts should be made to control 
relevant genetic and epigenetic factors and promote 
uniformity. In this context there are many synergies 
between reduction and refi nement: 
    •      The use of purpose - bred animals permits varying 

degrees of control of genetic variability and micro-
biological status, and for many of the commonly 
used species the availability of inbred and isogenic 
strains allows the use of smaller group sizes than 
is possible with outbred or random - bred animals 
(see Chapter  4 ). In some instances the use of geneti-
cally identical animals allows scientifi c progress to 
be made that would otherwise be impossible 
(Festing  &  Fisher  2000 ).  

   •      Variability can be further reduced by providing a 
controlled and standardised environment, with the 
most uniform populations and results being pro-
duced when the environment is optimal for the 
animals ’  well - being (Chance  1957 ; Chance  &  
Russell  1997 ). Variation (and therefore sample size) 
is reduced, not simply by ensuring a uniform envi-
ronment, but by providing specifi c environmental 
conditions.  

   •      Stressed animals have different baseline behav-
iours, physiological fi ndings and range of responses 
to experimental interventions, from unstressed 
animals. Therefore, all reasonable efforts should be 
made to identify and remove or minimise unneces-
sary stressors (Poole  1997 ).    

   •      Even when the number of animals required for a given 
experiment cannot be reduced, there may be some 
scope to reduce the number of animals required for a 
programme of work by the responsible re - use of 
animals: 
    �      Re - use may be defi ned as the second or subsequent 

scientifi c use of an animal that has already 
completed a series of procedures for a defi ned sci-
entifi c purpose when the use of a na ï ve, unused 
animal would have also been scientifi cally 
satisfactory.  

   �      Whilst re - use may reduce the total of number of 
animals required for programmes of work, it has 
to be balanced against the resulting increased, 
cumulative suffering experienced by the individ-
ual re - used animals.  

   �      Re - use should only be considered when the follow-
ing conditions are met:  
  1.     The fi rst use has not compromised the suitabil-

ity of the animal for the second or subsequent 
use (for example animals which have been 
exposed to a pathogen or immunogen will 
not give a na ï ve response if subsequently 
re - exposed).  

  2.     Animals experienced only minimal pain, suf-
fering and distress, and no lasting harm, from 
their earlier use.  

  3.     The animals have been shown on a case - by -
 case basis by a competent person, after com-
pletion of the fi rst use, to have been restored 
to a normal state of well - being.   

  Examples include the re - use of rabbits which 
have given negative results in skin irritation 
tests for a single ocular safety study; the use of 
animals as blood donors; and, subject to suita-
ble recovery periods, the re - use of dogs or non -
 human primates in pharmacokinetic studies.    

   •      Matching the production of animals and the availability 
of animal tissues to known or likely demand avoids 
waste. Common examples include cryo - preservation of 
genetically altered animal lines (Glenister  &  Rall  2000 ) 
rather than maintaining  ‘ tick - over ’  colonies, and 
through in - house tissue - sharing schemes fi nding scien-
tifi c uses for tissue harvested when breeding stock are 
humanely killed.  

   •      Retrospective analyses of results may show that the 
number of animals needed could in future be reduced 
without loss of precision. This has been found to be the 
case with some vaccine potency assays (Hendriksen  &  
Steen  2000 ).    

  Synergies and  c onfl icts 

 It is clear from the above that reduction and refi nement are 
interrelated and must be considered concurrently. 

 In addition there are technologies that involve initial sur-
gical preparation but which then reduce the total number of 
animals required, minimise the stress animals subsequently 
experience and improve the quality of the fi ndings. For 
example, there is a range of implantable telemetery devices 
(Kramer  &  Kinter  2003 ) that allow the remote capture of 
intermittent or continuous streams of  ‘ physiological data ’  
whilst animals undertake normal activities unstressed by 
disturbances to the social group, sedation, handling or 
restraint. These technologies may permit the numbers of 
animals per study to be reduced by the capture of serial data 
and the re - use of telemeterised animals. 

 In such cases there are trade - offs to be made between the 
welfare costs of the initial surgical preparation, the reduc-
tion in the number of animals required to give meaningful 
results, the procedural stresses that can be avoided 
after recovery from surgery and the improved nature and 
quality of the data that can be gathered (Brockway  et al.  
 1993 ; Schnell  &  Gerber  1997 ), illustrating the interaction 
between the Three Rs, and the need to take a holistic rather 
than a sequential approach when putting humane experi-
mental technique into practice.   

  Refi nement 

 Russell and Burch  (1959)  defi ned refi nement as measures 
leading to a   ‘ decrease in the incidence or severity of inhumane 
procedures applied to those animals which have to be used ’ .  
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 Refi nement is not just a matter of minimising the inci-
dence of adverse effects, or the number of animals used; it 
is minimising the total pain, suffering, distress and lasting 
harm that may be caused. A higher incidence of fi ndings not 
indicative of a high welfare cost, such as reduced weight 
gain, may be preferable to a lower incidence of endpoints 
clearly indicative of higher levels of suffering. 

  The  s ignifi cance of  r efi nement 

 Refi nement improves the quality of life of every animal 
bred, kept and used for experimental and other scientifi c 
purposes, and benefi ts every programme of work using live 
animals. 

 Consideration of refi nement starts the moment there is an 
intention to breed or keep an animal for experimental or 
other scientifi c purposes; continues throughout the scientifi c 
use of the animal until it is humanely killed or otherwise 
disposed of; and does not end until the lessons learned are 
incorporated into future practice. 

 If research fi ndings are to be considered meaningful then, 
before the scientifi c procedures are applied, the animals will 
ideally have physiological parameters and behaviours 
within the normal range. More refi ned systems of care and 
use, or rather the higher welfare state they produce, impact 
on experimental fi ndings (Poole  1997 ; Bayne  2005 ). A key 
concept is that the impact of refi nement on research fi ndings 
must be seen as a stimulus rather than a barrier to develop-
ing and accepting more refi ned methods  –  as refi nement, 
high standards of welfare, normal experimental subjects and 
good science go hand - in - hand. The possible limitations and 
inadequacies of data sets and conclusions obtained with less 
refi ned practices, rather than constituting a criticism of the 
scientifi c validity of data obtained by more refi ned methods, 
are an indictment of the reliability of the less refi ned 
methods. The fact that more refi ned methods might infl u-
ence results is thus a powerful reason to accept, rather than 
resist, progress and change.  

  Staff  c ompetencies and  r esponsibilities 

 Animals in captivity are totally dependent on man for their 
well - being, and the attitudes and skills of those responsible 
for their care and use are the most important factors in 
achieving high welfare standards and conducting sound 
science. In addition to being technically competent, it is 
important that all staff develop and display an appropriate 
 ‘ culture of care ’ . 

 The best and most refi ned use of animals in science 
requires a multidisciplinary, team approach. Laboratory 
animal veterinarians, laboratory animal scientists and 
animal care staff must play an active and expert part in 
refi ning animal care and use. Staff must be trained to recog-
nise both normal behaviours and signs of pain and distress, 
both to improve all aspects of animal care and facilitate the 
recognition of experimental effects. 

 Those responsible for assessing animal welfare must be 
empowered to make the best provision for their housing, 
care and use; and to take prompt action when scientifi c and 

welfare endpoints are approached or reached. They must be 
aware of contingency plans to deal with unexpected adverse 
effects.  

  Assessing  w ell -  b eing 

 To make proper provision for animal welfare it is 
essential to understand and recognise what is  ‘  meaningful to 
the animal  ’  and to do  ‘  what is right for the animals  ’  (Russell  &  
Burch  1959 ). Recognition of an abnormal state depends on 
an awareness of, and familiarity with, normality in the 
species and individual under observation. In the absence of 
evidence to the contrary, it is to be assumed that any 
stimulus, experience or pathology that produces pain and 
discomfort in man, also does so in sentient animals (Home 
Offi ce  1965 ). 

 The behavioural and physiological responses of animals 
to adverse effects are not uniform between species, strains, 
individuals of the same species and strain, or even in the 
same individual at different times (Scharmann  1999 ). Thus 
assessment of welfare takes place at the level of the indi-
vidual animal. 

 Welfare is assessed by taking into account behavioural, 
physiological, clinical and laboratory fi ndings (see Chapter 
 6 ). Of these, behavioural fi ndings and changes are often the 
earliest, most sensitive and most meaningful indicators. 

 Confi dence in indices of welfare is best placed in fi ndings 
which: 

   •      occur in an appropriate context;  
   •      progress with the nature and severity of the insult;  
   •      are predictive of the ultimate welfare, clinical or patho-

logical outcomes;  
   •      can be controlled with appropriate specifi c, supportive 

or symptomatic measures or treatments.    

 For example, signs considered to be indicative of pain 
should occur in contexts where there is reason to believe 
pain may be present, and should abate with prompt, effec-
tive analgesic administration. However, it is important to 
recognise that: 

   •      animals may be distressed, though not in pain, and 
therefore display signs which analgesics will not allevi-
ate  –  this may be seen for example in animals with 
locomotor impairments due to neurological damage;  

   •      analgesics can have direct pharmacological effects 
unrelated to pain relief producing behavioural changes 
and altering clinical fi ndings (Roughan  &  Flecknell 
 2000 );  

   •      identifying and managing chronic pain and distress, 
where the signs can be insidious, pose particular diffi -
culties (Flecknell  &  Roughan  2004 ).    

 As the judgement of animal well - being ultimately rests with 
humans a degree of critical anthropomorphism is perhaps 
inevitable.  ‘ Critical ’  in this context implies empathy tem-
pered with objective knowledge of the animal, its needs and 
normal behaviours; preceding events; and the signifi cance 
of any signs which may be seen. 

 Expert judgement can be required to understand the 
scope, limitations, possible interpretations and signifi cance 
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of even seemingly objective measures. Pitfalls to be borne in 
mind include: 

   •      demonstrating behavioural or physiological differences 
contingent upon changes to an animal ’ s environment. 
Otherwise, the procedures applied may not clearly indi-
cate which represents the lesser welfare cost or higher 
welfare state;  

   •      preference testing (Kirkden  &  Pajor  2006 ) may only 
identify the least objectionable rather than the optimum 
option, and short - term preferences may not be indica-
tive of long - term preferences, needs and benefi ts;  

   •      although technology is improving, measuring even 
basic physiological phenomena and behaviours some-
times requires additional interventions that add welfare 
costs or alter the parameters being measured.     

  Severity  s coring  s ystems 

 A number of disturbance indices and severity scoring 
systems (see, for example, Hendriksen  &  Morton  1999 ) have 
been developed to assist with the assessment of the welfare 
of animals used for experimental purposes, to identify pro-
tocols with high welfare costs where work on replacement 
or refi nement might most usefully be commissioned, and to 
evaluate the impact of potential refi nement measures (see 
Chapter  6 ). 

 Such systems are based upon discrete and continuous 
indices of welfare, with continuous variables categorised to 
refl ect what we understand to be meaningful differences in 
levels of signifi cance and suffering. Combinations of signs 
tend to be more signifi cant than the occurrence of any sign 
in isolation. Although they must be contextualised and 
adapted to refl ect the research objectives, models and pro-
tocols, they are valid whether impaired welfare is due to the 
immediate or delayed, local or systemic, or primary, second-
ary or tertiary effects of the procedural interventions. 

 They encourage the use of standard documentation, and 
plain non - technical language with a limited range of key-
words to identify, describe and record fi ndings. These sim-
plify staff training, provide a systematic approach to 
evaluating welfare and facilitate communication within and 
between research groups.  

  Refi nement:  c ontingent and  d irect  c osts 

 The welfare costs to animals bred, kept and used for experi-
mental and other scientifi c purposes have two distinct com-
ponents (Russell  &  Burch  1959 ): 

   •       ‘ contingent ’  welfare costs (harms), comprising the wel-
fare - negative aspects of animal production and care 
whether caused by acts of commission or omission;  

   •       ‘ direct ’  costs (harms) resulting form the experimental 
procedures applied.     

  Refi nement:  c ontingent  h arms 

 Animal facilities and care practices must facilitate high 
standards of animal welfare and high - quality research by 

eliminating, or controlling and minimising, unwanted vari-
ables whilst making the best possible, appropriate provision 
for the physiological, social and behavioural needs of the 
animals (see Chapters  9  –  12 ). 

  The  p hysical  e nvironment,  h usbandry,  a ccommodation 
and  c are 

 Many elements of accommodation and care affect the 
welfare of animals and their response to experimental inter-
ventions (Poole  1997 ; Bayne  2005 ). These can affect both the 
validity and reproducibility of fi ndings to an extent 
that experimental results may only be valid for, and repro-
ducible within, the conditions under which they were 
obtained. 

 Ideally, standards of animal care and accommodation 
would be based on objective evidence of what is required to 
make best provision for animal welfare. At present much of 
the evidence required to derive and support such standards 
does not exist, with guidelines and regulations being based 
on a combination of the results of welfare research, fi eld 
research, existing good practice and only making provision 
for the minimum expected or acceptable standards of care 
and accommodation (Council of Europe  2006 ).  

  Pair -  and  g roup -  h ousing 

 It has been shown in many species that housing with one or 
more socially compatible conspecifi c signifi cantly reduces 
stress, and that being kept singly in isolation compromises 
both an animal ’ s welfare and its suitability as an experimen-
tal subject (Poole  1997 ). Animals, other than those which are 
naturally solitary, should be socially housed in stable groups 
of compatible individuals. Nevertheless, care is required to 
ensure that pair -  and group - housed animals are socially 
compatible, and it must be remembered that population 
density and group size infl uence the physiological and psy-
chological state of the animal and affect experimental 
responses. 

 There will be some circumstances, for example the use of 
a single instrumented animal, when the companion animals 
will not be experimental subjects yet will be exposed to any 
contingent harms. 

 Animals should be singly housed only on veterinary or 
other welfare grounds, or justifi ed scientifi c need; in which 
case animal care and veterinary staff should be involved, 
and appropriate additional resources targeted at animal 
welfare.  

  Space:  r equirements and  s tructure 

 The key considerations are the animals ’  physical and 
behavioural needs, and how provision for these is best 
made within the context of their production, care and 
use. 

 Basic physiological and ethological needs (such as freedom 
of movement, appropriate social contact and the ability to 
withdraw from social confl ict; the performance of meaning-
ful activities; and access to food and water) should never be 
restricted without good cause, and then only to the justifi -
able minima. 
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 Animals should be provided with a suffi ciently spacious 
and complex environment to facilitate a wide range of 
normal activities and behaviours, taking account of their 
physiological and ethological needs. The preferred systems 
will vary according to species, strain, age, physiological con-
dition, stocking density and group size, and whether animals 
are kept as stock, for breeding or experiments.  

  Environmental  e nrichment 

 Environmental enrichment (see Chapter  10 ) covers a wide 
range of provisions with which a captive animal can interact 
to promote its physical and psychological well - being. 
Enrichment can achieve this by allowing and maintaining 
the expression of normal species - appropriate (and in some 
cases strain - specifi c) social interactions, and physical, behav-
ioural and mental activities; or preventing or reducing 
abnormal physical fi ndings and behaviours. 

 The laboratory environment can never reproduce the 
complexity of an animal ’ s natural environment, and the 
intention is generally to mimic critical natural environmen-
tal factors so that normal, strongly motivated behaviours 
can be expressed, reinforced and maintained (Blanchard  &  
Blanchard  2003 ). Not all natural behaviours are appropriate 
in the laboratory setting (Fraser  1993 ): natural behaviours 
may represent what the animal needs or wants to, would 
not normally choose to do (for example, responding to or 
coping with environmental stressors), or will only choose to 
do when the opportunity or need arises. 

 Environmental enrichment options can be categorised as: 

   •      Social enrichment: housing with compatible conspecif-
ics complemented by space of suffi cient volume and 
complexity to permit an appropriate range of 
species - specifi c interactions and interaction with man. 
In many circumstances, social enrichment is both more 
effective than inanimate physical enrichment, and a 
prerequisite for the effectiveness of physical enrich-
ment. Appropriate early social experience can be essen-
tial for the development of a normal behavioural 
repertoire; thus conditions at breeding and rearing 
facilities play a large part in determining the subse-
quent suitability of animals as experimental subjects or 
future breeding stock.  

   •      Physical enrichment: including the provision of an ade-
quate amount of suitably structured space, materials to 
manipulate, sensory stimuli and a varied diet. To 
prevent or reduce stress - induced behaviours animals 
should be given a degree of control over their environ-
ment by encouraging species - appropriate physical 
exercise, foraging, manipulative and cognitive 
activities.    

 A creative and critical approach is required. Not all changes 
are benefi cial; and if one form of enrichment is chosen others 
may have to be excluded. 

 It is important that appropriate options are identifi ed and 
critically evaluated in terms of immediate and long - term 
impact on the animals ’  well - being and on the research objec-
tives (Bayne  2005 ; Benefi el  et al.   2005 ). Assessing the impact 
of potential environmental enrichments depends on the 
ability of staff to interpret and draw informed inferences 

about the animal ’ s state of mind and welfare state. Measures 
of success can include: 

   •      normalisation of the frequency and duration of appro-
priate normal activities;  

   •      greater control over the spatial, physical and social 
environment;  

   •      reduced frequency of abnormal behaviours;  
   •      increased, appropriate and purposeful use of the 

environment;  
   •      increased ability to adapt to and cope with changes and 

challenges;  
   •      more robust scientifi c results.    

 It cannot be overemphasised that the most important 
resources required to devise and evaluate environmental 
enrichment opportunities are competent and caring staff.  

  Restraint 

 During the course of a variety of husbandry and scientifi c 
procedures, animals may be restrained to minimise the risk 
of injury to the subject and handler, and facilitate the per-
formance of the procedures. Restraint can be stressful, pro-
ducing changes in physiological parameters and behaviours 
depending on the nature, duration and degree of restraint, 
particularly when the restrained animal is also removed from 
its enclosure or social group. Appropriate restraint proce-
dures will depend on the species and the nature and duration 
of the procedure for which the animal is being restrained, 
with the most refi ned method of restraint being that which 
causes the least stress to the animal and its social group. 

 Training to accept reasonable restraint procedures is pos-
sible in a range of species, and has been shown to reduce 
the resulting physiological and behavioural changes 
(Wolfensohn  &  Honess  2005 ). Consideration should always 
to the use of procedural training to encourage animals to 
allow the safe performance of routine procedures without 
the need for restraint (see Chapter  16 ).  

  Marking and  i dentifi cation of  a nimals 

 Individual animals bred, kept and used for experimental 
and other scientifi c purposes need to identifi able. This is 
generally achieved by marking individual animals rather 
than identifi cation based on natural physical characteristics. 
Faced with a choice of effective identifi cation and marking 
methods, the preferred means is that which causes the least 
pain, suffering or distress to the animal.  

  Transport of  a nimals 

 The transport of animals, between or within establishments, 
indeed even within a room, can be stressful. All reasonable 
efforts must be made to avoid or minimise any stress that 
may be caused, and to ensure that animals are acclimatised 
to a new environment before being used for scientifi c pur-
poses (see Chapter  13 ). Journey times should be minimised, 
the least stressful modes of transport used, and appropriate 
contingency plans should be in place. 

 The subsequent acclimatisation period will vary with the 
stresses imposed by transportation; the differences in the 
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housing and care systems; and the species, strain and 
the condition of individual animals. It may be necessary to 
take expert advice to determine the appropriate minimum 
period for recovery and acclimatisation, and to confi rm that 
animals have recovered before being used for scientifi c 
purposes. 

 In some cases, welfare costs can be minimised by trans-
porting ova or embryos rather than live animals  –  and this 
is also a means of disease control when acquiring animals 
from facilities of different or unknown microbiological 
status.  

  Humane  k illing 

 The majority of animals produced and used for scientifi c 
purpose are humanely killed as part of, or at the end of, their 
scientifi c use  –  as are surplus stock. 

 Humane methods of killing (AVMA  2001 ; Close  et al.  
 1996, 1997 ), when properly applied, typically ensure rapid 
loss of consciousness without producing signs of pain or 
distress, and result in the death of an animal with a minimum 
of physical and mental suffering. They should also be aes-
thetically acceptable, and must incorporate careful and com-
passionate animal handling routines that avoid or minimise 
the stress due to any necessary restraint or the need to 
remove the animal from its enclosure or social group (see 
Chapter  17 ). All require expertise which can only be devel-
oped by appropriate training, and the provision and main-
tenance of appropriate equipment. 

 After a humane killing method is applied, in all cases 
death should be confi rmed before removing tissues or dis-
posing of cadavers.   

  Refi nement:  d irect  h arms 

 A number of procedures applied to animals for experimen-
tal purposes impose welfare costs. The welfare costs tend to 
vary in proportion to: 

   •      the degree of sentience and needs of the individual 
experimental subject;  

   •      the nature, duration, intensity and frequency of the 
challenge;  

   •      the biological systems and mechanisms involved;  
   •      other factors which aggravate or ameliorate the suffer-

ing experienced by an individual experimental subject.    

  Choice of  e xperimental  s ubjects 

 Animals produced and used for experimental and other 
scientifi c purposes should to all intents and purposes be 
normal, with any departure from their normal state being 
directly and intentionally attributable to the scientifi c proce-
dures applied. Standardisation of experimental subjects 
requires an understanding and control of factors including 
the animal ’ s genotype; environmental conditions; other ele-
ments of animal husbandry, accommodation and care; and 
microbiological status. 

 The choice of species is thus relevant to refi nement. Some 
species: 

   •      are afforded special legal protection;  
   •      are believed to have a greater capacity to experience 

pain and distress (sometimes referred to as  ‘ neuro -
 physiological sensitivity ’ );  

   •      have specifi c, complex husbandry requirements diffi -
cult to provide in the research context.     

 Choosing the species whose needs can best be catered for in 
the laboratory setting may constitute refi nement. 

 In addition, where there is fl exibility in the interpretation 
and implementation of regulatory testing requirements, 
selection of the  ‘ lowest ’  appropriate species should be on 
scientifi c considerations, not custom and practice or 
availability. 

 Animal models of disease, animals expressing harmful 
natural genetic mutations and some lines of genetically 
altered animals (Wells  et al.   2006 ) have specifi c problems 
and needs in addition to, or different from, those of normal 
animals. These special needs must be considered, identifi ed 
and met when such animals are bred, kept or used for sci-
entifi c purposes.  

  Wild -  c aught  a nimals 

 Such are the environmental, ethical, welfare and scientifi c 
benefi ts of using purpose - bred animals, that the use of 
non - purpose bred, and in particular wild - caught, animals 
requires special and specifi c justifi cation. Where the use of 
wild - caught animals can be justifi ed, capture should be by 
competent persons using humane methods, minimising the 
impact of capture both on the captured animals and the 
remaining wildlife and habitat (see Chapter  7 ). Animals in 
poor health should be examined promptly by a competent 
person, and appropriate action taken. 

 Proper provision must be made for the acclimatisation, 
quarantine, housing, transportation, husbandry and care of 
wild - caught animals, mindful that their behaviours and 
needs are likely to be different to those of animals bred in 
captivity. The eventual fate of wild - caught animals should 
be given due consideration before work begins.  

  Experimental  m odels 

 Always consider whether the scientifi c objective might 
be achieved by the use of animal models where pre - clinical 
endpoints can be set. The murine local lymph node 
assay for skin sensitisation (Kimber  et al.   1990 ) is a case in 
point. It relies on subclinical changes caused by the 
induction phase of the sensitisation process; whereas 
the traditional guinea pig maximisation test relies on the 
clinical changes and gross pathology of the acute dermatitis 
seen as a result of the subsequent full - blown allergic 
response.  

  Procedural  t raining 

 Training using positive reinforcement (see Chapter  16 ) to 
encourage co - operation during procedures (from weighing 
animals, through common methods of dosing and sampling, 
to sophisticated behavioural testing), can be benefi cial to the 
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animals, their handlers and the programme of work 
(Wolfensohn  &  Honess  2005 ) by: 

   •      reducing the procedure - related stress;  
   •      dispensing with the need for animals to be forcibly 

restrained;  
   •      fostering human/animal socialisation;  
   •      enabling those handling the animals to become familiar 

with individual animals ’  normal behaviours;  
   •      reducing the time taken to perform the procedures.     

  Reward  v s  p unishment 

 Behavioural testing often requires that experimental sub-
jects remain interested in performing prescribed tasks. 
Various means have been devised to better motivate experi-
mental subjects to undertake such tasks on demand or for 
longer periods. 

 Methods of motivating test subjects may be based upon 
rewards/positive reinforcement (for example, access to a 
preferred food or drink as a reward for displaying the 
desired behaviours) or punishment/negative reinforcement 
(for example, exposure to an air - puff or mild electric shock 
to discourage other behaviours). In some cases, the reward 
may be made more desirable by a period of deprivation (for 
example, access to fl uid after a period of enforced fl uid 
deprivation). 

 The most refi ned and ethically justifi able paradigms are 
those that rely solely on reward/positive reinforcement 
systems without prior deprivations, with punishment/nega-
tive reinforcement regimens requiring specifi c justifi cation.  

  Dosing 

 Research protocols commonly require that animals are 
dosed with test materials, and detailed advice on limit 
volumes and practical issues is available elsewhere (Diehl  et 
al.   2001 ). Refi nement is relevant to consideration of: 

   •      The dose or exposure:  
   �      if the intention is to mimic natural exposure, to 

attain or maintain a particular level at a target site, 
or to produce a specifi c effect (and not to produce 
unwanted effects) pilot studies may be required 
to identify the appropriate dose/exposure 
parameters.    

   •      The route of administration: 
    �      With oral administration admixing the test mate-

rial with food or water (providing palatability is 
not a problem) or administration in liquid, tablet 
or capsule form, may be more refi ned than gavage -
 dosing. When gavage - dosing is used staff must be 
suffi ciently well trained and experienced to avoid 
misdosing or accidental injury; and the timing of 
the doses, and volumes administered, must neither 
compromise the animals ’  normal food and fl uid 
intake, nor cause discomfort or other volume -
 related effects.  

   �      Test materials may be administered parenterally 
by injection or cannula. Other than administration 
directly into the circulation, this can lead to varying 
rates of uptake depending principally on the injec-

tion site, the general condition of the animal and 
the volume and formulation used. Administration 
by intraperitoneal injection is a special case: it 
results in the test material being taken up simulta-
neously into the systemic circulation and hepatic 
portal circulation (where it may be metabolised by 
the liver before it enters the systemic circulation). 
How test materials partition between the portal 
and systemic circulations depends on the nature 
and volume of the test material, varies from subject 
to subject, and in the same subject from day to day.  

   �      Topical application of test materials to skin or 
mucous membranes may require some form of 
restraint, or other measures, to ensure the test 
material remains in place and is not ingested by the 
animal or its cage mates.    

   •      The frequency and duration of dosing: 
    �      These are generally determined by the properties 

of the test material (for example, its bioavailability 
and biological effects), its interaction with the 
experimental subject (for example, how it is metab-
olised, where it accumulates and how it is excreted) 
and the study objective.    

   •      The equipment used: 
    �      For injection procedures the smallest bore needle 

capable of delivering the volume required in an 
acceptable time should be used.  

   �      The need for multiple injections, and the associated 
restraint procedures, may be dispensed with by the 
placement and use of cannulae to permit repeated 
(or continuous) administration. These potential 
 refi nement  gains must be balanced against the 
welfare costs of the procedures to insert the can-
nulae, the restraint and other cannula - care proce-
dures that may be required, and the possible 
cannula - related problems.    

   •      The volumes to be administered: 
    �      For intravascular administration the volume and 

the time over which materials are administered 
should avoid unwanted volume - related effects, 
and should not produce any biological changes 
due to the nature and volume of the vehicle used. 
Advice on limit volumes (which should always be 
considered the justifi able maxima rather than the 
norm) can be found elsewhere (Diehl  et al.   2001 ).  

   �      For injection into closed spaces (for example, intra-
muscular or intradermal injection) the volumes 
and rates of administration should avoid adverse 
effects due to pressure effects or over - stretching of 
tissues.    

   •      The formulations to be administered: 
    �      The formulation and volume of test materials used 

are generally determined by the frequency of 
administration, the required accuracy of dosing, 
the nature and solubility of the test material, the 
required dose and preferred concentration.  

   �      In general, for parenteral administration the closer 
the osmolarity, pH, buffer capacity, viscosity and 
temperature of the test material to normal body 
fl uids the greater the biocompatibility and the less 
discomfort and stress will be caused.      
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 In many cases the most refi ned options to meet the scientifi c 
objective can only be determined by pilot studies.  

  Blood  s ampling 

 Blood sampling is one of the most common procedures used 
in animal research, and advice on limit volumes (which 
should always be considered the justifi able maxima rather 
than the norm) and other practical issues is available else-
where (Diehl  et al.   2001 ). 

 Refi nement is relevant to: 

   •      The nature of the sample:  
   �      In many species venous blood can be obtained 

from superfi cial veins by venepuncture or 
venesection.  

   �      Arterial blood is generally obtained by direct arte-
rial puncture or closed cardiac puncture (the inser-
tion of a needle directly though the chest wall into 
the left ventricle of the heart under general anaes-
thesia). Cardiac puncture is best suited to sampling 
under general anaesthesia from which the animals 
are not allowed to recover.  

   �      Blood obtained by retro - orbital puncture is not a 
physiological fl uid: such samples comprise 
admixed capillary and venous blood, contami-
nated with other tissue fl uids, in which a variety of 
clotting factors have been activated. Its haemato-
logical and biochemical parameters are neither 
physiological nor representative of blood any-
where in the systemic circulation.    

   •      The frequency of sampling and the volumes required: 
    �      The volumes, rates of withdrawal and frequency of 

sampling must be designed to prevent hypovolae-
mia and anaemia. Average blood volumes and 
limit sampling volumes are generally calculated on 
the basis of body weight (Joint Working Group on 
Refi nement (JWGR)  1993 ; Wolfensohn  &  Lloyd 
 2003 ), but must be interpreted in the knowledge 
that the safe sampling limits are typically lower in 
animals with welfare problems.  

   �      If frequent samples are required, consider cannula-
tion as a means of minimising the stress of 
sampling.      

 Up - to - date information and detailed advice on contempo-
rary good practice can be found at the NC3Rs web site 2 .  

  Non -  i nvasive  s ampling 

 A range of biochemical parameters can be measured without 
the need to obtain blood samples. A number of hormones 
and metabolites can be measured in urine and faeces, allow-
ing estimates to be made of recent circulating levels in unre-
strained animals, mindful that there is a time lag between 
their production, release and excretion. Procedural training 
has been used to ensure animals deposit excreta in suitable 
receptacles without being restrained. 

 Although physiological responses to instantaneous stres-
sors cannot be measured in urine or faeces, for some materi-

als determination of salivary levels can provide a minimally 
invasive means for measurement of short - term responses 
and for detecting and quantifying other metabolites and 
biomarkers (Chiappin  et al.   2007 ).  

  Anaesthesia and  a nalgesia 

 A detailed review of current best practice in the use of anaes-
thetics and analgesics is beyond the scope of this chapter, 
and authoritative information can be found elsewhere (see, 
for example, Flecknell  2009 ; Flecknell  &  Waterman - Pearson 
 2000 ) and in the species - specifi c chapters, but there are a few 
general principles particularly relevant to refi nement. 

 General anaesthetic agents affect many physiological 
parameters, and care must be taken to ensure this does 
not compromise experimental data or animal welfare. 
Appropriate steps should be taken to monitor and maintain 
the circulation, respiratory function and the body tempera-
ture of the anaesthetised subject within normal physiologi-
cal limits throughout surgery and until the effects of general 
anaesthesia have worn off. 

 Recovery from general anaesthesia can be hazardous, and 
animals should not be left unattended until the effects of 
general anaesthesia have worn off, any necessary specifi c, 
symptomatic or supportive treatments have been given and 
their effectiveness determined. Consideration should be 
given to administering the fi rst dose of analgesia before 
recovery from anaesthesia as total post - operative analgesic 
requirements are reduced when the initial dose of analgesic 
precedes the animal ’ s ability to feel pain. 

 Post - operative analgesia should be the norm, and it 
should be administered as required to control pain and 
speed the restoration of normal behaviours, such as food 
and water intake, thus shortening the post - surgery catabolic 
phase. This requires appropriate observation schedules, and 
that the treatments given are based on the fi ndings in, and 
needs of, individual animals.  

  Surgery 

 Surgical procedures must only be carried out by competent 
persons; using the best available surgical and animal care 
techniques; and the anaesthetic and analgesic regimens best 
suited to the species, the nature and duration of the proce-
dure and the scientifi c objective. Recovery surgery should 
be performed using aseptic technique in areas designed for 
and dedicated to this purpose. 

 The availability of trained, competent staff to take 
responsibility for the care of animals during the post - 
operative period must be determined before surgery is 
scheduled. To make best provision for post - operative care it 
is recommended that complex surgical procedures are 
carried out as early in the working week, and working day, 
as possible.  

  Observation  s chedules 

 Arrangements must be made to check animals under study 
at appropriate times to gather data and safeguard their 
welfare. All animals should be checked at least once a day 
by a competent person capable of recognising and remedy-

  2       http://www.nc3rs.org.uk/bloodsamplingmicrosite/page.
asp?id=426  
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ing welfare problems. The frequency of checks should be 
intensifi ed when problems are likely, or have occurred. 

 Good communication and teamwork are essential. 
Positive fi ndings, the action taken and the animal ’ s response 
should be recorded.    

  Humane  e ndpoints 

 Humane endpoints, minimising the direct welfare costs of 
justifi able animal - based research, are essential components 
of humane experimental technique, and a cornerstone of 
refi nement (Richmond  1999 ). Humane endpoints incorpo-
rate all reasonable and practical steps that can be taken to 
minimise justifi able suffering by avoiding, or promptly rec-
ognising and remedying, unnecessary adverse effects arising 
during scientifi c procedures. 

 To some the term  ‘ humane endpoint ’  merely represents 
 ‘  the earliest indicator in an animal experiment of severe pain, 
severe distress, suffering, or impending death  ’  (OECD  2000 ). 
That is a dangerous misconception. 

 Contrary to the narrow OECD defi nition, humane end-
points are often particularly appropriate when levels of pain 
and distress being experienced are not high and death is not 
imminent. Indeed, early indicators are often the most mean-
ingful with respect to welfare problems and scientifi c out-
comes, and avoid unwanted later changes due to unnecessary 
secondary or tertiary effects. 

  Humane  e ndpoints in  p ractice 

 Humane endpoints must be objective and evidence - based in 
order to: 

   •      avoid the needless culling of animals whose welfare is 
less compromised than believed, or before the scientifi c 
objective has been achieved;  

   •      prevent evidence indicative of signifi cant suffering 
being missed;  

   •      inform judgments about the severity of different proce-
dures and models;  

   •      evaluate potential refi nements.    

 Although they must be contextualised to the project, the 
experiment and the experimental group, they are best 
thought of as being applied to the individual animal. 

 Humane endpoints take account of legal, ethical, welfare 
and scientifi c considerations, and must cater for a number 
of eventualities including: 

   •      having achieved the experimental objective (or when it 
is recognised it cannot be achieved), even if there is no 
immediate welfare problem; indeed in some cases pre-
clinical endpoints can be set and implemented;  

   •      experimental subjects experiencing pain, suffering, dis-
tress or lasting harm beyond that which is required or 
can be justifi ed; again such endpoints are often invoked 
at low levels of suffering  –  for example reduced weight 
gain can often be accepted as an early indication of 
overt toxicity;  

   •      when intercurrent problems, for example a subclinical 
background infection, compromise the quality of the 

data or product, even when they may not have compro-
mised the well - being of the animals  –  for example mice 
known to be carrying the mouse hepatitis virus may 
have no overt welfare problem, but will have atypical 
immune responses.    

 When an endpoint is recognised, the action taken may take 
several forms including: 

   •      the animal ceasing to be an experimental subject;  
   •      adjusting the protocol to reduce or remove the immediate 

cause of the adverse effect to allow the animal to 
recover;  

   •      the administration of specifi c, symptomatic or support-
ive treatments;  

   •      humane killing.    

 Humane endpoints must be described in meaningful terms 
and be promptly recognised and acted on by those entrusted 
with the welfare of the animals. There should be no 
delay between their detection and appropriate action being 
taken.  

  Planning of  h umane  e ndpoints 

 Before animal use begins, humane endpoints should be 
defi ned; minimum observation schedules determined; and 
arrangements for the provision or withholding of specifi c, 
symptomatic and supportive treatments, and other remedial 
measures, established. This requires an understanding and 
consideration of likely adverse effects (immediate and 
delayed: primary, secondary and tertiary), and how they 
will be avoided, recognised and remedied. The critical 
periods, training needs and resource implications should be 
identifi ed before work starts. Thought must also be given to 
how unforeseen outcomes will be identifi ed, interpreted, 
reported and managed. Particular care may be required to 
recognise transient pharmacological effects not indicative of 
true welfare problems. Pilot studies can inform the timing 
of observations and how the adverse effects should be iden-
tifi ed and managed, minimising the welfare costs of defi ni-
tive studies. 

 An understanding of relevant biological mechanisms and 
likely clinical fi ndings allows appropriate symptomatic and 
supportive therapies to be delivered, permitting the proc-
esses of interest to continue whilst minimising or eliminat-
ing unnecessary suffering. In practice, primary changes are 
often subtle in nature and, even when symptomatic and 
supportive treatments are given, are overshadowed by less 
specifi c secondary (for example anorexia) or tertiary (for 
example weight loss or dehydration) changes. Untreated 
secondary and tertiary effects compromise both science and 
welfare: therefore you do not need a reason to give sup-
portive or symptomatic treatment, rather you need good 
reason not to do so. 

 In some cases scientifi c judgements can be made on the 
basis of what might otherwise have been assumed to be 
general, non - specifi c changes (eg, behaviour, appearance, 
body weight, food or water intake, or body temperature). 
Examples include the use of the HID50 (hypothermia -
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 induced dose 50) as an indicator of impending overwhelm-
ing infection as an alternative to the signifi cant morbidity 
and mortality associated with traditional LD50 or PD50 
studies to establish bacteriological virulence (Soothill  et al.  
 1992 ). 

 Death should seldom, if ever, be set or accepted as a 
required scientifi c endpoint. As procedure - related death is 
often the result of secondary or tertiary changes, it may be 
that lethal endpoints are not consistent with good science 
and could be replaced by earlier humane killing and autopsy, 
or be avoided by improved observation schedules and sup-
portive or symptomatic treatments. 

 The humane endpoints and associated actions must be 
communicated to, and understood and implemented, by the 
staff involved. The documentation and verbal descriptors 
should use plain language and be understood by the staff 
checking the animals; should read across to other studies 
involving the same research team and establishment; and be 
meaningful to those working elsewhere in the same fi eld of 
research to allow comparison with similar work performed 
by others, to defi ne best practice and further raise 
standards. 

 Staff must be properly trained to recognise, and empow-
ered to promptly implement, the endpoints. Welfare is 
not protected by systems that necessitate that decisions 
and action require lengthy internal notifi cations or 
consultations.  

  Recognition and  i mplementation 

 All animals should be checked at least once a day by trained 
staff, and the schedules intensifi ed as required to ensure 
the prompt recognition and alleviation of signifi cant 
welfare problems. All instances where animals are killed  in 
extremis  or found dead should be reviewed and the 
endpoints and observational schedules revised as necessary. 
These events may indicate that opportunities for refi nement 
have been missed, and require that additional animals 
are used. 

 Once work is underway and insights are being gained 
into the likely welfare costs and scientifi c outcomes of pro-
cedures, those involved should again ask whether the spe-
cifi c experimental objective and fi ndings to date justify the 
levels of suffering being produced, and whether the objec-
tive and/or methods can be adjusted to provide equally 
useful data at a lower welfare cost.  

  Review and  l essons  l earned 

 Completed studies should be reviewed to determine whether 
all of the likely clinical manifestations of the pathologies 
produced were detected, and if the scientifi c objectives 
could have been achieved if earlier endpoints were applied. 
This information should be taken into account when future 
studies are planned. 

 Published work should describe how endpoints were 
determined and implemented and summarise the welfare 
problems encountered. Russell and Burch offered sound 

advice in this area: the objective is not just to enable others 
to  ‘ do what you did ’ , but to allow them to  ‘ see what you 
saw ’ .   

  Responsibility for the Three Rs 

 The Three Rs of replacement, reduction and refi nement are 
now accepted, sustained and implemented at international, 
national, institutional and individual level. 

  International  a ctivity 

 International acceptance of the Three Rs plays an important 
part in ensuring that the principles of humane experimental 
technique are implemented. Examples of where only inter-
national collaboration is, and will remain, essential are dis-
cussed in the following paragraphs. 

  Legislative  p rovision 

 Both the European Union and the Council of Europe 
have made provision for the care and use of animals 
for experimental and other scientifi c purposes that refl ect 
the Three Rs.  

  Regulatory  r equirements 

 The development of new and revised international regula-
tory requirements increasingly refl ects the Three Rs. 
Harmonisation of regulatory requirements can ensure that 
a single test is suffi cient to satisfy international regulators 
about a single toxicological endpoint. 

 The mutual acceptance of data and data - sharing prevent 
unnecessary duplication of animal tests.  

  Scientifi c  v alidation 

 This is expensive and time consuming, and increasingly 
takes place at the international level in order to set agreed 
priorities, reduce the time required, pool available resources 
and ensure international acceptance of the outcomes. 
Organisations such as the European Centre for the Validation 
of Alternative Methods 3 , the USA ’ s National Toxicology 
Program Interagency Center for the Evaluation of Alternative 
Toxicological Methods Interagency Coordination Committee 
on the Validation of Alternative Methods 4  and Japanese 
Centre for the Validation of Alternative Methods 5  not only 
support validation within their own geographical regions, 
but actively collaborate to make the best use of available 
resources to ensure that: 

   •      as far as possible their validation processes are 
consistent;  

   •      multiple centres from around the world contribute to 
validation studies;  

  3       http://ecvam.jrc.it/  
  4       http://iccvam.niehs.nih.gov/  
  5       http://altweb.jhsph.edu/wc6/paper483.pdf  
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   •      processes are in place to ensure that the validation 
studies of the other centres can be quickly reviewed 
and, if appropriate, endorsed by the others.     

  International  m eetings 

 Science is international, and international meetings focusing 
on the Three Rs such as the World Congresses on Alternatives 
and Animal Use in the Life Sciences, and societies such the 
Middle European Society for Alternative Methods to Animal 
Testing 6 , and various international laboratory animal science 
associations provide opportunities to showcase progress 
with the Three Rs at the international level. 

 Nevertheless, much remains to be done at the interna-
tional level: 

   •      There are still signifi cant differences between, and in 
some cases within, economic regions in the legislative 
provision made for the protection of animals used for 
experimental and other scientifi c purposes.  

   •      Regulatory requirements are still imperfectly harmo-
nised and can be slow to adopt technical progress.  

   •      Scientifi c validation remains a time - consuming process 
and, despite the increasing co - operation between the 
validation centres, there is still the potential for differ-
ent centres coming to different conclusions about the 
same data sets.  

   •      The international meetings and societies are high 
quality and well attended, but tend to attract those 
already active in, and familiar with, the Three Rs.      

  National  a ctivity 

 Much can be, and is being, done at national level. Clearly 
national legislative provision for the protection of animals 
used for experimental and other scientifi c purposes is 
important to ensure that the Three Rs are given due consid-
eration. National support for the Three Rs is also expressed 
in other signifi cant ways: 

   •      Government funding for work on the Three Rs. The 
amounts involved can be diffi cult to determine as 
funding primarily to improve methodologies is not nec-
essarily premised on animal welfare considerations and 
may not be readily identifi able as direct support for the 
Three Rs.  

   •      The establishment of national centres to champion the 
development and acceptance of alternative methods  –  
for example the National Centre for the Three Rs in the 
UK, ZEBET in Germany, the Canadian Council for 
Animal Care in Canada, the Center for Alternatives to 
Animal Testing in the USA and the Norwegian 
Reference Centre for Laboratory Animal Science and 
Alternatives in Norway. These act as focal points for the 
discussion and dissemination of good practice.  

   •      For a comprehensive listing of professional, industrial, 
academic and other non - governmental organisations 
specifi cally involved with developing and promoting 
alternative methods see the AltTox website 7 .     

  Institutional  a ctivity 

 There is a number of institutions that play an active part 
in the promotion and uptake of humane experimental 
technique. 

  Funding  b odies 

 Funding bodies should ensure that the Three Rs are given 
due consideration before programmes of work are funded, 
and that progress with the Three Rs made in the course of 
funded work is published.  

  Research  j ournals 

 Research journals should ensure that published work takes 
account of the Three Rs, and that progress with the Three 
Rs is published.  

  Animal  u sers and  b reeders 

 Establishments that breed, keep and use animals for scien-
tifi c purposes play a central role. Institutional support 
extends far beyond simply providing suitable physical facil-
ities and typically includes the provision of: 

   •      expert advice on accommodation and care, statistics 
and other elements of experimental design, veterinary 
care and laboratory animal science;  

   •      animal facilities and standards of accommodation 
which meet or surpass published provisions and 
recommendations;  

   •      systematic education, training and continued profes-
sional development to develop and maintain both the 
necessary technical competencies and the required 
culture of care;  

   •      processes which encourage innovation and continuous 
improvement.      

  Individual  a ctivity 

 There is no doubt that the factors that are most important to 
promote the development and application of humane exper-
imental technique and the Three Rs are the expertise and 
culture of those responsible for the production, care and use 
of animals  –  both their individual contributions and their 
ability recognise and capitalise on the expertise of others. 
Each individual involved must take responsibility for their 
own personal development and personal effectiveness, 
mindful that competence can be attained by experience, 
qualifi cation and training. This requires ensuring that 
individuals: 

   •      obtain appropriate training and continued professional 
development (including periodic revalidation of exist-
ing skills), keep abreast of good practice by involve-
ment with appropriate professional societies and 
scientifi c bodies and seek opportunities to visit and 
benchmark against other establishments;  

   •      make timely contributions to the planning and perform-
ance of animal production and use;  

  6       http://www.zet.or.at/node,185,de,megat.php  
  7       http://www.alttox.org/ttrc/resources/organizations.html  
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   •      confi rm that others with responsibility for the animal 
welfare are both competent and effective;  

   •      make sure that only high - quality science is 
undertaken;  

   •      ensure that best practice is being followed;  
   •      require that outcomes are reviewed, lessons learned 

incorporated into future practice and technical improve-
ments communicated to others;  

   •      network with others, both to share their own expertise 
and capitalise on the knowledge and experience of 
others.      

  Concluding  r emarks 

 In addition to considering the principles set out above, and 
applying the practices set out in later chapters, it is hoped 
that readers will in due course be able to capitalise on, and 
communicate to others, their own new insights and practical 
examples of how the principles of replacement, reduction 
and refi nement can further contribute to both animal welfare 
and high - quality science.             
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  Introduction 

 This chapter is aimed at anyone involved in research using 
laboratory animals including: research workers, animal 
house staff and members of ethical review committees. It 
covers the main principles of experimental design, but delib-
erately does not cover the statistical analysis of the results. 
To some this may be strange because the design and 
statistical analysis of experiments are intimately linked. No 
experiment should ever be designed without a clear under-
standing of how the results will be statistically analysed. 
However, there are many good textbooks covering methods 
of analysing data once it has been collected as well as numer-
ous statistical packages which will do the actual calcula-
tions. In contrast, there are few publications which deal 
specifi cally with the design of animal experiments. If an 
experiment has been well designed there should be no dif-
fi culty in getting the results analysed. The chapter contains 
no mathematics, which should endear it to the widest pos-
sible audience. 

 Experiments need to be well designed. Those which are 
biased or lack power (the ability to detect a response to a 
treatment) because they are too small may give the wrong 
answer and be totally wasted. Experiments which are exces-
sively large may give the right results but with a waste 
of animals, money, time and other scientifi c resources. 
Unfortunately, surveys of published papers suggest that 
there is substantial room for improvement both in the design 
of experiments and in their statistical analysis. In many cases 
fundamental principles, such as the need to control random 
variation, randomisation and blinding (where possible), are 
either ignored or not reported. All too often methods of 
determining sample size depend more on tradition than 
clear scientifi c principles (Festing  et al.   2002 ). Well designed 
experiments are not only more ethical, but they can also save 
money, time and effort and improve the chances of achiev-
ing the scientifi c objectives of the study.  

  Research  s trategy and the  u se of  m odels 
in  r esearch 

 Most animal research is aimed directly or indirectly at 
curing or alleviating a specifi c human or animal disease. 
Careful thought needs to be given to developing a suitable 

research strategy, which may involve many experiments 
ranging from  in vitro  studies, through experiments on 
animals, possibly to clinical trials. 

  In vitro  and animal studies usually involve modelling 
some aspect of animal or human disease. The models need 
to be relevant and capable of answering specifi c questions. 
It is highly unlikely that they exactly replicate the human 
condition, but they may lead to a better understanding of 
the disease process (Sams - Dodd  2006 ). There seems to be 
relatively little literature on the theory of models in biomedi-
cal research. Russell and Burch  (1959)  recognised that 
models have at least two dimensions which determine their 
use. They used the term  ‘ fi delity ’  to describe the overall 
similarity of the model to the target (say humans). Thus 
non - human primates would normally be considered a high -
 fi delity model because they resemble humans in many 
ways. In contrast, a cell line would be a low - fi delity model 
because it is very unlike a human. Intuitively, scientists feel 
that they would like to work with high - fi delity models, yet 
they do not all work on primates. This is justifi ed by 
considering another dimension; that is the ability of the 
model to distinguish between experimental treatments. A 
cell culture system which could distinguish between 
chemicals which are carcinogens and those which are not 
would be a preferred model in toxicity testing even though 
it is of low fi delity. Other attributes of models are also 
important (Festing  2000 ). They must resemble the target in 
ways relevant to the specifi c study, but must also be differ-
ent from the target in other ways. For example, the 
mouse is widely used because it resembles humans in many 
ways, but also because it is different from humans in being 
small, economical to maintain easy to manipulate geneti-
cally, and because experiments can be done using the mouse 
which could not be done in humans. But the fi rst step in 
using any model in research is to ensure, as far as possible, 
that the model is relevant. The second is to design experi-
ments that are capable of detecting responses in the model. 
Models are not little humans, and attempts to make them 
seem more like humans, such as by using genetically hetero-
geneous animals so as to resemble the genetically heteroge-
neous human population, are often misguided. Research is 
a multistep process. The model is chosen because it is 
thought to be relevant to humans, but the experiment can 
only determine the response of the model, not the response 
of humans.  
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 There are other types of experiment. In an uncontrolled 
experiment a treatment may be given to a single group of 
individuals to see whether, for example, the treatment has 
some immediately obvious effect on them such as hyperac-
tivity. A control group is not required because animals do 
not normally become hyperactive within a short period of 
time without any treatment. An LD 50  test is of this sort, but 
the outcome is so severe that for ethical reasons a more 
humane endpoint (Stokes  2000 ) should be used wherever 
possible. Experiments may also be done to estimate the 
mean or proportion of a group with some attribute such as 
a tumour, or to study the relationship between two variables 
such as time and growth rate. Occasionally an  ‘ experiment ’  
may either be successful or unsuccessful, such as in an 
attempt to develop a new strain of GM mice. This type of 
experiment is not considered here. 

 There is some confusion about what exactly constitutes an 
 ‘ experiment ’ . Biologists will sometimes defi ne an  ‘ experi-
ment ’  as something which was done to one or a group of 
animals at a particular time, with the statistical analysis 
combining data from several such  ‘ experiments ’ . However, 
it is more appropriate to defi ne an experiment as a planned 
strategy for collecting a set of data to answer a specifi c ques-
tion. It is this whole set of data which is subject to the statisti-
cal analysis. Something which was done to the individual 
subject may more correctly be called a replicate or part of 
an experiment. A statistical analysis which combines the 
results of several independent experiments is called a meta -
 analysis. This is usually done by professional statisticians 
following well defi ned procedures. For example, in an 
attempt to determine how well animal experiments predict 
human responses, all papers which involved one of six dif-
ferent interventions in animals were combined using a 
meta - analysis to see whether they predicted known human 
responses to the same interventions (Perel  et al.   2007 ). In 
three cases the conclusions of human and animal studies did 
not agree, although it was not clear whether this was because 
the animal model was not appropriate, or because the exper-
iments were not suffi ciently repeatable or because of meth-
odological differences between the human and animal 
experiments. For example, some of the animal experiments 
may have been designed to study mechanisms rather than 
to predict the response in humans.  

  Identifi cation of the  e xperimental  u nit 

 A fundamental principle in designing an experiment is that 
there should be independent replication of the observations. 
The response of one subject should not be correlated with 
that of any other subjects. The  ‘ experimental unit ’  (EU) is 
the individual subject in the experiment. It is also the unit 
of statistical analysis. Any two experimental units must be 
capable of receiving a different treatment. Very often it will 
be an animal, with animals being assigned to the treatments 
at random. However, if there are several animals in each 
cage, and they all receive the same treatment, then the cage, 
not the individual animal, is the experimental unit. Each 
cage will be assigned at random to one of the treatments and 
the statistical analysis will normally be done on the mean of 
all animals in the cage for whatever outcome(s) were being 

  Steps in the  d esign of an  e xperiment 

  Defi ning the  p urpose of the  e xperiment 

 There are three main types of experiment: 

   •      Pilot experiments are small studies used mainly to 
examine the logistics of a proposed larger study, and to 
gather preliminary information, such as whether dose 
levels seem to be appropriate. They may involve a 
single animal or small groups if the aim is to gain some 
idea of inter - individual variation. In most cases the 
results will not be published, but will be used to design 
more defi nitive studies. Investigators are advised to 
make good use of pilot studies, which can often lead to 
substantial improvements in the design of larger scale 
studies.  

   •      Exploratory experiments are used to study the pattern 
of response to some intervention, without necessarily 
having a clearly defi ned hypothesis which is being 
tested. They often involve measuring many outcomes 
or traits, and are used to generate hypotheses for further 
investigation. If many outcomes are measured, there 
can be serious problems with false positive results, so 
the results of the statistical analysis need to be treated 
with some caution.  

   •      Confi rmatory experiments are used to study a relatively 
simple hypothesis often concerning a single outcome, 
which is formulated before the experiment is started. 
However, many outcomes may be measured and the 
results may suggest other hypotheses which may need 
to be tested in further confi rmatory experiments. Thus 
confi rmatory experiments often have a dual confi rma-
tory/exploratory role in testing hypotheses and sug-
gesting new hypotheses which need testing.    

 An experiment which aims to explore a dose – response 
relationship will need to be designed differently from one 
which is designed to study, say, the effect of three diets 
on body weight in both males and females. So the 
purpose of each experiment needs to be clearly stated. 
However, in all cases the aim should be to design experi-
ments which give the maximum amount of information 
using the minimum number of animals and other resources. 
Determining relevance to humans or other animals 
and deciding future action given the different possible out-
comes, as noted above, is an entirely separate, non - statistical 
step which should be considered  before  starting the 
experiment. 

 In many cases the aim of the experiment is to compare the 
means of two or more groups of subjects which have had 
different treatments. Optimum group size depends mainly 
on the size of the differences between the group means and 
on inter - individual variability. If individuals are very vari-
able, large differences between the group means could occur 
by chance. Great care therefore needs to be taken to choose 
uniform animals or to reduce variability using randomised 
block or crossover designs, discussed later in this chapter. 
Covariance analysis can also be used if some character 
related to the outcome variable can be measured before the 
experiment is started. Methods of estimating sample size are 
also discussed later in this chapter. 
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differ in age or the environment where they were bred, then 
these differences will be confounded with differences due 
to the strain and could be mistaken for such strain 
differences. 

 The independent variables can involve either fi xed effects 
or random effects. A fi xed effect is one over which the inves-
tigator has some control, and could include things like treat-
ment, sex, strain, diet and housing conditions. Random 
effects are things like day - to - day variation, any remaining 
inter - individual variation, variation between rooms, cages 
(receiving the same treatment), or locations over which the 
investigator has little control. The strain of mouse is usually 
considered a fi xed effect unless a group of strains used in 
an experiment is considered to be a random sample of all 
possible strains of mice and the aim of the experiment is to 
quantify the variation among strains. Thus in some cases 
whether a variable is considered fi xed or random depends 
on the purpose of the experiment. Generally, random effects 
should be controlled as far as possible, and also taken 
account of by using an appropriate design. For example, a 
randomised block design will have one or more fi xed effect 
factors such as treatment, and one random effect factor 
called  ‘ block ’  which might be position in the animal house 
or a time variable. Uncontrolled variation either leads to 
more false - negative results, or sample size needs to be 
increased to average out the effect. This is discussed in more 
detail in the section on power analysis. 

 There are also many other factors which are not varied in 
the experiment, but which can still infl uence the outcome 
and need to be considered in interpreting the results. For 
example, if an experiment is done using only male animals 
on diet X using bedding type Y in plastic cages of size 
A    ×    B    ×    C, it is a matter of supposition as to whether similar 
results might have been obtained if the experiment had been 
done using females on diet A using bedding of type B in 
metal cages of size M    ×    N    ×    P. However, there is no way 
round this problem. All experiments are done under a par-
ticular set of conditions and it is never possible to be sure 
that they would be valid under a slightly different set of 
conditions. 

 The experimenter will usually measure one or more 
dependent variables which are used to measure the response 
to the treatments. Things like body and organ weights, hae-
matology, clinical biochemistry, physiological variables 
such as heart rate and blood pressure, behaviour and meas-
ures of gene expression are examples of the sort of  ‘ out-
comes ’  or traits which may respond to the treatments, and 
which will be measured. Sometime there is a single outcome 
variable. At other times many variables may be measured. 
For example, in a microarray experiment there may be thou-
sands of observations on each animal (or other experimental 
subject).  

  The  r andomised  c ontrolled  e xperiment 

 The randomised controlled, double - blinded clinical trial, is 
the gold standard for the design of nearly all experiments, 
although with animal experiments it is much easier to 
control the many variables which can infl uence the outcome. 
Randomisation is of fundamental importance as it ensures 

studied. In a teratology experiment a pregnant animal is 
treated with a test compound but measurements and counts 
of abnormalities are done on the foetuses. It is a common 
error to assume that each foetus is an experimental unit but 
in fact the mother is the experimental unit as it is the mother 
which was assigned to a treatment group. So in this case 
each mother will have a score based on the average number 
of abnormalities and measurements such as the mean weight 
of the pups in the litter. It may be necessary to take account 
of litter size in the statistical analysis as large litters will 
provide a better estimate of the susceptibility of the treated 
female than small litters, and females with large litters may 
respond differently from those with small ones. 

 Sometimes it is possible to do within - animal experiments. 
If the back of an animal can be shaved and treatments can 
be applied to individual patches of skin (eg, in testing for an 
allergic skin reaction), then the patch on the back of an 
animal is the experimental unit since any two patches can 
receive a different treatment. Similarly, if an animal can 
have a series of treatments done sequentially in random 
order, as is possible in an experiment to see if animals can 
taste certain solutions, and it can be assumed that each treat-
ment does not alter the animal, then the animal for the 
period of treatment time will be the experimental unit. 

 Failure to identify the experimental unit correctly is not 
uncommon. One result is that  ‘ n ’ , the number of experimen-
tal subjects, is seriously over - estimated with the result that 
the statistical analysis and possibly the conclusions are 
incorrect.  

  Dependent and  i ndependent  v ariables 

 There are two sorts of variables in an experiment. The inde-
pendent variables include those factors which are being 
studied, and are deliberately varied as part of the experi-
ment. This will usually include a factor called  ‘ treatment ’  or 
it may have other names such as  ‘ diet ’ ,  ‘ strain ’  or  ‘ sex ’  if 
these are the factors being deliberately varied. An independ-
ent variable may have several levels which may be quantita-
tive (eg, dose 0, 2, 4, 8mg/kg) or qualitative (diets A, B, C, 
D). If the aim is to study a dose – response relationship, 
there may be many dose levels. If two or more variables are 
deliberately being varied simultaneously in the same 
experiment, then this is known as a  ‘ factorial ’  experimental 
design. The variables may be of equal interest, or some 
may be included mainly in order to increase the generality 
of the result. For example, an experiment which shows 
that both sexes respond in the same way to an intervention 
provides a more general result than one done using only 
males. Occasionally, a fi xed effect can be taken into account 
statistically. For example, outbred animals may be geno-
typed at some locus thought to be related to the outcome. 
In comparing treatment means, variation at this locus could 
be taken into account using covariance analysis (not dis-
cussed here). 

 Characters such as the sex and strain of the animals which 
can not be assigned to an animal at random are known as 
classifi cation variables. Extra care needs to be taken to 
ensure that when strains, for example, are being compared 
that the animals are comparable in other ways. If the strains 



26 The design of animal experiments

  Blinding 

 Blinding or  ‘ allocation concealment ’  is another important 
way of avoiding bias. Research workers are not unbiased 
observers of the results of their experiments. Very often they 
would like there to be a difference between the treatment 
groups. If there is any subjective element in assessing results, 
and the investigator knows the treatment group, then he/
she may unconsciously bias the results by altering the 
scoring. This can be avoided by blinding. Of course, blind-
ing is not always possible. There may be obvious differences 
between groups. Strains of mice being compared may differ 
in coat colour or groups may differ in body weight if diets 
are being compared. But if samples of tissue are taken from 
the animals, these should be coded so that any measure-
ments can be done blind with respect to strain or treatment. 
Investigators should always mention whether or not they 
have used blinding in their experiments so that a reader will 
know whether the results are likely to be unbiased. 

 Any resulting publication should state whether randomi-
sation and blinding were used, with the method of randomi-
sation being stated. In one survey, animal experiments 
which were not blinded and/or randomised were signifi -
cantly more likely to have a  ‘ positive ’  outcome than those 
which were blinded and/or randomised (Bebarta  et al.  
 2003 ), suggesting that these procedures really do reduce 
bias.  

  Controlling  v ariability 

 Other things being equal, uniform material leads to high 
powered experiments, so control of variation is extremely 
important. Controlling genetic variation using inbred 
strains, for example, may mean that fewer animals need to 
be used in the experiment than if outbred stocks are used. 
However, if a single strain (inbred or outbred) is used, then 
strictly the results will be valid only for that strain. Crossover 
(within subject) designs in which each animal (or other 
subject) receives different treatments in random sequential 
order are particularly powerful because they automatically 
control the genetic and much of the environmental varia-
tion. Unfortunately, such designs cannot be used for long -
 term experiments or any experiment in which the treatment 
alters the animal.  

  Variation  a mong the  a nimals 

 Animals should, as far as possible, be the same weight, age 
and genotype and free of pathogens. Disease not only 
increases variability, it may also seriously interfere with the 
results. For example, diseased and disease - free animals may 
respond differently to a treatment. Most of the mice and rats 
supplied by reputable commercial breeders are now of SPF 
(specifi c pathogen free) quality and are routinely screened 
for the presence of pathogenic organisms. In - house bred 
animals should be similarly screened to ensure that they are 
pathogen - free. 

 Researchers using laboratory mice or rats should use iso-
genic (inbred or F1 hybrid) strains where all animals are 

that, provided it is maintained throughout the whole experi-
ment, there will be no systematic difference between the 
treatment groups. Any differences must either be due to 
chance inter - individual variation or to the effect of the 
treatment. With proper randomisation the effect of the 
random variation can be estimated and taken into account 
in the statistical analysis. The aim of the statistical analysis 
is to quantify the part that chance may have played in 
determining group differences. If it is highly unlikely 
that the differences could be due to chance, then they are 
assumed to be due to the effect of the treatment. Of course, 
if the animals (it will be assumed from now on that the 
experimental subjects are animals, but they could equally 
well be cages of animals or tissue culture dishes) are very 
uniform, then chance differences between groups will be 
small and the experiment will have high probability of 
detecting any differences between treatments. So it is very 
important to control variation. This is discussed later in this 
chapter.  

  Randomisation in  p ractice 

 Physical randomisation is very easy. For example, if the aim 
is to assign animals to fi ve treatments (say a control and four 
dose levels), with six animals per treatment group, the 
numbers 1, 2, 3, 4 and 5 would each be written six times on 
separate pieces of paper or card. These would then be physi-
cally shaken in a suitable receptacle. The fi rst animal is then 
taken, and a piece of paper is withdrawn from the receptacle 
(and not replaced) to show which group it should be 
assigned to, and so on. 

 Some statistical packages will take a column of numbers 
and re - arrange them in random order, so in this case a 
method very similar to physical randomisation could be 
used. Commonly used computer spreadsheets may 
have a function such as RAND() which generates a random 
number greater than or equal to 0 and less than one, evenly 
distributed. In the above example, the numbers 1, 2, 3, 4, 5 
could each be put in a column six times. A column of 30 
random numbers could then be put in the next column 
and both columns could be sorted by the random 
number column. This will put the numbers 1 – 5 (each six 
times) into random order. This could be done in the offi ce, 
with the results being printed out and taken to the animal 
house for use. Many statistical texts also have tables of 
random numbers which can be used according to 
instructions. 

 With a randomised block design (discussed later in this 
chapter) the randomisation is done separately within each 
block, so it may be necessary to do several separate ran-
domisations. But this presents few problems either with 
physical randomisation or using the computer. 

 Randomisation must be maintained throughout the whole 
experiment, with the animals housed in random position in 
the animal house and with the outcomes measured in 
random order, otherwise bias could be introduced. If the 
experiment involves surgery, the surgeon may improve his/
her technique with practice. If all the controls are done fi rst 
in order to gain practice, this will also introduce bias as the 
treated group will benefi t from better surgery.  
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correct the observations using statistical methods such as 
the analysis of covariance. For example, fi nal body or organ 
weights can be corrected for variation in initial body 
weight in this way. This does not obviate the need to choose 
animals of as uniform weight as possible and the use of 
randomised block designs, discussed later in this chapter, 
may be helpful.  

  Measurement  e rror and  v ariability 
in the  p rocedures 

 Some outcomes, such as measuring the activities of enzymes 
or gene expression, may involve multiple steps. Tissues may 
need to be removed, extracted in some solution and assayed 
in various types of apparatus. There may be variation in the 
calibration of the instruments, in the composition of the 
reagents, incubation temperatures, pipetting errors etc, 
leading to considerable measurement errors. In such situa-
tions it may be advantageous to split the sample as soon as 
it is taken and run duplicate or triplicate determinations 
which are then averaged for the statistical analysis. This is 
sometimes called  ‘ technical replication ’  compared with the 
 ‘ biological replication ’  associated with differences between 
individuals. Note that technical replication does not increase 
the number of experimental units but it does increase the 
precision with which each experimental unit is measured so 
therefore contributes to a reduction in sample size or increase 
in power. The variation associated with the technical repli-
cation should not be used in assessing differences between 
treatments. 

 Behavioural observations provide another example. The 
animals may be observed and different types of behaviour 
recorded for relatively brief periods. Although such 
observations may be adequate, they may not fully refl ect the 
behaviour. Modern apparatus is now available to record 
a wide range of behaviours automatically, sometimes 
with several animals per cage (Roughan  &  Flecknell  2003 ). 
This is likely to be more accurate than observing animals 
for only brief periods of time, although any technical limita-
tions of such apparatus need to be taken into account. 
Also human observers may be more likely to identify 
interesting or anomalous events. Although automated 
behavioural recording systems are expensive they may still 
be cost effective when considering the total cost of a research 
project. 

 Experimental procedures themselves may introduce a 
considerable source of variability which reduces the power 
of the experiment (or requires larger sample sizes). 
Intraperitoneal injections are widely used in animal research, 
but the failure rate may be as high as 10 – 20%. This may 
result in statistical outliers which, if not taken into account, 
could have a serious effect on the power of the experiment 
(Das  &  North  2007 ). Other routes of injection may also have 
high failure rates, though these can usually be substantially 
reduced by training. Biophotonic methods appear to have 
many advantages as a training aid (Wiles  et al.   2007 ). Skill 
should also improve with practice. As far as possible 
staff should be fully trained before participating in an 
experiment.  

genetically identical unless they can make a compelling case 
for using outbred stocks (Festing  1999 ). More details of the 
origin, maintenance and characteristics of isogenic strains 
are given in Chapter  4 . The response to a treatment may be 
strain or genotype - dependent. More than one strain can be 
used in a factorial design (see later in this chapter) to see 
whether this is the case, usually without increasing the total 
number of animals needed. 

 Some people suggest that an outbred stock should be used 
on the grounds that humans are genetically heterogeneous, 
but this is false logic. Humans also vary in weight and age, 
but this does not mean that the animals used in an experi-
ment should also be uncontrolled for weight and age. 
Uncontrolled genetic heterogeneity increases the pheno-
typic variability and reduces the power of the experiment 
leading to more false - negative results. Experiments may 
also be less repeatable because nothing is known about the 
genotypes of the individuals, which can therefore not be 
repeated. Even the degree of genetic variability within an 
outbred stock is unclear as it depends on the previous 
history of the stock. Certainly it is unlike the variability 
within human populations. 

 There is some evidence that stressed animals are also 
more variable. For example mice, which are social animals, 
are more variable in body weight when housed singly than 
when housed in groups (Chvedoff  et al.   1980 ). Frequent 
sympathetic handling will tend to reduce stress associated 
with any procedures, another important source of variation. 
However, the effects of environmental enrichment are still 
unclear (see Chapter  10 ). In some cases it seems to increase 
variability, possibly because some  ‘ enrichments ’  may 
increase aggression, but well designed and validated enrich-
ments should decrease variability (Garner  2005 ). 

 Position in the animal house may also be important. 
Animals on the top shelf generally get more light and pos-
sibly a warmer temperature than those on lower shelves. 
Ideally, the animals should either be housed in random 
order on the shelves or a randomised block design (see later 
in this chapter) should be used in which each shelf has equal 
numbers of treated and control animals and any differences 
between shelves can then be eliminated in the statistical 
analysis. Certainly a randomised block design should be 
used if the animals need to be split into more than one loca-
tion or treated at different times. If a power analysis (see 
later in this chapter) suggests that the experiment needs to 
be quite large, then it may be diffi cult to obtain large 
numbers of uniform animals all of similar weights and ages. 
Again, in this case a randomised block design should be 
considered. 

 Cage effects can be an important source of variation which 
may be diffi cult to deal with. Cages of identically treated 
animals may differ as a result of social interactions, une-
venly distributed sub - clinical infection, cage position or 
other unknown factors. Moreover, individually housed 
animals may differ in their responses from those which are 
group housed. Possible ways of taking these effects into 
account in the design of the experiment are discussed in the 
section on factorial experimental designs. 

 Where some variation cannot be fully controlled, it is 
often useful to obtain individual measurements before start-
ing applying the treatments. These can then be used to 
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missed, then a higher power should be specifi ed. 
However, it is not possible to specify a power of 100% 
as that would require an infi nitely large experiment.  

   •      The signifi cance level. This is the probability of a false -
 positive result (ie, of claiming a treatment effect when 
in fact it is purely due to chance). This is usually set at 
0.05 or 5% although this is entirely arbitrary and other 
levels may sometimes be set.  

   •      The sidedness of the test. A two - sided test is used when 
it is not clear whether the mean of the treated group 
will be less than or greater than that of the control 
group. However, if the hypothesis is that the mean will 
move in a particular direction then a one - sided test 
should be specifi ed.  

   •      The sample size. This is usually what is being esti-
mated. However, in some situations the sample size is 
fi xed by the availability of animals. In this case the 
calculations can be used to determine the power of the 
experiment or the effect size likely to be detectable.    

 The formulae connecting these variables are not easy to use, 
but fortunately most good statistical packages will do the 
calculations and there are a number of web sites (eg, 
Biomath  1  ) where the data can be entered and the results 
calculated. It is often useful to express the effect size in 
standard deviation units by dividing it by the standard 
deviation, as this puts everything into the same units and 
the required sample size can be read from a graph such as 
Figure  3.1 . When there is more than one outcome variable, 
separate calculations are needed for each variable and the 
estimated sample sizes will differ depending on the variable 
of interest. It may be necessary to decide which outcome is 
most important, and base sample size on that variable.   

  Example : The mean body weight of a group of F344 male 
rats in a growth trial was 259   g with a standard deviation of 
11.0   g (real data). Suppose a diet experiment is to be set up 
using these male F344 rats such that the experiment is able 
to detect a difference in mean body weight between the two 

  Sample  s ize  d etermination 

 Many scientists use sample sizes determined by tradition. 
In some disciplines, group sizes of eight are almost universal 
and some referees may go so far as to reject a paper which 
deviates from this norm. But traditional designs can be very 
ineffi cient leading to serious waste of animals and scientifi c 
resources. If there are several groups then the sample size 
of each group can usually be reduced, thereby saving 
animals. There are two methods discussed here which can 
be used to give a better estimate of the required sample size: 
 ‘ power analysis ’  and the  ‘ resource equation ’  method. Both 
of these methods have weaknesses, but are still substantially 
better than traditional methods of having a fi xed number in 
each group.  

  Power  a nalysis 

 This method depends on a mathematical relationship 
between sample size and a number of other variables speci-
fi ed by the scientist. It is the method of choice for clinical 
trials or any other large, expensive but relatively simple 
experiment. In the situation where the aim is to compare the 
means of two groups (say treated and control) it requires the 
following specifi cation: 

   •      The type of statistical test which is to be used. This 
depends on the nature of the data. Quantitative data 
can normally be analysed using Student ’ s t - test, the 
analysis of variance (which is mathematically identical 
in the special case of just two groups), or a non - para-
metric test, while qualitative data may be analysed 
using a chi - squared test, Fisher ’ s exact test or a normal 
approximation of a binomial. In the example (below), it 
is assumed that a quantitative variable is measured and 
the means are to be compared using a two - sample 
Student ’ s t - test.  

   •      An estimate of the standard deviation, in the case of a 
quantitative variable. This has to come from a previous 
study, or a pilot experiment as the experiment has not 
yet been done. Unfortunately, pilot studies are usually 
small, so any estimate of variation will be imprecise. 
This may result in an under -  or over - estimate of the 
numbers needed. This, and the fact that it cannot be 
used when the outcome has never before been meas-
ured, or where there is no good estimate of variability, 
is a potential drawback.  

   •      The effect size. This is the minimum difference between 
the means of the two groups which would be of clinical 
or biological signifi cance. Clearly, a very small differ-
ence would not be of great interest whereas it would be 
important to be able to detect a large difference. The 
effect size is the cut - off between these two.  

   •      The required power. Somewhat arbitrarily the power is 
usually set at 80 – 90%. A power of 80% implies that if 
there is an effect as large as that specifi ed, then there 
will be an 80% chance of detecting it. The power should 
be set taking account of the implications of failing to 
detect an effect. If this could be serious, say in toxicity 
testing where it might mean that a toxic effect was 
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     Figure 3.1     Power analysis estimates of sample size per group as a 
function of the effect size in standard deviations, assuming a 
two - sample t - test with a 5% signifi cance level and an 80% or 90% 
power.  

  1       http://www.biomath.info  
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group, E   =   24  – 6    =   18, which is within the suggested limits 
of 10 – 20. Using the example of body weight of F344 rats 
discussed under power analysis, two groups of 10 rats per 
group gives E   =   18, which is within the specifi ed range. This 
is slightly more than the 7 – 8 rats per group needed to detect 
the 10   g or more treatment effect in the animals with a stand-
ard deviation of 5.0   g using power analysis. 

 A power analysis should be used in preference to the 
resource equation method wherever possible. Unfortunately, 
power analysis is not so easy to use when there are more 
than two groups because it is more diffi cult (but not impos-
sible) to specify the effect size of interest. This diffi culty is 
even greater when there are many outcomes (characters) 
being measured as separate calculations are necessary for 
each one with some sort of compromise being applied, 
unless the most important one can be identifi ed. The resource 
equation method is useful when there is no previous esti-
mate of the standard deviation. It is particularly suited to 
complex factorial experiments, and it is much better than 
relying on tradition.   

  Statistical  a nalysis of  p lanned  e xperiments 

 Only a general description of the main methods used in the 
statistical analysis of experimental data is given here. 
Detailed accounts with numerical examples are given in 
many textbooks (Kvanli  1988 ; Altman  1991 ; Mead  et al.   1993 ; 
Montgomery  1997 ; Petrie  &  Watson  1999 ; Festing  et al.   2002 ). 
These days all the calculations will normally be done using 
a dedicated statistical package such as SPSS ( SPSS Inc. 233 
S. Wacker Drive, 11th fl oor, Chicago, Illinois 60606), 
MINITAB (Minitab Inc., Quality Plaza, 1829 Pine Hall Rd, 
State College PA 16801 - 3008, USA) or SAS (SAS UK, 
Wittington House, Henley Road, Medmenham, Marlow, 
Buckinghamshire, SL7 2EB ). These are expensive commer-
cial packages. The  ‘ R ’  statistical software or  ‘ language ’   2   is 
widely used by professional statisticians and is free of 
charge, but it is command driven so initially may be diffi cult 
to learn. Some textbooks on the use of this language are now 
becoming available (Dalgaard  2003 ; Verzani  2005 ). Some 
free statistical software can be found on the Free Statistics  3   
and StatPages  4   websites. The author does not recommend 
the use of spreadsheets as they are more diffi cult to use for 
this sort of analysis than dedicated statistical packages and 
may give non - standard output. 

 A large majority of experiments result in quantitative 
measurement data rather than discrete (eg, binary) data. 
These experiments can usually be analysed using Student ’ s 
t - test or an analysis of variance (ANOVA), as long as the 
assumptions relevant to these tests are met (see next section). 
It may be necessary to transform a scale to reduce heteroge-
neity of variation and make the residuals (deviations from 
group means) have a more normal (bell - shaped) distribu-
tion. However, in cases where the data is very non - 
homogeneous so called  ‘ non - parametric ’  methods may have 

diet groups of 10   g or more, assuming that the treatment 
does not alter the standard deviation. How many F344 rats 
will be needed? 

 Assume a two - sided t - test, a power of 90%, a signifi cance 
level of 0.05 and an standard deviation of 11, then the aim 
is to be able to detect 10/11 = 0.91 standard deviations. From 
Figure  3.1  this would require about 25 – 30 rats per group. A 
more accurate estimate using the Biomath website suggests 
27 rats per group. 

 If the mean body weight of the rats is 259 and the standard 
deviation 11, then among a group of 100 rats body weight 
could range from about 230 to 290   g. Suppose the rats were 
specifi ed to range in weight from 250 – 270   g, then applying 
this to the real data, the standard deviation was found to be 
reduced to about 5   g. This would mean the experiment 
would only need to be able to detect an effect of 10/5 = 2 
standard deviations, and from Figure  3.1  it would require 
only about 7 – 8 instead of 25 – 30 rats per group. 

 Some statistical packages also allow sample size calcula-
tions for qualitative (dead/alive, positive/negative) varia-
bles. In this case it is not necessary to specify the standard 
deviation as it is a function of the proportion affected. In 
general, many more animals are needed to compare two 
proportions than if a measurement variable can be used.  

  The  r esource  e quation  m ethod (for 
 q uantitative  v ariables) 

 This method, described somewhat informally by Mead 
(Mead  1988 ) is the method that was used by most applied 
statisticians before power analysis became a practical pos-
sibility. It depends on the law of diminishing returns. 
Adding one more animal to a small experiment gives good 
returns in terms of increased power. However, doing the 
same to a large experiment will hardly increase power at all. 
The critical thing in most experiments is to have a good 
estimate of the variation, against which any differences in 
means are assessed. The  ‘ error mean square ’  in an analysis 
of variance of the proposed experiment is an estimate of the 
population variance, and this needs to be estimated reason-
ably well. It depends on the size of the whole experiment 
and the number of treatment groups, not the individual 
group sizes. Mead suggests that if the error degrees of 
freedom (E) is between about 10 and 20, then the experiment 
will probably be of an appropriate size. However, these 
limits should not be applied too rigidly. A good case can be 
made for E being 25 – 30 or more to ensure equal group sizes, 
and it can go even higher when the experimental units are 
very cheap, such as when they are wells in a tissue culture 
dish. In a completely randomised design E is the total 
number of subjects minus the number of treatment groups.

   
E

total number
of animals

number of treatment
 combination= ( ) − ss and E( ) < <, 10 20

  
 For example, if a factorial experiment is planned with both 
sexes and three dose levels then there will be six treatment 
groups. If it is proposed that there should be eight animals 
in each treatment group (as is common), there will be 48 
animals in total and E   =   48  –  6   =   42. This experiment is 
unnecessarily large. Redesigning it with four animals per 

  2       http://www.r-project.org/  
  3       http://www.freestatistics.altervista.org  
  4       http://www.statpages.org  
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correct identifi cation of the experimental unit and 
appropriate randomisation.    

 The fi rst two of these assumptions can be examined using 
graphical plots of the residuals, available in many good 
statistical software packages. For example, a normal prob-
ability plot of the residuals can be used to study assumption 
1, above, and a plot of fi ts (group means) versus residuals 
can be used to investigate assumption 2, above. However, 
the ANOVA is said to be quite  ‘ robust ’  to deviations from 
these assumptions. Only if they are seriously violated does 
the ANOVA give the wrong answer. Unfortunately, it is not 
easy to give clear guidance on exactly when parametric 
methods should be abandoned in favour of non - parametric 
methods. Robustness is a matter of degree. If the normality 
assumption is seriously violated, then the type I error (false 
positive) rate may be 0.1 rather than a nominal 0.05, but this 
would be an extreme case. Lack of homogeneity of variance 
should not be a serious problem if group sizes are equal with 
at least fi ve subjects per group. However, with unequal 
group sizes serious errors in type I error rates may occur. 
Both parametric and non - parametric methods depend on 
the assumption of observations being independent. This 
depends on correct experimental design (Maxwell  &  Delaney 
 1989 ). 

 Where the assumptions are seriously violated, transfor-
mation to a different scale rather than the use of non - para-
metric methods may be the best approach as the power of 
non - parametric methods (see later in this chapter) is 
usually low. For example, biological data often have a log -
 normal distribution (ie, the logarithms of the actual values 
have a normal distribution). This is particularly the case 
when measuring the concentration of some substance in 
body fl uids. It is not possible to have a concentration of less 
than zero, low concentrations may be common, but there 
may be a few very high values. Taking the logarithms of the 
observations will usually result in the residuals having a 
normal distribution. So in this case all the analyses will 
be done on the log - transformed data. Results can either 
be presented on this scale, or back - transformed to the 
original scale (although the standard deviation cannot be 
back - transformed).  

  The  c hi -  s quared and Fisher ’ s  e xact  t ests for 
 d iscrete  d ata ( c ounts) 

 Experiments which involve discrete (often binary) data 
which is summarised as the proportion or percentage of 
animals (say) having a particular attribute (eg, a tumour) in 
each group can usually be analysed using a chi - squared test. 
Note that all calculations are done using the actual numbers 
not the percentages. The null hypothesis is that there is no 
difference in the proportions in the two (or more) groups. 
All good statistical packages should be able to analyse such 
data. The main limitation of this test is that the expected 
numbers in all cells of the table should exceed fi ve. If this is 
not the case, then it is necessary to use Fisher ’ s exact test. 
There are numerous web sites which will do the calculations 
when there are just two groups (a web search on  ‘ Fisher ’ s 
exact test ’  will fi nd them). For three or more groups more 
specialised software may be necessary.  

to be used. It is important to examine the data to get a feel 
for the type and distribution of the observations. 

 The fi rst step should always be to screen the data for pos-
sible errors. This is usually best done graphically. Where 
outliers are detected the records should be traced back to 
ensure that they are not due to recording errors. Genuine 
outliers should not be discarded. A good way of dealing 
with them is to do the statistical analysis with and without 
them. If they make no difference to the conclusions, then 
they can be retained. However, if the aim is to obtain a good 
estimate of a mean or some other parameter such as the 
slope of a regression line, then there may be a case for delet-
ing them provided that there are very few of them, there is 
a clear explanation as to why this is being done, and that 
analyses both with and without the outliers are presented 
(Das  &  North  2007 ). 

  The  a nalysis of  v ariance and the  t  -  t est 

 The aim of the analysis of variance and the t - test is to 
compare the means of two (in the case of the t - test) or two 
or more (in the case of the ANOVA) groups. The hypothesis 
to be tested is that there are no differences among the means 
(ie, that they could all be random samples from the same 
population). Where there are three or more means, the 
ANOVA does not indicate which means differ, only that it 
is unlikely that they could have come from the same popula-
tion. Further tests such as  post hoc  comparisons or planned 
comparisons, described in most textbooks, are needed to 
determine which means differ. A  ‘ one - way ’  ANOVA is used 
to compare means from a completely randomised single -
 factor design (see below). In this case unequal group sizes 
present no particular problem, although in most cases it is 
preferable to have equal group sizes. Randomised block 
designs are analysed using a  ‘ two - way ANOVA  without  
interaction ’  and factorial designs are analysed using a multi -
 way ANOVA  with  interaction. However, unequal group 
sizes cause problems with two - way designs and it is usually 
necessary to resort to a  ‘ general linear model ’  ANOVA in 
such cases. This is available in all good statistical packages. 
Thus the ANOVA will deal with quite complex situations. 
Roberts and Russo (Roberts  &  Russo  1999 ) give an excellent 
introduction to the analysis of variance. The analysis of cov-
ariance (ANCOVAR) can sometimes be used to correct for 
other variables in order to further increase statistical power. 
For example, some of the variation associated with the initial 
body weight of the animals might be removed using this 
technique. 

 ANOVA and t - tests are mathematically identical when 
there are just two groups. However, the ANOVA is more 
versatile as it can be used to analyse complex experimental 
designs. Both depend on three assumptions: 

  1.     the residuals (deviation of each observation from its 
group mean) have a normal distribution (note it is the 
residuals, not the  ‘ data ’  that should have a normal dis-
tribution); a  ‘ normal distribution ’  is a bell - shaped 
distribution;  

  2.     the variation is the same in each group;  
  3.     the observations are independent; this depends on 
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given and the outcome is measured should also be in 
random order. Wherever possible, the staff measuring the 
outcome should be blinded with respect to the treatment 
group as noted above.   

 As with all the designs discussed here, there may be mul-
tiple outcomes. For example, a haematologist will look at the 
counts of a large number of blood cell types. In this case the 
statistical analysis either analyses each outcome separately, 
or some sort of  ‘ multivariate ’  analysis is done which com-
bines the different characters into a single composite char-
acter. However, this probably requires the advice of 
somebody with experience of these techniques. In some 
cases a character may be measured sequentially over a 
period of time. These samples will not be independent 
because if the animal has a high count on day 1 it is also 
likely to have a high count on day 2. Methods of analysing 
such data depend on individual circumstances. Suggested 
approaches include analysing the mean of the measure-
ments, the slope of the line connecting them, the area under 
the curve or the time to reach a certain value. This should 
not be confused with a repeated measures design, discussed 
later in the chapter, where a single animal receives a series 
of different treatments.  

  The  r andomised  b lock  d esign 

 This design can be used to maximise statistical power in 
several situations. It is an extremely useful design widely 
used in agricultural research and it could be more widely 
used in research with laboratory animals. It involves split-
ting the experiment up into a number of  ‘ mini - experiments ’ , 
the results of which are then re - combined in the statistical 
analysis. Some of the reasons for using it include: 

   •      If the animals are quite variable for weight or age or in 
some other identifi able characteristic such as batch or 
source. In this situation, animals which are similar 
should be grouped in a  ‘ block ’  and then assigned at 
random to the treatments. Typically, a block will be the 
same size as the number of treatments. So if there are 
three treatments, then a block will consist of three 
animals as similar as possible which will be assigned at 
random to the three treatments. However, a block could 
consist of six animals with two assigned to each treat-
ment although it is important that equal numbers are 
assigned to each treatment within each block.  

   •      If suffi cient animals of the required specifi cation are not 
all available at the same time. In this case the experi-
ment can be started with the fi rst batch as block 1, then 
other blocks can be added as the animals become 
available.  

   •      If there is some heterogeneity in the environment which 
may affect the outcome. For example, if the experiment 
needs to be split into two or more locations, or if account 
needs to be taken of a range of environments within a 
room. The top shelf in an animal house has a different 
environment from the bottom shelf, so each shelf might 
house a different block.  

   •      To ensure that the results are repeatable over time. This 
is common with  in vitro  studies which are often repeated 

  Non -  p arametric  m ethods 

 These methods are used when the data are very heterogene-
ous and no scale transformation can be found which would 
make it possible to use parametric methods. The methods 
tend to lack statistical power, so should not be used rou-
tinely. The main methods are the Mann - Whitney (also 
known as the two - sample rank sum, or the Wilcoxon two 
sample rank sum) test, the non - parametric equivalent of the 
t - test, which is used to compare the medians of two groups, 
the Kruskal - Wallis test, the non - parametric equivalent of the 
one - way ANOVA used to compare several medians, and the 
Friedman ’ s test, which is the non - parametric equivalent of 
the two - way ANOVA without interaction, and can be used 
for randomised block designs (see later in this chapter). 
These tests are used to compare locations (eg, medians) of 
the groups, but problems may arise if the distributions are 
very different. Most textbooks include sections on these 
methods, they are available in all good statistical software 
packages, and there is a number of specialist textbooks 
explaining the methods (Sprent  1993 ).   

  Some  e xperimental  d esigns 

  The  c ompletely  r andomised 
(between  s ubjects)  d esign 

 This is the simplest design with a single factor, the treat-
ment. There can be any number of levels and numbers of 
subjects on each treatment do not need to be equal, although 
it is usually most powerful if they are. One of the groups 
may be considered a  ‘ control ’ , or the aim may be to compare 
a set of qualitatively or quantitatively different treatments. 
The statistical analysis is relatively simple. 

 This design may be diffi cult to use for large - scale experi-
ments as the larger the number of animals needed the more 
diffi cult it is to get a homogeneous group of animals all at 
the same time. The need to break the experiment down in 
time or space into more manageable bits also increases (this 
can be done with a randomised block design). Animals are 
assigned to treatment groups strictly at random, as shown 
in the example in Figure  3.2 , and the positions within the 
animal house and the order in which the treatments are 

C C A B B D D A A D D B C B C A

     Figure 3.2     Example of the layout of a completely randomised 
design with four treatments (A, B, C, D) each with four animals. 
These are shown in random order. This could be maintained 
throughout the experiment or at least the recording of the 
observations should be in a re - randomised order. Thus, the fi rst and 
second animals will be assigned to treatment C, the third to A etc. 
These should be housed on one shelf or split into two or more 
shelves in this random order, and all measurements of the outcome 
should be made in the same order. Note that using the Resource 
Equation method of sample size determination E   =   16  –  4, which is 
12, so the experiment is probably of an adequate size. Note also 
that the shelf level could be a source of variation which could be 
controlled not by randomisation, but by using a randomised block 
experimental design.  
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single animal given anaesthetics B, C, A, D in that random 
order. 

 Usually such a design will be extremely powerful because 
the variation within an animal over a period of time is much 
less than the variation between animals which may have 
both genetic and environmental components. The experi-
ment is also analysed using a two - way ANOVA without 
interaction. Differences between subjects are assumed to be 
a random effect (like a block), with the treatments being a 
fi xed effect. 

 A special case of the within animal experiment is a  ‘ before 
and after ’  experiment where an animal is used as its own 
control. Thus, some outcome is measured in the untreated 
animal, then a treatment is applied and the same outcome 
is again measured to assess the effect of the treatment. While 
this is a useful design in many cases it suffers from the 
technical disadvantage that there is no randomisation. It is 
not possible to have an  ‘ after ’  before the  ‘ before ’ . The results 
therefore have to be interpreted with extra care. 

 Note that there can be some confusion in the name of the 
design because experiments where some outcome is meas-
ured several times following a treatment is  not  a repeated 
measures design because time is not a  ‘ treatment ’ . It is a 
design with multiple outcomes. Methods of analysis of this 
type of data were discussed earlier in this chapter.  

  The Latin  s quare  d esign 

 This design was developed for agricultural research where 
crop experiments are frequently laid out in fi elds and there 
may be a gradation in fertility from left to right (columns) 
and top to bottom (rows). It is rare in animal research. The 
design removes the rows and columns effects in order to 
increase statistical power. The number of treatments must 
be the same as the number of rows and the number of 
columns, hence it is  ‘ square ’ . In animal research  ‘ rows ’  
might, for example, be represented by the shelf in a rack of 
cages and columns by position from left to right. Whether 
this would be worthwhile depends, of course, on whether 
there are important environmental effects of cage location. 
In Figure  3.4  every row and every column has all three of 
the treatments A, B and C. Thus the experiment is balanced 
in such a way that it is possible to remove the differences 
between both rows and columns so that the effects of the 
treatments can be assessed more accurately. The Latin 

two or more times on different days. The investigator 
often considers these to be separate  ‘ experiments ’ , and 
often is not clear how they can be combined. But if they 
are pre - planned, then they represent a single experi-
ment split over a number of time periods and can be 
analysed as a randomised block experiment using a 
two - way ANOVA without interaction. Note that the 
animals assigned to a block should be as similar as pos-
sible, but there can be multiple differences between 
blocks. Thus block 1 might be uniformly heavy animals 
on the top shelf treated in week 1, with block 2 being 
light animals on a lower shelf treated in week 2 etc.    

 Randomisation is done separately within each block in this 
type of design, as shown diagrammatically in Figure  3.3 . 
Note that a  ‘ matched pairs ’  design is a randomised block 
with a block size of two, as is a study involving monozygous 
twins.    

  The  r epeated  m easures ( w ithin  s ubject) and 
 c rossover  d esign 

 In these designs the experimental unit is an animal (or cage 
of animals etc) for a period of time (the  ‘ subject ’ ). For 
example, if the aim is to compare the effects of four anaes-
thetics on blood pressure in, say, dogs, then the anaesthetics 
might be assigned to each dog sequentially in random order 
with blood pressure being monitored each time. It is assumed 
that the treatments make no permanent changes to the sub-
jects, which will normally be rested between treatments. 
Where necessary this assumption can be tested by applying 
the same treatment a second time and comparing fi rst versus 
second application. The experiment will usually involve 
several such subjects, depending on the required sample 
size, each receiving their four anaesthetics in random 
order. This is virtually the same design as the randomised 
block design with each dog being considered a  ‘ block ’ . 
So, for example, Block 1 in Figure  3.3  might consist of a 

B C A D Block 1 

D A B C Block 2 

A B D C Block 3 

A C B D Block 4 

D C B A Block 5 

     Figure 3.3     Diagram of a randomised block design with four 
treatments (A, B, C, D) and fi ve blocks. Note that animals are 
chosen for each block which are as similar as possible, and are 
then assigned to one of the four treatments at random. Blocks can 
be separated in time so, for example, block 1 can be started this 
week, block 2 next week etc. Blocks can also be separated in 
space, such as being on different shelves or in different rooms. The 
results should be measured in the same random order for each 
block. The results, assuming a quantitative outcome variable, are 
analysed using a two - way ANOVA without interaction.  

A B C

C A B

B C A

     Figure 3.4     A 3    ×    3 Latin square design. There are three treatments 
A, B and C, three rows and three columns. Every row and column 
has exactly one of each of the treatments. However, a 3    ×    3 Latin 
square is too small for practical use. It can, however, be replicated 
with separate squares being combined in the statistical analysis.  
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   •      Housing one mouse per cage would ensure that each 
animal was independent, but mice are social animals 
and individual housing is stressful. It may be acceptable 
for a short period, but not for a long - term study.  

   •      Housing them in four groups (by treatment and sex, six 
mice per cage) would be bad because the individuals 
would not be independent. Environmental or social 
effects may differ among cages. For example, males 
may fi ght in one cage but not in another one or one cage 
may get more light or be warmer than another.  

   •      If the mice are individually treated, then it would be 
possible to house a treated and control mouse in each 
cage. This might be a problem if the treated mice 
become temporarily sick and get bullied by the control 
mice, or if the treated mice produce faeces or urine 
which affects the control mice. Assuming that these 
factors are not a problem, then this design is actually a 
split plot (discussed in the next section) rather than a 
factorial design. The comparison between the treated 
and control animals is more precise (because it is a 
within - cage comparison) than that between males and 
females (a between - cage comparison).  

   •      The mice might be housed two per cage so that there 
were three cages of male treated, three of male control 
and the same for the females, giving a total of 12 cages. 
In this case the experimental unit is a cage with two 
mice. However, the statistical analysis could detect 
whether there are statistically signifi cant cage effects. If 
not, then it might be acceptable to consider the indi-
vidual mouse as the experimental unit.  

   •      Another strategy would be to make the experimental 
unit a cage with two mice in it, but that would double 
the number of mice. Ethically, it is sometimes better to 
use more animals each of which suffers less, but each 
case needs to be considered on its merits.  

   •      Another similar strategy would be to house the experi-
mental animals one mouse per cage, and give each one 
a companion which is not part of the experiment and 
on which no observations are made.    

 Assuming that the individual mouse is the experimental unit 
(say it is housed with a companion) and the outcome varia-
ble is a quantitative measurement such as body weight or red 
blood cell count, the statistical analysis of this experiment 
will involve a two - way analysis of variance  with interaction . 
This would indicate whether there was a statistically signifi -
cant difference between the treated and control means aver-
aged across the two sexes (known as the  ‘ main effect ’  of the 
treatment), whether there was a signifi cant difference 
between males and females averaged across the treatments 
(the main effect of gender), and whether the response in the 
males was the same as in the females (the interaction between 
treatment and gender). Of course, if the interaction is signifi -
cant it implies that males and females respond differently. In 
this case it does not usually make sense to average across the 
sexes when looking at the response to the treatment. The four 
groups will need to be averaged separately. 

 Factorial designs can have any number of factors and any 
number of levels of each factor, although as complexity 
increases, the interpretation may become more diffi cult. In 
the above example it would be possible to have a third 

square in Figure  3.4  was written with the three treatments 
A, B and C in this order in the fi rst row, then displaced one 
column to the right in the second column etc. Randomisation 
is achieved by randomising whole rows and then whole 
columns.   

 With the 3    ×    3 Latin square there will only be two degrees 
of freedom for the error term, which is far too few. In prac-
tice Latin squares are best with between fi ve and seven 
different treatments involving 25 – 49 subjects in total. Any 
smaller and they will lack power, any larger and they 
become diffi cult to manage. However, it is possible to rep-
licate small squares in order to increase their power. 

 The statistical analysis of a Latin square using a three - way 
ANOVA poses no problems. Data will normally be pre-
sented in the computer in four columns. The fi rst will indi-
cate the treatment, the second the row, the third the column 
and the fourth the observation or measurement. A three -
 way ANOVA will then be invoked with the column and row 
being random effects and the treatment being a fi xed effect. 
However, complications will arise if there are missing 
values. Generally complex designs of this sort should not be 
used if missing values are likely to be common. A numerical 
example can be found in many statistical text books.  

  Factorial  e xperimental  d esigns 

 A factorial design is one in which two or more factors are 
varied in a single experiment. For example  ‘ treatment ’  could 
be a factor with levels low, medium and high and strain may 
be another factor with levels C57BL/6, BALB/c. A factorial 
design based on these two factors would have all six com-
binations of treatment and strain. Where drugs or toxic 
agents are being studied one factor could be drug A (say at 
several dose levels) and another factor being drug B at 
several levels. The results will show whether the drugs 
potentiate or interact with each other. Similarly, it is often 
desirable to fi nd out whether the response to some treat-
ment depends on gender, strain, diet or any other factor 
which might infl uence the outcome. 

 Suppose an experiment is designed to compare a group 
of 12 C57BL/6 mice treated with a test chemical with 12 
control C57BL/6 mice receiving the vehicle, but it would be 
desirable to know whether the response is the same in males 
and females. One way of doing this would be to do the 
experiment in males and then repeat it in females. This is 
known as the  ‘ one variable at a time ’  approach, but it would 
mean using a further 24 mice and, because these are separate 
experiments, there is no way of testing whether males and 
females were responding in the same way. The alternative 
would be to use a factorial design with six male and six 
female mice receiving the test chemical and six male and six 
female mice receiving the vehicle control. This is a 2    ×    2 
factorial, with four treatments and would only involve 24 
rather than 48 mice. It has the added advantage that it is 
possible to test whether the two sexes respond in the same 
way. Using the resource equation method of determining 
group size, E   =   24  –  4   =   20, so the experiment seems to be 
of an appropriate size. 

 How should these animals be housed? This is not an easy 
question to answer. 
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series is of particular interest as it can be used to explore the 
relationships between many factors, each at two levels, 
without using excessive numbers of experimental units. 
Special methods are available for dealing with ten or more 
factors simultaneously. These depend on the assumption 
that high - level interactions are usually zero, so these interac-
tions can be combined to give an estimate of error. This 
makes it possible to use as few as one animal per group in 
high - dimensional designs. More details are given by 
Montgomery (Montgomery  1997 ) and other specialised 
texts. These designs are common in industrial research 
when optimising output (say) from a chemical reaction 
which may involve many variables. In biomedical research 
they could play a useful role in optimising a screening pro-
gramme for drug development (Shaw  et al.   2002 ), and their 
more widespread use in toxicity testing using rats or mice 
of several inbred strains rather than an outbred stock has 
been advocated for many years (Russell  &  Burch  1959 ; 
Festing  1979, 1980, 1995 ).  

  The  s plit -  p lot  d esign 

 The split - plot design is somewhat similar to a factorial 
design although it is more complicated. Again it was devel-
oped from agricultural research involving fi eld experiments 
on crops, but is often applicable to animal research. It is 
easiest to describe by an example. 

 Suppose several cages containing, say, two animals are 
assigned either as controls or to a treatment in the food or 
water. Within each cage it would be possible for some 
animals, chosen at random, to receive, say, a vitamin sup-
plement by injection and the other one to receive a placebo. 
This design has two sorts of experimental units. So far as the 
treatments are concerned, the cage is the experimental unit, 
as it is the cage of animals which is assigned to one of the 
treatment groups. But so far as the vitamin supplement is 
concerned, the individual animal within a cage is the experi-
mental unit since animals within a cage can have different 
vitamin treatments (or be of a different strain). 

 The split - plot design provides a relatively poor estimation 
of the main effect of treatments, depending on the number 
of cages, but a good estimate of the within - cage effect, eg, 
the effect of the vitamin supplement and also the interaction 
between vitamin supplement and treatment. The statistical 
analysis is done using a  ‘ nested ’  ANOVA (the vitamin treat-
ment is said to be nested within the cage) and probably 
requires expert statistical advice.  

  Other  d esigns 

 There is a range of other experimental designs which can be 
used in particular circumstances. For example, incomplete 
block designs are used when there is a natural structure to 
the experimental units but the number of treatments is 
greater than the natural block size. This might occur, for 
example, if the aim is to compare the effects of, say, six 
micro - organisms on mice but only four isolators are avail-
able. These will need to be re - used in such a way as to ensure 
that each micro - organism is compared with every other one 

factor, strain, as shown in Table  3.1 . This would make it a 
2    ×    2    ×    2, or 2 3  factorial design with eight treatment groups 
and would show whether the response to the treatment 
depended on both gender and strain. In this case E would 
be 24  –  8   =   16, which is still of an adequate size.   

 Some scientists express concern about sample size in fac-
torial experiments. In the above 2 3  example there will only 
be three mice in each of the eight treatment combinations, 
whereas in some fi elds of research there is a tradition of 
having eight animals per group. However, in this example 
when comparing the treated versus control mice there will 
be 12 animals in each group, as there will be for comparing 
males and females and the two strains. The concept of group 
size needs to be modifi ed with this type of design. Moreover, 
in experiments of this type it is necessary to estimate the 
mean of a group, which can be done with quite small 
numbers, but it is also necessary to estimate the standard 
deviation which needs larger numbers. In the factorial 
design the sub - group means are estimated from three mice 
(in this example) which is perfectly adequate because the 
standard deviation is estimated from the whole experiment, 
and is based on 16 degrees of freedom. Statisticians some-
times call this  ‘ hidden replication ’ , and it accounts for the 
great effi ciency of factorial designs. 

 Factorial designs provide extra information, when com-
pared with a single factor design, at no extra cost in terms 
of animals and scientifi c resources. The value of factorial 
designs has been recognised by statisticians for many years. 
According to R.A. Fisher:

   If the investigator  …  confi nes his attention to any single 
factor we may infer either that he is the unfortunate victim 
of a doctrinaire theory as to how experimentation should 
proceed, or that the time, material or equipment at his dis-
posal is too limited to allow him to give attention to more 
than one aspect of his problem.  …  Indeed in a wide class of 
cases (by using factorial designs) an experimental investiga-
tion, at the same time as it is made more comprehensive, may 
also be made more effi cient if by more effi cient we mean that 
more knowledge and a higher degree of precision are obtain-
able by the same number of observations.   (Fisher  1960 )    

 However, it is important for investigators to understand 
both the statistical analysis and interpretation of such exper-
iments. One important limitation is that these designs 
should not be used where many missing numbers are 
expected, and group sizes should be equal otherwise the 
statistical analysis and interpretation is more complicated 
although still possible with good software. 

 As noted, factorial designs can have any number of factors 
and any number of levels of each factor. However, the 2 n  

  Table 3.1    Layout of a 2 (treatments)    ×    2 (gender)    ×    2 (strain) 
factorial design with three mice in each treatment group. For 
discussion see text. 

   Strain     Treated     Control  

   Male     Female     Male     Female  

  C57BL/6    3    3    3    3  
  BALB/c    3    3    3    3  
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should be considered at the design stage, and not be left 
until after the experiment is fi nished.  

  5.     Finally, the experiment should be amenable to statisti-
cal analysis. The most important criterion in this case is 
that there should be independent replication of the 
observations. This requires correct identifi cation of the 
experimental unit, which may, for example, be a cage 
of animals if the treatment is given in the food or water, 
or a single animal if animals were individually treated.             
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4
  Introduction 

 The aim of this chapter is to give an introduction to labora-
tory animal genetics both for the research worker wishing 
to use these animals and for the staff who will be required 
to breed and/or maintain them. Inevitably, most of the 
examples involve mice or rats. However the principles of 
genetics are universal, and one striking fi nding of recent 
years is the extent to which many genes and even genetic 
linkages have been conserved through evolution. 

 Research workers are now faced with a wide array of dif-
ferent species, stocks, inbred strains, mutants and transgenic 
strains from which to choose suitable experimental animals, 
assuming that the research cannot be done with some non -
 sentient alternative. However, only in mice is the full array 
of types available and even in the mouse there are no 
genetic  ‘ models ’  for all diseases of interest. In rats there are 
many inbred strains, some mutants and a few transgenic 
strains, and in zebra fi sh there are many mutants, defi ned 
strains and transgenic strains but targeted mutagenesis is 
not yet possible. For larger and/or less widely used species, 
such as primates, cats, dogs, pigs and even rabbits and 
guinea pigs, the research worker usually has to be satisfi ed 
with the product of breeding colonies for which there is 
relatively little genetic information. However, knowledge of 
the genetic basis of susceptibility to disease and environ-
mental agents is increasing exponentially at present so the 
demand for genetically defi ned animals of all species is 
likely to rise in the future. It is particularly important that 
people using rodents should make an informed choice of the 
type of animal for their particular project. Failure to do so 
could result in a waste of scientifi c resources and the unethi-
cal use of excessive numbers of animals. 

  Modes of inheritance 

 The characteristics of an individual, whether human, mouse 
or dog, are determined both by the composition and nature 
of the hereditary material that it receives from its parents, 
and by the environmental infl uences that it encounters 
during its growth and development. 

 The hereditary material consists of DNA (deoxyribonu-
cleic acid) in the classical double - stranded helix made up of 
a sugar backbone and four bases: adenine (A), thymine (T), 
guanine (G) and cytosine (C). It is the sequence of these four 
bases which make up the genetic code which in turn deter-

mines the polypeptide synthesised by the gene. Genes are 
located on chromosomes (and some, in the mitochondria, 
not discussed here), one set of which is passed to an indi-
vidual from each parent. Thus a mouse will normally have 
40 chromosomes (20 pairs) 20 of which will have come from 
each parent. One pair of chromosomes varies between the 
sexes, with female mammals having a pair of X chromo-
somes of similar size and shape, while males are  ‘ heteroga-
metic ’  and have only one X chromosome and a smaller Y 
chromosome. In birds the females are heterogametic. 

 By April 2007 there were 22   188 known genes in the mouse 
which code for proteins and a further 3014 which code for 
RNA (ribonucleic acid) 1 , but the genes in mammals consti-
tute only about 2 – 3% of the total DNA, the rest consisting 
of various classes of repetitive sequences, non - functional 
genes (known as pseudogenes) and small amounts of DNA 
introduced by viruses. Each gene is situated at a particular 
position or  ‘ locus ’  on the chromosome and usually consists 
of separated tracts that together code for polypeptides, 
known as  ‘ exons ’  and non - coding sequences between the 
exons, known as  ‘ introns ’ . There are also DNA sequences 
outside the gene known as the  ‘ promoter ’  and  ‘ enhancer ’  
sequences that control the time and place in which it is 
expressed. The introns are eliminated and the set of exons 
that form a single gene are brought together during the 
complicated process of gene transcription and splicing to 
form messenger RNA which in turn codes for a specifi c 
polypeptide. Discussion of the genetic code and mechanism 
of gene transcription leading to the synthesis of polypep-
tides is beyond the scope of this chapter.  

  Mutations and polymorphisms 

 Sometimes a  mutation  occurs in a gene or larger segment of 
a chromosome either spontaneously or induced by radiation 
or a chemical. This can lead to a defective or abnormal gene 
product. It may also lead to a clearly visible abnormality in 
an animal such as albinism, obesity or hairlessness or it may 
have no obvious effect if, for example, it codes for resistance 
to a disease - causing organism which is not present in the 
colony. The mutant gene is known as an  allele  of the normal 
or so called  wild type  gene locus at which it occurs. Some of 
these mutations can occur in genes controlling biochemical 
pathways, and they may have a very slight effect on the 

  1       http://www.ensembl.org  
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up to those which record the phenotypic consequences of the 
mutation. Clearly it would soon become chaotic if each inves-
tigator used a different name for the same gene or a name that 
has already been taken by a different gene. 

 There are detailed rules for different types of genes includ-
ing spontaneous and induced mutations and various types 
of genetically modifi ed animals as well as for inbred strains. 
However, only the nomenclature of gene mutations is dis-
cussed here. Nomenclature of inbred strains and genetically 
modifi ed organisms is considered later. 

 When a mutation occurs, and it is shown to be inherited 
it is given a name which is usually descriptive such as 
 ‘ obese ’ . In the case of a recessive gene this starts with a lower 
case letter and a gene symbol in italics (in this case  ‘  ob  ’ ). The 
normal unmutated allele is designated by a plus sign +, or 
as a superscript to the gene symbol  ob +   if the context makes 
it necessary to indicate the locus. However, research on the 
obese locus has since shown that it codes for a protein which 
has been named leptin, so the name of the locus was changed 
to the leptin locus with the gene symbol  Lep , and the allele 
is now indicated by a superscript  Lep ob  . Note that the gene 
symbol now starts with an upper case letter as it is the allele 
not the locus which is recessive. 

 At a time of rapid research progress it is very common for 
gene names to change as more is known about them. 
Attempts are also made to use the same locus name and 
symbol across species. For example, the nude mutation in 
the mouse was found to be a homologue of a gene in 
 Drosophila  called forkhead 11 (a so - called homeobox gene 
which helps to determine body pattern, and a mutation of 
which causes a forked head in  Drosophila ) so the gene name 
is now forkhead box N1 with the gene symbol  Foxn1 . The 
nude mutation is therefore now designated  Foxn1 nu  . Human 
gene symbols are all given in upper case letters, which 
serves to indicate that a transgene (see later) is of human 
origin if shown in upper case letters. A complete list of 
previous names is maintained, at least for the mouse, and is 
available on the Jackson Laboratory website 3 . 

 Table  4.1  lists some examples of relatively old mutations 
which are of biomedical interest. Note that in most cases the 
original name has been changed because the locus and DNA 
sequence are known.     

  Mendelian inheritance 

 The rules of Mendelian inheritance may be illustrated by 
reference to the albino locus which is about half way along 
chromosome 7 in the mouse. Alleles at this locus affect the 
activity of the enzyme tyrosinase, with the albino mutation 
now being designated  Tyr c   (the c standing for colour). There 
are several different mutations or  ‘ alleles ’  at this locus, 
including the chinchilla and Himalayan mutations, though 
there can only be two in an individual animal. 

  The monohybrid cross 

 Crosses involving mutants at a single locus (ie, a monohy-
brid cross) can be designated using the above symbols. 

phenotype. These often continue to segregate within a popu-
lation as  polymorphisms . 

 Mammals are diploid, meaning that at each locus there 
are two copies of a gene, one from each parent. If these 
alleles are identical, then the animal is said to be homozygous 
at that locus. If they are different, then the animal is hetero-
zygous at that locus. If a mutation is expressed only when 
the animal is homozygous for the mutation, then the muta-
tion is said to be recessive. If it is expressed in the heterozy-
gote it is said to be dominant or semi - dominant if it is 
intermediate between the homozygote and heterozygote. 

 Microscopic observation of the chromosomes has shown 
that a number of different chromosomal abnormalities may 
occur. Total loss or gain of one or more whole chromosomes 
(aneuploidy) is rare and is usually fatal at an early stage of 
development. However other types of abnormality are more 
common. These  ‘ cytogenetic abnormalities ’  include the 
fusion of two chromosomes so that the total number of 
chromosomes is reduced, but one chromosome is much 
larger than normal. These are known as Robertsonian trans-
locations, and they have been found in wild mice. Another 
type of translocation occurs when parts of two chromo-
somes break and join with one another. These  ‘ reciprocal 
translocations ’  do not result in a reduction in the total 
number of chromosomes, but they may alter their relative 
sizes. Individuals carrying these are usually perfectly viable, 
though males may be sterile. There are also several other 
cytogenetic differences such as small deletions and inver-
sions (where a bit of chromosome has broken in two places 
and re - joined the wrong way round) which can usually only 
be seen microscopically using stains which give a banding 
pattern to the chromosomes, or by using special breeding 
techniques. 

 Finally, certain characters may have a non - chromosomal 
mode of inheritance caused by the  ‘ vertical ’  transmission of 
certain characteristics from parent to offspring via the cyto-
plasm, placenta, or the milk. The best known example of this 
is the vertical transmission of the Bittner mammary tumour 
virus which is passed from mother to offspring through the 
milk in certain susceptible strains of mice. Normally, the 
young will receive the virus, and this results in the develop-
ment of mammary tumours in females of that strain. 
However, if the young are fostered to another strain which 
does not carry the virus, then the cycle will be disrupted and 
the young will not develop mammary tumours in subse-
quent generations. There are numerous other viruses which 
can be vertically transmitted from parents to offspring, 
though in most cases it is not possible to eliminate them by 
cross - fostering. 

  Nomenclature of simple mutants 

 The genetic nomenclature of mice and rats is controlled 
by the  International Committee on Standardised Genetic Nomen-
clature of the Mous e and  The Rat Genome and Nomenclature 
Committee  2 . The main purpose of standardised genetic 
nomenclature is to give each genetic locus and allele a unique 
name so that information about it can be accumulated in 
databases ranging from those involved with DNA sequences 

  2       http://www.informatics.jax.org/mgihome/nomen/index.shtml    3       http://www.informatics.jax.org  
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Thus, crossing a mouse which is wild type at the albino 
locus and therefore is  Tyr + /Tyr +   with one which is albino 
( Tyr c /Tyr c  ) is designated:

   Tyr Tyr Tyr Tyrc c+ + × .   
 The resulting  ‘ F1 ’  offspring will get one allele from each 
parent, so will have the genotype  Tyr + /Tyr c  . The appearance 
of an animal is referred to as its phenotype (in this case wild 
type), whereas its genetic make up is referred to as its geno-
type (in this case  Tyr + /Tyr c  ). 

 If two of these F1 animals are crossed to produce an F2 
generation:

   Tyr Tyr Tyr Tyrc c+ +×   
 then each parent will produce gametes which are either  Tyr c   
or  Tyr +   and these will recombine at random to give the fol-
lowing types of mice in the statistical ratios 1:2:1:

   Tyr Tyr Tyr Tyr Tyr Tyrc c c+ + +
  

 This results in a 3:1 ratio of animals with the wild - type 
phenotype and the albino phenotype. The phenotypically 
wild - type animals will either be homozygous for wild type 
or heterozygous. 

 The crossing of animals which differ at two loci is not 
considered here although in practice it is important as it is 
used to test whether the two loci are linked on the same 
chromosome, and if so how close they are to each other in 
terms of how frequently they re - combine. This is discussed 
briefl y later in this chapter.  

  Sex linkage 

 Genes carried on the sex chromosomes are said to be sex 
linked, as their expression, and the frequencies of the differ-
ent phenotypes differ between the sexes. The  ‘ tabby ’  gene 
in the mouse has a sex - linked mode of inheritance. This 
dominant mutation was fi rst designated  Ta  in 1953, but is 
now known to be an allele of a locus called ectodysplasin - A 
with the gene symbol  Eda Ta  . In studying the mode of inherit-
ance of such characters, the Y chromosome may be 
considered to be inert and devoid of hereditary material 
(though it does in fact carry some genes such as a Y - linked 
alloantigen and a sex - determining locus). Thus in the male 
with an X and a Y chromosome, all the genes on the X chro-
mosome will be expressed (ie, will act as though they are 
dominant). Such a male is said to be  hemizygous  for the gene. 
So in the case of the  Eda  locus, the male will have the geno-
type  X Eda - Ta /Y  which is described as having a  ‘ greasy coat ’  
phenotype, while the female heterozygote has the genotype 
 X Eda - Ta /X Eda - +   and is said to be have a tabby phenotype (a bit 
like a tabby cat). A cross between these two mice results 
in 25% greasy coat and 25% wild type males and 25% 
greasy coat and 25% tabby females. The female has two X 
chromosomes. However, one of these X chromosomes 
becomes inactive at an early stage of embryonic develop-
ment. Either the maternally or the paternally derived 
chromosomes may be inactivated, and the choice seems 
to be random in any given cell. Once a chromosome 
has become inactive, in an embryonic cell, clones derived 
from that cell will have the genetic characteristics 
associated with the active X chromosome. If the female is 

  Table 4.1    Example of some old mutants of interest in biomedical 
research. Note that most mutants are now listed as alleles of a 
renamed locus (eg, nu is now an allele of the  Foxn1  locus), but the 
function of the locus of others (eg,  qk ) has yet to be determined. 

   Gene 
symbol  

   Locus (allele name)     Brief description  

   A y      Yellow    Yellow coat colour, 
obese, increased 
tumours  

   Atp7a Mo - br      ATPase, Cu ++  
transporting, alpha 
polypeptide 
(brindled)  

  Sex - linked semi -
 dominant lethal, 
abnormal copper 
metabolism  

   Dh     Dominant hemimelia    Asplenic, skeletal 
abnormalities  

   Eda Ta      Ectodysplasin - A 
(tabby)  

  Sex - linked, 
abnormalities of pelage  

   Foxn1 nu      Forkhead box N1 
(nude)  

  Hairless, athymic, 
immunodefi cient  

   Hr hr      Hairless (hairless)    Hair loss, mild 
immunodefi ciency  

   Kit W      Kit oncogene 
(dominant spotting)  

  Anaemia, defective 
haematopoetic stem 
cells  

   Kitl Sl      Kit ligand (steel)    Anaemia, defi ciency of 
mast cells  

   Lama2 dy      Laminin, alpha 2 
(Dystrophia 
muscularis)  

  Muscular dystrophy  

   Lep ob      Leptin (obese)    Type II diabetes  

   Lepr db      Leptin receptor 
(Diabetes)  

  Non - insulin dependent 
diabetes on a C57BL/
Ks background, 
phenotype virtually 
identical to obese 
when on a C57BL/6 
background  

   Lyst bg - J      Lysosomal tracking 
regulator (Beige)  

  Dilute colour, lacks 
natural killer cells, 
immunodefi cient  

   Prkdc scid      Protein kinase, DNA 
activated, catalytic 
polypeptide (severe 
combined immune 
defi ciency)  

  Immunoglobulin 
defi ciency, severe 
immunological defects  

   Ptpn6 me      Protein tyrosine 
phosphatase 
non - receptor type 6 
(motheaten)  

  Severe autoimmune 
disease  

   Qk     Quaking    Myelin defi ciency, 
neurological 
abnormalities  

   T     Brachyury 
(brachyury)  

  Tailless, embryonic 
lethal, interesting 
genetics  
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that no selection of the offspring occurs, and that the gene 
locus has no effect on viability or reproductive performance. 
In practice, none of these conditions would hold with a real 
group of animals, but real populations may behave approxi-
mately as stated by the Hardy – Weinberg laws. 

 In the ideal population which is segregating at a locus 
with alleles  a  and  A  it would theoretically be possible to 
count or estimate the frequency of the  a  and  A  genes. For 
example, a sample of 500 animals (therefore having a total 
1000 genes at each locus counting all animals) could be taken 
and the number of animals which were  AA ,  Aa  and  aa  deter-
mined. Suppose that it turned out that there were 405, 90 
and 5 animals of each type respectively. Therefore, the fre-
quency of the  a  allele is (2    ×    5   +   90)/1000   =   0.10, and the 
frequency of the  A  allele is (2    ×    405   +   90)/1000   =   0.9. The 
Hardy – Weinberg laws state that: 

  1.     in the ideal population, gene frequency will remain con-
stant, with no tendency to change from generation to 
generation;  

  2.     the frequency of animals of genotypes  AA ,  Aa  and  aa  
is determined solely by the gene frequencies and 
follows the binomial (p   +   q) 2  where p is the frequency 
of one allele and q (= 1  –  p) is the frequency of the 
other one.    

 The practical consequences of the Hardy – Weinberg laws are 
most commonly noticed in the maintenance of a coloured 
strain of animals such as hooded rats which carry wild - type 
at the albino locus although they are homozygous for the 
hooded gene  h  (ie, they are  hhCC  or  hhCc ). In one case, 
approximately 1% of all the rats produced in a hooded rat 
colony were albino. Such large numbers cannot arise as a 
result of new albino mutations, but are easily explained by 
references to the Hardy – Weinberg equilibrium. 

 If 1% of the animals are albino, the frequency of the albino 
allele, q, can be calculated as the square root of 0.01 which 
is 0.1, so p is 0.9 and the frequency of heterozygotes is 
2pq   =   2    ×    0.9    ×    0.1   =   0.18 or 18%. 

 Although the effects of selection to eliminate a gene such 
as albinism in a hooded rat colony will not be considered in 
detail here, it is clear from the above that most of the albino 
genes are maintained in the heterozygous state, so that in 
the case of a recessive gene such as this one, culling of the 
1% of albino animals will have relatively little effect on the 
future frequency of albino animals produced. The only prac-
tical way to eliminate a gene of this sort in an outbred popu-
lation is to progeny test each breeding animal by crossing it 
to a homozygous recessive animal to see if any mutant off-
spring are observed. If not, and if sample size was reason-
ably large (say eight to ten offspring), then it is unlikely that 
the animal being tested carries the recessive mutation. This 
is a laborious process which has to be done on a large scale 
in order to reconstitute the outbred stock without the reces-
sive mutation.  

  Directional selection 

 Selective breeding has been used to develop several rat 
models of spontaneous hypertension, a number of rat strains 
differing in behaviour and strains of mice which differ in 

heterozygous for a sex - linked gene such as tabby, the result 
is that the female becomes a mosaic of cells expressing the 
tabby gene  (Eda Ta )  and those expressing the wild - type gene 
(+). Tabby mice in fact have stripes which consist of patches 
of fur with the greasy - coat phenotype seen in males carrying 
tabby, and normal fur, hence their tabby appearance.  

  Linkage and linkage maps 

 Two loci will be linked (ie, they will not segregate independ-
ently) if they are close together on the same chromosome. 
Linkage will not be absolute, however, because during 
meiosis (the process of forming the gametes) the chromo-
somes twist together and often break, and rejoin. This leads 
to  ‘ crossing over ’  or recombination, which will only be 
observable if both genetic loci are polymorphic. For example, 
one chromosome may carry the alleles designated by capital 
letters A and B while the other chromosome carries those 
designated by lower case letters a and b. After genetic 
recombination one chromosome will now carry A and b and 
the other a and B at these two loci. The frequency of such 
recombination will depend on how close the gene loci are 
on the chromosome. Linkage analysis measures this recom-
bination involving at least three loci in order to obtain a 
 ‘ linkage map ’  by observing the types of offspring from 
appropriate crosses. This has become increasingly easy in 
the last decade due to the development of large numbers of 
DNA - based genetic markers such as microsatellites (short 
stretches of repetitive DNA sequence, with the number of 
repetitions varying) and single nucleotide polymorphisms 
(a difference in the base at a particular locus in different 
animals). 

 Extensive linkage maps of the mouse and rat are now 
available. These may be used both for fundamental genetic 
studies such as in the identifi cation and cloning of genes and 
also in a number of practical ways. It has been found that 
quite large parts of mouse chromosome have orthologous 
parts in humans, so if two mouse genes are linked, there is 
a good chance that the same genes will be linked in humans. 
As genetic mapping in the mouse is much easier than in 
humans, this is a substantial advantage. Physical maps 
showing the actual DNA sequences and the locations of 
individual genes and their components are also available 
now that rapid DNA sequencing methods have been 
developed.   

  Genes in populations of animals and the 
Hardy – Weinberg equilibrium 

 The examples of Mendelian inheritance given so far have 
been considered in relation to the mating of individuals of a 
designated genotype. Many research workers use outbred 
stocks of rats, mice, guinea pigs etc; stocks which are usually 
closed colonies, and still contain a considerable amount of 
genetic variation. The laws derived by Hardy and Weinberg 
independently in 1908 describe the distribution of genetic 
variants in such populations. The Hardy – Weinberg laws 
refer to a theoretically  ‘ ideal ’  population which is infi nitely 
large, which is maintained by random mating and which is 
closed to the introduction of new stock. The laws also assume 
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is assumed to be zero. The calculations also assume that at 
the locus in question heterozygotes do not survive any 
better than homozygotes. 

 Inbreeding usually leads to  ‘ inbreeding depression ’ , 
which is a general decline in reproductive performance, 
vigour and ability to survive. This is largely due to the 
 ‘ uncovering ’  of mildly deleterious recessive genes as they 
become homozygous. Such depression will be most severe 
in the early stages of inbreeding because this is when the 
homozygosity is increasing rapidly (Figure  4.1 ). If a strain 
is already highly inbred further inbreeding will not signifi -
cantly increase homozygosity, hence it should not result in 
further inbreeding depression. 

 Inbreeding also has the effect of increasing the total 
genetic variation provided all individuals are maintained, 
while at the same time decreasing the genetic variation 
within any one family. An  ‘ inbred strain ’ , as discussed later, 
consists of a single branch of a colony inbred by 
brother    ×    sister mating. However, if the full set of all sub-
lines has been retained (ie, a full set of independently inbred 
strains from the same initial colony), it would be found that 
the variation between these branches or strains would be 
very much greater than the variation present in the original 
colony. This means that, in general, a set of inbred strains 
will be more extreme in their phenotypic characteristics than 
would be found among individuals of an outbred stock. This 
point is of some importance in designing experiments based 
on a wide range of phenotypes, as it means that a collection 
of individuals of different inbred strains will cover a much 
wider range of phenotypes than will a collection of outbred 
individuals. A more detailed account of much of the mate-
rial given so far is given by Green  (1981)  and Falconer  (1981) .  

  Effects of genetic background: variation in the 
expression of genes 

 The  ‘ genetic background ’  is the rest of the genome apart 
from a specifi ed gene or genes. The expression of many 
genes depends on this genetic background as well as on 

their response to sheep red blood cell antigens, carcinogens 
and alcohol, to give just a few examples. 

 The usual method, known as  ‘ mass selection by trunca-
tion ’ , involves measuring the trait of interest in all animals. 
Only those animals which exceed a certain value (the point 
of truncation) are used for breeding. If the heritability of the 
character (briefl y the extent to which any variation is inher-
ited, as opposed to being due to environmental infl uences, 
usually designated h 2 ) is known, then the progress from this 
type of selection can be calculated from:

   Progress generation h selection differential.= ×2

  
 The selection differential is the difference between the mean 
of the whole population, and the mean of the selected indi-
viduals. Thus, the greater the selection differential, the 
greater the progress. 

 Very small animals are often regarded as  ‘ runts ’  and are 
not used for breeding in case they are genetically abnormal. 
As a result there has been mild selection over a long period 
for increased body weight in mice and rats. The 10 - week 
body weight of the three outbred stocks of mice supplied by 
one commercial breeder all exceed the 10 - week body weight 
of the 17 inbred strains supplied by the same breeder. 
Similar selection is practised with inbred strains, but as there 
is no genetic variation within an inbred strain the heritabil-
ity is zero, and there has been no response to such selection. 
Breeders wishing to maintain the characteristics of their 
outbred stocks so that they do not become heavier over time 
should ensure that there is no selection for larger body 
weight.  

  Inbreeding 

 Inbreeding is the mating of related individuals. The more 
closely that they are related, the greater the degree of inbreed-
ing. Thus the most intense inbreeding is self - fertilisation (in 
species where this is possible) as the closest possible relation-
ship is that of an animal with itself. Next comes brother    ×    sister 
and parent    ×    offspring mating (which are of equal intensity), 
half - brother    ×    sister mating and so on. At the other extreme, 
in large populations of animals maintained by random 
mating the average relationship between any two individu-
als will be slight, so the rate of inbreeding will be low (Figure 
 4.1 ). Inbreeding is measured in terms of the  ‘ coeffi cient of 
inbreeding ’ , which is usually given the symbol  ‘ F ’  (not to he 
confused with Fl, F2 etc. which indicates fi lial generations 
from a given cross). Theoretically, F can range from 0.00 (ie, 
no inbreeding) to 1.00 (complete inbreeding).   

 The coeffi cient of inbreeding is a measure of the probabil-
ity that two alleles at any given locus (one of which comes 
from each parent) are identical by descent (ie, that they are 
both copies of the identical piece of DNA in some ancestor). 
If the two genes are identical by descent the parents must 
have been related and the animal will, of course, be 
homozygous at that locus. Thus high levels of inbreeding 
are associated with high levels of homozygosity. 

 The calculation of the exact degree of inbreeding for any 
given animal will involve a study of the pedigree of the 
colony (if it is available) and will always be quoted relative 
to an arbitrary starting point at which the level of inbreeding 
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     Figure 4.1      Coeffi cient of inbreeding as a function of the 
generation in colonies of various sizes. Note, it is assumed that at 
the start the coeffi cient of inbreeding is zero.  



42 Introduction to laboratory animal genetics 

  Strains and stocks of laboratory animals 

  Outbred stocks 

 An outbred stock is a colony of genetically heterogeneous 
laboratory animals usually maintained as a closed colony. 
Such animals are available in all species. The most common 
outbred stocks are CD - 1 and Swiss mice (Chia  et al .  2005 ) 
and Sprague - Dawley and Wistar rats. The individuals are 
said to be  ‘ genetically undefi ned ’  because the genotype of 
an animal at any given locus is usually unknown unless the 
animal is individually typed. Most outbred stocks of mice 
and rats are albino, some stocks of rats are hooded (white 
with a coloured head and front legs) and many breeds (ie, 
outbred stocks) of rabbits have a defi ned coat colour. Some 
colonies of dogs, primates and pigs may be typed at the 
major histocompatibility complex (MHC) or other loci of 
particular interest in a particular research project. 

 The characteristics of a particular stock can change as a 
result of directional selection, inbreeding and random 
genetic drift, resulting in departures from the ideal Hardy –
 Weinberg population. Daughter colonies in other locations 
will only have a sample of the genes present in the parental 
colony, depending on the size of the founding group of 
animals, hence even if colonies have the same name and 
come from the same stock, they will be genetically different. 
Commercial breeders overcome this problem to some extent 
by circulating stock among different breeding colonies, but 
this poses a health hazard because there is a danger that one 
of the colonies has become infected but this has not yet been 
recognised. 

 A high level of heterozygosity is usually associated with 
good reproductive performance. This usually also means 
that the animals are relatively cheap to buy. However, the 
cost of the animal is usually only a small fraction of the total 
cost of the experiment. Increased phenotypic variability 
means that either sample sizes will need to be increased or 
statistical power will be decreased in controlled experiments 
when compared with the use of inbred strains (see Chapter 
 3 ). Taking into account the many other advantages of inbred 
strains such as long - term stability, known genotype at many 
loci, easy genetic quality control and international distribu-
tion, the investigator needs to give serious consideration as 
to whether the use of outbred stocks can be justifi ed in a 
particular research project. Basically, the default position 
should be to use inbred strains except in circumstances 
when the use of outbred stocks can be specifi cally 
justifi ed. 

  Nomenclature 

 The International Committee on Laboratory Animals (now 
the International Council on Laboratory Animal Science, 
ICLAS) formulated rules for the nomenclature of outbred 
stocks in 1972 4 . Very briefl y, to qualify for designation, an 
outbred stock should have been bred as a closed colony for 
at least four generations, and it should be maintained in 
such a way as to give less than 1% inbreeding per generation 

environmental infl uences. Chance effects during embryonic 
development may also play a part. In extreme cases, modi-
fi ers and environmental infl uences may prevent a gene from 
being expressed at all. Some genes may be lethal on some 
genetic backgrounds but perfectly viable on others. The 
viable yellow allele at the agouti locus in the mouse is one 
of the best examples of variable expression which is due 
both to environmental and genetic infl uences. Animals of 
the  A vy /a  genotype can vary from pure yellow through a 
mottled yellow and agouti colour to a pseudo - agouti colour 
which closely resembles pure agouti. This variation occurs 
even when the genetic background is constant (ie, when the 
allele is in an inbred strain), showing that it is determined 
by unknown non - genetic or chance environmental infl u-
ences. The frequency of the pseudo - agouti animals also 
varies according to the inbred strain in which the allele is 
maintained, showing that the variation is also dependent to 
some extent on genetic modifi ers. 

 There is a powerful case for maintaining mutants and 
transgenes etc. on a standard inbred genetic background 
where the within - strain expression will be more uniform. 
Thus, in developing genetically modifi ed animals it may 
be necessary to make crosses between strains largely 
because inbred strains do not always breed very well, but 
when studying the effects of the genetic modifi cation it is 
good practice fi rst to transfer the gene to an inbred back-
ground by backcrossing to produce a congenic strain (see 
below).  

  Polygenic characters and quantitative trait loci 

 Many characters such as body and organ weights, growth 
rate, litter size, behaviour, cancer incidence, metabolic rate, 
response to chemicals and certain immune responses have 
a polygenic mode of inheritance which depends on the 
simultaneous action of many genes. Many of these charac-
ters have a continuous distribution so that it is not possible 
to designate distinct classes and assign animals unambigu-
ously to them. In other cases, there may be clearly distinct 
classes (eg, animals which develop a spontaneous tumour 
and those that do not) but when these animals are bred, it 
is not possible to show that the offspring are of the types 
and in the numbers that would be expected from Mendel ’ s 
laws. Each quantitative trait locus (known as a QTL) has a 
Mendelian mode of inheritance but this is obscured by the 
simultaneous segregation of genes at many other loci and 
by environmental effects. 

 The development of substantial numbers of genetic 
markers such as microsatellites and single nucleotide poly-
morphisms (SNPs) has made it possible to map and in some 
cases identify individual QTLs. Typically, two inbred strains 
which differ in susceptibility to a disease or toxic agent are 
crossed to produce fi rst an F1 hybrid and then either an F2 
or a backcross generation. These will be genetically segre-
gating for the susceptibility genes. Each individual is then 
phenotyped (ie, characterised) for susceptibility and geno-
typed at a large number of marker loci distributed across all 
chromosomes. Any association between susceptibility and 
one or more of the genetic markers implies linkage between 
the two.     4       http://www.informatics.jax.org  
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schedule is the same each generation. Note that avoiding 
mating of close relatives does not reduce the overall rate 
because a high rate of inbreeding in one generation will be 
cancelled out in the next one. Where regular systems of this 
sort are not practicable, every attempt should be made to 
ensure that each breeding male contributes one male and 
each breeding female contributes one female to the next 
breeding generation.   

 Inbreeding and random genetic drift may be a problem in 
the maintenance of transgenic populations which are often 
maintained in small numbers. One result is that the expres-
sion of the transgene may change over a period of a few 
generations. Problems with inbreeding may also arise when 
maintaining some of the larger and more expensive animals 
such as primates where large breeding colonies may be 
extremely expensive to maintain and may produce more 
animals than are needed in research, but reducing popula-
tion size may lead to inbreeding. Freezing of sperm and 
embryos may offer one possible solution to these 
problems. 

 Genetic contamination should be avoided by maintaining 
stocks with the same coat colour in different animal rooms 
where possible. Genetic monitoring methods may be used 

(see next section). The stock code name should consist of 
two to four capital letters, eg, NMRI. A laboratory code for 
the breeder, consisting of a capital and one to four lower 
case letters should precede the stock name, and be separated 
by a colon, thus: Tif:NMRI. In alphabetised lists the prefi x 
may be left off so that all stocks with the same name are 
listed together. It is the prefi xed code and the colon which 
serve to distinguish between an outbred stock and in inbred 
strain. Further rules are given for the designation of mutant -
 bearing stocks and crosses between stocks. An appendix of 
the report also gives details of suitable breeding methods, 
discussed in the next section. There is no organisation which 
takes a particular interest in outbred stocks but a review of 
the origins and uses of outbred stocks of mice is given by 
Chia  et al .  (2005) .  

  Maintenance of outbred stocks 

 The objective of maintaining an outbred stock is usually to 
minimise the rate of change over a period of time. Change 
can occur as a result of selection (either natural selection as 
a response to a changing environment or artifi cial selection 
imposed by those who control the colony), inbreeding, 
random drift, mutation and genetic contamination. Wherever 
possible deliberate selection should be avoided, except that 
abnormal or unhealthy animals should be culled. Inbreeding 
and random genetic drift can be controlled by maintaining 
as large a population as possible, and by careful choice of 
an appropriate breeding system. In a closed colony main-
tained by random mating, the rate of inbreeding per genera-
tion  Δ F is:

   ΔF N Nm f= +1 8 1 8  
where N m  and N f  are the numbers of breeding males and 
females, respectively. Note that the rate of inbreeding 
depends on the number of the least numerous sex. For 
example, if a colony is maintained with only four males the 
inbreeding will be at least 1/32 or 3.1% per generation 
however many females there are. Hence inbreeding is mini-
mised by keeping equal numbers of each sex. This can be 
uneconomical with dogs and some other large species, 
where more males have to be kept than are really required 
to maintain the colony. 

 Inbreeding reduces heterozygosity by a certain percent 
each generation, so as heterozygosity decreases after each 
generation of inbreeding, it becomes less effective. The 
formula for calculating the inbreeding at generation t, des-
ignated  Ft    is

   F Ft t= + −( ) −Δ ΔF F1 1  
where  F   t  − 1  is the inbreeding from the previous generation. It 
is always assumed that the starting point is zero (ie, that the 
base population is not inbred). Table  4.2  shows the rate of 
inbreeding in random - mated groups of various sizes, 
according to these formulae. Random - mated colonies of 25 
or more breeding pairs must be maintained in order to give 
less than 1% inbreeding per generation, which is the 
maximum recommended in the nomenclature rules.   

 A maximum avoidance of inbreeding system can halve 
the rate of inbreeding. Several such systems are available. 
The one shown in Table  4.3  is convenient as the mating 

  Table 4.2    Inbreeding per generation for outbred colonies 
maintained with various numbers of males and females and random 
mating. Note that with random mating a minimum of 25 breeding 
pairs is needed to keep the inbreeding down to 1% per generation. 
Note also that the rate of inbreeding is halved with a maximum 
avoidance of inbreeding system if the numbers of the two sexes are 
equal. 

   Number of male 
breeders  

   Number of female 
breeders  

   Inbreeding 
per generation  

  4    4    6.3  
  4    40    3.4  

  13    13    1.9  
  10    20    1.9  
  25    25    1.0  
  80    80    0.3  

  Table 4.3    A maximum avoidance of inbreeding system for 12 
breeding pairs. Note that such a system can be used for any 
number of breeding pairs, and it remains the same in each 
generation. This system with 12 pairs would result in approximately 
1% inbreeding per generation. See text for further details. 

   New pair number     Male from old pair 
munber  

   Female from 
old pair number  

  1    1    2  
  2    3    4  
  3    5    6  
  4    7    8  
  5    9    10  
  6    11    12  
  7    2    1  
  8    4    3  
  9    6    5  

  10    8    7  
  11    10    9  
  12    12    11  
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   However, outbred stocks, especially the experimentally 
designed and carefully monitored heterogeneous stocks, are 
helpful in positional cloning of QTLs and as a phenotype and 
genotype pool from which to select specifi c traits of interest. 
Nevertheless we believe the vast majority of papers currently 
published that refer to the use of outbred stocks should in fact 
be using inbred lines, and any experimental plans, including 
grant applications and papers, using outbred stocks need to 
be fully justifi ed to avoid the current waste of animals and 
funding.      

  Inbred strains 

 An inbred strain is produced by 20 or more consecutive 
generations of brother    ×    sister mating (younger parent    ×    off-
spring mating is also permitted), with all individuals tracing 
back to a common ancestor in the 20th or a subsequent 
generation. This second requirement eliminates parallel 
branches which will differ genetically. The result is that the 
animals should be homozygous for at least 98.6% of loci 
(Figure  4.1 ). The animals should also be isogenic, that is, all 
animals should be genetically identical at every locus, 
although 100% homozygosity is never achieved. 

 The fi rst inbred strain of mice was DBA, developed by 
C.C. Little in 1909, with the fi rst inbred strains of rats and 
guinea pigs being developed at about the same time by Drs. 
Helen King and Sewell Wright, respectively (Festing  1979 ). 
Most of the strains used today can be traced back to the 
1920s and 1930s, though some new strains continue to be 
developed. Over 450 independent inbred strains of mice 
have been described including many  ‘ old ’  strains derived 
from laboratory and pet or fancy mice (Beck  et al .  2000 ) as 
well as a few strains developed from wild mice and sub -
 species such as  Mus spretus . The relationship between 102 
inbred strains and major substrains based on 1636 informa-
tive SNP markers is shown in Figure  4.2  (Petkov  et al .  2004 ). 
Strains could be classifi ed into seven groups according to 
their genetic similarity. A later study involving 673 SNPs 
quantifi ed the genetic distances between 55 common mouse 
strains (Tsang  et al .  2005 ). Such data can be useful in the 
selection of strains of known genetic similarity for future 
studies. All the  ‘ classical ’  inbred strains of mice have some 
admixture of genes from the mouse sub - species. For 
example, C57BL/6 has about 92% of genes from  Mus mus-
culus domesticus , 7% from  M. m musculus  and 1% from  M. 
castaneous  (Yang  et al .  2007 ). There are also many  ‘ derived ’  
inbred strains of mice such as the congenic, coisogenic, 
recombinant inbred and chromosome substituted strains 
discussed in the next section.   

 Over 200 inbred strains of rats have also been described 
(Festing  1979 ), although some of these have subsequently 
died out. A list of rats strains with their history and informa-
tion on their published characteristics is available at the 
Mouse Genome Informatics website 5 . There are also a few 
inbred strains of hamster, guinea pigs, rabbits and some 
other species (Festing  1979 ). Tables  4.4  and  4.5  show the 
inbred strains of mice and rats most commonly cited in 

to ensure that rapid genetic change as a result of contamina-
tion or other cause does not occur. However, the genetic 
monitoring of outbred colonies is expensive and time con-
suming, and is rarely done. It is necessary to fi nd some 
genetic markers which are segregating within the popula-
tion, and then screen quite large numbers of animals to see 
if the gene frequency changes. These are statistical calcula-
tions rather than the all/nothing results obtained with 
inbred strains. In one case the gene frequency of a biochemi-
cal marker which was segregating within an outbred mouse 
colony, changed quite dramatically over a period of 2 or 3 
years, suggesting genetic contamination (Papaioannou  &  
Festing  1980 ). Methods of genetic quality control are dis-
cussed in more detail later. 

 Outbred stocks are sometimes found to be carrying del-
eterious recessive genes. These can usually only be elimi-
nated by progeny testing each future breeder by mating it 
to an animal homozygous for the gene. If no mutant animals 
are produced among the fi rst 10 offspring, the animal is 
probably not a carrier (Green  1981 ).  

  Research uses of outbred stocks 

 The use of outbred stocks of mice relative to inbred strains 
is declining because of their obvious limitations, though 
outbred rats are still widely used in some disciplines such 
as toxicology. They are rather a blunt research tool, but are 
still of value in some types of research, particularly when a 
good breeding performance is important. Thus their use 
may be justifi ed in reproductive physiology, embryology 
and teratology. Being cheap, they may also be used when 
the cost of the animal is a signifi cant proportion of the total 
cost of the experiment, such as in some types of biological 
assay. It may be necessary to use more outbred than inbred 
animals, but this may still work out more economical 
(though ethically less desirable) in some studies. Outbred 
stocks may also be used during the development of new 
techniques, in cases where the type of animal used is likely 
to be of little signifi cance, and in teaching, where the uni-
formity and genetic stability found in inbred strains may 
have little value. Finally, outbred stocks will have to be used 
in cases where inbred strains are not available. This is 
usually the case for the larger species of laboratory mammals 
such a rabbits, dogs and primates. 

 There is a number of  ‘ genetically heterogeneous ’  stocks 
which have been developed for genetic research. In the 
hands of genetically aware scientists such stocks are valua-
ble for specifi c types of research. Chia  et al.   (2005)  concluded 
that:

    …  outbred stocks (of mice) are a genetically ill - defi ned set of 
laboratory animals that are often erroneously used in toxicol-
ogy, pharmacology and basic research. There is no system of 
genetic quality control for these stocks and even their names 
provide little help as to their genetic or phenotypic character-
istics. These stocks should not be used in situations where 
smaller numbers of animals from a range of inbred strains 
would give optimal results, in terms of sensitivities to sub-
stances, for example, or for examining physiological 
parameters.    

 They go on to say:   5       http://www.informatics.jax.org  
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mating, eg, F100 indicates 100 generations of brother    ×    sister 
mating. Care should be taken to ensure that the same strain 
designation is not used for both rat and mouse strains. 
Details of nomenclature are given at the Mouse Genome 
Informatics website. 

 Substrains are formed when a strain is split into two or 
more branches, and genetic differences between the branches 
are discovered or thought to be probable. Two branches of 
the same strain which have been separated between genera-
tions F20 and F40, or which have been separated after F40, 
but have been maintained separately for more than 20 gen-
erations should also be regarded as separate substrains, as 
in these circumstances it is highly probable that they will be 
genetically different at some loci. Substrains are indicated 
by a slash, followed by letters, which are laboratory codes, 
and/or numbers (eg, C57BL/6 and C57BL/10 are substrains 
6 and 10 of strain C57BL which are known to differ at some 
loci). Substrain symbols may be accumulated (eg, C57BL/6J 
is a substrain of C57BL/6 developed at the Jackson 
Laboratory). 

 F1 hybrids between two inbred strains are indicated 
usually using abbreviated upper case strain names append-
ing  ‘ F1 ’ , for example B6D2F1, the F1 hybrid between strains 
C57BL/6 and DBA/2.  

PubMed over a 5 - year period. Note that 66% of the mouse 
citations are for BALB/c and two sublines of C57BL and that 
the three most popular rat strains accounted for 69% of cita-
tions. These strains are probably being used largely because 
being inbred they represent standard, repeatable, experi-
mental material and not for any particular characteristics 
that they may possess. Strain C57BL/6 is frequently used as 
a genetic background for genetic modifi cations.   

 The use of inbred strains is highly variable between dis-
ciplines. Virtually all critical experiments in immunology 
which use rodents now involve inbred strains. In contrast, 
those disciplines with a chemical orientation such as phar-
macology and toxicology have not yet fully realised the 
potential value of such animals. 

  Nomenclature of inbred strains 

 Inbred strains are designated by a capital letter or letters or, 
less preferably, by a combination of letters and numbers, 
starting with a letter (eg, CBA, C57BL). Exceptions to this 
rule include strains, such as 129, which were already well 
established at the time the rules were formulated. Where it 
is necessary to indicate the level of inbreeding, this is given 
by an  ‘ F ’  and the number of generations of brother    ×    sister 

     Figure 4.2      Mouse family tree. The 102 strains tested are organized into seven groups. Group 1, Bagg albino derivatives; Group 2, Swiss 
mice; Group 3, Japanese and New Zealand inbred strains; Group 4, C57/58 strains; Group 5, Castle ’ s mice; Group 6, C.C. Little ’ s DBA and 
related strains; Group 7, wild - derived strains. The length and angle of the branches have been optimised for printing and do not refl ect the 
actual evolutionary distances between strains.  Petko M. Petkov  et al .,  Genome Research   2004 ,  14 , 1806 – 1811, reprinted with permission.   
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or much more diffi cult were such strains not available 
(Festing  &  Fisher  2000 ). 

 The main properties of inbred strains can be considered 
under the following headings. 

  Isogenicity 
 The individuals of an inbred strain are isogenic (all animals 
are identical at more than 99% of the genetic loci which were 
segregating in the original foundation colony). One conse-
quence is that a single individual can be genotyped, and this 
will serve to genotype all animals of that strain. In fact the 
DNA of 16 inbred strains of mice has now been fully 
sequenced 6 . Two individuals of a strain will be histocompat-
ible (ie, they will not reject skin grafts or other tissue from 
another member of the same inbred strain). F1 hybrids, the 
fi rst - generation cross between two inbred strains, are also 
isogenic and will accept skin and tissue grafts from each 
other and from both parental strains without immunological 
rejection.  

  Homozygosity 
 Each inbred animal is homozygous at more than 99% of the 
loci which were segregating in the original population. They 
do not carry any hidden recessive genes (except for recent 
mutations) and will breed true. This is what makes the 
strains immortal as new generations of identical animals can 
be produced at will. When mutations do occur they will 
segregate briefl y in the strain until they are fi xed (with  ¼  
probability) or eliminated (with  ¾  probability) by further 
inbreeding.  

  Long - term stability 
 An inbred strain will stay genetically constant for long 
periods of time. It cannot change as a result of selection, 
inbreeding, or random drift of polymorphic gene loci (the 

  Characteristics of inbred strains 

 An inbred strain is like an immortal clone of genetically 
identical individuals. Such strains have many useful charac-
teristics, outlined below, but care should be taken in gener-
alising results obtained with a single strain to the species as 
a whole. A more general result can usually be obtained by 
using more than one strain. This can usually be done without 
increasing the total number of animals using a  ‘ factorial ’  
experimental design (see Chapter  3 ). F1 hybrids, the fi rst -
 generation cross between two inbred strains, have most of 
the useful features of inbred strains except that they are not 
homozygous so when mated the offspring will be geneti-
cally segregating for all those loci at which the parental 
strains differed. They are not, therefore, immortal. However, 
they tend to be much more vigorous than inbred strains so 
are more suitable for some research projects. The main dis-
advantage of inbred strains is that they do not usually breed 
as well as outbred stocks or F1 hybrids. Where this is critical, 
as in the development of genetically modifi ed animals, 
research workers are often forced to use a genetically hetero-
geneous stock. However, once developed it is usually better 
to backcross the transgene to an inbred strain (see later in 
this chapter) in order to stabilise the strain/mutant 
characteristics. 

 Inbred strains have made a substantial contribution to 
biomedical research. More than 20 Nobel prizes have been 
awarded for work which would have been either impossible 

  Table 4.4    Inbred strains of mice and frequency of citations in the 
PubMed bibliographic database, 2001 – 2005. 

   Strain  *       Number of citations     Percent of total  

  BALB/c    20   421    36.4  
  C57BL/6    10   279    18.3  
  C57BL/10    6   251    11.1  
  C3H    3   764    6.7  
  ICR    3   502    6.2  
  CBA    2   167    3.9  
  A/J    1   771    3.2  
  NOD    1   722    3.1  
  DBA/1    1   199    2.1  
  DBA/2    1   178    2.1  
  MOLD    877    1.6  
  129/    619    1.1  
  HRS    479    0.9  
  MRL    411    0.7  
  NZB    294    0.5  
  NIH    291    0.5  
  AKR    290    0.5  
  SJL    200    0.4  
  NZW    112    0.2  
  CAST    76    0.1  
  KK    58    0.1  
  SENCAR    56    0.1  
  C57L    36    0.1  
  SAMR1    31    0.1  
  SAMP1    30    0.1  
  C57BR    11    0  
  NZO    10    0  
      56   135    100  

    *    PubMed does not distinguish between sublines   

  Table 4.5    Inbred strains of rats in order of the number of citations 
in  P  ub  M  ed  2001 – 2005   (data from  www.isogenic.inf  o ).   

   Strain designation     Number of citations     Percentage  

  F344    4   611    32.1  
  LEW    3   227    22.5  
  SHR    2   086    14.5  
  WKY    1   821    12.7  
  BN    989    6.9  
  Dahl SS and SR    318    2.2  
  WF    309    2.2  
  ACI    224    1.6  
  BB    209    1.5  
  OLETF    171    1.2  
  WAG    95    0.7  
  BUF    90    0.6  
  PVG    79    0.6  
  LEC    66    0.5  
  OM    16    0.1  
  COP    15    0.1  
  BDIX    12    0.1  
  BDII    8    0.1  
  BH    7    0.0  
  Total inbred strains    14   353    100.2  

  6       http://www.niehs.nih.gov/news/releases/2006/snp2.cfm  
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factors which cause change in outbred stocks). The only 
change that can occur is as a result of new, sometimes unno-
ticed, mutations becoming fi xed.  ‘ Quiet ’  mutations of this 
sort can sometimes remain undetected in a colony for many 
years (Stevens  et al .  2007 ). Genetic drift occurs much more 
slowly than in an outbred stock because virtually all loci are 
homozygous so genetic drift can only occur as a result of 
new mutations, while in an outbred stock drift is a result of 
changes in gene frequency at many loci as well as being due 
to mutation at a few loci. It can also be prevented by main-
taining banks of frozen embryos of inbred strains, which can 
be resuscitated periodically to replace colonies which may 
have fi xed new undetected mutations. Investigators main-
taining their own breeding colonies are advised to go back 
to the original source periodically (say every 20 generations) 
so as to minimise subline drift between the two colonies.  

  Phenotypic uniformity 
 The elimination of genetic variation generally leads to 
greater uniformity of most characteristics within an inbred 
strain. This is most obvious with a single polymorphic locus 
such as the major histocompatibility complex. However, it 
is also true for many polygenic characters, particularly those 
with a high heritability. Increased uniformity means that 
fewer inbred animals are needed relative to outbred animals 
to achieve a given level of statistical precision (Festing  et al . 
 2002 ).  

  Individuality 
 Each inbred strain is a unique combination of alleles at 
approximately 25   000 loci, and therefore differs from every 
other strain. These differences can be of great interest in 
themselves. A study of why one strain develops a particular 
type of tumour, or a particular pattern of behaviour, while 
another strain does not, may throw considerable light 
on the development of tumours or behaviour patterns 
respectively. 

 Some examples of strain characteristics which are of bio-
medical interest in inbred strains are given in Table  4.6 . Most 
mouse genes have human homologues so identifi cation of 
the mouse genes associated with human disease can be an 
effi cient and economical way of identifying human genetic 
disease susceptibility.    

  Identifi ability 
 Once an inbred strain has been developed, and some of the 
polymorphic loci such as microsatellites and SNPs have 
been characterised to provide a  ‘ genetic profi le ’ , the strain 
may then be identifi ed by this genetic profi le. Scientists 
using inbred strains would be advised to keep a sample of 
tissue or DNA so that if they obtain unexpected results the 
authenticity and integrity of the strains can be determined. 
There are commercial companies which will carry out the 
appropriate tests, given a sample of DNA or tissue.  

  Sensitivity 
 There is some evidence that inbred strains are more sensitive 
to environmental infl uences than are outbred stocks. This is 
an advantage to the extent that they may be more sensitive 
to an experimental treatment, but is a disadvantage in other 
respects. For example, a breeding colony may stop breeding 

  Table 4.6    Examples of inbred mouse strains with characteristics of 
interest in biomedical research. Note that these conditions do not 
necessarily preclude the use of the strains in general research. 

   Strain     Characters of interest  

  129P1    One of several major substrains of the original 
strain 129. Pink - eyed chinchilla coat colour. 
Develops testicular teratomas. Used in the 
development of ES cells which are used in the 
production of targeted mutations ( ‘ knockouts ’ )  

  A/J    Susceptible to the development of lung 
adenomas. High incidence of congenital cleft 
palate  

  AKR    High incidence of lymphatic leukaemia and 
short lifespan  

  BALB/c    Possibly the most widely used strain. 
Develops myelomas when treated with a 
carcinogen. Used in the development of 
monoclonal antibodies. Useful general 
purpose albino strain, but males may fi ght  

  C3H/HeJ    Unfostered strains (now rare) develop a high 
incidence of mammary tumours. General 
purpose strain. High incidence of hepatomas. 
Substrain resistant to bacterial 
lipopolysaccharide due to spontaneous 
mutation previously designated  Lps d  , now 
 Tlr4 Lps - d    

  CBA/Ca    General purpose strain with a high incidence 
of hepatomas  

  C57BL/6    Most widely used strain. Used as genetic 
background for many mutants and congenic 
strains. High preference for alcohol. Some 
micropthalmia and fur chewing on back  

  DBA/1    Susceptible to collagen - induced arthritis  

  DBA/2    Oldest strain. Susceptible to induction of 
audiogenic seizures  

  DDK    Semi - sterile when mated with C57BL males 
due to a defect of the F1 embryos  

  FVB    Relatively new strain. Breeds well. Large male 
pronucleus helpful in producing transgenic 
strains by microinjection  

  HRS    Carries hairless gene. Homozygotes for hr 
develop high incidence of leukaemia  

  I    Sex - linked phosphorylase kinase defi ciency 
leading to 3 – 4 - fold elevation of muscle 
glycogen  

  NOD    Developes insulin - dependent diabetes mellitus 
and associated pathology  

  NON    Obesity without diabetes  

  NZB    Develops autoimmune haemolytic anaemia  

  SJL    Develops reticulum - cell sarcoma (Hodgkin ’ s 
disease). Males very aggressive  

  SWR    Polydipsia and polyurea on aging  

as a result of some unknown environmental factor which 
may hardly infl uence an outbred stock. Their production 
and use requires more attention to details of husbandry and 
diet than is the case for outbred stocks. However, the actual 
breeding plan is much simpler. Very small populations can 
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 The chance of genetic contamination can be minimised by 
keeping each strain physically separated as far as is practi-
cable. If several strains must be kept in one room they 
should, ideally, have different coat colours. The cages 
should have clear colour labels, and the staff should be 
rigorously trained so as to be on their guard against genetic 
contamination. Staff should be assured that if a contamina-
tion occurs they will not get blamed otherwise they will tend 
to cover up any unusual behaviour in the colony. With mice 
and rats a monogamous breeding system with each pair 
staying together for the whole of their breeding life should 
he adopted, as this will minimise the chance of a 
mismating. 

 The best way of preventing genetic change due to new 
mutations would be to maintain a bank of frozen embryos 
of each strain, and thaw out samples to renew the colony at 
infrequent intervals (Hedrich  &  Reetz  1988 ).  

  Stem - line or foundation stock colony 

 This should be a small self - perpetuating colony of up to 
about 30 permanently mated monogamous pairs. Detailed 
pedigree and production records should be kept and care 
should be taken to ensure that no genetic contamination 
occurs. Ideally, this colony will be kept physically separate 
from all other colonies. Genetic quality control methods (see 
later in this chapter) should be used periodically to check 
genetic authenticity. Offspring from this colony will be used 
fi rst to perpetuate the stem - line colony, and second as breed-
ing stock for the production colony. All animals should trace 
back to a common ancestor about six to ten generations 
back. Sublines which breed poorly should be culled to try 
to eliminate quiet mutations which reduce breeding 
performance.  

  Production colony 

 Where large numbers of animals are to be bred (eg, by a 
commercial supplier) colonies of 100 – 1000 or more cages, 
possibly with several subdivisions such as an expansion 
colony (which may be pedigreed) and one or more genera-
tions of production stock, may be required. The production 
colony does not contribute to the long - term survival of the 
strain so animals may be mated as pairs or trios, or using 
some other system. Animals may be mated at random, 
rather than brother    ×    sister, and detailed records of pedi-
grees need not be kept although they may be useful if prob-
lems arise. All animals in the production colony should trace 
back to stem - line ancestors within about four to six genera-
tions. In other words, up to about six generations may be 
used to multiply up the stem - line stock in the production 
colonies. Only in exceptional circumstances (eg, if the colony 
would otherwise be lost) should the random - mated produc-
tion stock be used to perpetuate the inbred strain.  

  Research uses of inbred strains 

 Inbred strains may be used in many ways in research. The 
simplest case is when an inbred strain is chosen in prefer-
ence to an outbred stock on the grounds that it is more 
uniform, genetically more stable, and better defi ned than the 

be maintained, as an inbred strain will no longer be subject 
to further inbreeding depression, whereas the maintenance 
of outbred stocks requires large sample sizes and careful 
attention to methods of avoiding directional selection and 
genetic drift due to inbreeding.  

  International distribution 
 Inbred strains have an international distribution, so that 
work in the UK, USA, Germany and Australia, for example, 
can be carried out using virtually identical inbred mice or 
rats. This is possible due to the long - term stability of inbred 
strains, the fact that daughter colonies are genetically identi-
cal with the original colony and because genetic quality 
control is so much easier with inbred strains than with 
outbred stocks. Sublines separated for long periods will 
differ to some extent as a result of new mutations. This may 
affect the expression of mutations and transgenes. For 
example, the expression of the obese ( Lep ob  ) and diabetic 
( Lepr db  ) mutations in mice differs between the sublines 
C57BL/6J and C57BL/6KsJ (Hummel  et al .  1972 ). Such 
effects need to be taken into account in designing and inter-
preting such studies. Colonies may also differ as a result of 
environmental differences. There have been several exam-
ples of strain characteristics being seriously altered as a 
result of an infection, such as Tyzzer ’ s disease or 
ectoparasites.  

  Background data 
 Inbred strains stay genetically constant for long periods so 
it is possible to build up reliable data on their phenotypic 
and genetic characteristics. The names of many of the most 
commonly used strains are included as key words in elec-
tronic bibliographical data bases, so it is possible to retrieve 
all papers in which a particular inbred strain was used pro-
vided authors have used correct nomenclature. The Mouse 
Phenome database 7  provides a substantial body of informa-
tion on the comparative phenotypic characteristics of many 
strains. This gives tables and graphical displays of compara-
tive strain characteristics for a wide range of phenotypes 
including appearance, behaviour, blood characteristics, 
reproductive performance, response to pathogens and many 
more characteristics. The Rat Phenome database 8 , although 
less detailed, also provides a considerable amount of infor-
mation about inbred strains and mutants of the rat.   

  Maintenance of inbred strains 

 Ideally, an inbred strain would remain genetically constant 
for an indefi nite period. It should also be maintained as 
economically and effi ciently as possible. Usually it is best to 
maintain a  ‘ foundation stock ’  or  ‘ stem - line ’  colony and a 
separate production colony as outlined in the next sections. 
Once a strain has been brother    ×    sister mated for 20 or more 
generations, the main sources of change are from genetic 
contamination or as a result of the occurrence and fi xation 
of new mutations, though some drift may occur due to 
 ‘ residual heterozygosity ’ , the small amount of heterozygos-
ity remaining after 20 generations of inbreeding. 

  7       http://www.informatics.jax.org  
  8       http://rgd.mcw.edu/  
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strains where a mutation or genetic modifi cation has been 
backcrossed to an inbred strain. However, there are many 
other types, discussed in the following paragraphs. 

  Coisogenic and segregating inbred strains 

 If a mutation (eg, for coat colour or other visible effect) 
occurs in an inbred strain, and is then bred separately, then 
it will differ from the inbred strain only at a single genetic 
locus, namely, the mutant locus. Two inbred strains which 
are genetically identical except at a single locus as a result 
of a mutation within the strain and subsequent separation 
of sublines are said to be  coisogenic . A transgenic strain 
developed by micro - injection of DNA into a fertilised egg of 
an inbred strain will also be coisogenic with the parent 
strain. Targeted mutations developed within an inbred 
strain are also coisogenic with the background strain. 
Segregating inbred strains are developed by inbreeding 
with forced heterozygosity at a specifi c locus. 

  Nomenclature of coisogenic strains 
 Coisogenic and segregating inbred strains should be desig-
nated by the name of the inbred strain followed by a hyphen 
and the gene symbol so, C3H/N -  Kit W - v   is the N substrain of 
strain C3H carrying a mutation of the Kit oncogene with the 
allele designation  W - v  (viable dominant spotting, previ-
ously designated  W v  ) as a result of a mutation within the 
strain. 129 -  Alox5 tm1Fun   is a targeted mutation (the tm1 super-
script shows it is the fi rst one developed by  ‘ Fun ’ , a labora-
tory code) of the arachidonate 5 - lipoxygenase locus 
coisogenic with strain 129. When a mutation is maintained 
in a heterozygous state, this may be indicated by including 
a   +   sign in the symbol (eg, C3H/N -  Kit W - v /+ ). 

 In the case of segregating inbred strains developed by 
inbreeding with forced heterozygosity, indication of the 
mutant locus is optional (eg, DW -  +/Pou1f1 dw   an inbred strain 
DW carrying a dwarf mutation at the  Pou1f1  locus devel-
oped by inbreeding with forced segregation, could be des-
ignated simply as DW).  

  Maintenance of coisogenic and segregating inbred strains 
 Coisogenic strains are inbred strains and should be main-
tained in the same way as any other inbred strain. However, 
segregating inbred strains need to be maintained with con-
tinued segregation at the locus of interest. This usually 
involves mating animals with the mutant phenotype with 
those with a wild - type phenotype.   

  Congenic strains 

 These strains are an approximation of coisogenicity pro-
duced by backcrossing an allele from another strain or 
outbred stock into a specifi c inbred strain for 10 or more 
generations. The result is a pair of strains (the inbred partner 
and the congenic strain) which should be genetically identi-
cal at virtually all loci not linked to the differential locus. On 
average, the differential locus is accompanied by about 20 
centiMorgans of associated chromosome which will contain 
some contaminating genes. In most cases these are of little 
importance, and can be ignored, though the possibility that 
they may interfere with research results should not be for-

outbred stock even though either type could be used. There 
is a strong case for using, say, C57BL/6 or BALB/c mice and 
F344 rats as the universal standard in experiments where 
there is no  a priori  reason for choosing a particular strain. 
Such standard strains are widely used as a genetic back-
ground for mutants and transgenes, discussed later in this 
chapter. 

 An inbred strain may also be chosen because the experi-
ment would otherwise be impossible. For example, a study 
may require the transfer of cells, tissues, or tumours from 
one animal to another without immunological rejection. 
This is only possible if the host is isogenic with the donor 
unless animals with a defective immune system are used. A 
considerable number of experiments in immunology and 
cancer research fall into this class. 

 An inbred strain may be chosen for a particular project 
because it develops a spontaneous disease or condition 
which is of intrinsic interest or may be considered to be a 
model of human disease. Many strains develop specifi c 
types of neoplasia either spontaneously or after the applica-
tion of a carcinogen. These are often of value in research. For 
example, the myelomas which may be induced in BALB/c 
mice by mineral oil, were vital in developing monoclonal 
antibodies. 

 In some cases the research worker wishes to do experi-
ments on a wide range of phenotypes within the species so 
as to be reasonably confi dent that the results are general and 
do not depend on some quirk of an individual strain. It is a 
fallacy to assume that testing on an outbred stock will 
achieve this objective. If the outbred stock is truly variable, 
then this will result on a considerable amount of background 
 ‘ noise ’  which may obscure treatment effects. The use of 
several inbred strains using a  ‘ multi - strain ’  experimental 
design without using excessive numbers of animals should, 
however, provide a wide range of phenotypes on which to 
test the treatment without any associated problems of exper-
imental noise (Russell  &  Burch  1959 ; Heston  1968 ; Festing, 
 1995 ). Very often it is the unusual strain which is of greatest 
interest. 

 Several strains may also be used to explore the relation-
ships between different characters. For example, if some 
response to a treatment is quantifi ed in several strains, 
grouping the strains by their  H2  haplotype (using data taken 
from published literature) may show whether the response 
is  H2  related. Quantitative relationships between variables 
may also be explored in this way, to show, for example, the 
relationship between certain types of biochemical activity in 
the brain, and some types of behaviour (Gaitonde  &  Festing 
 1976 ). It is, of course, essential to use more than two strains 
in such experiments. Indeed, the use of several inbred strains 
in this way offers one of the most powerful methods of 
analysing the response to a treatment effect. The ultimate 
tool for research workers interested in this approach is a full 
set of recombinant inbred strains, discussed later in this 
chapter.   

  Derived inbred strains 

 Large numbers of new inbred strains have been developed 
from existing strains. The most common are the congenic 
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been placed on an inbred genetic background (usually 
C57BL/6). 

 Many congenic strains have also been developed which 
differ at the major histocompatibility complex (the  H2  
complex in mice). A parasitologist or microbiologist may be 
interested in discovering whether the response to a parasite 
or bacterium depends on the  H2  genotype. All that is neces-
sary in the fi rst instance is to obtain, say, C57BL/10 (mice 
which are  H2 b  ) and some strains congenic with this, but dif-
fering at the  H2  locus such as Bl0.D2 (which is  H2 d  ), and BlO.
BR (which is  H2 k  ). The course of the infection would then be 
studied in the strains, and if they were found to differ, this 
would suggest that  H2  has some infl uence. Such a study 
does not depend on the research worker developing the 
highly specialised skills of tissue typing individual animals. 
The research worker would, however, be well advised to 
confi rm his/her results using other pairs of congenic strains 
in order to rule out the possibility that the observed differ-
ence has some other cause (such as genetic contamination 
or mutation of one of the congenic lines).   

  Recombinant inbred ( RI ) strains 

 A set of recombinant inbred strains is developed by crossing 
two standard inbred strains followed by brother    ×    sister 
inbreeding for 20 generations as a set of parallel strains 
(Bailey  1971 ). Ideally, at least 10 – 20 new inbred strains 
should be produced, though the more strains that are pro-
duced, the more useful the set will be. Each RI strain is an 
inbred strain in its own right, but its genotype will be com-
posed of a recombination of the parental strain genes  –  hence 
the name recombinant inbred strain. 

 More recently a large collaborative study is developing a 
panel of 1000 RI strains from a cross involving eight diverse 
inbred mouse strains. Genetic analysis will involve compari-
sons of strains and crosses between them (Churchill  et al . 
 2004 ). 

  Nomenclature 
 A set of recombinant inbred strains is designated by an 
abbreviation of the parental strain names separated by an X, 
with no intervening spaces. Thus CXB would be the desig-
nation of a set produced by crossing BALB/c (abbreviated 
C) with C57BL (abbreviated B). Different strains of the same 
series should be designated by a number or letter. Optionally, 
these may be separated by a hyphen thus: AXB5 or AXB - 5. 
An exception is made in the case of strains already known 
by another designation. Thus Bailey ’ s original seven strains 
are designated CXBD – CXBK (with CXBF missing).  

  Maintenance 
 Each recombinant inbred strain is an inbred strain in its own 
right, and should be maintained in exactly the same way as 
any other inbred strain.  

  Research uses 
 Recombinant inbred strains may be used for investigating 
the mode of inheritance of any character in which the paren-
tal strains differ. They are particularly valuable for studying 
characters requiring the destruction of the animal before it 
reaches breeding age, or discrete characters such as tumour 

gotten. The nomenclature also recognises partially congenic 
strains following fi ve generations of backcrossing. 

 Congenic strains are developed when an investigator 
wants to determine the characteristics of a mutation or QTL 
on a different genetic background or to maintain it on a 
standard inbred background such as C57BL/6. For example, 
many targeted mutations (see later in this chapter) have 
been developed on one of the 129 - background strains, but 
for comparative purposes it is convenient to have them on 
a C57BL/6 background, hence they are backcrossed to that 
strain. 

 Backcrossing for 10 generations takes a considerable time. 
It can be speeded up using marker - assisted or  ‘ speed ’  back-
crossing by simultaneously selecting for genetic markers on 
other chromosomes which differ between the donor and 
background strains, but resemble the background strain 
(Markel  et al .  1997 ). This should approximately halve the 
time required. 

 Congenic strains were fi rst developed systematically by 
Dr. George Snell at the Jackson Laboratory (for which he 
received the Nobel Prize in 1980) as a means of separating 
out the loci responsible for rejection of transplanted tumours. 
The strains which he developed were called  ‘ congenic resist-
ant ’  strains because they resisted a strain - specifi c transplant-
able tumour which would grow in the background strain. 
The resulting strains were mostly found to differ at the 
major histocompatibility locus. 

  Nomenclature of congenic strains 
 Congenic strains are designated by a full or abbreviated 
name of the background strain, followed by a period (full -
 stop) and the abbreviated name of the donor strain, followed 
by a hyphen and a gene symbol (eg, Bl0.129 -  H12  b ). Thus Bl0 
(abbreviation for C57BL/10) is the background strain, 129 is 
the donor strain and  H12 b   is the allele of interest. When 
several strains are developed from the same donor strain 
they may be distinguished by a number and/or letter in 
parentheses (eg, B10.129(12M) -  H2 b  ). Partially congenic 
strains have the same nomenclature except they have a 
semi - colon between the two strain designations, eg, B6;129S -
  Inhba tm1Zuk  , a partially congenic strain developed by back-
crossing the fi rst targeted mutation at the inhibin - beta - A 
locus developed by  ‘ Zuk ’  (a laboratory code). 

 In other cases the full designation given above is not 
appropriate because the donor strain is not inbred, or 
because the congenic strain is already widely known. In 
such cases, a less complete symbol may be used (eg, A.SW, 
BlO.D2/n, the n in this case stands for  ‘ new ’ , C3H.SW+).  

  Maintenance 
 Congenic strains are inbred strains in their own right, and 
are maintained as such.  

  Research uses 
 The value of congenic, coisogenic and segregating inbred 
strains is that the differential locus and its effects may 
be studied on a chosen inbred genetic background, free of 
the noise associated with genetically determined variation 
in expression and penetrance found in a heterogeneous 
stock. For this reason many mutant genes such as obese 
( Lep ob  ), dwarf ( Pou1f1 dw  ), nude ( Foxn1 nu  ) and yellow ( A y  ) have 
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  Chromosome substitution ( CSS ) or  ‘ consomic ’  strains 

 These strains are produced by substituting a chromosome 
from one strain into a background strain by backcrossing 
with selection for the whole donor chromosome. This pro-
vides a very powerful tool for fi nding out what QTLs there 
are on a given chromosome which are associated with strain 
differences between the two strains because segregation on 
all other chromosomes has been eliminated. In a study of 53 
traits in the full set of 22 A/J into C57BL/6J mouse strains 
a total of 150 QTLs affecting levels of serum components, 
diet - induced obesity and anxiety were identifi ed (Singer  et 
al .  2004 ). Once a QTL has been identifi ed on a whole chro-
mosome it can be mapped by intercrossing the substituted 
strain with the background strain and looking for any asso-
ciation between the phenotype and a set of markers on that 
chromosome. Backcrossing can also be used to develop con-
genic strains for the QTL. Thus, once a set of CSS has been 
developed, it provides a powerful tool for complex trait 
analysis. 

  Nomenclature of  CSS  
 The designation of these strains is HOST STRAIN - Chr 
# DONOR STRAIN  where # is the chromosome number. So a 
consomic strain with a C57BL/6 genetic background with 
chromosome 1 from strain A/J is designated 
C57BL/6 - Chr1 A/J .     

  Genetic quality control 

 Genetic contamination of inbred strains is not uncommon 
(Festing  1982 ), and can cause substantial disruption to the 
research programmes. Animals should only be obtained 
from a reliable source and, if they are to be bred on site, their 
authenticity should be checked as soon as possible. Breeding 
colonies of inbred strains should be kept physically sepa-
rated as far as possible. If several strains must be kept in the 
same room, then they need clear labelling. Staff need to be 
well trained and alert to any changes in the colony. Changes 
in coat colour and/or breeding performance should cer-
tainly be investigated, but monitoring these is not suffi cient 
to ensure authenticity. 

 In the past, use has been made of biochemical and immu-
nological markers and bone morphology but modern 
methods depend on examination of microsatellite and SNP 
DNA markers. 

  Breeding performance 

 Inbred strains usually have a relatively poor breeding 
performance. F1 hybrids, in contrast, breed well due to 
hybrid vigour. Breeding performance is normally monitored 
routinely in order to detect any environmental infl uences 
which adversely affect output. However any breeding 
pair or group of related animals which breed exceptionally 
well should be regarded with some suspicion. It might 
be advisable either not to breed from such animals or to 
get them genetically typed using microsatellite or SNP 
markers.  

incidence in which a good estimate of the phenotype of a 
strain can only be obtained by averaging across several indi-
viduals. They can also be useful in the analysis of polygenic 
characters and the identifi cation of QTLs (Plomin  et al .  1991 ). 
These strains have great potential for the study of genetic 
variation in response to toxic or pharmacologically active 
chemicals such as those which cause lung tumours in mice 
(Malkinson  et al .  1985 ). 

 The characteristics of the parental strains to the treatment 
should be examined fi rst. If these differ, then the response 
of the full set of recombinant inbred strains should be char-
acterised, and the  ‘ strain distribution pattern ’  (SDP) should 
be studied. If the recombinant inbred strains fall into two 
distinct groups with about half of them resembling one 
parent and the other half the other parent, then this is pre-
sumptive evidence that the response is governed by a single 
Mendelian locus. If some genetic marker agrees closely with 
the separation into two groups, then that is evidence for 
linkage between a gene near the marker and the phenotype. 
The development of microsatellite and other markers has 
made it possible to characterise some sets of RI strains at 
several hundred loci on all chromosomes. This makes it 
virtually certain that an approximate chromosomal location 
of a well behaved Mendelian gene could be identifi ed just 
from the strain distribution pattern, provided a reasonably 
large set of RI strains was available. 

 However, if the strains grade continuously between the 
two parental strains, then this would be evidence that the 
response is controlled by more than one locus and/or envi-
ronmental factors. When the thousand or so strains from the 
collaborative cross being developed by the Complex Trait 
Consortium 9  are available, they will be particularly useful 
for identifying and mapping QTLs.   

  Recombinant congenic strains 

 These strains have been developed largely for the study of 
complex traits. Two inbred strains are crossed and the off-
spring are backcrossed to one of the parental strains (the 
 ‘ background ’  strain) usually for two (or sometimes more) 
generations before further generations of brother    ×    sister 
mating to produce a set of  ‘ recombinant congenic ’  or RC 
strains. They are regarded as fully inbred when the coeffi -
cient of inbreeding is the same as that used for inbred strains. 
With two backcrosses a further 14 generations of 
brother    ×    sister mating are necessary. In use, the strains are 
individually phenotyped for a character of interest. Most of 
the RC strains will resemble the parental strain but some 
strains may carry a part of a chromosome from the donor 
strain carrying an allele which infl uences the trait of interest. 
Crosses between this strain and the parental strain can then 
be used to isolate and identify the gene responsible for the 
difference. 

 The set of strains is designated by BACKGROUND -
 STRAINcDONOR STRAIN - n, where n is a strain number. 
For example strain NONcNZO - 1 is the fi rst strain of a set of 
RC strains with strain NON being the background strain 
and NZO the donor strain.  

  9       http://www.complextrait.org  
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as an alternative to hysterectomy as a method of eliminating 
disease - causing organisms from a strain, provided suitable 
disease - free foster mothers are available, or to implant 
thawed frozen embryos. 

 Donor mice are (optionally) superovulated using an appro-
priate hormone regimen (eg, an injection of 2 – 10   IU of preg-
nant mare ’ s serum gonadotrophin, PMSG, followed 44 – 48   h 
later with 2 – 10   IU of human chorionic gonadotrophin, hCG) 
and mated overnight. Vaginal plugs indicate successful 
mating. After about 3 days (depending exactly on the aims of 
the study), the mice are killed and the embryos fl ushed out of 
the oviduct and uterus. These embryos may be transferred 
directly to the oviduct or uterus of a pseudopregnant foster 
mother (ie, one that has been mated with a sterile male, 
usually 1 day after the donor females were mated), or they 
can be cultured in vitro for 24   h. The foster mother, which 
need not be histocompatible with the strain of the embryos, 
is anaesthetised and the embryos are transferred directly to 
the uterus via a dorsal abdominal incision. If sterile tech-
niques are used, and the foster mother is pathogen - free, then 
this provides a method of eliminating pathogens from geneti-
cally valuable strains and stocks. Practical details are given 
by Papaioannou and Johnson  (1993) .  

  Freeze preservation of mouse embryos and sperm 

 Mouse embryos obtained as described above may also be 
frozen and maintained virtually indefi nitely in liquid nitro-
gen before being thawed and placed in a foster mother. 
Various techniques and cryoperservatives are used. One of 
the most common methods is to use eight - cell embryos, 
which are fl ushed from the mother on day 3 of gestation. 
They are placed in vials or straws in a medium containing 
dimethyl - sulphoxide (DMSO) as a cryoprotective agent, and 
are frozen under carefully controlled conditions, using a 
slow cooling rate. Eventually, the vials are placed in liquid 
nitrogen. When the embryos are wanted, they are thawed 
in a controlled manner, and are usually cultured for 24h 
before being transferred to a foster mother. This makes a 
viability check possible, as the embryos should undergo 
some degree of development during this period. They are 
then transferred to pseudopregnant foster mothers as 
described above. 

 The main advantages of maintaining banks of frozen 
embryos are: 

  1.     freeze preservation of embryos from inbred strains 
should prevent genetic drift due to new mutations;  

  2.     it provides an economical method of maintaining 
strains and mutants which are not currently being used;  

  3.     it provides an insurance against loss of valuable stocks 
and allows such stocks to be maintained in smaller, 
more economical numbers;  

  4.     in some cases, frozen embryos may be transported more 
conveniently than live animals.    

 The freeze preservation of mouse sperm is relatively easy, 
compared with embryos (Nakagata  2000 ) and is now used 
in ENU mutagenesis programs (see below). Sperm may 
even be repeatedly frozen and thawed, and still be capable 
of producing viable offspring (Aoto  et al .  2007 , Ostermeier 
 et al .  2008 ).    

  Microsatellite and single nucleotide 
polymorphic markers 

 Microsatellites are short repetitive DNA sequences such as 
the dinucleotide sequence CA, commonly 50 – 200 bases in 
length, with unique sequence fl anking DNA. There are 
several thousand microsatellites in vertebrate DNA and 
they are often highly polymorphic in the number of repeats. 
The microsatellite profi le of a test animal is compared 
with the published microsatellite profi le of the particular 
strain. 

 More recently, genome scanning using SNP markers has 
become both cheap and powerful. There are literally mil-
lions of SNPs in the mouse genome, where individuals or 
inbred strains differ. Individuals to be tested can be typed 
and compared with the known SNP profi le of authentic 
strains. Where they differ, this can be quantifi ed. This tech-
nique can also be used to examine the success of backcross-
ing in the development of congenic strains by getting both 
the congenic strain and the inbred partner scanned and com-
pared. These techniques require expensive apparatus, but 
are commercially available. Samples of tissue or DNA can 
be sent by mail so there is no need to send live animals. 
Results might be available in 2 – 4 weeks.  

  Ovary transplants and embryo manipulation 

 A number of techniques which have been developed for 
studies of various aspects of reproductive biology and 
embryology have now assumed some importance in applied 
genetics. 

  Ovarian transplants 

 A technique for transplanting the ovaries between histocom-
patible hosts was developed some years ago, and has been 
used routinely to assist in the maintenance of some mutants 
which are diffi cult to breed, usually because the female dies 
young or is infertile. 

 Ovaries may be taken from donor females as young as 16 
days of age. The ovaries may then be cut in half, with half 
being transplanted into each recipient. Thus a single mutant 
female provides suffi cient material for four recipients. 

 The recipients must be histocompatible with the donor. 
Usually the donor is inbred and the recipient is an F1 hybrid 
(to obtain maximum breeding performance) in which the 
donor strain is one of the parents. For example, C57BL/6 -
  Lep ob /Lep ob   (obese) female mice are infertile, but their ovaries 
could be transplanted to B6D2F1 hybrid females without 
immunological rejection. 

 Once a phenotypically normal female has been given 
homozygous mutant ( m/m ) type ovaries, it can be mated 
with a normal +/+ male of the same strain to produce 
known heterozygotes, or with  m/+  or  m/m  males to produce 
50% or 100% homozygous mutant offspring, respectively.  

  Embryo transfers 

 The technique of embryo transfer may be used to study the 
effect of the material genotype on offspring characteristics, 
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form of a  ‘ shuttle vector ’  with a reporter gene  lac Z  (and its 
suppressor locus  lac I  in the case of BigBlue), which codes 
for bacterial betagalactosidase. The reporter gene causes no 
ill effects in the animals. Animals are treated with the test 
chemical. If it is mutagenic, it will mutate some of the trans-
genes. The shuttle vector is then extracted from a target 
tissue such as the liver and the number of mutations is 
assessed and compared with a control. 

 Transgenic strains have also been developed with reporter 
genes such as the green fl uorescent protein (GFP) and beta -
 galactosidase controlled by specifi c promoters as an aid to 
understanding in which tissues or at which times a gene 
becomes active. For example damage to the adult neural 
cortex leads to loss of motor function. In a mouse model 
grafts of embryonic mouse cortical cells expressing GFP 
were grafted into the damaged area and it was observed that 
host and transplanted neurones formed synaptic contacts 
with the re - establishment of cortical circuitry suggesting 
that there is potential to use neural transplants in the recon-
struction of brain injury (Gaillard  et al .  2007 ). 

  Nomenclature of transgenic strains 

 Transgenic strains are designated by the background 
strain or background status followed by a hyphen then 
Tg(YYY)#Zzz, where YYY is the inserted gene, # is the serial 
number of the insert and Zzz is the laboratory code. For 
example STOCK Tg(GFPU)5Nagy is an outbred stock with 
a transgenic green fl uorescent protein incorporated by 
microinjection into an early embryo. It is the fi fth line that 
was developed by Nagy, a laboratory code. If the transgene 
should become inserted into a gene, then it will become an 
allele of that gene with the Tg(YYY)#Zzz being shown as a 
superscript of the gene designation. More details are given 
on the Jackson Laboratory website 10 .   

  Chemical mutagenesis 

 One of the best ways of studying the function of a gene is 
to mutate it and see what happens. Chemical mutagenesis 
is now done almost exclusively using ENU because it gives 
a good yield of mutants and usually causes point mutations 
rather than deletions (Barbaric  et al .  2007 ). Point mutations 
may not inactivate a gene, but may alter its function depend-
ing on exactly where in a given gene the mutation occurs. 
This is an advantage as a complete inactivation may be 
lethal and therefore more diffi cult to study. Chemical muta-
genesis is a random process, so it is not normally possible 
to mutate a specifi ed gene. Male mice are injected with ENU 
and after about 6 weeks, to allow the mutated sperm to 
develop and the males to become fertile again, are mated 
with normal females. The offspring are screened for abnor-
malities which might be caused by a dominant mutation. 
Techniques of screening have developed enormously in the 
last few years, with the EUMORPHIA Consortium develop-
ing many standardised methods 11  with clear standard oper-

  Genetically modifi ed (transgenic and 
mutant) strains 

 Genetically modifi ed strains of mice, and to a lesser extent 
other species, are now widely used in research. Initially, 
transgenic strains were developed by direct injection of 
DNA into early embryos. However, mutagenesis using 
ethyl - nitroso - urea (ENU), techniques for  ‘ gene trapping ’ , 
gene targeting using homologous recombination to produce 
 ‘ knockout ’  and  ‘ knockin ’  mice, the use of transposon - medi-
ated mutagenesis and the use of RNAi (see later in this 
chapter) have transformed many areas of research. These 
techniques are described briefl y in the following 
paragraphs. 

  Direct injection of  DNA  

 Transgenic strains were fi rst developed in the 1980s by 
direct injection of foreign DNA into the pro - nucleus of an 
early embryo in such a way that it became incorporated 
permanently into the host DNA. The transgene is incorpo-
rated at random (or at least in an unpredictable location) and 
very often consists of a tandem array of many genes end - to -
 end. Occasionally, if it gets incorporated into an existing 
gene it may cause an insertional mutation. The transgene 
needs a promoter and enhancer region as well as the coding 
region to allow it to be expressed. A dramatic demonstration 
of the method involved the transgenic insertion of the 
human growth hormone gene with a metallothionein pro-
moter region into mice. When these mice were subsequently 
treated with zinc sulphate, which induced a high level of 
growth hormone, the mice grew extremely large (Palmiter 
 et al.   1982 ). Unfortunately, the mice also developed a range 
of defects and had a short lifespan. Mouse strain inbred FVB 
is now widely used in the production of this type of trans-
genic strain because it breeds well and has a large male 
pro - nucleus into which it is relatively easy to inject the trans-
gene (Taketo  et al .  1991 ). 

 Hundreds of transgenic strains have now been produced 
using these techniques, and are listed in various electronic 
databases. Most have been developed to answer highly spe-
cifi c research questions, but a few have been produced for 
more general research purposes. For example, the  ‘ immorto -
 mouse ’  was developed as an aid to the establishment of cell 
lines from different mouse tissues. It was developed by 
injecting a DNA construct containing a thermolabile version 
of the simian virus 40 (SV40) large T antigen fused with an 
 H2  (major histocompatibility complex) promotor region.  In 
vivo , this transgene has little or no effect. However, when 
cells from these mice are grown  in vitro  at 33    ° C (but not at 
37    ° C) in the presence of interferon (which induces SV40 T 
activity), they become immortal, due to the action of the 
SV40 T gene. Using this technique, it has been possible reli-
ably to develop immortal cell lines from a range of tissues 
which have proved diffi cult to culture in the past (Jat  et al . 
 1991 ). 

  ‘ BigBlue ’  mice and rats and the  ‘ Mutamouse ’  have also 
been developed as a means of assessing whether chemicals 
are mutagenic, and therefore potentially carcinogenic,  in 
vivo  (Gehlmann  1993 ). The animals carry a transgene in the 

  10       http://www.informatics.jax.org  
  11       http://empress.har.mrc.ac.uk  
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DNA. If one lands near or within an active ES cell gene then 
the reporter gene will become activated by the ES cell pro-
moter. It will usually (but not always) also deactivate or 
mutate the ES cell gene. In order to obtain live mice the 
mutated ES cells are then injected into mouse blastocysts. 
The result is a chimeric mouse which, when bred, may 
produce mutant offspring. DNA surrounding the gene trap 
construct can be sequenced to map and identify the mutant 
gene. 

 The gene trap DNA construct can be made to include 
sequences such as  loxP  (see below) which allow it to be 
deleted in certain tissues and/or at certain times. 

 The advantage of gene trapping is that it can be done in 
ES cells in a standardised way on a large scale using the 
most appropriate constructs, but live mice do not need to be 
derived until such a time as there are facilities available to 
study them. The disadvantage is that it is a random process, 
so to begin with many of the mutated genes will be  ‘ new ’ , 
but eventually more mutations will occur in genes which 
have already been mutated. Thus diminishing returns will 
eventually make the process less effi cient. International 
projects to knock out every mouse gene will eventually need 
to use gene targeting to knock out the remaining genes.  

  Transposon - mediated mutagenesis 

 Transposons or  ‘ jumping genes ’  are sections of DNA which 
can move around in host DNA, sometimes causing inser-
tional mutagenesis. They can also be used to insert genes 
into a host so may be of value in gene therapy.  ‘ Sleeping 
Beauty ’  was a transposon found in fi sh which had been 
inactivated at least 10 million years ago, but was re - activated 
by genetic engineering (Wadman  et al .  2005 ). It has been 
used for insertional and conditional gene trap mutagenesis 
in mice (Geurts  et al .  2006 ) and also for the insertional muta-
genesis of cancer genes where it can be made specifi c to 
particular tissues (Dupuy  et al .  2006 ). It appears to be a 
promising new way of causing mutations in the mouse and 
possibly other species.  

  Gene targeting and the production of 
 ‘ knockout ’  mice 

 Gene targeting is used to mutate a specifi c gene in ES cells 
whose sequence is already known (Mansour  et al .  1988 ). The 
targeting vector consists of several thousand bases of DNA 
sequences identical to those of the gene of interest, a positive 
selectable marker such as a  neo  (neomycin resistance) gene 
complete with promoter sequences inserted into an exon and 
a negative selectable marker such as  tk  (thymidine kinase), 
again with promoter sequences, at one end. It may also 
include sequences such as  loxP  sites (see later in this chapter) 
which can be used to delete the construct in certain tissues or 
at certain times chosen by the investigator. The targeting 
vector is incorporated into ES cells, usually by electropora-
tion or within a virus. Because the sequences exactly match 
the DNA sequences of the gene of interest, in a very small 
fraction of cells homologous recombination will occur and 
the targeting vector, excluding the  tk  gene (which does not 
match the sequence so is left out), will become incorporated 

ating procedures (Brown  et al .  2005 ). Recessive mutations 
are detected with a further round of brother    ×    sister breed-
ing followed by further phenotypic testing. These screens 
involve the breeding of many mice, so care needs to be taken 
in optimising methods (Cordes  2005 ; Barbaric  &  Dear  2007 ). 

 With the automation of DNA sequencing techniques it is 
now also possible to screen samples of DNA from the off-
spring of mutagenised males for mutations in genes of spe-
cifi c interest (Michaud  et al .  2005 ). Where phenotype can 
only be determined after killing the animal, such as those 
involving histology of internal organs, samples of sperm can 
be frozen before killing male mice. If a mutation is found, 
then it can be recovered from the frozen sperm. 

 Once an abnormal animal is detected further breeding is 
necessary to confi rm that it is an inherited mutation and to 
map and identify the genetic locus. This can be time con-
suming as large numbers of mice may need to be bred and 
phenotypically typed.  

  Embryonic stem cells 

 Embryonic stem (ES) cells are cell lines derived from early 
embryos, which are said to be totipotent, being able to form 
any cell type in the body. ES cells are derived by culturing 
pre - implantation embryos in suitable culture medium which 
allows them to multiply but not to differentiate (Evans  &  
Kaufman  1981 ). The cells can be manipulated and mutated 
 in vitro  using gene trapping or gene targeting (see later para-
graph) and can then be injected into the blastocyst of an 
embryo where they are incorporated, so that the resulting 
mouse is a chimera. If cells from the ES cell line colonise the 
gonads of the chimeric mice then offspring of the ES cell 
genotype will be produced. Usually strains of different coat 
colour are used in making the chimeras so that mutant off-
spring can be easily recognised. The majority of ES cells 
used so far come from the 129 inbred mouse strain, sub-
strains of which differ in many ways including coat colour 
(Simpson  et al .  1997 ). When making targeted mutants (see 
below) it is important that the DNA in the targeting vector 
is from the same substrain as the ES cells. It has proved to 
be diffi cult to produce ES cells from other strains and it has 
so far been impossible to produce ES cell in the rat. More 
recently suitable media have been developed which allow 
the development of ES cells from other mouse strains such 
as C57BL/6, although some substrains seem to be more 
amenable than others. Some reports suggest, for example, 
that it is easier to establish ES cells from C57BL/6N than 
from C57BL/6J.  

  Mutagenesis using gene trapping 

 Gene trapping is used to randomly mutate genes which are 
expressed in ES cells. A DNA construct or vector is used 
which has a reporter gene such as green fl uorescent protein 
or beta - galactosidase and a selectable marker such as  neo  
(neomycin resistance) but no promoter region. ES cells are 
cultured with the DNA constructs, which are incorporated 
into the cells by electroporation (ie, subjecting the culture to 
an electric current) or by a modifi ed virus. The DNA con-
structs are then randomly incorporated into the nuclear 
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gene of interest will be deleted in those tissues in which the 
Cre recombinase is being expressed. The use of both FLP/
FRT and Cre/loxP gives even more fl exibility to the system.  

   RNA  i   RNA  interference 

 RNAi offers an additional way of studying the function of a 
gene by knocking it  ‘ down ’  so that effectively it is not 
expressed. This can be done in a tissue -  or time - specifi c 
manner using transgenic or gene targeting methods. So called 
small or short interfering RNA (siRNA) interferes with gene 
translation by interacting with messenger RNA (mRNA) from 
the targeted gene in a sequence - specifi c manner. A similar 
process occurs naturally when microRNA is produced both to 
control gene expression and to fi ght off a viral attack. 

 Very briefl y, a construct containing a sequence that codes 
for a short hairpin RNA (shRNA) with a sequence specifi c 
for the gene of interest, is introduced either by direct injec-
tion into the male pro - nucleus of a one cell embryo, by viral 
transduction or using gene targeting with appropriate 
selectable markers to a specifi c non - critical locus. When the 
sequence is transcribed it forms a short hairpin RNA 
(shRNA) which is then cleaved by an enzyme called  ‘ dicer ’  
to produce siRNA. This is transported from the cell nucleus 
and interferes with mRNA of the gene of interest. By using 
the Cre - lox technique the gene of interest can be knocked 
down in a time -  or tissue - specifi c manner (Gao  &  Zhang 
 2007 ; Kumar  &  Clarke  2007 ).   

  Concluding remarks 

 Mammalian genetics is developing rapidly at present as a 
result of new technology which, among other things, has 
made it possible to sequence the whole genomes of several 
species, including humans, the rat, mouse, dog and some 
species of non - human primate. Classical genetic techniques 
such as full - sib mating, backcrossing and selection have led 
to the development of many inbred, coisogenic, congenic 
and recombinant inbred strains of mice and rats and some 
other laboratory species. These have made a substantial con-
tribution to biomedical research with several Nobel Prizes 
being awarded for work which would have been impossible 
without them. Mutations occurring spontaneously or as a 
result of irradiation of chemical mutagenesis have also been 
widely used in research. Some, such as the immune defi cient 
nude and scid (severe combined immune defi ciency) 
mutants, have not just been of interest in their own right but 
have also been used to grow grafts of tissue and tumours 
from humans and other species, making it possible to study 
aspects of biology which could not otherwise be studied. 
ENU mutagenesis is providing a steady stream of new 
mutants for further investigation. 

 The development of DNA - based techniques such as the 
polymerase chain reaction (PCR) resulted initially in the 
development of numerous genetic markers such as mini and 
microsatellites and single nucleotide polymorphisms. 
Linkage analysis, initially using phenotypic markers, but 
more recently using microsatellite and other DNA markers 
has led to the development of detailed genetic maps of most 
laboratory species. It is now possible to map quantitative 

into the DNA of the ES cell gene. Medium containing neomy-
cin will ensure that cells where no targeting vector is incor-
porated do not survive and the inclusion of gancyclovir 
ensures that those cells which incorporate the targeting 
vector in a random location and still retain the  tk  gene do not 
survive, thereby enriching the culture in cells where homolo-
gous recombination has occurred. The  neo  disrupts the gene, 
thereby  ‘ knocking ’  it out. Live  ‘ knockout ’  mice are retrieved 
from chimeras formed by injecting the ES cells containing the 
contruct into blastocysts of a normal mouse strain. Many 
targeted mutants are now available and two large interna-
tional consortia, KOMP and EUCOMM, are using gene tar-
geting as well as gene trapping to knock out each of the 
mouse genes in order to fi nd out their function. 

  Nomenclature 

 Targeted mutations result in new allele at the targeted locus. 
This is indicated by the gene symbol with a superscript 
tm#Lab code. For example B6;129 -  Fshb tm1Zuk   is the fi rst tar-
geted mutation of the follicle - stimulating hormone beta pro-
duced by Zuk (a laboratory code). It was produced on a 129 
genetic background and has been partially backcrossed 
(between 5 and 10 generations) to strains B6 (an abbrevia-
tion for C57BL/6).   

  Gene targeting:  ‘ knockin ’  mice 

 Knockin mice are being used to overcome some of the 
defects of transgenic strains produced by direct injection of 
DNA into early embryos. A non - critical gene is targeted 
with an insert consisting of the gene of interest fl anked by 
DNA from the non - critical region. Homologous recombina-
tion is then used to insert the gene of interest into the site of 
the non - critical gene. In this way the investigator has com-
plete control of the site of integration and avoids the problem 
of multiple copies being integrated. This ensures that the 
targeting construct is not interfering with an existing critical 
gene, so giving more reliable results. Nomenclature rules are 
given on the Jackson Laboratory website.  

  Conditional mutations 

 Techniques are now available to produce conditional knock-
outs either in a particular tissue or at a particular time. This is 
necessary because many genes are essential for development 
so that knocking them out altogether results in a lethal phe-
notype which is diffi cult to study. Cre and FLP are  ‘ recombi-
nases ’  or enzymes which recognise 34 base pair DNA 
sequences designated loxP in the case of Cre and FRT in the 
case of FLP. Cre acts to delete any DNA fl anked by two loxP 
sites. Basically, two loxP sites are placed on either side of the 
essential functional gene of interest using homologous 
recombination techniques. These cause no problems, so the 
gene continues to be expressed. Many transgenic strains have 
been developed carrying the Cre recombinase under the 
control of tissue specifi c or inducible promoters. In the 
absence of loxP sites, this rarely has an effect on the mice. 
However, when the mouse strain carrying the loxP sites is 
crossed with a strain carrying the Cre recombinase the target 
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 The IMSR is a searchable online database of mouse strains 
and stocks available worldwide. It includes inbred, mutant, 
and genetically engineered mice. Note that the data found 
in the IMSR is as supplied by data provider sites.  

  International Gene Trap Consortium 

  http://www.genetrap.org 

   Gene trapping is a high - throughput approach that is used to 
introduce insertional mutations across the genome in mouse 
embryonic stem (ES) cells. In addition to generating standard 
loss - of - function alleles, newer gene trap vectors offer a variety 
of post - insertional modifi cation strategies for the generation 
of other experimental alleles.   

   The International Gene Trap Consortium (IGTC) repre-
sents all publicly available gene trap cell lines, which are 
available on a non - collaborative basis for nominal handling 
fees. Researchers can search and browse the IGTC database 
for cell lines of interest using accession numbers or IDs, 
keywords, sequence data, tissue expression profi les and bio-
logical pathways.    

 It has four main components: Information, data access, tuto-
rials and requests for the approximately 120   000 cell lines 
which are available.  

   EUCOMM  (European Conditional Mouse 
Mutagenesis Program) 

  http://www.eucomm.org/  
 This is a collaborative project set up under the European 

Union Framework 6 programme to develop a collection of 
20   000 conditional mouse mutations by gene trapping and 
homologous recombination on a C57BL/6 genetic back-
ground. The resulting mutants, made in a standardised way, 
will be made available to investigators world - wide. It 
includes participating laboratories in Germany, Italy, France 
and the UK. The gene trapping and the gene targeting vectors 
include both loxP and FRT sites, making future control and 
manipulation of the resulting mutants easier. It includes 
funds for training and databases. In addition it aims at the 
 ‘  synergistic integration of EMMA, EUMODIC, EURExpress, 
FLPFLEX, EMAGE, FunGenES, PRIME and others and will col-
laborate with the Canadian NorCOMM, KOMP and members of 
the International Knockout Mouse Consortium (IKMC).  ’   

   EUMODIC  (The European Mouse Disease Clinic) 

  http://www.eumodic.org  
 This facility will undertake the primary phenotypic 

assessment of up to 650 lines of mice developed from ES 
cells produced by EUCOMM. Lines of particular interest 
will then be studied in more detail. It will make use of a 
sub - set of the comprehensive phenotyping protocols 
(EMPReSS) developed in the EUMORPHIA project.  

   EUMORPHIA  

  http://www.eumorphia.org  

trait loci and methods of identifying these loci are improv-
ing rapidly. Mutagenesis using gene trapping, and the 
development of embryonic stem cells followed by gene tar-
geting using homologous recombination now makes it pos-
sible to knock out any gene and observe the consequences. 
The amount of data being generated is enormous, and the 
science of informatics has grown from almost nothing to 
assuming major importance in the last two decades. 
Powerful computers and the World Wide Web are also fun-
damental to these developments, enabling information to be 
shared immediately in a way which would be impossible 
with a paper - based science. Scientists need to understand 
the fundamentals of laboratory animal genetics if they are 
to use animals effi ciently and humanely in the future.  

  Useful websites and collaborative 
genetics projects 

  The  NIH  Rat Genomics and Genetics Web site 

  http://www.nih.gov/science/models/rat/  
 This has pages on rat genomic and genetic resources, 

courses and meetings, funding opportunities, reports and 
publications, major resources and contacts.  

  RatMap 

  http://www.ratmap.org  
 RatMap is focused on presenting rat genes, DNA - markers 

and QTLs which are localised to chromosomes as well as rat 
gene nomenclature. It is maintained by the Department for 
Cell and Molecular Biology, G ö teborg University, Sweden.  

   RGD  (Rat Genotype Database) 

  http://rgd.mcw.edu  
 The aim of the RGD is the  ‘ .. establishment of a Rat Genome 

Database, to collect, consolidate, and integrate data generated from 
ongoing rat genetic and genomic research efforts and make these 
data widely available to the scientifi c community. A secondary, but 
critical goal is to provide curation of mapped positions for quantita-
tive trait loci, known mutations and other phenotypic data.  ’   

  The Complex Trait Consortium 

  http://www.complextrait.org  
  ‘  Quantitative genetics and QTL mapping have undergone a 

revolution in the last decade. Progress in the next decade promises 
to be even more rapid, and prospects for exploring the complex 
interplay between gene variants, disease, and the environment will 
be radically improved.  ’  The CTC organises meetings, publishes 
abstracts or full papers resulting from these meetings, pro-
vides some software for QTL research and generally keeps its 
members up to date with progress in complex trait analysis. 

   The International Mouse Strain Resource 

  http://www.fi ndmice.org  
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  Glossary   

 Allele      One of a pair of alternative, contrasting characters of 
which one is sometimes dominant and the other recessive. 
Each is determined by a gene occupying the same locus 
in a pair of homologous chromosomes.  

 Alloantigen      An antigen which is capable of being recog-
nised immunologically as foreign by another member of 
the same species.  

 Autosomes      All chromosomes except the sex 
chromosomes.  

 Backcross      A cross of an F1 hybrid to one of the parental 
strains or of a heterozygote to either of the parental 
homozygous types.  

 Coisogenic strains      A pair of strains which are genetically 
identical apart from a single gene due to a mutation 
within an inbred strain followed by maintenance as two 
separate lines. Targeted mutagenesis also results in a pair 
of such strains.  

 Congenic strains      A pair of strains which approximate a 
coisogenic status as a result of backcrossing a specifi ed 
gene to an inbred strain. Usually 10 to 12 backcross gen-
erations are required. Partially congenic strains are recog-
nised after fi ve backcrosses.  

 Dibybrid cross      A cross between two individuals which 
differ with respect to two specifi ed pairs of genes.  

 DNA      A macromolecule of genetic material which carries 
the genetic code specifying an individual.  

 Dominant      The phenotypic expression of a character to the 
exclusion of its allelic (recessive) character.  

 Epistasis      The dominant action of a gene over a non - allelic 
gene at a different locus, for example, the albino gene is 
epistatic to other coat colour genes.  

 Expressivity      The degree of expression of a character con-
trolled by a gene, in contrast with the frequency with 
which a gene produces its effect (penetrance).  

 F      Coeffi cient of inbreeding. Probability (in the range 0.0 to 
1.0) that two alleles at a locus are identical by descent.  

 F1, F2      etc. Indicates the fi lial generation following a speci-
fi ed cross between genetically dissimilar parents.  

 Forced heterozygosity      Continuous matings of type Aa    ×    aa, 
thereby ensuring that the locus is segregating among the 
progeny. In contrast a mating of type aa    ×    aa would lead 
to the a allele becoming fi xed in the progeny.  

 Gene      A hereditary element comprising a specifi c location 
(locus) on a chromosome, and which either alone or in 
combination with other genes determines a heritable 
character.  

 Genetic monitoring      Routine procedure for testing whether 
individuals are of the stated strain or genotype.  

 Genetic profi le      List of the alleles at certain specifi ed loci 
which are present in a given inbred strain.  

 Genotype      The genetic constitution of an individual.  
 Haplotype      Composition of a specifi ed group of closely 

linked genes which act as a functional unit (eg, the major 
histocompatibility complex).  

 Hemizygote      An organism carrying a gene which is present 
on one chromosome, but absent on the homologous chro-
mosome. In mammals it usually refers to males carrying 
an X - linked gene, there being no homologous locus on the 
Y chromosome. When a transgenic strain is crossed with 

 This was a project funded by the European Commission 
under FP5 from October 2002 until March 2006. The work 
created EMPReSS, a database of standard operating proce-
dures (SOPs) for phenotyping mice, a database of mouse 
phenotyping information EUMODIC.  

   EMMA  (The European Mouse Mutant Archive) 

  http://www.emmanet.org  
 This is a non - profi t collaborative repository for mouse 

mutants and strains and for the cryopreservation of mouse 
mutants. The current membership includes the CNR Istituto 
di Biologia Cellulare in Monterotondo, Italy (core structure), 
the CNRS Centre de Distribution, de Typage et d ’ Archivage 
animal in Orleans, France, the MRC Mammalian Genetics 
Unit in Harwell, UK, the KI Karolinska Institutet in 
Stockholm, Sweden, the FCG Instituto Gulbenkian de 
Ci ê ncia in Oeiras, Portugal, the GSF Institute of Experimental 
Genetics in Munich, Germany and the EMBL European 
Bioinformatics Institute in Hinxton, UK. The EMMA network 
is directed by Professor Martin Hrab é  de Angelis who also 
heads the GSF/IEG in Munich.  

   KOMP  (The Knockout Mouse Project) 

  http://www.nih.gov/science/models/mouse/knockout/  
 This is an NIH - funded collaborative project, costing 

approximately $42 million, to produce a set of ES cells car-
rying null mutations with reporters at about 10   000 loci, 
using gene targeting methods. A C57BL/6 genetic back-
ground is considered preferable and the programme 
includes grants for the further development of robust 
C57BL/6 ES cells. The programme will support a repository 
to house the collection and a  ‘ repatriation ’  of about 1000 of 
existing knockouts and a centre to coordinate the data which 
will be generated. It is intended to be complementary with 
other projects around the world such as the EUCOMM, and 
all the resources generated will be made freely available to 
investigators. It is recognised that data on gene expression 
and phenotypic characterisation would increase the value of 
the project, but it would also substantially increase the costs, 
so are not included as part of the main project. It is noted 
that  ‘  a complete catalog of mouse knockouts will totally alter the 
sociology of the mouse research community landscape  ’  which 
may be disruptive and will create the need for extensive 
education and re - training.  

  Mouse Genome Informatics at the 
Jackson Laboratory 

  http://www.informatics.jax.org  
 This is a comprehensive database of mouse genetics 

including lists of genes and markers, phenotypes, alleles, 
gene expression, gene sequences, linkage maps and mapping 
data, mammalian orthology, mouse tumour biology, probes 
and clones, nomenclature, inbred strains and their origins 
and characteristics and access to the mouse phenome 
database.   



58 Introduction to laboratory animal genetics 

 Monohybrid cross      A cross between two individuals which 
differ at one specifi ed genetic locus.  

 Mutant      Individual bearing a mutation.  
 Mutation      A change in the nuclear substances (genes, 

chromosomes) of an organism. A mutation may arise 
from a change in the number of chromosomes, a 
change in part of a chromosome, or a change at a particu-
lar base in a gene. The latter is known as a  ‘ point 
mutation ’ .  

 Outbred      Usually refers to a genetically variable breeding 
group of animals maintained by random mating, 
maximum avoidance of inbreeding, or a haphazard 
mating scheme.  

 Penetrance      Percentage frequency with which a particular 
gene produces its effect.  

 Phenotype      The total expression of the genetic characteris-
tics of an individual. Individuals of the same phenotype 
will look alike, but may differ genetically (ie, in 
genotype).  

 Polygenic      Character whose mode of inheritance depends 
on many gene loci, whose individual effects are too small 
to be analysed individually without using special tech-
niques. Polygenic characters are usually also dependent 
on non - genetic (ie,  ‘ environmental ’ ) infl uences. See also 
QTL.  

 Population      Group of organisms which potentially or actu-
ally may interbreed.  

 Primers      Short, defi ned DNA sequences typically of about 
20 bases which are used in the polymerase chain reaction 
to amplify a particular section of DNA.  

 Progeny test      Evaluation of the genotype of an organism by 
a study of its offspring under controlled conditions.  

 QTL or Quantitative trait locus      A genetic locus associated 
with a quantitative trait or character such as body weight, 
reproductive performance or susceptibility to the induc-
tion of tumours. Typically, such  ‘ polygenic characters ’  
(see above) will be controlled by many different loci and 
will also be infl uenced by environmental factors.  

 Random      Occurring by chance.  
 Recessive      Refers to a member of an allelic pair of genes 

which does not produce its effect in the presence of the 
other (dominant) gene.  

 Recombinant inbred strains      A set of inbred strains pro-
duced by 20 generations of brother    ×    sister mating of the 
offspring of a cross between two standard inbred strains.  

 Reporter gene      A protein coding gene which encodes an 
enzyme or protein not normally present in the transgenic 
animal, and for which a sensitive assay procedure exists. 
For example the  lac Z  gene encodes bacterial beta - galac-
tosidase which can be used to produce a blue - coloured 
stain in tissues in which it is expressed.  

 Segregating inbred strain      An inbred strain produced by 
brother    ×    sister mating in such a way as to maintain 
genetic segregation at a specifi ed locus (eg, by mating 
m/m    ×    +/m animals each generation). May also be pro-
duced by backcrossing the mutant to an inbred strain and 
subsequent matings as above.  

 Segregation      The separation of the chromosomes and genes 
in the formation of the germ cells (ie, during meiosis). 
Each germ cell receives only one chromosome (and there-
fore gene) of each pair.  

a normal strain the progeny will also be hemizygous for 
the transgene.  

 Heritability      Proportion of the total phenotypic variation 
which can be accounted for by heritable factors (H, in the 
broad sense) or by factors with an additive mode of inher-
itance (H, in the narrow sense).  

 Heterozygote      An organism which has inherited from its 
parents different genes at a locus controlling a particular 
character. Adjective: heterozygous.  

 Histocompatible      Ability to accept grafts of skin, tumours 
or other tissue from another individual without immuno-
logical rejection.  

 Homozygote      An organism which has inherited from its 
parents identical genes controlling a particular character. 
Adjective: homozygous.  

 Hybrid      In laboratory animal genetics, a hybrid is usually 
the F1 (fi rst generation) offspring of a cross between two 
inbred strains. However, it can also be applied to the 
offspring of parents of unlike genetic composition such as 
animals known to differ at a single locus, or at several loci 
even though they are not fully inbred (eg, a cross between 
breeds of rabbits or outbred stocks of rats).  

 Inbreeding      The mating of related individuals. In mammals 
brother    ×    sister mating leads to the fastest inbreeding (see 
Strain (inbred)).  

 Intercross      A cross between two hybrids.  
 Isogenic      Genetically uniform. All individuals of identical 

genotype.  
 Knockout      Strain developed by inactivation of a specifi c 

gene.  
 Linkage      The non - random assortment of characters due to 

the genes for these characters being on the same chromo-
some. A series of linked gene pairs on the same chromo-
some is known as a linkage group.  

 Locus      Position on a chromosome at which a gene is 
located. Each locus is given a name (eg, the  ‘ agouti ’  locus) 
and a symbol usually consisting of one to three letters 
(eg, a).  

 Marker gene      Gene which may be used to indicate the geno-
type at some other specifi ed locus as a result of being 
closely linked to that locus. May also be applied to genes 
which are used to distinguish between different popula-
tions (eg, two inbred strains).  

 Mass selection      Selection of the individuals which are in 
some sense  ‘ best ’ , without regard to their pedigree.  

 Mendelian inheritance      Controlled by a pair of determi-
nants (genes), which segregate during the formation of 
the gametes and recombine at random in the zygote.  

 Minisatellite      Sequence of DNA of a few to several hundred 
bases in length, which is present at multiple locations in 
the chromosomes of an individual and which may differ 
between individuals in the number of repeats.  

 Microsatellite      Simple sequence of bases often just two to 
four bases long (eg, CA), which is repeated up to a few 
tens or hundreds of times at each locus. These may be 
present at thousands of loci throughout the genome of an 
individual, but they very often have unique DNA fl ank-
ing sequences which are used as the  ‘ primers ’  in the 
polymerase chain reaction when used as genetic markers.  

 Modifi ers      Genes or non - genetic factors which alter the 
expression of a particular genotype.  
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  Introduction 

 The development of techniques to create genetically modi-
fi ed mice has allowed tremendous progress in the fi elds of 
comparative medicine and genetics during the last decades. 
These animals have been used to provide a multitude of new 
disease models and their use has increased dramatically. 

 Each new genetically modifi ed mouse generated is a 
potential new strain, which may or may not show altered 
characteristics (phenotypic changes) compared to the wild 
type. The phenotype of a genetically modifi ed mouse is the 
sum of observable characteristics of an induced or spontane-
ous mutation. 

 The phenotypic consequences of a genetic modifi cation 
cannot always be predicted and, consequently, it is neces-
sary to characterise each new genetically modifi ed animal ’ s 
phenotype. Phenotypic characterisation, or phenotyping, is 
the discipline of identifying and describing new character-
istics as compared to the non - mutated wild type. Ideally, 
phenotyping should uncover any new trait and a vast 
number of tests could be applied to the mouse in order to 
ensure that such traits are actually revealed. It is necessary 
to know the characteristics of an animal model so that deci-
sions can be made as to whether the animal will be suitable 
for a particular line of research. The knowledge also helps 
with making welfare decisions for these animals. 

 Due to the tremendous increase in the number of newly 
generated genetically modifi ed mice over the last decades, 
phenotyping has received considerable recent scientifi c 
attention and has become established as a discipline within 
laboratory animal science. Several journals have published 
special issues on phenotyping including Lab Animal Europe 
(Vol. 2, 2002), Laboratory Animals (vol. 37, Supplement 1, 
2003) and the ILAR Journal (vol. 47, 2006). Even though 
much effort has been put into developing phenotyping pro-
tocols, the use of these protocols in practice lags behind, and 
the production of new strains far exceeds the number of 
strains that are characterised. Nonetheless, there are efforts 
to improve implementation (Hrab é  de Angelis  et al.   2006 ).  

  Welfare issues 

  The general situation 

 The current state of affairs regarding the welfare of geneti-
cally modifi ed mice has been investigated in a survey of 

users, from a variety of different disciplines, of genetically 
modifi ed mice in Denmark, UK, Sweden, Finland and 
the Netherlands (Thon  et al.   2009 ). Despite publication of 
detailed protocols for phenotypic characterisation, the 
results indicated that very few genetically modifi ed mice 
were systematically characterised. Only one of those inter-
viewed had SOPs (standard operating procedures) for phe-
notypic characterisation. The importance of the role of 
animal care staff has been pointed out by others (Morton  &  
Hau  2003 ), and in this survey many used daily observation/
visual inspection of animals by animal technicians. Some 
scientists knew about published protocols, but very few had 
practical experience with the test methods, and general 
knowledge about phenotyping strategies and protocols was 
low. On the other hand, phenotyping as a concept was 
widely understood and it was clearly regarded as an advan-
tage to the science. 

 During the interviews, it became clear that there was con-
siderable doubt amongst users of genetically modifi ed mice 
as to whether the published protocols would actually fulfi l 
their particular needs. Furthermore, concern was expressed 
about the comprehensiveness of the protocols and lack of 
resources and time for phenotypic characterisation. The 
survey also demonstrated that the reason for characterizing 
genetically modifi ed mice depended strongly on the scien-
tifi c reason for creating or using the strain. The kind of 
phenotype information that was required differed between 
scientists. For example, some needed to identify characters 
relating to diseases, whereas other kinds of information 
were required for those producing and establishing a modi-
fi ed strain for commercial purposes. 

 At least four levels of, or types of, characterisation were 
identifi ed: 

  1.     welfare assessment;  
  2.     one - trait assessment focused on the expected pheno-

typic effect of the genetic modifi cation;  
  3.     basic characterisation;  
  4.     comprehensive characterisation.     

  The welfare of genetically modifi ed animals 

 Genetic modifi cation can give rise to unpredictable out-
comes that may impact on animal well - being. Therefore, 
there is a need to pay special attention to the welfare of 
genetically modifi ed mice. There has been a focus on animal 
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ment. The score - sheet approach to measuring welfare in 
young pups has been further developed by Marques  et al.  
 (2007) . The method has been improved by adding further 
individual tests to the screening from the day of birth. A 
training fi lm has been produced to facilitate 
implementation. 

 A working group has published recommendations on 
welfare assessment of genetically altered mice (Wells  et al.  
 2006 ). These authors recommend that any institution using 
genetically altered animals should have a standard welfare 
assessment in place. Newly generated strains should be 
checked, and because of the risk that a changed environment 
could cause welfare issues, so should well known strains 
that have just arrived in an animal unit. When the institute 
has become familiar with the strain there is no need for 
retesting unless adverse effects are observed during the 
daily routine handling. The group suggested that animals 
should be checked as neonates, at weaning and for the 
normal lifespan of the particular strain. The tests should 
preferably be non - invasive and easy to implement. The 
importance of accurate recording of test results was stressed. 
Parameters such as teeth eruption, walking, righting, ears/
eyes opening, posture and reaction to cage opening/han-
dling were suggested, and examples of assessment forms 
were provided. For pups, parameters to be recorded include 
colour, activity and milk spot. Furthermore, mortality rates, 
appearance, coat condition, posture/gait, clinical signs, rela-
tive size and other unexpected characteristics were sug-
gested in the assessment of older animals. 

 The group also recommended that the information 
obtained by the welfare assessment should be used for a 
mouse passport or certifi cate which would always follow 
the animal in order to facilitate correct husbandry and 
treatment. The introduction of an animal certifi cate or pass-
port has also been recommended by others (Mertens  &  
R ü licke  2002 ; Jegstrup  et al.   2003 ; Morton  &  Hau  2003 ). 
However, there has been some discussion within the 
phenotyping community as to whether the document 
should be both a physical paper certifi cate plus the corre-
sponding information saved in a database, or just the infor-
mation in a database. The fi rst solution has the advantage 
of the information following the animal wherever it goes, 
but also includes the risk of paper documents disappearing 
or getting mixed up and the risk of circulation of outdated 
versions. 

 Morton and Hau  (2003)  present a very helpful guideline 
on how to establish a score sheet for assessment of animal 
welfare. They conclude that every welfare assessment is 
different depending on strain and experiment and, conse-
quently, an individual score sheet should be designed for 
each new study covering the relevant welfare parameters. 

 Ironically, several of the tests suggested in phenotyping 
protocols may themselves impinge on the welfare of the 
tested animal. Hence, decisions on the potential adverse 
effect of chosen tests (eg, pain threshold and blood sam-
pling) and on the number of mice tested should be made to 
avoid exposing mice to unnecessary suffering. The logical 
approach is to carry out a cost (harm)/benefi t analysis 
(Richmond  2000 ) of the chosen test battery before phenotyp-
ing, and perform only the necessary tests based on these 
considerations.   

welfare since the beginning of the era of genetic modifi ca-
tion as demonstrated by the inception of an EU workshop 
in 1995 named Welfare Aspects of Transgenic Animals (Van 
Zutphen  &  van der Meer  1997 ). Since then, several articles 
and reports have addressed the issue (eg, Mepham  et al.  
 1998 ; van der Meer  et al.   1999 ; Van Hoosier  1999 ; Wood  2000 ; 
Dennis  2002 ; Brown  et al.   2006 ). One study has shown that 
approximately one third of genetically modifi ed mice, as 
reported to the Danish Animal Experiment Inspectorate, 
showed welfare consequences arising from the genetic mod-
ifi cation (Thon  et al.   2002 ). Animals generated with the 
purpose of serving as disease models are particularly likely 
to show impaired welfare. 

 Phenotyping is important for keeping and breeding 
genetically modifi ed animals. It should provide information 
about any special problems of a particular strain, thereby 
allowing the animal care staff to take action and improve 
the conditions of the animals. Once an animal has been 
phenotyped for welfare, special measures can be taken to 
actually improve welfare, such as providing a special diet, 
special housing or medication. Ultimately, this will improve 
animal welfare and the loss of valuable strains can be pre-
vented. In addition, a better ethical evaluation of the research 
can be carried out and humane endpoints can be defi ned.  

  Methods of welfare assessment 

 In the proceedings of the above - mentioned 1995 EU work-
shop, indices of good and bad welfare were defi ned (Broom 
 1995 ). Those relating to the former were listed as: changes 
to normal behaviours; changes to the ability of the animal 
to perform strongly preferred behaviours; and changes to 
physiological and behavioural indicators of pleasure. The 
list of indices refl ecting poor welfare was much longer and 
included: reduced life expectancy; reduced ability to grow 
or breed; body damage; disease; immunosuppression; 
impairment of physiological and behavioural attempts to 
cope; behavioural pathology; self narcotisation when given 
the opportunity; changes to behavioural aversions; changes 
to normal behaviour; and changes to normal physiological 
processes and anatomical development. 

 The relevant tests for assessing the above mentioned 
indices can be roughly grouped into: (1) behavioural tests; 
(2) measurement of production parameters; and (3) physi-
ological tests. The fi rst two types of tests are performed rela-
tively easily and require few resources. The last is more 
demanding. However, assessing animal well - being is always 
a laborious task and there are no  ‘ easy ’  measures of welfare 
(Morton  &  Hau  2003 ). 

 van der Meer and co - workers have introduced a less com-
prehensive welfare test (van der Meer  et al.   2001 ). It consists 
of non - invasive, mainly observational, easy - to - perform 
assessments based on three score sheets. One sheet is for 
scoring animals aged 0 – 6 days, one for animals 10 – 14 days 
and the last for animals around weaning. The indices used 
are: death in or out of the nest; milk spot; weight; fur growth; 
nipples; upper/lower incisors; and abnormalities. The most 
comprehensive (after weaning) test can be performed on an 
average litter of four to six pups by an animal technician 
within 15 – 20 minutes and requires a minimum of equip-
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experiments. In order to assess the welfare  ‘ cost ’ , including 
the adverse effects of the genetic modifi cation, it is crucial 
to characterise the animals. This can provide information 
about the potential suffering of the animal. Furthermore, 
phenotyping meets the needs of regulatory authorities as 
they increase their demands for information about geneti-
cally modifi ed animals. 

  Early protocols for phenotyping 

 As long ago as 1968, Irvin introduced protocols for system-
atic identifi cation of behavioural and physiological pheno-
types of mice (Irwin  1968 ). These protocols were designed 
for the pharmacological and toxicological fi elds and were 
not aimed at genetically modifi ed strains. However, they 
have served as an inspiration for more recent protocols such 
as the SHIRPA protocols (SmithKline Beecham, Harwell 
MRC, Imperial College School of Medicine at St Mary ’ s, 
Royal London Hospital Phenotype Assessment) (Rogers  et 
al.   1997 ). The SHIRPA protocols were initially developed for 
characterisation of neurological models and were based on 
the principle of a broad primary test battery followed by 
more specialised secondary and tertiary tests. The SHIRPA 
protocols have been in use for many years (sometimes in a 
modifi ed form) and they have had a profound infl uence on 
more recent comprehensive phenotyping protocols. In 1997 
Crawley and Paylor published a detailed description of a 
battery of tests for the investigation of behavioural pheno-
types (Crawley  &  Paylor  1997 ).  

  The Mouse Phenome Project 

 The Mouse Phenome Project was initiated in 2000 by the 
Jackson Laboratories to develop a comprehensive database. 
The Mouse Phenome Database (MPD) 1  encompasses pheno-
types from inbred mouse strains. It now also includes results 
of genetically modifi ed mice. MPD aims at providing scien-
tists with appropriate information about mice for: (1) physi-
ological testing; (2) drug discovery; (3) toxicology studies; 
(4) mutagenesis; (5) modelling human diseases; (6) 
Quantitative Trait Locus (QTL) analyses and identifi cation 
of new genes; and (7) unravelling the infl uence of environ-
ment on genotype (Bogue  &  Grubb  2004 ). 

 The data available at the MPD are the results of different 
research groups using different protocols and the database 
contains descriptions of how the data were generated. Due 
to their various origins, the protocols are of different designs, 
provide different levels of detail and vary in comprehen-
siveness. The protocols are organized in measurement cat-
egories in a hierarchical way starting with 15 top - level 
categories, such as anatomy, behaviour and heart/lung 
parameters, down to sub - levels of more detailed categories. 
The database provides several tools for downloading and 
viewing the phenome data. The tools can be used in combi-
nation to enable the scientist to mine the biological informa-
tion for relevant patterns and correlations.  

  Other advantages of phenotyping 

 The benefi ts of a better understanding of the welfare impacts 
of a genetic modifi cation are also that the information con-
tributes to a better description of the model, which is impor-
tant for the science. Phenotyping is obviously necessary for 
geneticists working on the relationship between genes 
and phenotype to characterise a genetically modifi ed animal. 
The success of an approach, such as induction of mutations 
by the use of ENU (N - ethyl - N - nitrosourea), is totally 
dependent on effective phenotyping. ENU mutagenesis is 
aimed at introducing random and mainly point mutations 
in the genes of premeiotic spermatogonia. After breeding, 
successful mutations are identifi ed through thorough phe-
notyping of every animal. This way, any new trait that has 
arisen as a consequence of the ENU treatment can be dis-
covered (phenotype - driven approach) (Brown  et al.   2005 ). 
Animals carrying mutations created by other techniques 
should also be subject to phenotypic characterisation. Since 
the phenotype of any genetic modifi cation is a complex 
interaction between gene allele and genetic background, 
among other factors, one cannot be sure that an expected 
phenotypic change has taken place even after successful 
targeted mutation and whether it is the only phenotypical 
change. The phenotyping strategy should, furthermore, 
optimise the chance of detecting unexpected effects of the 
mutation as well (Brown  et al.   2006 ). 

 For decades, it has been accepted that microbiological and 
genetic characterisation of laboratory animals was a neces-
sity in order to reduce variability and increase replicability 
of studies. The same argument is true for phenotypic char-
acterisation of genetically modifi ed animals. Lack of pheno-
typing increases the risk that unidentifi ed traits could cause 
extraneous variability, as they are not taken into account 
when designing the experiment. This could increase the risk 
of systematic errors which might intervene and confound 
results leading to false conclusions. Phenotyping the mutant 
model before setting up the experiment will provide the 
user with scientifi cally important information about the 
animal and allow him/her to implement a better design of 
the experiment leading to more valid results. Therefore, a 
precise characterisation must be considered as an essential 
aid in designing a scientifi c experiment (Barthold  2004 ). 

 Furthermore, new and unexpected traits may be detected 
that could be of scientifi c interest in other areas of research, 
or might provide an important model for work in other 
fi elds and which may contribute to the Three Rs (replace-
ment, refi nement and reduction) as well. 

 Studies may suffer or be aborted as a consequence of 
surprises regarding unexpected phenotypes, which may 
only become apparent at a late stage. Unfortunately, this 
kind of negative outcome is very rarely published and the 
scale of the problem is hard to estimate. However, it is the 
experience of the authors that the event is not rare, and 
every time studies are aborted it will inevitably lead to 
waste of animals, time and effort. The risk of ending up in 
this kind of unfortunate situation could be minimised by 
phenotyping right at the start. 

 A critical evaluation through a cost (harm)/benefi t 
assessment (Richmond  2000 ) of the justifi cation of the use of 
genetically modifi ed animals should precede their use in 

  1       http://phenome.jax.org/pub-cgi/phenome/mpdcgi?rtn=docs/
home  
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EUMODIC consortium is of 18 laboratories across Europe, 
expert in the fi eld of mouse functional genomics and phe-
notyping and with a track record of successful collaborative 
research in Eumorphia. EUMODIC has further developed a 
selection of the EMPReSS screens, and this selection is called 
EMPReSSslim, which is structured for comprehensive, 
primary, high throughput phenotyping of large numbers of 
mice. The EMPReSS tests are run in two  ‘ pipelines ’  in order 
to minimise the number of tests that each animal undergoes 
and to allow the testing to take place over a 6 week period 
from 9 – 14 weeks of age. The sequence of tests in the two 
 ‘ pipelines ’  is designed to allow the individual tests to be run 
at relevant ages so that earlier tests do not unacceptably 
infl uence the outcome of those that follow. 

 Mutant lines will be made available from another EU 
initiative, EUCOMM, the European Conditional Mouse 
Mutagenesis project 5 . The primary phenotype assessment 
using EMPReSSslim, will be undertaken in four large - scale 
phenotyping centres at the German Mouse Clinic (GMC), 
GSF (National Research Centre for Environment and 
Health), Germany; ICS (Institute Clinique de la Souris), 
France; MRC (Medical Research Council, Mammalian 
Genetics Unit), Harwell, UK; and the Wellcome Trust Sanger 
Institute, UK. A distributed network of centres with exper-
tise in various phenotyping domains will undertake more 
complex, secondary phenotyping screens and apply them to 
mice that have shown interesting phenotypes in the primary 
screen.  

  Other protocols 

 The MuTrack 6  system was developed for the Tennessee 
Mouse Genome Consortium in connection with the National 
Institute of Health ’ s neuromutagenesis programme (Baker 
 et al.   2004 ). This is divided into ten primary screens covering 
aggression, aging, auditory, drug abuse, ethanol, epilepsy, 
eye, general behavioural, neurohistology and a social behav-
iour domain. Furthermore, it includes three secondary 
screens focusing on drug abuse, nociception and learning/
memory. The protocols for screening are individually 
designed by different scientists and contain different details 
for screening purposes. 

 The protocols available at the PhenoSITE were developed 
in connection with the Japanese mouse mutagenesis program 
at RIKEN GSC (Genomic Sciences Centre) 7 . Their basic phe-
notype screen includes a modifi ed SHIRPA and further 
tests, including: haematology and urine tests; radiography; 
seizure induction; home cage activity; open fi eld and passive 
avoidance tests; and for late - onset phenotypes: fundus 
imaging, blood pressure, hearing and tumour development. 
The mice are tested between the ages of 8 and 12 weeks. 

 Mertens and R ü licke  (1999, 2000, 2002)  have developed a 
protocol with a slightly different and broader objective than 
that of the programmes above (Mertens  &  R ü licke  2000, 
2002 ). It is based on two comprehensive standardised forms 
and covers registration of animals, recommendations for 

  The Eumorphia Project 

 Eumorphia (European Union Mouse Research for Public 
Health and Industrial Applications) was an integrated 
research programme funded by the European Commission. 
It was involved in the development of new approaches in 
phenotyping, mutagenesis and informatics leading to 
improved characterisation of mouse models for the under-
standing of human physiology and disease. Eighteen 
laboratories from eight European countries formed the con-
sortium, which developed over 150 SOPs for phenotyping 
from 2002 – 2006 2 . The SOPs are standardised and validated 
on a cohort of inbred strains across a number of 
laboratories. 

 A primary screening protocol EMPReSS (European Mouse 
Phenotyping Resource for Standardised Screens) has been 
suggested for large - scale phenotyping (Brown  et al.   2005 ). 
EMPReSS covers the major body systems and includes: clini-
cal chemistry; hormonal and metabolic systems; cardiovas-
cular system; allergy and infection; renal function; sensory 
function; neurological and behavioural function; cancer; 
bone/cartilage; and respiratory function; as well as generic 
approaches to pathology and gene expression. The 
Eumorphia project has established the EuroPhenome data-
base to hold data on phenotypes obtained from the EMPReSS 
SOPs 3 . 

 The project was geneticist driven and mainly aimed at 
serving programmes of large - scale generation of mutant 
mice with no  a priori  hypothesis about the function of 
mutated genes. The goal was to systematically mutate every 
gene in the genome thereby shedding light on the relation-
ship between gene and phenotype (Brown  et al.   2006 ). The 
tools developed for this purpose adopted a phenotype -
 driven approach of comprehensive testing in order to max-
imise the capture of new traits. 

 Unfortunately the EMPReSS protocols do not include 
welfare assessment and so this important aspect must be 
evaluated according to other protocols. However, they do 
include SOPs for a broad spectrum of phenotyping areas 
and employ a hierarchical approach. They are validated and 
standardised to a high degree making results comparable 
over laboratories and time; and since these protocols have 
been developed across Europe and are still being developed, 
eg with the Mouse Phenome Database and the Mouse Clinics 
adhering to these protocols, this approach appears to be the 
future of phenotyping in Europe.  

  The  EUMODIC  project 

 The European Mouse Disease Clinic EUMODIC 4  project 
started in 2007 and is funded by the European Commission. 
EUMODIC is undertaking a primary phenotype assessment 
of up to 650 mouse mutant lines, as a fi rst step towards a 
comprehensive functional annotation of the mouse genome. 
In addition, a number of these mutant lines will be subject 
to more in depth secondary phenotype assessment. The 

  2       http://www.eumorphia.org  
  3       http://www.europhenome.org  
  4       http://www.eumodic.eu  

  5       http://www.eucomm.org  
  6       http://www2.tnmouse.org/neuromutagenesis  
  7       http://www.gsc.riken.go.jp/mouse/aboutus/screening.htm  
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chemistry profi le and so is urine. Furthermore, the company 
offers a range of supplemental phenotyping panels relating 
to obesity, diabetes, oncology, embryonic lethality, oste-
oporosis and several other conditions. 

 Frimorfo 10  offers a diagnostic pathology - based characteri-
sation. They also offer, through a network, screens relating 
to genetics, physiology and behavioural analysis. The his-
topathology includes immunohistochemistry,  in situ  hybrid-
isation, standard and customised tissue microarrays and 
microscopy. Genetics includes zygosity, gene expression, 
reporter gene assay, apoptosis assays and cell proliferation 
assays.  In vivo  physiology includes respiratory and cardio-
vascular tests and  in vitro  blood chemistry and haematology. 
Behavioural analyses are divided into primary, secondary 
and tertiary test batteries much like the SHIRPA protocols. 
The tests are composed in packages focusing on different 
organ/tissue functions.   

  Before phenotyping  –  search for information 

 It is advisable to carry out a thorough literature/database 
search for existing information about a particular mouse 
strain before phenotyping. Results from animals with similar 
mutations and mutations in the same area of the genome 
also can be of great value when gathering information about 
the phenotype. 

 Regrettably, a comprehensive database of results from all 
genetically modifi ed animals is not available; rather data are 
held in various forms at many sites worldwide and one has 
to carry out the laborious task of searching databases to 
retrieve information. Web addresses of screening protocols 
and databases of phenotypic characteristics can be found 
in the literature (Bolon  2006 ; Consortium (MPDIC)  2007 ). 
Furthermore, we have included a list of websites that we 
have found useful (see Useful websites at the end of this 
chapter). This list was made in 2008 and since web addresses 
frequently change, we urge the reader to make his/her own 
search as well. 

 The Mouse Phenome Database (MPD) 11  (Grubb  et al.   2004 ; 
Blake  et al.   2006 ) and the EuroPhenome resource 12  are central 
databases holding substantial information about pheno-
types. The MPD contains information about both inbred and 
mutant strains. The EuroPhenome resource holds the results 
of the large - scale phenotyping projects from EMPReSS pro-
tocols. Both are annotated according to the Mammalian 
Phenotype (MP) Ontology (Gkoutos  et al.   2005 ; Smith  et al.  
 2005 ) and have tools for browsing and searching for 
phenotypes. 

 Phenomics data are fragmented and some are not publicly 
available. Various types have been generated (eg, detailed 
descriptions of mouse lines, fi rst - line phenotyping data on 
new mutations and data on the normal features of inbred 
lines) depending on the groups presenting them. The issues 
arising as a result of there being several phenome databases 
using different systems is being addressed by the 

husbandry and breeding, phenotyping, welfare assessment 
and animal certifi cate/passport. The fi rst form  ‘ Data record 
form ’  includes score sheets for litters and individual health 
and development monitoring from birth until death or 
euthanasia. The tests are based on observation or other very 
simple tests. The second form  ‘ Characterisation of geneti-
cally modifi ed animal lines: Standard form ’  includes 
 ‘ General information ’  which addresses the genetic modifi ca-
tion, phenotype and clinical burden, ethical evaluation and 
information on breeding, husbandry and transportation, 
and  ‘ Detailed information on genotype and phenotype ’  
which goes into detail with new traits/observations that are 
specifi c for the particular strain.  

  Mouse clinics 

 The need for facilities and expertise for phenotyping is 
growing and, consequently, the concept of mouse clinics has 
emerged. However, there are still relatively few mouse 
genetics institutes around the world that have broad experi-
ence in phenotyping and which can be categorised as phe-
notyping centres or mouse clinics. 

 The German Mouse Clinic (GMC) at GSF, Munich 8  is an 
open platform for phenotyping and offers a service of exam-
ination of mouse mutants for external scientists, using a 
broad standardised phenotypic check - up with more than 
300 parameters. The screens cover behaviour, bone and 
cartilage development, neurology, clinical chemistry, eye 
development, immunology, allergy, steroid metabolism, 
energy metabolism, lung function, vision, pain perception, 
molecular phenotyping, cardiovascular analyses and pathol-
ogy. Mouse mutants accepted at the GMC are fi rst examined 
in a primary screen. A standardised workfl ow for screening 
a mouse cohort of 40 animals (ten males and ten females of 
mutant and wildtype, respectively) has been developed 
according to EMPReSS protocols and takes about 10 weeks 
to complete. An application form and instructions for sub-
mission of a strain for free phenotyping can be found at the 
GMC website.  

  Commercial phenotyping 

 Another option is commercial phenotyping performed by 
companies offering this service to their customers. The fol-
lowing two are examples of such companies and the reader 
is encouraged to search the internet for others. 

 Charles River Laboratories 9  offer an extended range of 
tests, initially starting with a primary neurobehavioural 
observation based on a modifi ed SHIRPA panel, which also 
includes basic pathology and clinical pathology. Necropsy 
is performed and tissues from 16 organs plus tissue from 
any identifi ed abnormality are stained with haematoxylin 
and eosin and examined by a veterinary pathologist. Clinical 
pathology includes a complete blood count with differential 
and platelet count. Serum is submitted to a standard clinical 

  8       http://www.gsf.de/ieg/gmc  
  9       http://www.criver.com  

  10       http://www.frimorfo.com  
  11       http://phenome.jax.org/pub-cgi/phenome/mpdcgi?rtn=docs/

home  
  12       http://www.europhenome.eu  
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of common sense, experience and tradition. However, these 
approaches carry a risk of being non - systematic and subjec-
tively biased, thereby infl uencing their validity. It is there-
fore advisable to carry out a systematic investigation into 
the need for phenotyping and the contribution that the indi-
vidual protocols can yield in every case of phenotyping, 
before the project is started. 

 The question of how wide - ranging a basic phenotyping 
protocol should be  –  or what the minimum requirement for 
phenotyping is for relevant results  –  is still open and needs 
further investigation.   

  The dilemma of large - scale versus 
 ‘ home ’  phenotyping 

 Huge efforts have been and are still being put into develop-
ing EMPReSS and the corresponding SOPs leading to better 
phenotyping tools. However, these developments will, in 
many cases, make the protocols more complex and demand-
ing, and will require increased levels of expertise and further 
equipment. 

 The lack of phenotyping of mutants that are not part of 
large - scale projects, but have been locally produced and 
bred, is obvious. Scientists working with these animals are 
often more focused on their particular fi eld of interest than on 
phenotyping, and protocols like EMPReSS are not easily 
implemented by people who are not phenotyping experts. It 
is probably unrealistic to expect many laboratories to develop 
the expertise, equipment, resources and infrastructure to 
carry out comprehensive phenotyping themselves. These 
two opposing tendencies raise the question as to whether, 
rather than  ‘ home phenotyping ’ , sophisticated phenotyping 
should be carried out at specialist centres. Phenotyping at 
specialist mouse clinics adhering to EMPReSS protocols has 
the advantage of a high professional standard, but might not 
always provide the user of a mutant with the specifi c infor-
mation needed for their purpose and may not be affordable. 

  Capacity and need 

 As pointed out earlier, only a minority of genetically modi-
fi ed mice are phenotyped. This could be due to a lack of 
knowledge about the possibilities or the advantages of 
doing so. Nevertheless, a central problem in phenotyping 
today is the issue of current capacity versus need. There is 
still a huge mountain to climb to complete the phenotyping 
of every mutant. The capacity of existing mouse clinics is 
absolutely insuffi cient to phenotype all the mice generated 
and it would be of benefi t to have several more of these 
facilities established. These clinics would accumulate exper-
tise in phenotyping and could serve as consultants to users 
planning to phenotype their animals themselves.  

  New methods for phenotyping  –  speed 
and sophistication 

 The problem of capacity could be improved by developing 
new, inexpensive, rapid and reliable methods of phenotyp-

InterPhenome project 13 . A working group, the Mouse 
Phenotype Database Integration Consortium (MPDIC), rep-
resenting large parts of the phenotyping society has been 
formed and is striving to link these databases, set standards 
for data and to set up mechanisms to facilitate data exchange 
between and searches across the various databases (MPDIC, 
 2007 ).  

  Testing for new traits  –  the 
hierarchical approach 

 In principle any clinical test could be used to uncover phe-
notypic details about a specifi c genetically modifi ed mouse 
and a variety of SOPs for these tests can be found in the 
published protocols. In view of the huge number of possible 
tests, it is worth prioritising these to obtain relevant results 
as quickly and effi ciently as possible. A practical approach 
to gaining useful information about a mouse strain is to fi rst 
apply a battery of relatively unsophisticated tests or primary 
screens such as those of the SHIRPA test (Rogers  et al.   1997 ). 
These provide a superfi cial but broad assessment of a mouse 
phenotype. Various protocols have been proposed which 
employ this hierarchical approach, focusing either on spe-
cifi c functional domains such as behaviour (Crawley  &  
Paylor  1997a ; Crawley  2003 ) or employing a wider selection 
of screens (Rogers  et al.   1997 ; Murray  2002 ). Results from 
these primary screens should point the way for following 
more detailed tests. For example, if a mouse shows a hearing 
defi ciency in the auditory startle test during the primary 
phenotyping screen, a comprehensive examination of the 
auditory tract should follow. In this way, phenotypes of 
interest identifi ed by the primary screen are followed up by 
more time - consuming, detailed secondary screens. 

  Delimiting the phenotyping process 

 When phenotyping a mouse strain, diffi culties may be 
encountered in deciding how comprehensive the phenotyp-
ing project should be. How many and which tests should be 
included? Looking at the protocols for phenotyping pub-
lished in the literature and on the internet, it is obvious that 
no working procedure is unanimously recommended. As 
pointed out earlier, genetically modifi ed mice can be very 
different and are used in so many ways that specifi c pheno-
typing needs often arise. This is an area that needs further 
investigation to facilitate optimal choice of tests for the 
circumstances. 

 Therefore, before commencing the laborious task of phe-
notyping, some serious refl ection on the level of characteri-
sation is recommended. Firstly, consideration should be 
given to the particular need for information about a mouse 
strain. Some results are more relevant than others depend-
ing on what the strain is used for. Also, the resources 
(economy, time, expertise) available should be considered 
since there are limits in practice to how much can be inves-
tigated. Deciding how comprehensive the test battery should 
be is a diffi cult task, and this is usually made on the basis 

  13       http://www.interphenome.org  
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conference  ‘ Behavioural Phenotyping of Mouse Mutants ’ , 
February 2000, held in Cologne, Germany.  

  Further phenotyping issues to consider 

 The user of a genetically modifi ed mouse should keep in 
mind that some phenotypic changes are subtle and can be 
compensated for by other mechanisms. Some may not be 
apparent in the young animal but are exposed at a later stage 
of life. Some phenotypes are seen only at a specifi c develop-
mental stage and some in connection with specifi c physiolog-
ical conditions such as pregnancy. For those reasons, animals 
should be characterised at different stages of their lives. It has 
been suggested that animals should be tested at three ages: 
young, adult and geriatric (Broom  1995 ; Morton  &  Hau  2003 ; 
Wells  et al.   2006 ). Both homo -  and heterozygous animals 
should be tested, and within every group they should be the 
same age as far as possible (age - matched). Also, one should 
be aware that a phenotype could vary between sexes and so 
both male and female animals should be tested. 

 Use of the pronuclear injection method can give rise to the 
formation of concatemers, head to tail, multicopy gene 
arrays of extrachromosomal DNA which might enter the 
genome, thereby generating a mutant carrying a transgene 
concatemer at one or more loci in the genome. Alternatively 
the result may be silencing of genes, transgene instability, 
low degree of transmission to offspring and somatic mosai-
cism of the F1 generation (Clark  et al.   2007 ). 

 Some new traits have been shown not to reveal them-
selves until after a couple of generations (Van Hoosier  1999 ). 
Therefore, consideration should be given to phenotyping 
strains for several generations. Depending on the method of 
modifi cation, new strains become genetically more  ‘ stable ’  
after breeding for some generations and characterisation of 
the strain at a  ‘ stable ’  point will give the most reliable result 
(Mertens  &  R ü licke  2000 ). However, establishing this point 
by breeding several generations can be diffi cult and also 
contradictory to welfare considerations in case the strain has 
problems. 

 The order in which the individual tests are performed can 
infl uence the results. This has been investigated in behav-
ioural tests and it has been reported that certain test varia-
bles are sensitive to the test order while others are resistant 
(McIlwain  et al.   2001 ). Mice that have become experienced 
through their participation in some tests change their behav-
iour signifi cantly in subsequent tests compared with na ï ve 
mice (Voikar  et al.   2004 ). For this reason it is best to start 
with tests that assess anxiety and exploratory activity and 
to perform the cognitive tests at a later stage. 

 When phenotyping genetically modifi ed animals, the 
question of controls needs to be dealt with. The most obvious 
choice is probably to use wild - type siblings as controls 
(Charsa  et al.   2003 ). If the strain is kept by homozygous 
breeding and no wild - type siblings are available, the cor-
responding inbred strain should be used as a control. Wild -
 type siblings of a mixed genetic background are not ideal 
controls as one cannot be sure how much donor/recipient 
strain is represented in each animal and backcrossing 
to a congenic strain before phenotyping is therefore 
recommended. 

ing. This challenge is being met by the introduction of new 
technology which meets the above criteria. For example, a 
new technology named Luminex enables the detection and 
quantifi cation of multiple RNA or protein targets simultane-
ously. It combines a fl ow cytometer, fl uorescent - dyed 
microspheres (beads), lasers and digital signal processing to 
allow multiplexing of up to 100 assays within a single 
sample, and it is expected to revolutionise the rapidity and 
scale of assaying a wide spectrum of blood parameters. In 
the future we can expect micro technologies, remote moni-
toring and new imaging methods to have a large impact on 
the speed, price and quality of phenotyping (Johnson  et al.  
 2006 ). Moreover, technologies that take welfare into consid-
eration and can minimise trauma to animals, while still 
retaining suffi cient sensitivity and replicability, will become 
an integrated component of the future phenotyping process 
(Pinkert  2003 ).   

  The environment  –  a challenge to phenotyping 

 The results of phenotyping not only depend on the genetic 
make - up of the mutant but can also be infl uenced by envi-
ronmental factors, such as cage environment, diet and health 
status (Barthold  2004 ). Some phenotypes are not expressed 
by the animal until provoked by the environment; for 
example diabetes may not develop until the animals are fed 
a high - fat diet. 

 Another important environmental factor is the phenotyp-
ing test itself. One aspect of this is that different equipment 
may have different detection sensitivities and this must be 
considered. Also, many tests affect the animals in some way 
(eg, when taking a blood sample the animal is removed 
from its cage, immobilized and a vein is punctured). These 
procedures can signifi cantly infl uence results obtained. 
Generally, when behavioural phenotyping results need to 
be comparable and replicable it is recommended that envi-
ronmental conditions are standardised as much as possible 
and that the conditions under which the results are obtained 
are documented (Brown  et al.   2006 ). Different environmental 
factors infl uence phenotyping results to different degrees 
and the results of behavioural tests are prone to being very 
sensitive to the environment. Research has shown that the 
environment of individual laboratories infl uenced behav-
ioural results despite attempts to standardise between labo-
ratories (Crabbe  et al.   1999 ). On the other hand, some 
parameters seem rather resistant to environmental condi-
tions. For example, caging and diet were found to have little 
effect on blood chemistry of a number of inbred strains 
(Arndt  &  Surjo  2001 ). It has been argued that when perform-
ing behavioural phenotyping, environmental background 
should be systematically varied instead of being standard-
ised, because the parameters are so strongly modulated by 
the environment (W ü rbel  2002 ). 

 An open international network on behavioural phenotyp-
ing, the Mutant Mouse Behaviour Network (MMB) and the 
specifi c environmental challenges it offers has been estab-
lished 14 . MMB was founded within the framework of the 

  14       http://www.medizin.uni-koeln.de/mmb-network/index.html  
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  Number of animals 

 The aim of phenotyping is to fi nd new traits either for 
welfare assessment or scientifi c use. In order to optimize the 
chance of detecting these, a suffi cient number of animals 
must be tested. As outlined earlier, traits might be subtle or 
only identifi able under certain conditions (eg, with age, 
stress or feeding a specifi c diet) (Fitzgerald  et al.   2003 ; Davey 
 &  Maclean  2006 ). Furthermore, different test methods have 
different levels of sensitivity. Such factors make it diffi cult 
to estimate how many animals should be used for phenotyp-
ing a particular strain. 

 Mertens and R ü licke  (2000)  concluded that for animal 
welfare, time and expense reasons it is important to consider 
the number of animals thoroughly. They have stated that it 
is not feasible to make a clear - cut recommendation as many 
factors, such as genetic background, penetration and expres-
sion of the mutation and welfare implications, would infl u-
ence the size of the group necessary. However, they 
recommended starting with approximately ten wild - type, 
ten hemi -  or hetero -  and ten homozygous animals (50% 
males and 50% females). This would allow statistical calcu-
lations and should be regarded as the minimal number of 
animals for testing. Depending on the results more animals 
could be included. This recommendation was supported by 
others (Bailey  et al.   2006 ). 

 Some of the protocols mentioned earlier give recommen-
dations on the number of mice that should be tested. The 
SHIRPA protocol does not  per se  give a recommendation 
regarding number of animals. However, Rogers  et al.   (1999)  
used two separate cohorts of ten males and ten females for 
the SHIRPA tests. One cohort was used for the elevated 
plus - maze and open fi eld tests; the other cohort was used 
for the remaining tests. The order of testing was designed 
such that the procedures most likely to be affected by prior 
handling were carried out fi rst (Rogers  et al.   1999 ). 

 In the protocols of the Mouse Phenome Project some rec-
ommend a specifi c number of mice for the particular test, 
whereas others do not. The general recommendation is ten 
males and ten females at the age of 10 – 14 weeks (Bogue  &  
Grubb  2004 ). The MuTrac system of the Tennessee Mouse 
Genome Consortium also recommends number of mice in 
some protocols varying from two to eight mice per test. To 
date, the EMPReSS protocols do not include recommenda-
tions for numbers of animals. However, at this moment ten 
males and ten females for each of the two  ‘ pipelines ’  are 
used at MRC, Harwell, UK and at the German Mouse Clinic. 

 The issue of sample size has also been addressed by 
Meyer  et al.   (2007) . The  ‘ background noise ’  defi ned as the 
difference in response to the same test by mice of the same 
strain but from different laboratories/suppliers has been 
investigated. This intra - strain variability of response to a 
specifi c test will affect the number of mice recommended for 
each test, as the  ‘ background noise ’  might mask potential 
phenotypic differences. Other parameters such as the vari-
ance of the trait in question (subtle/strong phenotype) will 
also infl uence this. A pilot study should be carried out in 
order to establish the values of the above parameters and 
calculate sample sizes accordingly (Meyer  et al.   2007 ). 

 To conclude, several suggestions have been made regard-
ing the optimal number of animals for phenotyping and the 

  Background of animals 

 Identical mutations might have different phenotypes 
because of their different genetic backgrounds, as when, for 
example, different inbred mouse strains carry the same 
mutation. The majority of phenotypic traits are of complex 
polygenic origin and their inheritance does not follow a 
simple single locus Mendelian pattern. In this case, the dif-
ferent phenotypes of mice with identical mutations in dif-
ferent strains can be attributed to independent modifi er 
genes with allelic variations. In the end, it is not just the 
genes, but also other genetic modifi ers that lead to the com-
bined action of many genes and the differential patterns of 
transcription and translation that infl uence the development 
and phenotype of a genetic modifi cation (Barbaric  et al.  
 2007 ). Despite this, the phenotypic changes of genetically 
modifi ed mice are still frequently attributed to just the 
induced mutation but, according to the above, it could be 
argued that testing the trait in different genetic back-
grounds/strains would provide a clearer picture of the 
mutation.  

  Backcrossing of animals 

 Some mutant mice are kept of a  ‘ mixed genetic background ’ . 
This means that the animals are not congenic, but a 
mixture of the strains used in the generation of the mutant 
(typically 129 and C57BL/6). With modifi er genes in mind, 
there is no doubt that the  ‘ mixed background ’  will give vari-
ations in the phenotype of these animals  –  even among 
siblings. 

 The Banbury Conference on Genetic Background in Mice 
 (1997)  recommended that backcrossing is carried out to 
obtain a congenic strain with the genetic background of an 
inbred strain. This is obtained by a minimum of ten genera-
tions of backcrosses to the recipient strain counting the fi rst 
hybrid generation as F1 and the following backcrosses as 
N2 – N10. 

 As backcrossing for ten generations is a very time - con-
suming exercise (2 – 3 years) an accelerated method for the 
production of a congenic strain has been developed which 
is based on background selection. This is called  ‘ speed con-
genic ’  or  ‘ marker - assisted selection ’ . The principle of this is 
to select breeders from each new generation with a genome 
as similar to the recipient strain as possible. This cuts the 
backcrossing time down to approximately 1 year (Wakeland 
 et al.   1997 ; Wong  2002 ). 

 Furthermore, in order to prevent the mutant strain from 
accumulating genetic changes as a result of genetic drift 
over time it is recommended that the strain should be back-
crossed to the parental inbred background every fi ve to six 
generations (Banbury Conference on Genetic Background in 
Mice  1997 ). 

 Despite these recommendations, situations might occur 
where animals are not completely backcrossed to a congenic 
state before they are used. In that case, it is best to use a 
larger number of animals for the tests to compensate for the 
variation in the genetic background (Zeiss  2004 ). However, 
using more animals for the test has welfare aspects which 
should be considered beforehand.  
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traits that produce no immediately observable symptoms. 
Systematic testing using phenotyping protocols increases 
the chance of identifying traits, and should be carried out. 

 For welfare assessment, observation is an excellent tool, 
as much welfare assessment is based on behavioural studies. 
However, observation of behaviour alone is not suffi cient to 
evaluate welfare. Observations should always be recorded 
for later reference. 

 Phenotyping takes time. Testing requires a certain number 
of age - matched pups. Producing these from a founder 
animal is a laborious and time - consuming task. Furthermore, 
carrying out the actual phenotyping tests can take months 
and if the mouse is tested at different ages, the time needed, 
of course, increases. However, the advantages of thoroughly 
phenotyping before using an animal for scientifi c purposes 
are obvious and the time for phenotyping should be allo-
cated to any project including genetically modifi ed rodents. 

 Phenotyping requires expertise. The tests that are used to 
identify new traits are often complicated and demanding to 
perform. Behavioural testing is the classic example of a task 
which requires special skills. Also laboratory animal his-
topathologists need many years of specialised education 
and training. The tendency of phenotyping protocols to 
grow both in size (by adding more tests) but also in com-
plexity (by developing more sophisticated methods) is 
increasing the demand for specialised expertise and it 
cannot be expected that a research group or even a univer-
sity animal facility, will possess all this know - how without 
the necessary investments. 

 Phenotyping costs money and a major issue may be the 
ability or willingness to meet the costs of detailed pheno-
typic characterisation. Today, many scientists are funded by 
time - limited grants and in order to obtain the next grant, 
they must provide satisfactory scientifi c results at the end of 
the previous period. Establishing the phenotype of a mouse 
model is, unfortunately, not yet regarded as a scientifi c 
result, and often the experimental work is initiated without 
previous phenotyping. The risk is that research may be 
carried out using animal models which later appear to be 
sub - optimal or may even be invalid. 

 In summary, the implementation of phenotyping will 
undoubtedly improve as new cheaper and faster high - qual-
ity methods are developed and the concept becomes further 
scientifi cally accepted.  

  Useful websites 

  British National Centre for Replacement, 
Refi nement and Reduction of Animals in 
Research ( NC3R  s ) 

  http://www.nc3rs.org.uk   

   CF 2 Mouse Phenotyping Platform 

  http://davinci.crg.es/mpc/cf2.php  
 Objectives are: 

   •      to share common phenotyping protocols for large phe-
notypic analysis on mouse models;  

scientifi c rationale has not always been clear. This issue 
would benefi t from further consideration. 

 A different, but often very troublesome issue that can 
affect the number of animals available for phenotyping is 
the breeding capability of genetically modifi ed strains. 
Many mutants have reproduction problems making it dif-
fi cult to get enough pups at approximately the same age 
(age - matched) for testing. This should be taken into consid-
eration when planning the breeding of animals for 
phenotyping.   

  Summary of phenotyping issues to consider 

 In this paper we have tried to call attention to the many 
important aspects of phenotyping. Bearing in mind the 
many reasons for using genetically modifi ed mice we shall 
not attempt to suggest which set of tests to use. Rather, we 
urge the scientist responsible for the characterisation of the 
animal to give the issue careful consideration based on 
the information in this chapter. We would, however, make 
the following outline as a guide to running a basic pheno-
typing project: 

  1.     search for existing information;  
  2.     conduct a welfare assessment;  
  3.     investigate the basic functions of the animal, eg:  

   �      growth and development of the animal;  
   �      lifespan and age - specifi c mortality;  
   �      fertility;  
   �      physical examination;  
   �      clinical chemistry and haematology;  
   �      behaviour;    

  4.     conduct necropsies.    

 In summary, we recommend testing every new strain at 
three stages: young, adult and geriatric. The mice in each 
group should be approximately the same age. Homo - , het-
erozygous and wild - type mice should be tested in both 
sexes. The strain should be backcrossed to congenezity for 
10 generations or the number of backcrossings by marker 
assisted selection to obtain equivalent congenezity before 
phenotyping and the order of tests should be considered to 
minimise one test affecting the result of the next. 

 It is worth considering testing the strain for several gen-
erations and investigating the mutation in different inbred 
strains. Based on the literature, the number of animals in 
every test group should be at least 10 for the initial testing. 
Pilot studies for the identifi cation of the optimal number of 
animals could be carried out.  

  Concluding remarks 

 Only very few genetically modifi ed mice are systematically 
phenotyped  –  often the process involves no more than daily 
observation by animal technicians. The widespread use of 
such observation for the detection of welfare impingement 
and new phenotypic traits is in many cases regarded as suf-
fi cient. There is no doubt that a talented and experienced 
animal technician is likely to discover even subtle deviations 
in a genetically modifi ed mouse. Nevertheless, there are 



70 Phenotyping of genetically modifi ed mice 

 EMPReSS is a web - based resource for the visualisation, 
searching and downloading of standard operating proce-
dures and other documents (Green  et al.   2005 ).  

  Frimorfo 

  http://www.frimorfo.com   

  Functional Annotation of Mouse ( FANTOM ) 

  http://www.ddbj.nig.ac.jp/ ,  http://fantom2.gsc.riken.jp , 
 http://fantom3.gsc.riken.jp  

 The large mouse transcriptome project, Functional 
Annotation of Mouse (FANTOM), provides a wealth of data 
on novel genes, splice variants and non - coding RNA, and 
provides a unique opportunity to identify novel human 
disease genes. It will also facilitate the creation of transgenic 
mouse models to help elucidate the function of potential 
human disease genes (Hayashizaki  &  Kanamori  2004 ; 
Kiyosawa  et al.   2004 ). After the development of original 
technologies (such as full - length cDNA libraries, CAGE, 
GSC) followed by massive application, the data have been 
analysed by the members of the Fantom - 3 consortium 
((Carninci  et al.   2005 ; Katayama  et al.   2005 ). The information 
is available to the public on the servers of DDBJ, National 
Institute of Genetics and RIKEN.  

  The Gene Expression Database ( GXD ) 

  http://www.informatics.jax.org  or  http://www.
informatics.jax.org/menus/expression_menu.shtml  

 The GXD is a community resource for gene expression 
information in the laboratory mouse. By collecting and inte-
grating different types of expression data, GXD provides 
information about expression profi les in different mouse 
strains and mutants (Hill  et al.   2004 ).  

  GeneLynx Mouse 

  http://mouse.genelynx.org  
 Gene Lynx Mouse is a meta - database providing an exten-

sive collection of hyperlinks to mouse gene - specifi c informa-
tion in diverse databases available via the Internet. The 
GeneLynx project is based on the simple notion that given 
any gene - specifi c identifi er (eg, accession number, gene 
name, text or sequence), scientists should be able to access 
a single location that provides a set of links to all the publicly 
available information pertinent to the specifi ed gene. The 
recent climax in the mouse genome and RIKEN cDNA 
sequencing projects provided the data necessary for the 
development of a gene - centric mouse information portal 
based on the GeneLynx ideals. Clusters of RIKEN cDNA 
sequences were used to defi ne the initial set of mouse genes. 
Like its human counterpart, GeneLynx Mouse is designed 
as an extensible relational database with an intuitive and 
user - friendly web interface. Data is automatically extracted 
from diverse resources, using appropriate approaches to 

   •      to share protocols and apparatus (EUMORPHIA - based 
protocols);  

   •      to facilitate research/learning stages within the 
consortium;  

   •      to defi ne common strategies and/or establish different 
lines of phenotyping (eg, cardiovascular/general mor-
phology and behaviour/neurology/imaging etc);  

   •      to perform in depth studies of a limited number of 
aneuploid transgenics workshops.     

  Charles River Laboratories 

  http://www.criver.com   

  Consortium for Functional Glycomics  –  Mouse 
Line Phenotype Analysis 

  http://www.functionalglycomics.org/glycomics/
publicdata/phenotyping.jsp   

   EUMODIC  

  http://www.eumodic.eu   

   EUMORPHIA  

  http://www.eumorphia.org   

  Europhenome Mouse Phenotyping Resource 

  http://www.europhenome.eu   

  The European Mouse Mutagenesis 
Consortium ( EMMC ) 

  http://www.eucomm.org  
 The EMMC is the European initiative contributing to the 

international effort on functional annotation of the mouse 
genome. Its objectives are to establish and integrate muta-
genesis platforms, gene expression resources, phenotyping 
units, storage and distribution centres and bioinformatics 
resources. The combined efforts will accelerate the under-
standing of gene function and of human health and disease 
(Auwerx  et al.   2004 ).  

  The European Mouse Mutant Archive ( EMMA ) 

  http://www.emma.rm.cnr.it   

  The European Mouse Phenotyping Resource for 
Standardised Screens,  EMPR  e  SS  

  http://www.empress.har.mrc.ac.uk  
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logically prepared museum - quality slides representing 
nearly 2000 mice from over 120 strains  –  a library suitable 
for stereologic analysis of regional volume. The iScope pro-
vides fast access to the entire slide collection using stream-
ing video technology, enabling neuroscientists to acquire 
high - magnifi cation images of any CNS region for any of the 
mice in the MBL. Neurocartographer provides automatic 
segmentation of images from the MBL by warping precisely 
delineated boundaries from a 3D atlas of the mouse brain. 
Finally, WebQTL provides statistical and graphical analysis 
of linkage between phenotypes and genotypes. This website 
provides universal access over the web to tools for the 
genetic dissection of complex traits of the CNS  –  tools that 
allow researchers to map genes that modulate phenotypes 
at a variety of levels ranging from the molecular all the way 
to the anatomy of the entire brain (Rosen  et al.   2003 ).  

  The Mouse Genome Database ( MGD ) 

  http://www.informatics.jax.org  
 The MGD forms the core of the Mouse Genome Informatics 

(MGI) system: a model organism database resource for the 
laboratory mouse. MGD provides essential integration of 
experimental knowledge for the mouse system with infor-
mation annotated from both literature and online sources. 
MGD curates and presents consensus and experimental data 
representations of genotype (sequence) through phenotype 
information, including highly detailed reports about genes 
and gene products. Primary foci of integration are through 
representations of relationships among genes, sequences 
and phenotypes (Eppig  et al.   2005 ).  

  Mouse Genetic Resources  –  Shared Information 
of Genetic Resources ( SHIGEN ) 

  http://www.shigen.nig.ac.jp/mouse/mouse.default.html   

  Mouse Genome Resource ( MGR ) 

  http://www.ncbi.nlm.nih.gov/genome/guide/mouse   

  Mouse Models of Human Cancers Consortium 
( MMHCC ) 

  http://web.ncifcrf.gov/researchresources/mmhcc/
default/asp   

  The Mouse Phenome Database ( MPD ) 

  http://phenome.jax.org/pub-cgi/phenome/
mpdcgi?rtn=docs/home   

  The Mouse Phenotype Database Integration 
Consortium ( MPDIC ) 

  http://interphenome.org   

maximise the coverage. To promote cross - database interop-
erability, an indexing utility is provided to facilitate the 
establishment of hyperlinks in external databases. As a 
result of the integration of the human and mouse systems, 
GeneLynx now serves as a powerful comparative genomics 
data mining resource (Lenhard  et al.   2003 ).  

  The German Mouse Clinic 

  http://www.gsf.de/ieg/gmc  
 The German Mouse Clinic is an open access platform for 

standardised phenotyping (Gailus - Durner  et al.   2005 ).  

  Institut Clinique de la Souris ( ICS ) 

  http://www-mci.u-strasbg.fr/service_intro.html   

  The Integrated Genomics Environment 

  http://rgd.mcw.edu/VCMAP  
 Integration of the large variety of genome maps from 

several organisms provides the mechanism by which physi-
ological knowledge obtained in model systems such as the 
rat can be projected onto the human genome to further the 
research on human disease. Twigger  et al.   (2004)  use new 
data and introduce the Integrated Genomics Environment, 
an extensive database of curated and integrated maps, 
markers and physiological results (Twigger  et al.   2004 ).  

  The Jackson Laboratory 

  http://www.jax.org   

   LIFE  db  

  http://www.dkfz.de/LIFEdb  
 LIFEdb is implemented to link information regarding 

novel human full - length cDNAs generated and sequenced 
by the German cDNA Consortium with functional informa-
tion on the encoded proteins produced in functional genom-
ics and proteomics approaches. The database also serves as 
a sample - tracking system to manage the process from cDNA 
to experimental read - out and data interpretation. A web 
interface enables the scientifi c community to explore and 
visualise features of the annotated cDNAs and ORFs com-
bined with experimental results, and thus helps to unravel 
new features of proteins with as yet unknown functions 
(Bannasch  et al.   2004 ).  

  The Mouse Brain Library ( MBL ) 

  http://mbl.org  
 The MBL is comprised of four interrelated components: 

The Brain Library, iScope, Neurocartographer and WebQTL. 
The centerpiece of the MBL is an image database of histo-
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domain; and (2) the need to store the results of this research 
in a public database, has funded PharmGKB. This will 
become a national resource containing high - quality struc-
tured data linking genomic information, molecular and cel-
lular phenotype information and clinical phenotype 
information. For further information, please see  http://
www.nigms.nih.gov/funding/pharmacogenetics.html . The 
ultimate product of this project will be a knowledge base 
that will provide a public infrastructure for understanding 
how variations in the human genome lead to variations in 
clinical response to medications (Klein  et al.   2001 ).  

   PRIME   –  Priorities for Mouse Functional 
Genomic Research Across Europe 

  http://www.prime-eu.org   

  The Rat Genome Database ( RGD ) 

  http://rgd.mcw.edu  
 The RGD aims to meet the needs of its community by 

providing genetic and genomic infrastructure while also 
annotating the strengths of rat research: biochemistry, nutri-
tion, pharmacology and physiology. RGD works towards 
creating a phenome database. Recent developments can be 
categorised into three groups: (1) improved data collection 
and integration to match increased volume and biological 
scope of research; (2) knowledge representation augmented 
by the implementation of a new ontology and annotation 
system; (3) the addition of quantitative trait loci data, from 
rat, mouse and human to our advanced comparative genom-
ics tools, as well as the creation of new, and enhancement 
of existing, tools to enable users to effi ciently browse and 
survey research data. The emphasis is on helping research-
ers fi nd genes responsible for disease through the use of rat 
models (De La Cruz  et al.   2005 ).  

   RIKEN  Mouse Encyclopedia Index 

  http://genome.rtc.riken.go.jp   

  Rodent Phenotyping 

  http://www.radil.missouri.edu/pheno   

  Sloan - Kettering Institute Mouse Project 

  http://mouse.ski.mskcc.org   

  The Structural Genomics Consortium 

  http://www.sgc.utoronto.ca  
 A group of multinational companies, together with the 

Wellcome Trust, is attempting to form a charitable organiza-
tion, the Structural Genomics Consortium. The goal will be 

  Multicentre Mouse Behavioural Trial 

  http://www.albany.edu/psy/obssr3   

  The Mutant Mouse Behaviour Network ( MMB ) 

  http://www.medizin.uni-koeln.de/mmb-network/index.
html  

 The non - profi t international MMB was founded within 
the framework of the conference  ‘ Behavioural Phenotyping 
of Mouse Mutants ’ , February 2000, held in Cologne, 
Germany. It intends to be a forum for presenting and dis-
cussing all topics dealing with the behavioural phenotyping 
of mice. The major aim of the MMB is to support the inter-
disciplinary fi nding of a consensus on the methods and tech-
niques used for behavioural phenotyping of mouse mutants. 
That means that scientists involved in the development of 
mouse models have to consent to the fact that a considera-
tion of all the parameters that might affect the behaviour is 
necessary. The network will provide a standardised data-
base that includes detailed descriptions of test methods and 
of the relevant background parameters that might infl uence 
the behaviour of mice. Information will range from detailed 
descriptions of test methods, specifi cations of the equipment 
used, housing conditions and specifi cations of the animals 
used according to the international nomenclature. A mailing 
list has been established to provide a platform for the con-
tinuous exchange of information between the network 
members. Scientists from all research areas involved are free 
to provide detailed information about their experimental 
work. (Crabbe  et al.   1999 ; Surjo  &  Arndt  2001 ).  

  My Mouse 

  http://mymouse.org/centers   

  NeuroMouse 

  http://www.mshri.on.ca/molec/henderson/neuromouse.
htm   

   NIHR  Health Technology Assessment Programme 

  http://www.hta.nhsweb.nhs.uk   

  Pheno SITE  protocols 

  http://www.gsc.riken.go.jp/mouse/aboutus/screening.
htm   

  The Pharmacogenetics Research Network and 
Knowledge Base (Pharm GKB ) 

  http://www.pharmgkb.org  
 The National Institutes of Health, recognizing: (1) the 

need for fully disclosable and publishable research in this 
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to obtain X - ray structures for a broad representation across 
families of human proteins and to place the structural coor-
dinates in the public database (Williamson  2000 ).  
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  http://tbase.jax.org   
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  http://www.tigr.org/tdb/mgi/index.html   
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6
  Introduction 

 Animal research will often impact on the welfare of the 
animals: either, for example, because animals are deliber-
ately exposed to, or genetically altered or manipulated to 
exhibit disease (eg, mouse models of Huntington ’ s Disease, 
Mangiarini  et al.   1996 ), or because animals are housed in 
 ‘ standardised ’  laboratory environments which may not fully 
meet their natural adaptations and needs (Latham  &  Mason 
 2004 ). Methods of assessing welfare allow us to gauge the 
level of suffering in research (and indeed other) animals, 
and to fi nd ways of refi ning research techniques and housing 
or husbandry practices so that we can minimise that suffer-
ing and increase positive feelings, such as pleasure. This 
chapter will start by identifying what is meant by welfare, 
why animal welfare is considered important and who is 
responsible for ensuring the welfare of research animals. It 
will then go on to discuss some of the commonly used 
welfare assessment methods (the welfare assessment 
 ‘ toolbox ’ ).  

  What  i s  a nimal  w elfare, and  w hy  i s 
 i t  i mportant? 

 Over 200 years ago the barrister and philosopher Jeremy 
Bentham wrote of animals,  ‘  The day may come, when the rest 
of the animal creation may acquire those rights which could have 
been withholden from them but by the hand of tyranny.  …  The 
question is not, Can they reason?, nor Can they talk?, but Can 
they suffer?  ’  (Bentham  1789 ). Since then, the question of what 
constitutes good animal welfare has been addressed in a 
number of ways, with some focusing on physical fi tness and 
others on the ability of animals to  ‘ live a natural life ’  (Duncan 
 &  Fraser  1997 ). However, Bentham ’ s concerns about animal 
suffering continues to be at the core of animal welfare prin-
ciples  –  most closely refl ected by the so - called  ‘ feelings -
 based ’  conception of welfare, whereby welfare is about the 
subjective feelings of animals (Dawkins  1988 ; Duncan  1993 ). 
Animal welfare is thus treated as analogous to human 
welfare  –  indeed, the term  ‘ welfare ’  is sometimes used inter-
changeably with other terms commonly used to describe 
 human  welfare, such as  ‘ quality of life ’  and  ‘ well - being ’  
(Christiansen  &  Forkman  2007 ). Like human welfare, current 
consensus is that good animal welfare is based upon good 
health and positive subjective states (also referred to as 

affective states or emotions, Rolls  1999 ); while poor welfare 
occurs when individuals experience negative subjective 
states, such as suffering, due to disease or injury, or as a 
result of aversive or frustrating environments (Dawkins 
 2006 ; Boissy  et al.   2007 ; Yeates  &  Main  2008 ). However, 
unlike humans, the welfare of animals cannot be assessed 
by asking for a direct verbal indication of their subjective 
state (which is generally accepted as the  ‘ gold standard ’  
indicator of subjective experiences) (Paul  et al.   2005 ). Instead, 
there is a range  –  a  ‘ toolbox ’   –  of indirect measures of 
the behavioural, physiological and neurophysiological/
 - chemical components of subjective states (measures that 
will be discussed later in the chapter). These tools can be 
used to ask two questions that, between them, capture both 
the physical and mental aspects of animal welfare:  ‘ are 
animals healthy? ’  and  ‘ do they have what they want? ’  
(Dawkins  2004 ). Since these tools only provide an indirect 
indication of an animal ’ s health or its subjective state it is 
usually considered good practice to base welfare assess-
ments on a number of parameters rather than a single 
measure. There are several reasons why good laboratory 
animal welfare and appropriate, evidence - based assessment 
techniques are important. 

 The fi rst of these reasons relates to the ethical obligations 
of researchers and animal facilities to ensure the welfare of 
sentient laboratory animals. For a general discussion about 
the ethical issues associated with animal research see Sand ø e 
 et al.   (1995)  and the 2005 report published by the Nuffi eld 
Council on Bioethics (Nuffi eld Council on Bioethics  2005 ). 
National regulation, eg, The Animals (Scientifi c Procedures) 
Act  (1986)  in the UK, may also place on researchers legal 
requirements to ensure the welfare of their animals. There 
is still debate about whether or not non - human animals are 
capable of consciously experiencing affective states (Dawkins 
 1993 ; MacPhail  1998 ; see also Mendl  &  Paul  2004 ). However, 
given that many vertebrates possess the brain structures 
associated with the initiation of emotional arousal (eg, the 
amygdala) some researchers suggest that we should  ‘  remain 
open to the possibility that  …  primary - process forms of affective 
experience evolved long before human brain evolution allowed us 
to think and to talk about such things  ’  (Panksepp  2003 ; also, 
Burgdorf  &  Panksepp  2006 ; Kirkden  &  Pajor  2006 ). Concern 
about the ethics of animal research (particularly studies that 
involve suffering) also infl uences public support for animal 
research, and researchers and animal facilities need to be 
mindful of this. Thus, for example, polls of public opinion 
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checking the welfare of their animals both on a day - to - day 
basis and following any experimental procedures. Hence, he 
or she must not only be familiar with the normal physical 
appearance and behaviour of their animals, but also with the 
physiological and behavioural effects of any experimental 
treatments. This must be specifi c to their particular subject 
species, strain or even genotype. For example, researchers 
working with genetically altered animals must be aware of 
not only the  ‘ normal ’  characteristics of the  ‘ wild - type ’  
(control) animals but also with the characteristics of animals 
with the  ‘ modifi ed ’  genotype (see Committee on Recognition 
and Alleviation of Distress in Laboratory Animals (CRADLA) 
 2008 , p. 26). Furthermore, the  ‘ normal ’  characteristics of 
animals may also depend upon their age and gender. For 
example, numerous age - related changes, including changes 
in pain sensitivity and emotional behaviour, have been doc-
umented in research animals; and there are many well docu-
mented gender differences in behaviour and physiological 
stress responses (reviewed CRADLA  2008 , p. 27). Researchers 
should also ensure that they document any relevant informa-
tion about the signs observed during disease progression or 
the after - effects of any experimental procedures so that 
changes in the condition of animals can be assessed and 
monitored accurately and effi ciently (J. Rogers personal 
communication 2008). Finally, researchers should also try to 
ensure that they are familiar with the natural biology and 
behaviour of their subject animal, as this is often essential for 
understanding how the captive environment can infl uence 
welfare (Dawkins  1980 ), and identifying behaviours that 
indicate impaired welfare (discussed further later). Table  6.1  
contains some key references for information about the 
natural ethology of the two most commonly used research 
animals, mice and rats.   

 However, as well as the main researcher there are various 
other people who can, and should, be involved in ensuring 
the welfare of research animals. These include animal care 
staff, NACWOs (Named Animal Care and Welfare Offi cers) 
 –  or comparable roles in non - UK facilities  –  and veterinari-
ans (Home Offi ce  1989 ). These members of staff can provide 
supplementary support, particularly where researchers are 
indisposed or unable to spend the time monitoring their 
animals ’  welfare, or if they are inexperienced at doing so. 
Animal care staff play a key role at the  ‘ frontline ’  of animal 
husbandry. They may often notice small changes in the 
physical condition and behaviour of animals (eg, changes to 
the animal ’ s coat, chromodacryorrhoea, lethargy etc) that 
may indicate welfare problems. These should be brought to 
the attention of the researcher or responsible person so that 
the cause(s) of the problem can be identifi ed and, if possible, 
addressed. Veterinary staff can also become involved in 
order to advise animal care staff and researchers as to the 
best course of action. Indeed, input from animal care staff 
and veterinarians, who are impartial to the outcome of 
research, can be essential to avoid bias where the interests 
of the researcher may confl ict with the welfare of the animals.  

  The  ‘  w elfare  a ssessment  t oolbox ’  

 There are several different reasons for assessing welfare, 
and these infl uence which tool may be right for the job. 

often reveal that the general public are in favour of animal 
research provided that the research is for serious medical 
purposes, that there are no alternatives and that animal suf-
fering is minimised (Festing  &  Wilkinson  2007 ). However, 
while being mindful of ethical obligations and the public 
concern regarding animal research, animal welfare assess-
ment must be rigorous and evidence - based. Moreover, 
welfare concerns must be assessed from the animals ’  view -
 point, not merely from an anthropomorphic view - point, 
which may be extremely inappropriate. Indeed, for a clear 
demonstration of the dangers of unfettered anthropomor-
phism see a recent article by Bekoff in New Scientist (Bekoff 
 2007 )  –  in particular, the counter - argument by Dawkins in 
the same article. 

 A further reason for ensuring good welfare in research 
animals is the often mooted argument that  ‘  good welfare    =    good 
science  ’  (Poole  1997 ). For example, one of the main behav-
ioural welfare indicators used in research (and other captive) 
animals is highly repetitive stereotypic behaviour, eg, bar -
 chewing in mice. However, there is now a large body of 
evidence indicating that stereotypic behaviours not only 
stem from frustration (hence their use as a welfare indica-
tor), but that they may also refl ect underlying changes in 
CNS functioning which cause animals to become less able 
to inhibit responses even if they become inappropriate 
(termed  ‘ perseverative ’  behaviour) (reviewed Garner  2006 ). 
Stereotypic behaviour has also been directly correlated with 
changes in neurotransmitter functioning in a variety of 
captive animals (McBride  &  Hemmings  2005 ; Lewis  et al.  
 2006 ), and may refl ect stress - induced sensitisation of the 
dopaminergic pathways (Cabib  2006 ). These changes then 
raise questions about whether research animals housed in 
stereotypy - inducing environments are valid models in etho-
logical and biomedical research. This is just one example of 
ways in which  ‘ standard ’  laboratory housing may produce 
subjects whose validity as models in ethological and bio-
medical research is questionable (see Sherwin  2004a  for a 
review of numerous other potentially undesirable effects of 
 ‘ standard ’  housing). Furthermore, it has been argued that 
impoverished environments (which are often used in the 
name of standardisation) may in fact reduce the reproduc-
ibility and external validity of results  –  the so - called  ‘  stand-
ardisation fallacy  ’  (W ü rbel  2000 ). Indeed, a series of studies 
by Crabbe, Wahlsten and colleagues elegantly demonstrated 
that even when conditions were rigorously standardised 
conditions across three laboratories, there were signifi cant 
strain differences in behaviour in a battery of standard tests 
(Crabbe  1999 ; Wahlsten  2001 ). Hence, refi ning environments 
and experimental procedures may be benefi cial for both 
animal welfare and the quality of research (Sherwin  2004a ; 
W ü rbel  &  Garner  2007 ; see also Ritskes - Hoitinga  et al.   2006 ).  

  Who  i s  r esponsible for  a nimal  w elfare? 

 Responsibilities for animal welfare will differ according to 
local regulation, but it may be helpful to provide a specifi c 
example. In the UK, ultimate responsibility for the welfare of 
animals used in Home Offi ce licensed research lies with each 
project licence holder  –  usually the primary researcher on the 
project (Home Offi ce  1989 ). This researcher is responsible for 
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  Routine  w elfare  m onitoring 

  Physical  c ondition 

 Monitoring the physical appearance of animals can be a 
quick and non - invasive method of assessing welfare, and 
one that can easily be incorporated into routine daily or 
weekly checks (Leach  et al.   2008 ). Examples of some of the 
parameters that can be assessed are given in Table  6.2 .     

 Physical condition measures such as these are often incor-
porated into distress scoring systems (see eg, the scoring 
sheets developed by Morton and Griffi ths, originally pub-
lished in  1985 , and reproduced in CRADLA  2008  p. 109 –
 110), body condition scoring assessments (Ullman - Cullere  &  
Foltz  1999 ; Clingerman  &  Summers  2005 ) and guidelines for 
assessing health and physical condition in laboratory 
animals (eg, Foltz  &  Ullman - Cullere  1999 ). Many of these 
are general signs of an underlying problem and may not 
indicate the specifi c nature of that problem. Thus, animals 
exhibiting signs of poor physical condition (particularly 
multiple signs, or physical  and  behavioural signs (see later 
in this chapter)) should be assessed by a veterinarian. 
Assessment of such parameters is somewhat more qualita-
tive (and hence can be more susceptible to between - observer 
variability, see eg, Beynen  et al.   1987 ) than some other meas-

  Table 6.2    Examples of routine observations of physical 
appearance (note some of these are specifi c to certain species). 

  Body area    Observations  

  Head    Is the head consistently being tilted to 
one side?  

  Eyes    Are the eyes sunken or bulging? 
 Are the pupils constricted or dilated? 
 Are there signs of opacity in the eyes? 
 Are there abnormal secretions, crusting 

or signs of infl ammation of the mucous 
membranes? 

 Are there signs of chromodacryorrhoea  a  ?  

  Nose    Are there abnormal secretions or 
crusting?  

  Teeth    Are the teeth overgrown or damaged?  

  Whiskers    Are there any signs of damage to the 
whiskers (possibly due to barbering) 
(Figure  6.1 )?  

  Body    What is the body condition of the animal 
(eg, emaciated, obese etc)? 

 Are there any obvious lumps? 
 Is the body shape asymmetrical? 
 Are there any wounds from fi ghting?  

  Fur    Is the fur dull? 
 Are there signs of piloerection (raised 

fur)? 
 Is there any hair loss?  

  Anogenital area    Are there signs of rectal or vaginal 
prolapse?  

  Breathing    Is the animal ’ s breathing noisy or 
laboured?  

    a    discussed in detail in Assessing welfare: physical and physiological 
measures section   

  Table 6.1    Key references providing information about the natural 
biology and behaviour of mice and rats (see also the species -
 specifi c chapters in this  H andbook for information about these and 
other laboratory animals). 

  Species    Relevant publications  

  Mouse 
 ( Mus musculus )  

      •      Latham and Mason  (2004)  From 
house mouse to mouse house: 
the behavioural biology of 
free - living  Mus musculus  and its 
implications in the laboratory. 
 Applied Animal Behaviour 
Science ,  86 , 261 – 289  

   •      Olsson  et al.   (2003)  
Understanding behaviour: the 
relevance of ethological 
approaches in animal welfare 
science.  Applied Animal 
Behaviour Science ,  81 , 
245 – 264     

  Rat  
 ( Rattus norvegicus )  

      •      Burn  (2008)  What is it like to 
be a rat? Rat sensory perception 
and its implications for 
experimental design and animal 
welfare.  Applied Animal 
Behaviour Science ,  112 , 1 – 32  

   •      Whishaw and Kolb, Eds  (2004)   
The Behavior of the Laboratory 
Rat . Oxford University Press, 
New York  

   •      See also the website  http://
www.ratlife.org  for a 
demonstration of how 
laboratory rats retain many 
 ‘ natural ’  characteristics despite 
many generations of captivity     

Thus, for example, the method will depend upon factors 
such as: 

  1.     whether the day - to - day welfare of animals is being 
monitored;  

  2.     whether welfare in particular environments is to be 
assessed, or how welfare changes following an environ-
mental manipulation (eg, the provision of a potential 
environmental enrichment);  

  3.     whether animals ’  preferences or strength of motivation 
for particular resources (ie, potential environmental 
enrichments) are being assessed; or  

  4.     whether welfare (specifi cally pain) is being monitored 
following an experimental procedure.    

 The next sections describe the tools available to those 
wishing to assess welfare in relation to the conditions in 
which they might be useful. However, please note that 
this is only intended as a brief introduction to each of 
these methods. Many of the welfare assessment techniques 
described below could fi ll an entire chapter in themselves 
(and indeed do in other publications, eg, Appleby  &  Hughes 
 1995 ). Thus, those wishing to use any of the following 
methods are encouraged to familiarise themselves more 
fully with the literature about their chosen method(s)  –  par-
ticularly in relation to their subject animal of interest. 
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within neighbouring cages) to check for physical signs that 
may identify the affected individual(s), eg, matted fur 
around the anogenital area, signs of dehydration (eg, as 
assessed by the skin tent test) (Thurman  et al.   1999 ). The 
resources provided within a cage may also stimulate ques-
tions about welfare, particularly if resources known to 
improve welfare are absent (eg, nesting material for mice). 
These types of measures have been termed  ‘  resource input  ’  
measures of welfare assessment (Leach  et al.   2008 ).   

  Assessing  w elfare and  c hanges in  w elfare: 
 p hysical and  p hysiological  m easures 

  Chromodacryorrhoea 

 Chromodacryorrhoea (also sometimes known as  ‘ red tears ’  
or  ‘ bloody tears ’ ) is the name for red staining around the 
eyes and nose that occurs when the Harderian glands over -
 secrete porphyrin. This is commonly used as a welfare 
indicator in rats, with chromodacryorrhoea occurring (or 
becoming more severe) following  ‘ stressors ’  such as cage -
 cleaning, handling or restraint (Harkness  &  Ridgway  1980 ; 
Mason  et al.   2004 ; Abou - Ismail  et al.   2008 ; Burn  et al.   2008 ). 
Chromodacryorrhoea has also be used (in rats and other 
species) to assess the effects of certain pharmacological 
manipulations (Burgen  1949 ; Harkness  &  Ridgway  1980 ; 
Rupniak  &  Williams  1994 ), including the pharmacological 

ures of physical condition, eg, body weight (which will be 
discussed later on). However, assessment of physical 
appearance can have benefi ts over other more quantifi able 
measures in certain situations. For example, physical appear-
ance can be assessed non - intrusively (ie, the animals can be 
assessed visually and do not need to be removed from the 
home cage); and body scoring systems may be useful in 
cases where weight loss may be counteracted by eg, tumour 
growth, organ enlargement or fl uid accumulation (Ullman -
 Cullere and Foltz  1999 ). In certain situations, though, it may 
be benefi cial to supplement visual examinations of an ani-
mal ’ s condition with a physical examination. For example, 
Beynen  et al.   (1987)  found that gallstone - bearing mice did 
not differ in physical appearance from non - gallstone - bear-
ing individuals, but did differ by exhibiting signs of discom-
fort during abdominal palpitation.  

  Behaviour 

 Routine checks of home - cage behaviour can also be used to 
monitor welfare in laboratory animals (Leach  et al.   2008 ) 
and, like physical parameters, behaviour is often incorpo-
rated into distress scoring systems (CRADLA  2008 , p. 109 –
 110) and guidelines on assessing health and welfare (Foltz 
and Ullman - Cullere  1999 ). Examples of home - cage behav-
iours that might indicate health and/or welfare problems 
are given in Table  6.3 . (Note that this table deals primarily 
with those behaviours that might be observed in quick, 
routine checks on animals  –  it does not include those behav-
iours that must be assessed over longer time periods, such 
as stereotypic behaviour, as these will be addressed later in 
the chapter.) Observations of home - cage behaviour (eg, the 
frequency of twitching, writhing and rearing behaviour) can 
also be useful in assessing pain following experimental pro-
cedures (see section on Assessing pain).    

  Cage  o bservations 

 Evidence of welfare problems may also come, indirectly, 
from observations of the cage. For example, evidence of 
unconsumed food or diarrhoea, blood or other secretions 
around the cage walls or bedding should lead to a closer 
examination of animals within the cage (and possibly also 

(a) (b)

     Figure 6.1     (a) A mouse that has been barbered on its head and whiskers and on its back respectively. (b) A rat that has been barbered on its 
head.  (Pictures: N. Latham.)   

  Table 6.3    Examples of home cage behaviours that may indicate 
health and/or welfare problems in laboratory animals. 

  Inactivity or lethargy 
 Hyperactivity 
 Aggression 
 Abnormal gait 
 Reduced exploratory behaviour 
 Reduced use of resources, eg, nesting material and shelters 
 Social isolation 
 Hunched posture 
 Huddling 
 Ataxia (lack of coordination) 
 Signs of paresis or paralysis  
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measured repeatedly during a study, in order to allow 
ongoing assessment of this measure as well as comparison 
between treatments (Spangenberg  et al.   2006 ; Abou - Ismail 
 et al.   2008 ; Simone  et al.   2008 ). However, a number of 
other factors may also infl uence this measure, including age, 
activity levels and reproductive cycling (Spangenberg  et al.  
 2005 ; CRADLA  2008 , p. 34), as well as tumours and fl uid 
accumulation (as discussed above). Thus assessments of 
body weight should ideally include comparisons with 
appropriate (eg, age -  and sex - matched) controls. Body 
weight may also be used as a criterion for humane endpoints 
in studies, as the rapid loss of a certain percentage of weight 
can be considered one criterion for euthanasia, eg, 20% in 
rodents (Ullman - Cullere  &  Foltz  1999 ) or 20 – 25% of body 
weight in primates (Association of Primate Veterinarians 
 2008 ).  

   HPA   a xis  a ctivity 

 HPA axis activity culminates in the release of glucocorti-
coids  –  usually corticosterone in rodents and cortisol in 
other animals  –  from the adrenal cortex. This release 
of glucocorticoids functions to mobilise energy stores 
(CRADLA  2008 , p. 37), and so HPA axis activity often 
increases in conditions where an increase in activity may be 
appropriate. For example, glucocorticoid levels exhibit cir-
cadian variation, with peak levels occurring prior to the 
onset of the active phase (Terlouw  et al.   1995 ). Increases in 
HPA axis activity then additionally occur during fl ight/
fi ght responses in aversive situations, but they also occur 
during other heightened states of arousal, including during 
coitus and hunting prey (Szechtman  et al.   1974 ; Rushen  1991 ; 
Walker  et al.   1992 ; Toates  1995 ). Thus, although HPA axis 

induction of acute infl ammation (Harper  et al.   2001 ). Gender 
differences have been observed in studies assessing chromo-
dacryorrhoea, but the differences are not consistent (Kerins 
 et al.   2003 ; see also Harkness  &  Ridgway  1980 ; Martin  et al.  
 1984 ). Chromodacryorrhoea has a number of advantages 
over other physiological measures of  ‘ stress ’ . For example, 
it can be assessed non - invasively and relatively non - 
intrusively, and unlike other physiological stress responses 
(eg, hypothalamic – pituitary – adrenal (HPA) axis activity) it 
has not yet been reported to be increased by physical activity 
 per se  or  ‘ excitement ’  (Burn  et al.   2006 ). However, this 
measure has the disadvantage that it is of limited use in 
species other than rats (since many other laboratory species 
do not exhibit chromodacryorrhoea), and it is a product of 
parasympathetic activity, which is not well understood in 
terms of welfare. 

 The onset of chromodacryorrhoea is relatively quick. For 
example, chromodacryorrhoea has been reported to occur 
within 10 minutes of handling or 20 minutes of restraint 
(although onset can vary according to the size of the indi-
vidual) and ceases after approximately 2   h (Harkness and 
Ridgway  1980 ; Burn  2005 ). Since grooming (which can also 
be elicited by  ‘ stressors ’ ) removes evidence of chromodacry-
orrhoea, observations must be made within the initial time 
period during which chromodacryorrhoea occurs (Burn  et 
al.   2006 ). Numerical scoring systems are generally used to 
grade the severity of chromodacryorrhoea; for one example 
of a scoring system see Figure  6.2 .    

  Body  w eight 

 Body weight is commonly used as an indicator of health 
and/or welfare in research animals. Body weight is often 

0 1 2

3 4 5

     Figure 6.2     Scoring system for assessing severity of chromodacryorrhoea in rats. Note that the pictures are not actual photographs of 
chromodacryorrhoea of differing severities. The pictures have been digitally altered to illustrate the severity of chromodacryorrhoea required 
for each of the scoring grades.  (Picture: Charlotte Burn.)   
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activity is commonly referred to as the  ‘ physiological stress 
response ’ , it is necessary to remember that increases in glu-
cocorticoids are not restricted to aversive situations. Hence 
measures of HPA axis activation must be interpreted cau-
tiously (and, preferably, in combination with other indices 
of welfare). 

 Glucocorticoids, or their metabolites, can be assessed in 
blood (Vahl  et al.   2005 ), saliva (Lutz  et al.   2000 ), urine (Touma 
 et al.   2003 ), faeces (Lepschy  et al.   2007 ) or even hair samples 
(Davenport  et al.   2006 ), and the timescales differ for each of 
these sampling methods. Thus, glucocorticoids are released 
into the blood within a few minutes; they appear in the 
saliva a few minutes later (Kirschbaum  &  Hellhammer 
 2000 ); their metabolites appear in urine and faeces roughly 
1 – 2   h and 9 – 10   h later respectively, although this varies 
according to species, sex, and the time of glucocorticoid 
release (Touma  et al.   2003 ; Lepschy  et al.   2007 ); and changes 
in glucocorticoid levels can be measured in hair samples 
some weeks later (Davenport  et al.   2006 ). Due to the differ-
ences involved in sample collection and the timescales over 
which the responses appear there are pros and cons to each 
of the sampling techniques listed above, and these are 
detailed briefl y in Table  6.4 .    

  Other  ‘  s tress ’   h ormones 

 Although HPA axis activity is the most commonly assessed 
hormonal  ‘ stress ’  response, plasma levels of various other 
hormones are also sometimes monitored. These include cat-
echolamines, such as adrenaline (epinephrine), prolactin, 
growth hormone, luteinising hormone and oxytocin 
(Manteca  1998 ; Paul  et al.   2005 ; CRADLA  2008 ). Similar 
 caveats  to those that apply to HPA axis activity also apply to 

  Table 6.4    Pros and cons of the different methods of glucocorticoid analysis. 

  Sample type    Pros    Cons  

  Blood    Allows accurate assessment of acute 
glucocorticoid responses  

  Sample collection is invasive 
 Potential risk of sampling procedure infl uencing sample levels (if 

sample is not collected quickly enough) 
 Provides information about levels at one moment in time ( ‘ point 

sample ’   a  ) 
 Vulnerable to circadian variation  b    

  Saliva    Allows accurate assessment of acute 
glucocorticoid responses 

 Non - invasive sampling method  

  Only non - invasive in species that can be trained to provide 
samples or that readily chew the collection device 

 Training may be lengthy and not always successful  c   
 Provides information about levels at one moment in time ( ‘ point 

sample ’   a  ) 
 Vulnerable to circadian variation  b    

  Urine/faeces    Non - invasive sampling method (unless urine is 
forcibly extracted at a particular time - point) 

 Less vulnerable (but not invulnerable) to circadian 
variation 

 Provides an assessment of glucocorticoid levels 
over several hours ( ‘ steady state ’  sample  a  )  

  Assessment of acute responses may require repeated sampling 
during the time period at which responses typically appear in 
the urine/faeces  

  Hair    Non - invasive sampling method 
 Not vulnerable to circadian variation  

  Provides only a chronic index of glucocorticoid responses  

    a    CRADLA  (2008)   
   b    samples must be collected at the same time of day  
   c    Lutz  et al.   (2000)    

many of these measures in terms of the infl uence of circa-
dian variation, invasive sampling techniques and the fact 
that these hormones are also released in response to neutral 
or even pleasurable stimuli. Indeed, oxytocin release (in con-
trast to many physiological measures) often occurs during 
bonding experiences, such as suckling and maternal care, 
and so tends to be interpreted as indicating positive affective 
responses (Carter  2001 ). Hence this may be a potential 
measure if we consider welfare to be not only about the 
reduction of negative feelings but the promotion of positive 
feelings (Paul  et al.   2005 ; Boissy  et al.   2007 ; Yeates  &  Main 
 2008 ).  

  Autonomic  r esponses 

 Autonomic responses, such as heart rate (particularly  ‘ stress -
 induced ’  elevations from baseline levels), heart rate variabil-
ity, blood pressure and respiratory rate, are frequently used 
to assess welfare in farm animal and equine studies (Boissy 
 et al.   2007 ; von Borell  et al.   2007 ). Autonomic responses are 
also commonly used to monitor physiological functioning 
in biomedical research and to monitor general activity levels 
(Irvine  et al.   1997 ; Gross  et al.   2008 ). However, these meas-
ures seem to be less commonly used, at present at least, to 
assess welfare in research animals (although some examples 
include Beerda  et al.   1998 ; Duke  et al.   2001 ; Sharp  et al.   2002 ; 
Arras  et al.   2007 ). Autonomic responses may be less com-
monly used here because monitoring them often requires 
the use of telemetry devices that: (i) must be surgically 
implanted into the research subjects; and (ii) are still rela-
tively large and heavy compared to the body size of most 
research animals (the vast majority of which are mice and 
rats). Thus, although some researchers report that telemetric 
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prevalence of stereotypic behaviour has been reported more 
recently in mice, but behavioural observations were made 
during the light portion of the light cycle, when mice are 
typically less active (Leach  &  Main  2008 ). However, species 
differences may be due, in part, to inconsistencies in whether 
or not comparable behaviours are defi ned as stereotypic in 
different studies (see the example of bar - biting in rats cited 
by W ü rbel  (2006)  and discussed later in this section).   

 Stereotypic behaviour is the most commonly used behav-
ioural measure of welfare, but the relationship between 
stereotypic behaviour and welfare is somewhat complex. 
The diversity of stereotypic behaviours performed by 
animals may refl ect the diversity of underlying mechanisms 
that can cause their performance. Some stereotypic behav-
iours may indeed stem from repeated, frustrated attempts 
to perform motivated behaviours. Indeed, although stereo-
typic behaviours often superfi cially appear to be function-
less, a number of studies have elegantly demonstrated the 
underlying motivation leading to the behaviour. For 
example, bar - biting in mice stems from attempts to escape 
from the cage (Nevison  et al.   1999b ) and stereotypic digging 
in gerbils stems from the desire for a naturalistic burrow 
(Wiedenmayer  1997 ). However, in some cases the perform-
ance of the stereotypic behaviour itself may be rewarding, 
acting as a substitute behaviour for motivated behaviours 
(termed  ‘ DIY enrichments ’ ). In other cases, the stereotypic 
behaviour may refl ect environmentally induced changes in 
behavioural control processes that cause animals to be 
unable to inhibit behavioural responses to environmental 
stimuli ( ‘ perseverative ’  behaviour) (Mason  &  Latham  2004 ). 
Stereotypic behaviours may also, through frequent repeti-
tion, become performed out of habit (and shifted into an 
automatic form of processing known as  ‘ central control ’ ). As 
a result, different types of stereotypic behaviour (within the 
same species, and even within individuals) should not nec-
essarily be considered directly comparable in their implica-
tions for welfare. Hence, while it is generally accepted that 
environments that increase stereotypic behaviour are associ-
ated with decreased welfare, those individuals exhibiting 
the most stereotypic behaviour within stereotypy - inducing 
environments may not have the worst welfare (as assessed 
by other welfare measures)  –  perhaps because they have 
found a stereotypic behaviour that helps them to  ‘ cope ’  with 
their poor environment, or because their stereotypic behav-
iour refl ects changes in behavioural control processes 
(Mason  &  Latham  2004 ). 

 The diversity of stereotypic behaviour, and the question 
of when the  ‘ normal ’  performance of a behaviour becomes 
 ‘ stereotypic ’  makes scoring the behaviours somewhat 
complex: and this is one method of welfare assessment that 
can be greatly enhanced by understanding the subject 
animals ’  natural behavioural repertoire (see references in 
Table  6.1  for information about the natural behaviour of 
mice and rats). Stereotypic behaviour can be scored from 
direct observations or video recordings of home - cage behav-
iour, and is often assessed by scan sampling (observing 
whether the behaviour occurs  at  specifi c time intervals, eg, 
every minute) or one - zero sampling (observing whether the 
behaviour occurs  during  specifi c time intervals) (Martin  &  
Bateson  1993 ). Stereotypic behaviour is often used to 
compare different environments or treatments (Podberscek 

assessment of autonomic responses provides information 
about welfare that otherwise may not have been observed 
(Arras  et al.   2007 ), the low popularity of this method may 
stem from the desire to avoid using a method that requires 
surgical implantation of a device that may cause discomfort 
once implanted. Nonetheless, where animals are telemeter-
ised for the purposes of research, there is an opportunity to 
use the data for assessing welfare.   

  Assessing  w elfare and  c hanges in  w elfare: 
 b ehavioural  m easures 

 Behavioural signs associated with reduced welfare range 
from gross changes in the home cage behaviour of animals, 
to subtle (but signifi cant) changes in cognitive testing para-
digms. As alluded to earlier, the ability to identify changes, 
particularly in spontaneous home cage behaviour, that (are 
likely to) indicate reduced welfare requires an understand-
ing of the species ’  natural behaviour and the animals ’  
normal behaviour under captive conditions. Thus, research-
ers assessing behavioural measures of welfare should ensure 
that they are familiar with both of these aspects of their 
subject animals ’  behaviour. 

  Stereotypic  b ehaviour 

 Stereotypic behaviours are highly repetitive behaviours 
caused by frustration or central nervous system dysfunction 
(Mason  2006 ). They are also often somewhat invariant, and 
they can appear to lack function; note that these descriptive 
characteristics also form the basis for more  ‘ classical ’  defi ni-
tions of stereotypic behaviour (Mason  1991 ). Common 
examples of stereotypic behaviour in laboratory rodents 
include bar - biting (Figure  6.3 ), somersaulting ( ‘ back - fl ip-
ping ’ ) and jumping (W ü rbel  2006 ), while examples in 
research primates include pacing, rocking and digit - sucking 
(Novak  et al.   2006 ). There is also an enormous diversity in 
the prevalence and severity of stereotypic behaviour 
observed in different laboratory species. For example, stere-
otypic behaviours have been estimated to develop in 
approximately 50% of mice in standard laboratory cages, 
but they appear to be much less common in rats and pos-
sibly even absent in guinea pigs (W ü rbel  2006 , p. 88); lower 

     Figure 6.3     Bar - biting in rats.  (Picture: Charlotte Burn.)   
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 stimulation of the brain or the use of addictive drugs (W ö hr 
 et al.   2008 ). However, some researchers have recently sug-
gested that experience, context and individual differences 
can infl uence 50   kHz calls, and that some caution is required 
when interpreting these calls with respect to their welfare 
implications (W ö hr  et al.   2008 ).  

  Anticipatory  b ehaviour 

 Anticipatory behaviour is the behavioural response that is 
 ‘  elicited by rewarding stimuli that lead to and facilitate consum-
matory behaviour  ’  (Spruijt  et al.   2001 ). Anticipatory behaviour 
is associated with feelings of  ‘ wanting ’ ; this is termed  ‘ incen-
tive salience ’  and is different to  ‘ liking ’ , which is the hedonic 
pleasure associated with consummatory behaviour (Berridge 
 &  Robinson  1998 ). Anticipatory behaviour has mainly been 
investigated in rats using classical Pavlovian training tasks, 
whereby a  ‘ reward ’  (such as a sugary food, the opportunity 
to mate or interact with others) is announced by a  ‘ condi-
tioned stimulus ’ , eg the sound of a bell. The amount of active 
behaviour performed by the animal(s) is then scored during 
the intervening period between the animal hearing the bell 
and the presentation of the reward (Van den Berg  et al.   1999 , 
 2000 ; Von Frijtag  et al.   2000 ,  2001 ). This activity score is then 
compared with that of control animals that heard the bell 
but did not receive the reward. However, anticipatory activ-
ity is not expressed in the same way in different species. For 
example, rats exhibit an increase in anticipatory activity in 
the period between the conditioned stimulus and the arrival 
of the reward, while domestic cats exhibit a decrease in the 
number of behavioural transitions during this time. It has 
been suggested that this may refl ect species differences in 
food - acquisition behaviour: for example, rats actively 
explore for food while cats often employ a  ‘ sit - and - wait ’  
strategy when close to prey (Van den Bos  et al.   2003 ). 
Anticipatory behaviour can be used to assess sensitivity 
(incentive salience) to different types of rewarding stimuli 
(Van Der Harst  et al.   2003b ,  2005 ), or to assess (poor) hous-
ing - induced sensitisation of the mesolimbic dopaminergic 
system (Van Der Harst  et al.   2003a ).  

  Cognitive  b ias 

 Tasks assessing cognitive bias are one of the newest tools in 
the welfare assessor ’ s toolbox. This method of animal 
welfare assessment was proposed by Mendl, Paul and col-
leagues (Mendl  &  Paul  2004 ; Harding  et al.   2004 ; Paul  et al.  
 2005 ), and is based on the wealth of evidence from the 
human literature that people who report negative feelings 
tend to make negative judgements about ambiguous stimuli 
or anticipated events, while those reporting positive feelings 
tend to make more optimistic judgements (Paul  et al.   2005 ). 
In humans, cognitive biases are typically investigated using 
linguistic tasks (Mathews  et al.   1989 ; Eysenck  et al.   1991 ): for 
example, Mathews  et al.   (1989)  found that clinically anxious 
subjects are more likely to interpret ambiguous words or 
phrases in a threatening sense (eg, die vs dye) than normal 
controls. Recently, these tasks have been modifi ed for use in 
animals. Thus, Harding  et al.   (2004)  trained rats to perform 
a lever press to one auditory stimulus (a tone) in order to 
receive a food reward and to refrain from pressing the lever 

 et al.   1991 ; Nevison  et al.   1999a ; Latham  et al.   2008 ); or to 
assess the effects of adding environmental enrichments 
(Lidfors  1997 ); or even a rebound effect following the 
removal of enrichments (Bayne  et al.   1992 ). However, one of 
the problems of using stereotypic behaviour is that scoring 
these behaviours is often somewhat subjective: researchers 
may make different decisions about when a behaviour is 
classed as stereotypic. For example, some authors score bar -
 biting as stereotypic after only 1   s of continuous bar - biting 
(Garner  &  Mason  2002 ), others score it as stereotypic 
after 10   s (W ü rbel  &  Stauffacher  1998 ). Furthermore, some 
researchers may not defi ne behaviours as stereotypic if they 
are perceived as functional, or if they are not perceived as 
refl ecting poor welfare. For example, Hurst  et al.  ( 1999   , cited 
by W ü rbel  2006 ) did not classify bar - biting in rats as a stere-
otypic behaviour because it was considered to be  ‘ func-
tional ’  escape - related behaviour, yet bar - biting is commonly 
accepted as a stereotypic behaviour in mice (W ü rbel  et al.  
 1996 ; Nevison  et al.   1999a ) even though it has also been 
shown to stem from escape behaviour (Nevison  et al.   1999b ). 
See also Mason  (2006)  and Latham and W ü rbel  (2006)  for 
discussions about whether wheel running, tail - chasing in 
dogs and the use of dummies (pacifi ers) by human babies 
can or should be considered stereotypic behaviours. Thus, 
researchers/staff must ensure that they detail fully how 
they have scored stereotypic behaviour, and be careful 
about drawing comparisons between studies where stereo-
typic behaviour has been defi ned and scored in different 
ways.  

  Vocalisations 

 Vocalisations, including those outside the range audible to 
humans, have been well studied in research animals for 
many years, often in relation to reproductive behaviour 
(rats, McIntosh  et al.   1984 ; gerbils, Holman  1980 ; hamsters, 
Cherry  1989 ; deer mice, Pomerantz  &  Clemens  1981 ; mice, 
Warburton  et al.   1989 ). However, vocalisations are increas-
ingly also being used as a tool to assess welfare. Much of 
this research has focused on vocalisations in rats (Brudzynski 
 &  Ociepa  1992 ; Burman  et al.   2007 ; M ä llo  et al.   2007 ; Cloutier 
 &  Newberry  2008 ). However, vocalisations have also been 
used as a method of welfare assessment in a variety of other 
species (eg, olive baboons, Crowell Comuzzi  1993 ; dogs, 
Gazzano  et al.   2008 ; marmosets, Cross  &  Rogers  2006 ). Most 
attention has been paid to vocalisations associated with 
negative subjective states, such as ultrasonic alarm calls 
(22   kHz) (Cuomo  et al.   1992 ; Litvin  et al.   2007 ; W ö hr  &  
Schwarting,  in press ) or audible vocalisations (Burman  et al.  
 2008 ) in rats. Indeed, questions concerning the welfare of 
animals within auditory range of conspecifi cs producing 
such vocalisations have also been raised (Burman  et al.   2007 ). 
Since welfare researchers are increasingly acknowledging 
the importance of positive subjective states for good welfare 
(Boissy  et al.   2007 ; Paul  et al.   2005 ; Yeates  &  Main  2008 ), there 
is an increasing focus upon vocalisations that indicate posi-
tive feelings. The best known and most commonly studied 
of these is the 50   kHz call in rats  –  the so - called rat  ‘ laughter ’ , 
which can be elicited by tickling rats and mimicking play 
behaviour (Panksepp  &  Burgdorf  2000 ,  2003 ) or which 
increase during food consumption, mating, electrical self -
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methods of improving welfare. Thus, we can assess animals ’  
preferences and motivation for resources by asking animals 
to  ‘ vote with their feet ’  and tell us how they feel about their 
environment and choices that we offer them (Dawkins  1980 ; 
Kirkden  &  Pajor  2006 ). This is often used as a way of iden-
tifying potential refi nements to laboratory housing (eg, envi-
ronmental enrichments), and the two most commonly used 
methods (and hence those that will be discussed here) are 
preference tests and consumer demand studies. However, 
while these tools enable us to identify potential refi nements, 
the long - term effects of these refi nements should then be 
double - checked using the tools described in previous sec-
tions. This additional assessment is necessary because, for 
example, defendable resources may elicit undesirable 
behaviours such as territorial behaviour in group - housed 
animals; and animals (like humans) do not always make 
choices or behave in ways that maximise their long - term 
welfare (Silverman  1978 ; Rutherford  2002 ). 

  Preference  t ests 

 Preference tests (as their name implies) investigate the pref-
erence of animals for particular resources when given a 
choice, and they have been a popular tool in welfare research 
for many years (Fraser  &  Matthews  1995 ). Preference tests 
can be used to assess animals ’  preferences for different envi-
ronmental characteristics such as: cage height and light 
intensity (Blom  et al.   1992 ,  1995 ); different substrates (Van 
de Weerd  et al.   1996 ); nesting material vs nest boxes (Van de 
Weerd  et al.   1998 ); climbing structure orientation, eg, with 
marmosets (Pines  et al.   2005 ); and social contact (Held  et al.  
 1995 ). Preference for the resources is usually measured by 
time spent with (using) the resources (whereby most 
time   =   most preferred). However, there are a number of 
criticisms that have been levelled at preference tests and 
 caveats  that should be borne in mind when using them. 
These have been addressed in detail in a number of places 
(Duncan  1978 ; Fraser  &  Matthews  1995 ; Bateson  2004 ; 
Kirkden  &  Pajor  2006 ), so the main criticisms detailed in 
these other reviews will only be briefl y discussed here. The 
fi rst of these is that preference tests only tell you about the 
relative preference for different resources, not the absolute 
strength of motivation for any of the resources. Thus, a 
preferred resource may only be weakly more reinforcing  –  
eg, a preference for strawberries over blackberries  –  or alter-
natively it may be much more reinforcing  –  eg, copulatory 
rather than exploratory behaviour. 

 Secondly, short - term and long - term welfare are not neces-
sarily always compatible. Hence animals may exhibit prefer-
ences for resources that maximise their immediate welfare, 
but may adversely affect their longer - term welfare. For 
example, certain strains of rodents have long been used as 
models in studies of alcohol abuse (Green  &  Grahame  2008 ). 
A further interesting example is provided by Silverman 
 (1978) , who describes an inhalation toxicity study in which 
various rodent species were exposed to cigarette smoke. 
During the initial stages of the study a number of rats, mice 
and hamsters quickly developed a behaviour whereby they 
blocked the inlet tube with their faeces: thus apparently 
demonstrating an aversion to the cigarette smoke. However, 
later in the study some of the mice developed an apparent 

following a different tone in order to avoid 30   s of loud white 
noise. The rats were then housed in different types of 
housing and subsequently tested with the training tones and 
three intermediate (ambiguous) tones. Harding and col-
leagues found that rats housed in  ‘ unpredictable ’  housing 
made fewer and slower responses to the tone associated 
with food and the ambiguous tones that were closer to it  –  
fi ndings that are comparable with those in anxious or 
depressed humans. Similar techniques and results indicat-
ing  ‘ pessimistic ’  and  ‘ optimistic ’  behaviour have subse-
quently been published in further studies on rats and in 
European starlings (Bateson  &  Matheson  2007 ; Matheson  et 
al.   2008 ; Burman  et al.   in press ). Given the increased empha-
sis on positive subjective feelings in welfare research (Boissy 
 et al.   2007 ; Yeates  &  Main  2008 ), tasks which enable us to 
assess positive feelings (such as optimism) are thus an 
important addition to the welfare assessment toolbox.   

  Assessing  w elfare and  c hanges in  w elfare: 
 b rain  m easures 

 The processes that lead to affective states and the physiologi-
cal and behavioural indicators of welfare that we assess are 
regulated by the brain. Thus, affective states are elicited by 
neural processing (eg, in the amygdala and limbic regions) 
of the rewarding and punishing properties of sensory stimuli 
(Rolls  1999 ; Panksepp  2003 ). Stimuli then elicit physiological 
responses by additional processing through regions includ-
ing the hypothalamus, pituitary and brainstem; and behav-
ioural responses by additional processing through the basal 
ganglia, ventral tegmental area, motor cortical areas and 
cerebellum (Sapolsky  1992 ; Toates  2004 ). Thus, welfare can 
be assessed by monitoring activity or changes in these 
regions: for example, by assessing glucocorticoid activity or 
receptor levels or neurotransmitter functioning (eg, dopamin-
ergic functioning) (Broom  &  Zanella  2004 ). Indeed, a number 
of aspects of brain functioning have been correlated with 
physiological or behavioural indicators of welfare: for 
example, numerous studies have found a correlation between 
aspects of dopaminergic functioning (particularly dopamine 
receptor levels) and stereotypic behaviour (McBride  &  
Hemmings  2005 ; Lewis  et al.   2006 ). One disadvantage of 
assessing brain function is that it can be invasive, such as 
requiring surgical electrode implants or requiring  post - 
mortem  brain analysis, and in some cases the most humane 
killing methods cannot be used because they disrupt the 
brain regions of interest. However, technological advances 
mean that, with the right equipment, eg, functional magnetic 
resonance imaging (fMRI) or positron emission tomography 
(PET), it may be possible to assess brain activity during 
pleasant or unpleasant experiences non - invasively, although 
such methods are generally currently limited to the assess-
ment of human emotional states (Phan  et al.   2004 ).  

  Assessing  a nimals ’   p references and  m otivation 
for  r esources 

 In addition to assessing welfare itself, the welfare research-
ers ’  toolbox also includes tools for identifying potential 
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the resource (eg, pushing weighted doors or traversing 
water) (Sherwin  &  Nicol  1995 ,  1996 ; Seaman  et al.   2008 ). 
Consumer demand tasks can thus be used to assess (quan-
titatively) motivation for different environmental character-
istics in laboratory animals (Manser  et al.   1996 ; Sherwin 
 1998 ; Seaman  et al.   2008 ) and, indeed, farmed animals, where 
consumer demand techniques are probably even more 
extensively utilised (Gunnarsson  et al.   2000 ; Mason  et al.  
 2001 ; Jensen  et al.   2004 ). 

 However, like preference tests, there is a number of factors 
that must be borne in mind when designing consumer 
demand tasks; these are also reviewed in more detail by 
Kirkden and Pajor  (2006) . For example, motivation for some 
resources may be infl uenced by whether or not the resource 
can be seen (ie, for some resources  ‘  out of sight    =    out of mind  ’ ) 
(Warburton  &  Mason  2003 ), and where the cost of accessing 
the resource must be  ‘  paid  ’ , eg, whether the cost is paid on 
entry or exit from the resource (Warburton  &  Nicol  1998 ). 
Furthermore, many consumer demand tasks use animals 
that are individually housed, yet individual housing may 
affect motivation for resources (Sherwin  2003 ; Cooper  2004 ); 
see also the Anticipatory Behaviour section). Thus, fi nding 
methods of assessing motivation in group - housed animals 
(Sherwin  2004b ,  2007 ) may be more complex, but ultimately 
more appropriate where animals are typically group housed 
(as most laboratory animals are).   

  Assessing  p ain 

 Animals ’  experience of pain has been the centre of as much 
debate as animals ’  experience of affective states ( ‘ emotions ’ ) 
such as pleasure or suffering. Pain in humans is defi ned as 
 ‘  an unpleasant sensory and emotional experience associated with 
actual or potential tissue damage, or described in terms of such 
damage  ’  (International Association for the Study of Pain 
(IASP)  1979 ). However, this defi nition relies on verbal self -
 report and hence is not suitable for defi ning pain in animals 
(or indeed small children or mentally handicapped humans) 
(Rutherford  2002 ). Thus, a number of other defi nitions of 
animal pain have been proposed: for example, Rutherford 
 (2002)  cites a defi nition by Zimmerman that  ‘  pain in animals 
is an aversive sensory experience caused by actual or potential 
injury that elicits protective motor and vegetative reactions, 
results in learned avoidance behaviour, and may modify species 
specifi c behaviour, including social behaviour . ’  The relatively 
recent nature of this debate is perhaps not surprising given 
that it was less than 150 years ago that it was still commonly 
felt that people of some races, the poor and the uneducated 
were insensitive to pain: indeed, even within the last decade 
there has been discussion about whether very young human 
children experience pain (Weary  et al.   2006 ). However, 
despite the debate about whether animals consciously expe-
rience pain, it is generally accepted that mammals and birds 
at least do have the underlying physiological and neurologi-
cal structures necessary to experience pain, and exhibit 
physiological and behavioural responses comparable to 
human responses (Rutherford  2002 ). 

 As in general welfare assessment, the ability to assess pain 
is greatly enhanced by understanding animals ’  normal 
appearance and behaviour and species - typical pain 

attraction to the cigarette smoke, persistently jamming their 
noses as far into the inlet pipe as possible. 

 Thirdly, behaviour in preference tests may be confounded 
by differential use of the resources, for example due to time 
of day effects (Van de Weerd  et al.   1998 ), or strong but peri-
odic motivation to use resources that provide opportunities 
for motivated behaviours (such as an enhanced motivation 
for nesting material in pre - parturient animals, or access to a 
potential mate when females are in oestrus). Fourthly, pref-
erences can be infl uenced by the prior experience of the 
animals. Thus, for example, animals that are used to living 
in cages may initially show a preference for cages rather 
than an outdoor pen, a preference that may then change 
following exposure to the outdoor pens (eg, hens, Dawkins 
 1980 ; for some other interesting examples see, Fraser  &  
Matthews  1995 ). 

 Finally, preference tests are designed to test preference 
between two substitutable resources (ie, two resources that 
satisfy the same motivation). Kirkden and Pajor ( 2006 ; see 
also Fraser  &  Matthews  1995 ) suggest that a preference test 
between non - substitutes (eg, food vs litter) would have little 
meaning from the animals ’  point of view since the compari-
son would not be between the resources but between the 
strengths of the different motivations. Thus, preference tests 
can provide useful information about environmental fea-
tures that may enhance animals ’  welfare. However, prefer-
ence tests must be carefully designed so that the link between 
an animal ’ s preferences and their welfare is valid and 
reliable.  

  Consumer  d emand 

 Consumer demand tasks were introduced into animal 
welfare research in the 1980s, and they are based on ideas 
traditionally used by economists studying the spending pat-
terns of humans faced with a choice of products and limited 
income (Dawkins  1983 ). The basic premise behind consumer 
demand tasks is that there is an inverse relationship between 
the price of a resource and the amount that a consumer will 
buy. By increasing the price of the resource the researcher 
can then quantify the value that the consumer places on the 
resource, measuring one or more of the following: (1) the 
top price that the consumer is willing to pay ( ‘ reservation 
price ’ ); (2) the total amount of income spent on the resource 
( ‘ consumer surplus ’ ); and (3) the willingness of the con-
sumer to keep on paying for the resource as the price 
increases ( ‘ elasticity of demand ’ ) (Varian  1993 ; Gwartney  et 
al.   2005  pp. 56 – 82). The advantages and limitations of these 
methods in animal welfare research are addressed in detail 
by Kirkden and Pajor ( 2006 ; see also Jensen  et al.   2004 ). 

 Consumer demand studies have an advantage over pref-
erence tests in that they can tell us about the strength of 
motivation for different resources; we can even determine 
the absolute strength of this motivation if we  ‘ titrate ’  it 
against motivation for essential resources, such as food 
(termed  ‘  yardstick  ’  resources, Dawkins  1983 ; see also 
Warburton  &  Mason  2003 ). In animal welfare studies, con-
sumer demand tasks require animals to  ‘ pay ’  to gain access 
to resources, either by performing an operant task (eg, lever 
pressing  –  termed fi xed ratio (FR) schedules) (eg, Sherwin 
 2004b ,  2007 ), or by increasing the effort required to acquire 
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tory animals are capable of consciously experiencing 
subjective feelings, laboratory animal welfare is widely con-
sidered important, not only for ethical reasons but increas-
ingly also because of its potential impact on scientifi c 
validity. Although animals cannot be asked about their feel-
ings directly, there is a broad (and increasing) range of tools 
available which can be used to provide an indirect indica-
tion of animals ’  subjective states. Many of these tools have 
been described in this chapter. The diversity of tools in the 
welfare assessor ’ s toolbox means that different methods are 
available for the different types of welfare assessment that 
might be necessary during the course of a research animal ’ s 
life. Thus, the physical appearance and home - cage behav-
iour of animals can be used to monitor their welfare on a 
day - to - day basis; while longer - term or treatment effects on 
welfare can be assessed by measuring physiological 
responses (eg, HPA axis activity  –  the physiological  ‘ stress 
response ’ ), home - cage behaviour (eg, stereotypic behav-
iour), vocalisations and performance in behavioural para-
digms that reveal sensitivity to rewarding stimuli and 
cognitive states, such as optimism. 

 Tools are also available (tasks designed to assess prefer-
ence and motivation for resources) that enable potential 
refi nements to laboratory housing to be identifi ed  –  tech-
niques that are regularly used in the growing fi eld of refi ne-
ment research. When used, and appropriately analysed, 
these techniques can help the identifi cation and assessment 
of animals ’  negative and positive subjective states, and fi nd 
techniques of refi ning housing and husbandry practices and 
experimental procedures that make a genuine and meaning-
ful difference to the welfare of research animals. Thus, for 
example, such research has shown that laboratory mice 
prefer environments that contain nesting material and 
indeed will work to get nesting material (Roper  1975 ; Van 
de Weerd  et al.   1998 ), and that providing nesting material 
can help to reduce behavioural problems such as aggression 
(Van Loo  et al.   2002 ). Hence, the provision of nesting mate-
rial is now widely recommended for laboratory mice 
(Jennings  et al.   1998 ), and its presence in mouse cages is used 
as a  ‘ resource input ’  measure of welfare by animal care staff 
and researchers (Leach  et al.   2008 ). 

 Finally, for many years (even dating back to the thoughts 
of Jeremy Bentham) questions about welfare have focused 
upon animal suffering. Therefore, it is encouraging that the 

responses (Flecknell  &  Molony  1997 ; American College of 
Laboratory Animal Medicine (ACLAM)  2007 ). Indeed, addi-
tional training in pain assessment techniques (particularly 
using visual examples of pain - related behaviour) may help 
researchers to identify and score pain more accurately and 
reliably (Flecknell  &  Roughan  2004 ); see Roughan and 
Flecknell  (2006)  for an example of a researcher training 
system. Like welfare, pain is often assessed by monitoring 
general measures of body functioning, such as changes in 
body weight, reduced feeding and drinking (Weary  et al.  
 2006 ), physiological responses, including HPA axis activity 
(Wright - Williams  et al.   2007 ) and behaviour, including pain -
 related behaviour and vocalisations (Cooper  &  Vierck  1986 ; 
Jourdan  et al.   1998 ); see also ACLAM  (2007)  and Table  6.5 .   

 In addition to the general observations in Table  6.5 , pain 
assessment can measure the prevalence and severity of spe-
cifi c pain - related behaviours. Pain - related behaviour in 
laboratory animals has probably been most studied in rats, 
and four behaviours have been identifi ed as likely reliable 
indicators of pain in rats: cat - like back arching, horizontal 
stretching followed by abdominal writhing, and twitching 
while inactive (Roughan  &  Flecknell  2001 ); the nature of the 
primary pain - related behaviour may, however, depend 
upon the nature and location of the pain (Flecknell and 
Roughan  2004 ). Four similar behaviours have also been 
identifi ed as likely pain indicators in mice: fl inching, writh-
ing, rear leg lift and pressing the abdomen to the fl oor 
(Wright - Williams  et al.   2007 ). These behaviours can be 
scored from direct observations or video recordings of 
animals in their home cages (or recovery cages), but observ-
ing and scoring these behaviours can be very time - consum-
ing, and thus may not be practical in all situations (Flecknell 
and Roughan  2004 ). However, technological advances mean 
that such behaviours can now be scored in a fraction of the 
time by shape recognition software packages, such as 
HomeCageSys software (M. Leach, presentation at the inau-
gural symposium of the CIMPP, Sept 2007).   

  Concluding  r emarks 

 Animal welfare, like human welfare, is generally accepted 
to be about subjective feelings, such as pleasure and suffer-
ing. Despite ongoing debate about whether or not labora-

  Table 6.5    Observations for the clinical assessment of pain in mice, rats and rabbits   (information from ACLAM  2007 )  . 

  Mice    Rats    Rabbits  

      •      Squint - eyes  
   •      Pale eyes (if albino)  
   •      Reduced grooming  

   •      Reduced level of spontaneous activity  a    
   •      Reduced food/water intake     

      •      Piloerection  
   •      Increased aggressiveness when handled     

      •      Changed posture, tucking of abdomen, 
tensing of muscles  

   •      Guarding, attempt to hide, or aggressiveness  
   •      Grinding of teeth     

      •      Hunched posture  
   •      Distance themselves from cage mate     

      •      Chromodacryorrhoea     

    a    citing Karas  et al.   2001  and Goecke  et al.   2005    
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increased interest in fi nding tools that enable us to assess 
positive subjective states refl ects the increasing emphasis on 
the importance of ensuring that research animals not only 
do not suffer any more than is necessary, but that they 
experience positive subjective states, such as pleasure, and 
hence actually have good (and not just the absence of poor) 
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7
  Introduction 

 Wildlife research is exciting and is an appealing career for 
many aspiring scientists. The life of the wildlife biologist or 
vet and the thrill of capturing and handling wild animals 
are glamorised by the media, and the professions are often 
treated as being synonymous with working to promote 
animal welfare and conservation. However, fi eld studies of 
wild animals carry with them multiple risks for the animal 
subjects. Unfortunately, these risks and problems are some-
times given scant consideration by practitioners, often 
because they are judged relative to natural processes or are 
incurred  ‘ for the good of the species ’  or population. Whilst 
wild animals undoubtedly suffer a range of markedly inhu-
mane fates in the wild, and while some are in grave need of 
intervention for conservation and management reasons, the 
ethical/moral absolute of the welfare of the individual 
animal and the corresponding deep concern felt by society, 
mean that fi eld research on wild animals requires an 
approach to ethical issues and the implementation of the 
Three Rs (3 Rs, see Chapter  2 ) that is as rigorous as for other 
areas of research using animals. 

 For a range of historical and subjective reasons,  ‘ wildlife ’  
is most commonly construed as naturally free - living verte-
brates, most commonly mammals and birds, and to a slightly 
lesser extent, reptiles, amphibians and  ‘ fi sh ’ . The huge 
diversity within and among these taxa, means that there is 
little consistency in their physiology, let alone their behav-
iour. Even within species, individuals and populations are 
likely to be behaviourally distinct; indeed this fi ne - scale 
variation is itself often the focus of fi eld investigation. 
Generalising the needs and responses of individuals of par-
ticular populations and species is, therefore, an ambitious 
and probably unrealistic endeavour. All investigators and 
regulators must view fi eld studies on a case - by - case basis, 
bringing relevant experience to bear where possible, but 
being prepared for exception and novelty. Since much of the 
legislation dealing with scientifi c procedures on animals is 
restricted to vertebrates (see Chapter  8 ), invertebrates will 
not be considered in this chapter.  Octopus vulgaris , for 
example, is covered by legislation in the UK and, at a 
European level, protection may be extended to all cephalo-
pods and decapod crustaceans. Kept animals, such as 
companion animals and farm livestock, will also not be 
considered. However, cats ( Felis catus ), dogs ( Canis famil-
iaris ), pigs/boar ( Sus scrofa ), goats ( Capra aegagrus hircus ), 
horses ( Equus caballus ) and other kept animals, such as 

ferrets ( Mustela furo ), mink ( Neovison vison ), often return to 
a free - living state, sometimes outside of their native range, 
where they can revert to wild - type appearance and behav-
iour. Such feral animals are, to all intents and purposes, wild 
and so they fall within the scope of this chapter. 

 The object of fi eld studies is to examine how wild animals 
behave in the wild or in as natural a situation and habitat 
as possible. Observations in the fi eld might require little 
direct intervention, and be as apparently straightforward as 
observing animals from a distance, comparable to a bird -
 watcher ’ s hobby. However, other treatments, procedures 
and initial observations might take place in the laboratory, 
or in other situations where wild animals are held captive 
for periods of time. Interventions might carry forward into 
the fi eld, obviously when animals are equipped with tags or 
telemetry devices and less conspicuously if they are treated 
with internal markers, drugs or if their social or physical 
environment is manipulated around them. Therefore, this 
review extends to any interaction with wild animals in the 
fi eld, the taking of animals from the wild and includes 
making observations or applying treatments in captivity, 
where captivity is temporary and takes place in the fi eld or 
requires holding animals for periods of between a few hours 
and a few days. We will not dwell on the use of wild - caught 
animals in prolonged or terminal laboratory work, but focus 
on cases where animals are subsequently released back to 
the wild. 

 When working with animals in the wild, the work and its 
potential effects on the animals are often subject to uncer-
tainty and unpredictability. It is never certain, for example, 
how many animals might be caught in a trap round or 
cannon net or how individuals might behave or respond to 
capture or interventions. With experience, many of these 
risks can be identifi ed and mitigated. Expecting the unex-
pected and building appropriate contingency plans and 
budgets carries fi nancial costs, but these are usually minor 
relative to the cost of mistakes and misjudgement which 
may lead to the projects being abandoned because of failures 
to comply with legislation and/or public opposition.  

  Reasons for  w ildlife  r esearch 

 The management of wild animals is an intrinsic part of land 
management. Often these practices have developed over 
centuries of common practice and form part of routine pest 
management for disease control and crop protection, as well 
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point of view stress reactions are more diffi cult to ascertain 
and very much rely on having detailed knowledge of the 
biology of the study animals. For example, some animals 
become motionless (eg, rabbits ( Oryctolagus cuniculus )) or 
may appear relaxed (eg, badgers ( Meles meles )) when con-
fronted with a stressor, whereas other animals will be hyper-
active and spend a great deal of time in escape behaviours 
(eg, rats ( Rattus  spp.)). In addition, variation in response to 
stressors can occur within a species, with differences appar-
ent in the reactions of dominant and subordinate animals 
and between genders (Overli  et al.   2006 ). 

 The long - term physiological components of stress can 
affect most aspects of an animal ’ s biology. High levels of 
stress hormones (such as glucocorticoids) are linked to poor 
reproductive success in males and females (Rivier  &  Vale 
 1984 ; Sapolsky  et al.   2000 ) and reduced immunity from 
disease (Munck  et al.   1984 ), both of which have the potential 
for signifi cant impact on a wild animal ’ s life and fi tness.  

  Injuries 

 Apart from physiological effects there are also adverse phys-
ical consequences of fi eld studies, primarily arising from 
capture and captivity. These range from minor injuries such 
as skin abrasions and tooth and claw damage in animals 
attempting to escape from cage or box traps and abrasions 
from external devices (eg, radiocollars) up to more severe 
injuries such as broken limbs (eg, birds in mist nets,  ‘ foul ’  
captures in traps), adverse reactions to drugs, predator 
attacks or death (eg, fi sh in gill nets). 

 One particularly serious problem associated with capture 
of wild animals is myopathy. This can occur when an animal 
is subjected to stress and intense physical exertion. It is 
unusual with cage trapping but can be found with netting 
or prolonged pursuit and handling of large mammals, par-
ticularly deer (Haulton  et al.   2001   ). The condition is caused 
by a build up of lactic acid in muscles leading to stiffness, 
paralysis and, in extreme cases, eventual death (Conner  et 
al.   1987 ). Symptoms normally have a delayed onset (some-
times over 1 week) and hence are rarely identifi ed during 
capture. It is imperative, therefore, that stress levels are kept 
low by ensuring confi dent and effective handling and brief 
periods of pursuit and capture.  

  Other  w elfare  e ffects 

 If the welfare status of an animal is unduly compromised 
this has repercussions, not only in ethical terms, but also on 
the validity and rigour of the scientifi c study itself. The 
stress associated with capture (and particularly when associ-
ated with anaesthesia) can have wide - ranging effects on an 
animal ’ s biology, behaviour and ecology, and allowances 
must be made for these. Poor welfare arising from studies 
can have effects on the areas discussed in the following 
paragraphs. 

  Social  s tructure and  b ehaviour 

 The establishment and maintenance of social status within 
animal groups is complex and varies greatly with taxonomy, 

as for food and sport. More recently, as awareness of the 
threats to biodiversity conservation has increased, manage-
ment is frequently undertaken to enhance the status of 
threatened species. As society and the environment change, 
it is becoming much more important that we understand 
how wild animals might respond to management actions. 
Regulatory authorities and private sector interests can also 
intervene in management, by requiring evidence of humane 
treatment, effi cacy or cost - effectiveness. 

 Studies may be carried out to examine wild animal 
biology, including population dynamics and individual 
behaviour and welfare. Wild animals are also used as indi-
cators of environmental health. For these studies, the 
benefi ts in terms of knowledge, understanding and the con-
servation of the species are usually clearly articulated, 
however, the costs incurred to the individual animals are 
often not as well understood. 

 One critical difference between wild animal studies and 
the use of laboratory animals in research is that the subject 
of interest and focus of investigation is usually the subject 
animal in its own right rather than it serving as a model for 
the human condition or as a model of any other living 
system. For this reason, total replacement of animals in 
wildlife research (unlike, for example, clinical studies) will 
never be a feasible option (see Cuthill  (2007)  and Barnard 
 (2007)  for fuller discussions on this topic) and for many 
wildlife studies captive or captive - bred animals will never 
be a substitute for free - living animals. Nonetheless, due con-
sideration should always be given to seeking alternatives 
where possible.  

  Welfare  i mplications of  w ildlife  s tudies 

  Effects of  s tress 

 All interactions between humans and animals have the 
potential to cause stress and behavioural or physiological 
changes and this is particularly likely with wild animals, 
where any kind of direct interaction is usually perceived as 
a threat. Stress is an integral part of all animals ’  lives and 
the body has developed many mechanisms for coping with 
both psychological and physical stressors (Broom  &  Johnson 
 1993 ). However, acute or prolonged stress can have diverse, 
profound and deleterious effects on the psychological and 
physiological health of animals and it is usually in the latter 
case that animals are said to be  ‘ suffering from distress ’ . In 
wildlife studies the onset of these stress - related effects is of 
particular importance as the effects are diffi cult if not impos-
sible to determine. This is because animals are normally 
released into the wild before any symptoms become appar-
ent and, unlike laboratory subjects, wild animals are not 
constantly provided with the essentials of life (such as food, 
water, shelter) and so their survival is routinely challenged 
on a range of fronts. 

 In severe cases, acute stress can cause death from cardiac 
failure, but in the majority of instances the effects of acute 
stress will be more long term and harder to defi ne. 
Physiological indicators of stress that may be observed 
during capture include shortness of breath (panting) and 
tachycardia (racing heart). However, from a behavioural 
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  Survival and  m ortality  r ates 

 Even the ringing of birds can have an effect on mortality in 
a population (Recher  et al.   1985 ; Inglis  et al.   1997 ). The pro-
cedure itself can directly affect the probability of survival 
and in addition, wild animals often carry underlying latent 
infections such as toxoplasmosis (eg, in sparrows) that may, 
as a result of lowered immunity due to stress, develop into 
clinical disease (Berm ú dez  et al.   2009 ).  

  Population  d ynamics 

 There is always the potential that the study itself might have 
a direct effect on the results. Increased mortality and disease 
are both possibilities but more subtle effects may be more 
diffi cult to determine. Moorhouse and Macdonald  (2005)  
demonstrated that the sex ratio of a population of water 
voles was affected by the trapping and radio - tracking pro-
gramme over a 3 - year period. Over this time one discrete 
population of the water voles was regularly trapped and 
anaesthetised whereas a separate population was left undis-
turbed. After 3 years, both populations were trapped and the 
numbers estimated. It was found that the fi rst population 
had a signifi cantly higher ratio of males to females than the 
undisturbed voles. The conclusion being that the stress of 
capture and tracking had caused the mothers to produce 
higher levels of testosterone leading to an increase in male 
births.  

  Effects on  o thers 

 One of the main differences in welfare terms between labo-
ratory and wildlife studies is the fact that the latter have the 
potential to affect not only the study animals but also many 
other individuals in the surrounding area. Although this 
may not be avoidable it is always important to be aware of 
the consequences of any study and factor it into the ethical 
assessment. 

  Conspecifi cs 
 The effect of a study on an individual also has potential 
repercussions for conspecifi cs especially with respect to 
group living animals. This includes changes in dominance 
hierarchies and the onset of disease (see section on Survival 
and mortality rates).  

  Dependents 
 Removing parent animals from their dependents may cause 
malnutrition and, in severe cases, death of the young, par-
ticularly among animals with altricial young and those in 
the earliest stages of life. Treatment with drugs, including 
anaesthesia, has the potential to affect lactation (Yokoyama 
 1965 ), potentially exacerbating nutritional problems. Where 
breeding is not itself the focus of the study, trapping when 
young are dependent is a risk that should be avoided or 
mitigated. If there are obvious signs that the animals caught 
have dependent young (eg, lactation, brood patches), then 
it is advisable to release them as soon as possible, which may 
involve a judgement as to whether to carry out all of the 
intended procedures.  

environment and among individuals. Social rank in a group 
is determined by many factors, but higher rank is often 
gained through aggressive behaviour linked to levels of the 
male hormone testosterone (Abbott  et al.   2003   ; Schaffner  &  
French  2004 ). Stress can alter levels of testosterone and 
hence may have an impact on the dominance hierarchies of 
a population, particularly in group - living animals such as 
wolves ( Canis Iupus ). In addition, even the temporary 
removal of an animal from its social group (especially the 
dominant male and female), may affect its position and the 
relative status of several others and be the cause of unrest 
and heightened aggression in the group. The effect of large -
 scale permanent removal of individuals on social structure 
has been well documented in badgers. Badger culling 
employed for the control of TB has resulted in disruption of 
territoriality, increased ranging behaviour and mixing 
between social groups (Carter  et al.   2007 ).  

  Reproductive  b ehaviour 

 The effect of stress on levels of sexual hormones is well 
documented and could have wide - ranging effects for 
males and females, with respect to their reproductive invest-
ment and success. Anaesthesia has the potential to cause 
abortion in the early part of gestation and premature birth 
in late pregnancy. It has also been shown that handling 
young can cause the mother to kill or abandon them. 
Therefore, where reproduction is not a focus of the research, 
studies might, where possible, avoid the sensitive parts of 
breeding seasons. There are also instances where the proce-
dure itself can infl uence mating behaviour. This has been 
demonstrated in bird species that use  ‘ badges of status ’ , 
where ringing these birds can have an impact on mate 
choice (Burley  1986 ).  

  Foraging  b ehaviour 

 Anaesthesia and stress can affect the metabolic condition 
and cognitive ability of an animal in the short term render-
ing it less able to forage. Alternatively, periods of captivity 
in the absence of preferred food may affect an animal ’ s 
nutritional status and foraging choices upon release. This 
problem can be minimised if studies are conducted at times 
when there are fewer external pressures such as low food 
availability.  

  Spatial  b ehaviour 

 Some animals have been shown to move away from an area 
from where they have experienced capture and anaesthesia 
presumably as the stress of this experience is associated with 
this geographical area (Teixeira  et al.   2007 ). Others tend to 
be more sedentary than normal after capture and release. 
This has, potentially, wide - ranging effects on the population 
dynamics of group - living animals and also on the survival 
of individual animals that forsake their known home ranges 
and food sources. 

 While such changes may be temporary, resulting meas-
ures may give a misleading impression of typical ranging 
behaviour. Where observation periods are brief, these meas-
ures will be even more prone to bias.  
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   In  s ilico   s tudies ( c omputer  m odelling) 

 This approach can be used to generate predictions of treat-
ment effects, often taking into account uncertainty associated 
with observations and outcomes. In this way, the results of 
modelling can be more general than those of specifi c or local-
ised observational studies. While such modelling requires 
understanding of the quality and representative nature of 
input data, modelling can also help evaluate the most impor-
tant avenues of investigation allowing the fi eld study to be 
refi ned. This approach has proven particularly effective in 
estimating population changes and for evaluating methods 
of management and disease control (Wilkinson  et al.   2004 ).  

  Use of  l ess  s entient  s pecies 

 The substitution of a less sentient and/or non - protected 
species is usually classed as a form of replacement; this is 
not appropriate for the majority of wildlife studies, where 
the species itself is the subject of investigation. However, 
there is potential for using this type of replacement in eco-
toxicology studies, where invertebrate models (eg, amphi-
pods ( Gammarus pulex )) can be used to assess levels of 
pollutants (Ashauer  et al.   2007 ).  

  Read -  a cross  a pproach 

 This approach is more commonly associated with pharma-
ceutical and toxicity testing, usually in combination with 
computer modelling (Schultz  et al.   2009 ). At a basic level 
it involves using data from one species to predict the 
outcome in others. Although this may not be appropriate for 
many fi eld studies it may have uses, particularly in more 
heavily regulated areas such as ecotoxicology and develop-
ing population control methods. For example, if determining 
the effect of pesticides on non - target species data from wood 
mice ( Apodemus sylvaticus ) may be used to extrapolate to 
other small rodents such as harvest mice ( Micromys minutus ).   

  Reduction 

 Most of the principles and techniques of minimising animal 
use in the laboratory are also applicable to studies in the 
fi eld. 

  Statistical  d esign 

 The use of robust statistical approaches before, during and 
after the study can help ensure an effi cient study where 
minimum numbers of animals are used and resources are 
deployed to best effect. Power analysis, where the project 
scale and sampling techniques are evaluated with respect to 
a range of probable effect sizes, is particularly important in 
planning investigations. It can now be applied to a range of 
complex analytical approaches, though this often requires 
repeated simulations of statistical outcomes rather than the 
off - the - peg power analyses available in standard packages 
(Dytham  2003 ). 

 As with laboratory studies, the precision and accuracy of 
observations in relation to the magnitude of any effect size 

  Non -  t argets 
 Capturing non - target species or individuals is almost una-
voidable in wildlife studies, but the consequences can be 
more severe than those for the intended subject. For example, 
while the research might not be carried out during the 
breeding season of the subject it may be during that of non -
 target species; or the trap may not be appropriate (eg, 
weasels ( Mustela  spp.) caught in uncovered cage traps can 
die through hypothermia).     

  Three  R  s  and  w elfare 

 Exact numbers of wild animals used in regulated proce-
dures are diffi cult to ascertain, and are not often collated 
specifi cally. In the UK, Home Offi ce statistics 1  provide 
numbers of each species used in a range of subjects but it is 
not clear how many wild animals are studied in the fi eld. 
For example 90   419 animals were used in the fi eld of ecology 
in 2007. Of these 84   252 were fi sh, many of which were 
tagged and released as part of fi sheries research though 
others were captive animals used in behavioural ecology 
research in the laboratory. The remaining individuals largely 
fell into the categories: Other rodent, Other carnivore, Other 
mammal (1405) and Other bird (3628) and Any amphibian 
(1027). Many of these studies of  ‘ non - standard ’  species may 
have involved wild animals and will have been carried out 
at least partly in the fi eld. In addition, wild species are also 
likely to have been used in other fi elds of study (eg, zoology, 
animal welfare). Many wildlife studies, including observa-
tional studies or minor interventions such as bird ringing, 
may not be regulated but nonetheless could affect the 
welfare of the subject animal. 

 Although the original defi nition of the Three Rs (replace-
ment, reduction and refi nement) was developed with labo-
ratory studies in mind the principles and philosophy of this 
concept can be extended to many other areas in which 
there are human – animal interactions, as a means of 
ensuring the highest standards of welfare (Cuthill  2007 ). 
Unfortunately most of the information readily available 
with respect to the Three Rs tends to be aimed at their imple-
mentation in laboratory studies and many examples are not 
applicable to wildlife research (eg, cell culture, refi nement 
of housing). This, however, should not lead to the conclu-
sion that implementation of the Three Rs within wildlife 
research is not necessary or relevant. Here, a number of 
practical examples of how the Three Rs can be addressed in 
fi eld studies is provided. 

  Replacement 

 Replacement is often not considered a viable option in 
studies of the behaviour and ecology of wildlife species, 
where the specifi c animals and their natural behaviour are 
intrinsic to the study (see section Reasons for wildlife 
research). However, there are alternative techniques that 
can give us a greater understanding of these topics without 
the use of animals themselves. 

  1          http://www.homeoffi ce.gov.uk/rds  
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needs to carry the caveat that the numbers, quantities and 
types of samples taken from an individual must remain 
within the best practice guidelines (see later in this chapter) 
and have the appropriate licensing authority.  

  Multi -  u se  t echnique 

 This technique is particularly applicable to fi eld use. It is a 
method of minimising the overall number of animals used 
by gaining data from one event that may be required for 
different parts of the study or for a completely separate 
study (eg, trapping animals for marking for ecological study 
and taking blood samples for a disease - monitoring pro-
gramme). A good degree of forethought needs to be exer-
cised when undertaking multi - use studies so that appropriate 
permissions are in place for all uses and any caveats observed 
before the studies are initiated.   

  Refi nement 

 The main way of addressing refi nement with respect to 
wildlife studies is through opting for the least invasive tech-
niques and always to referring to  ‘ best practice ’  guidelines 
and recent experience for capture, handling, marking and 
sampling appropriate for the species (see section Capture, 
handling, release). More specifi c, less - invasive methods are 
discussed in the following paragraphs. 

  Remote  c ameras 

 This method involves using remotely triggered cameras to 
gain information without any capture or manipulation of 
an animal. With digital technology, these cameras are more 
sophisticated and can create photographs in various formats, 
use time - lapse technology, can be motion - sensitive, and can 
operate at night using infra - red (Figure  7.1 ). Using video 
recording and/or still photographs has the advantage over 
direct observations in that there is less interference (and 
hence less stress imposed) on the animal and it requires less 
input from the investigator.    

  Non -  i nvasive  s ampling  m ethods 

 Many fi eld studies involve taking samples to measure phys-
iological parameters or pathological indicators. Although 
most of these factors have been traditionally measured in 
the blood, other less invasive approaches to sampling (eg, 
saliva and faeces) can be used in many instances to gain the 
same data. Faecal sampling is of particular interest as it can 
be used easily without disturbing the subject and without 
interfering with other welfare measures running in parallel, 
such as behavioural assessment (Lane  2006 ). Faecal sam-
pling can be used to investigate hormone levels (eg, cortisol, 
testosterone), DNA analyses and for bait - marking purposes 
(Figure  7.2 ).    

  Identifi cation 

 For some species natural markings can be used as a com-
pletely non - invasive method of identifi cation (see Marking). 

are vital in considering the required sample size. Similarly 
variance in outcomes can be infl ated by sampling across 
outwardly similar groups or environments, potentially 
masking treatment effects. Sampling design may need to be 
modifi ed to account for, or avoid, these sources of potential 
variance. However, sample size and sampling design cannot 
be easily controlled in the fi eld, and natural error variance 
and sampling error, if anything, tend to be more pronounced 
(Feinsinger  2001 ). The following factors often confound fi eld 
investigations and should be taken into account in develop-
ing the study design: 

   •      species, sex and age;  
   •      weather conditions;  
   •      presence and number of non - targets;  
   •      interference by others (eg, members of the public).    

 The other factor to consider is that if the sample size is too 
small, repeating fi eld studies to gain the data required is 
more diffi cult than in the laboratory, due to the inability to 
mimic the exact conditions used in previous trials.  

  Sequential  t esting 

 Sequential testing (or phasing) is where the sample size is 
not fi xed in advance. Instead, data are evaluated as they are 
collected and further sampling is stopped in accordance 
with a predefi ned stopping rule as soon as signifi cant results 
are observed. Thus a conclusion may sometimes be reached 
at a much earlier stage than would be possible with more 
classical hypothesis testing or estimation, with the potential 
to use fewer animals. With these techniques, as the study 
progresses, the design can be refi ned or the study halted as 
appropriate.  

  Using  p ublished or  a vailable  d ata 

 Literature and other resources should be used to inform 
experimental design, perhaps in a power analysis, and 
hence reduce the number of animals or trials needed. It is 
important to note that the read - across approach works in 
this instance as well (ie, if no data are available for a particu-
lar species, searches should be made for data on related 
animals).  

  Sharing  d ata 

 Data sharing is an important method for reducing animal 
use across the whole spectrum of animal - related studies. 
Data are normally shared within a scientifi c discipline via 
publications or presentations at conferences but this tends 
to focus only on positive results and fi nalised studies. It is 
as important, if not more so, that negative results and poten-
tial pitfalls of animal work are highlighted and a particularly 
good way of achieving this is by the use of specialist user 
groups on the web. These can provide an easily accessible 
and low - cost method to exchange data and ideas. 

 Samples can be shared as well as information. If different 
research teams (especially in the same geographical area) all 
require samples (eg, blood, hair, swabs) from the same 
species then it may be possible to work together so that the 
animals only need to be caught and sampled once. This 
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  Capture,  h andling,  r elease 

 Most wildlife studies in the fi eld include the use of capture, 
mark and release programmes. The techniques adopted in 
these programmes can have far - reaching consequences, so 
it is important to be aware of, and where possible, minimise 
the potential adverse effects not only on the study animals 
but also the other animals in the environment. 

  General  w elfare  i ssues 

  Time of  y ear 

 Research may lead to disruption of normal animal activities, 
whether as part of the study procedure or incidental to it. 
Disturbance of breeding individuals and dependent juve-
niles is of particular concern. Investigators should be aware 
of the breeding seasons of the species that they propose to 

 It is also important to be aware of techniques that should 
not be used in most circumstances due to the availability of 
more refi ned alternatives. A good example of this is the use 
of toe - clipping to permanently mark small mammals and 
amphibians. This invasive technique causes tissue damage 
(Golay  &  Durrer  1994 ; Reaser  1995 ), affects survival (Clarke 
 1972 ) and has been demonstrated to cause pain and suffer-
ing (May  2004 ). For these reasons it should, wherever pos-
sible, be replaced by a non - invasive technique such as 
natural markings or, if this is not possible, a less damaging 
technique such as microchipping. 

 With respect to refi nement it is always important to 
consider the fate of non - targets as well as study 
animals. Non - targets may encounter the same potential 
costs to welfare as the target animals such as stress and 
injury caused by cage trapping or mist netting. Hence, it is 
vitally important that best practice methods of capture are 
employed to reduce the incidence of non - target captures 
(see next section).    

     Figure 7.1     Image of wild boar using an infra - red 
camera trap.  

     Figure 7.2     Coloured beads as bait markers in badger 
latrine. A non - invasive and effective method to monitor 
bait uptake and to determine territory structure is to add 
coloured beads to baits which can then be detected in 
the faeces negating the need for any procedure or capture 
of the animal.  
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cated time (usually a maximum of 24h, though note that 
traps checked once in a 24h period could in theory hold 
animals captive for nearly 48h). It is also benefi cial to have 
a good idea of variation in trap effi ciency in the study system 
(eg, number of captures/100 trap night) so that it can be 
checked that the plan is achievable. Traps should always be 
securely shut down or wired open if they cannot be checked 
with the required frequency. 

 Being caught and held in a trap can be a very stressful 
experience for an animal but the trauma can be minimised 
by: 

   •      avoiding exposed areas (so they are less likely to be 
bothered by predators, noise, etc);  

   •      providing shade/cover and bedding or similar material 
where applicable  –  apart from calming the animal this 
can also reducing biting and scratching (Figures  7.3 , 
 7.4 );  

   •      ensuring traps (and animals) are clearly labelled, par-
ticularly if the animals are being moved for processing 
so that it is known exactly where to return them for 
release;  

   •      checking frequently  –  especially with small animals 
such as shrews (preferably at least twice a day);  

   •      with netting, being able to close down the nets as 
the handling capacity is approached in the specifi ed 
time period; small animals have high metabolic rates 
and can quickly lose condition, so effi ciency is of the 
essence.      

 Most cage traps rely on a baiting system so food is usually 
available but it is also recommended that water or food with 
high water content is provided. In addition, if using live 
traps for small mammals, food for shrews (eg, fl y pupae) 
should be provided even if they are not the target.   

study and ensure that there are no signifi cant welfare impli-
cations associated with the timing of their research.  

  Time of  d ay 

 An awareness of an animal ’ s circadian activities is essential 
for appropriate capture and handling. Nocturnal animals 
should be kept in darkness when held in traps, as being 
away from cover during daylight hours will cause them 
further stress. Animals that are caught without the use of 
food baits (eg, mist netting of birds and bats) should be 
released with enough time to forage. If this is not possible, 
consideration should be given to provision of supplemen-
tary food and water or a glucose solution before release.  

  Extreme  w eather  c onditions ( h eat or  c old) 

 Checking weather forecasts should always be a priority 
when carrying out fi eld work. In the UK, the Met Offi ce 
provide a pay - for service in which detailed, tailored fore-
casts can be sent directly to an email account. Trapping 
should be avoided during extreme weather conditions to 
reduce the possibility of hyper -  or hypothermia. Shelter and 
extra warmth should be considered especially when anaes-
thetising animals in cold conditions (eg, heat pads, blankets, 
bubble wrap).  

  Non -  t argets 

 The capture of non - targets is always a possibility with live 
trapping so, where possible, use methods which maximise 
capture of the intended target and reduce capture of other 
species (eg, set restraining traps on a run). However, always 
be prepared to deal with non - targets if the need arises. In 
some cases certain non - target species, usually invasive 
non - native species (eg, grey squirrel, mink in the UK) may 
not be released back to the wild under conservation legisla-
tion, hence provision for humane euthanasia of these species 
should be made.   

  Capture 

 The choice of capture method should be made according to 
the species involved and availability of technology and per-
sonnel, potentially including veterinary cover. Methods of 
capture may be physical, such as the use of traps and nets. 
Small – medium mammals and birds are often caught in live 
traps, and netting tends to be the most common method for 
catching small birds and bats. Larger mammals may be 
trapped by a variety of methods (live trapping, netting) and 
may also be chemically sedated using darts. Capture effi -
ciency and capture - related mortality rates have been found 
to differ considerably between methods and operators and 
this should be considered before a decision is made. 

  Live  t rapping 

 It is vitally important that only as many animals as can be 
effectively and safely dealt with in the time period available 
are caught. The number of cage traps set, should be the 
number able to be checked and processed within the allo-

     Figure 7.3     Brown hare ( Lepus europaeus ) in cage trap. Covering 
traps prevents exposure to the elements and predators and has a 
calming effect on most species.  
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  Handling 

 Wild animals should not be handled unless necessary for 
the procedure. If handling is required the amount of contact 
should be kept to a minimum and the safety of the handler 
and of the animal needs to be considered (Figure  7.4 ). Wild 
animals are likely to bite or peck and scratch and are carriers 
of many zoonotic diseases (eg,  Leptospira ,  Cryptosporidium ) 
and so caution needs to be exercised at all times and risk 
assessments carried out before handling any wild animal. 
The method of handling will depend on the species of the 
animal and on the procedure to be carried out. However, 
there are key rules that should be followed: 

   •      Handling should be kept to a minimum.  
   •      Most animals like to be covered as it produces a calming 

effect. This is  not  the case for some species of deer (eg, 
muntjac ( Muntiacus  reevesi)), which fi nd being covered 
more stressful.  

     Figure 7.4     Transferring wild rat from cage trap. When dealing 
with wild animals it is always benefi cial if they can be studied with 
minimal handling. A simple black bag provides a device to 
extricate wild rats simply and safely from a cage trap. The rats, 
seeking cover in the darkness, will run directly into the bag 
avoiding direct handling.  

     Figure 7.5     Correct handling of a pheasant. Wings and feet 
are safely secured so the bird cannot damage itself or the 
handler.  

   •      Handlers need to be confi dent and competent at dealing 
with the appropriate species.  

   •      Rodents should never be lifted by the end of tail.  
   •      With birds the hold must include the wings and legs in 

order to prevent damage to these appendages. Certain 
species may have specifi c requirements for physical 
restraint, including those with long legs and necks 
(Figure  7.5   ). Birds breathe by a bellows - like action of 
the ribs and sternum. Therefore, care should be taken 
so that the method of restraint does not interfere with 
the ventilatory movements of the sternum or impede 
the respiratory air fl ow.     

  Anaesthesia 

 Under Schedule 2(A) of Animal Scientifi c Procedures Act, 
anaesthesia should be used for all regulated procedures 
unless the use of these compounds is likely to cause more 
harm and distress. For wild animals, it may be that some 
procedures that are not inherently painful (eg, fi tting a radi-
ocollar) may still require sedation and/or anaesthesia, even 
if brief, for the handler ’ s safety and the animal ’ s welfare. 

 With all wild animal anaesthesia, veterinary input and 
advice should be sought from the outset. Doses, routes and 
recovery should be discussed fully with a veterinary surgeon 
before embarking on anaesthetising any wild animal. The 
following information is for guidance only. 

 After administering an anaesthetic the animal must be 
monitored to check that they are at the required depth of 
anaesthesia and that their vital body functions have not 
become dangerously depressed. Respiratory and cardiac 
function must both be monitored closely. When anaesthetis-
ing wild animals in the fi eld, inhalation or injectable anaes-
thetics may be used (see Hall  et al.   2000  for overview, and 
see also Flecknell  2009 ). 

  Inhalation  a naesthetics 

 These types of anaesthetics tend to be used for small 
mammals and birds. There are portable versions of gaseous 
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  Darting 
 Use of a dart - gun to dart wild animals is a specialist skill 
and may be subject to a number of restrictions. In the UK, 
dart rifl es and blow pipes are classifi ed as Section 5 prohib-
ited weapons under the Firearms Act and require both a 
permit from the Home Offi ce and permission from the statu-
tory authority before use. Furthermore, there are restrictions 
on the number of darts that may be held by one individual. 
Details may vary between authorities and advice should 
always be sought. When fi ring a dart, the aim is for the dart 
to hit the animal at right - angles, ensuring that the needle 
penetrates the subcutaneous fat and enters the muscle. The 
propellant pressure of the rifl e should be adjusted depend-
ing upon the distance between the operator and the animal 
to ensure that the dart has suffi cient velocity to penetrate to 
the muscle, but not so much that it enters the body cavity. 
It is essential to practise thoroughly and regularly before 
using this equipment on animals.    

  Sampling 

 Methods and volumes for blood sampling of wild species 
are similar in many instances to those for laboratory species 
(Joint Working Group on Refi nement (JWGR),  1993 ), 
although sedation or anaesthesia may be needed for restraint. 
Due consideration should be given to the health and physi-
ological status of the animal as this can affect the level of 
handling or the amount of blood withdrawal that can be 
safely undertaken without causing the animal to go into 
hypovolaemic shock. As with laboratory animals, no more 
blood should be taken than is necessary and where alterna-
tive less invasive methods are available (eg, use of saliva 
(Figure  7.7 ) or faeces) these should be chosen.   

 If hair and/or whiskers (vibrissae) are to be taken, cutting/
shaving rather than plucking is preferable if the follicles are 
not required. Whiskers should be taken equally from both 
sides of the face and only a small percentage of the total 
number of whiskers should be removed at any one time. 
Feathers should be taken from less essential areas of birds 
(eg, from the back rather than the wings). For stable isotope 

anaesthetic machines (Figure  7.6 ) or anaesthetics can be 
delivered in a chamber in which the liquid compound is 
poured onto a gauze or cotton wool pad. The former set - up 
is preferable is it allows much more control of the depth and 
recovery from anaesthesia and hence should be used when-
ever it is possible and practical to do so. In the latter device 
the gas concentration is dependent on the temperature, and 
in cold winter weather it may be diffi cult to ensure that the 
anaesthetic agent actually vaporises. All volatile anaesthet-
ics are irritant when in their liquid state, so the chamber 
must be designed to separate the anaesthetic - soaked gauze 
or cotton wool from the animal.   

 It can be more diffi cult to safely judge the correct depth 
of anaesthesia for birds. The avian respiratory system, which 
consists of a pair of relatively fi xed lungs and a group of 
mobile air sacs, is more effi cient at gas exchange than that 
of mammals and, therefore, birds will often demonstrate a 
more rapid response to the effects of inhaled anaesthetics. 
In addition, due to the large volume of stored gases in air 
sacs, birds can be slow to eliminate the anaesthetics. Recovery 
from anaesthesia can be facilitated by maintaining the bird 
in lateral recumbency and turning it every few minutes.  

  Injectable  a naesthetics 

 These are commonly used for larger mammals. They may 
be delivered through a hypodermic syringe to a trapped or 
caged animal (eg, badgers, wild boar), or from a distance via 
a dart (eg, wild boar, deer) and will usually be delivered 
intramuscularly. 

 Injectable anaesthetics may be used to induce anaesthesia, 
which is then maintained with a gaseous anaesthetic. In 
some instances, particularly with small animals that are 
highly active, such as weasels ( Mustela nivalis ) the opposite 
may apply, with short - term anaesthesia induced by inhala-
tion and maintained by injection. It should also be noted that 
the injectable agent ketamine (when used in isolation) has 
been shown to cause psychosis in humans particularly with 
repeated use and hence should be avoided for wild animal 
anaesthesia unless used in a cocktail with other drugs (such 
as metomidine) (de Leeuw  et al.   2004 ). 

     Figure 7.6     Anaesthesia of a wild boar. Portable 
gaseous anaesthetic machines are an effective and safe 
way of maintaining anaesthesia (after initial darting or 
injection) in medium -  and large - sized mammals in fi eld 
situations.  
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  Ringing 

 This is the most accepted method of marking birds. In the 
UK, ringing is not regulated under legislation relating to 
animals used in research but attachment of any marks or 
tags to wild birds requires formal training and a permit from 
the British Trust for Ornithology 2 . Scientists can obtain sci-
entifi c permits that are more restricted in their scope, but 
may require less diverse training and accreditation.  

  Tagging 

 When tagging animals, bright colours should be used with 
caution as they may affect camoufl age and act as an attract-
ant for predators  –  they also make the animals visible to 
members of the public. In addition, tags should be thought-
fully placed so that they are not likely to snag or get caught 
on vegetation, potentially leading to tissue damage, this is 
of particular relevance for animals that squeeze through 
crevices or holes (eg, bats, rats).  

  Physical  m arking 

 Fur clipping is a good non - invasive method of temporary 
marking an individual but its use is limited in most studies 
due to its short duration. In contrast, tattooing is a perma-
nent mark and of great benefi t in long - term population 
studies. However it should be noted that it always requires 
anaesthesia and does pose a risk of infection (especially for 
fossorial animals) and hence the use of antiseptic sprays or 
creams on the tattooed area is recommended.  

  Microchipping 

 Microchipping or the use of passive integrated transponders 
(PIT tags) represents a relatively recent advance in animal 
marking technologies (Camper  &  Dixon  1988 ) and has 
become the most popular method of choice for many small 
mammals and amphibia. The tag itself is a small cylinder 
(approximately 12   mm in length) and it is usually injected 

sampling of tissues it is important to consider the time at 
which tissues were formed. 

 Risk of infection is high in wild animals (perhaps particu-
larly in fossorial species) and hence the use of antibacterial 
sprays and/or use of surgical glue, is recommended for skin 
protection following invasive sampling.  

  Marking 

 Recognition of individual animals plays an important part 
in most wildlife research. Marking can provide information 
about survival, site fi delity, population dynamics, social 
behaviour, feeding ecology and almost every facet of an 
animal ’ s ecology. Several techniques are available (see also 
Chapter  18 ), such as: 

   •      telemetry: external and internal, VHF, GPS and proxim-
ity transmitters;  

   •      external ringing and tagging (bird and bat banding, 
mammal ear tags, wing tags);  

   •      physical marking (tattooing, fur clipping, scale 
marking);  

   •      internal marking (microchips, fi sh wire tags);  
   •      natural markings.    

  Telemetric/ GPS   d evices 

 A wide variety of attachment methods for both types of 
transmitters exists (collars, tags, implants). External devices 
should be as light in weight as possible and should not 
usually exceed 5% of the body mass of the animal ( < 3% is 
recommended). Devices that break away after sampling, at 
the end of the useful life of the transmitter or those with a 
remote release are preferable. Collars/harnesses should 
always be fi tted to allow room for growth and natural vari-
ation in body mass, which can be pronounced in some 
species. For example, when fi tting collars on small – medium 
mammals, insert fi ngers between the neck and the collar to 
judge the appropriate fi t (Figure  7.8 ).    

     Figure 7.7     Salivary sampling of a serotine bat. Saliva can be 
collected without anaesthesia in many species and used instead of 
blood for a variety of physiological measures (eg, immunoglobulins, 
stress and reproductive hormones).  

     Figure 7.8     Fitting a radio collar to a red fox. It is essential that 
fi tting of the collar is comfortable and allows for growth.  

  2          http://www.bto.org/ringing  
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  Release 

 Animals should be released back to the point of capture 
when fully recovered from the procedures performed. If an 
animal is injured or showing signs of illness euthanasia may 
be required. The most humane method of dispatch in the 
fi eld will depend on the species and the experience of the 
investigator. Table  7.1  lists some suggested methods but see 
also Chapter  17  and AAZV  (2006) . The investigator should 
always have the necessary equipment to euthanase target or 
non - target animals where appropriate (eg, anaesthetics for 
overdose) or, in the case of larger animals where veterinary 
advice may need to be sought, contact numbers for 24 - hour 
cover.    

  To  t reat or  n ot to  t reat? 

 There are often ethical and moral dilemmas to be faced in 
the treatment of wild animals. Interference with a natural 
process could lead to perturbation of the ecological balance 
and this must be considered when deciding whether or not 
to treat a wild animal. As a general guideline, it is accepted 
that injuries and illnesses that have anthropogenic causes 
should be treated (see Figure  7.9  for an example fl ow chart). 
In many other cases, the researcher must make an informed 
choice based upon his/her knowledge of the animal, the 
injury (or illness) and the situation. The fi nal decision should 
be one that the researcher has the ability and confi dence to 
defend.     

  Legislation  a ppropriate to  w ildlife  s tudies 

 Anyone proposing to conduct research on, study, capture, 
hold or release wildlife should be familiar with, and comply 

subcutaneously in the scruff of the neck or can be implanted 
in the lymphatic cavity (particularly in amphibians or rep-
tiles). Although available data suggest no strong evidence 
for lasting detrimental effects of these tags (Brown  1997 ) 
most studies concentrate on effi cacy and cost rather than 
welfare, behaviour, growth and survival. There is anecdotal 
evidence suggesting that subcutaneous PIT tags can occa-
sionally migrate, potentially leading to problems with the 
tag moving around the scapular region or even being 
expelled from the body. There is also some concern that 
implanting tags into the abdomen through the muscle is a 
relatively invasive procedure and has the potential to cause 
pain, necrosis of tissue and/or infl ammation around the 
site. In addition, in some cases PIT tags are not retained as 
reliably as other marking techniques (Ott  &  Scott,  1999 ).  

  Natural  m arking 

 Individual identifi cation based upon natural markings is an 
under - utilised refi nement method. The theory behind indi-
vidual identifi cation involves the use of physical markings, 
patterns or coloration to distinguish between conspecifi cs. 
The advantage of this method is that it enables identifi cation 
without extended periods of handling, therefore minimising 
disturbance to the animal. It also has low cost compared to 
other methods (Doody  1995 ). The age of digital photogra-
phy has also provided a method of storing a large number 
of pictures, which can be viewed easily and transferred 
between facilities. The method has now been used for range 
of different species including many types of amphibian 
(Doody  1995 ; Loafman,  1991 ), cetaceans (Rugh  et al.   1992 ; 
Neumann  et al.   2002 ), birds (Bretagnolle  et al.   1994 ), cheetahs 
(Kelly  2001 ) and whalesharks (Arzoumanian  et al.   2005 ).  

  Invasive  t issue  m arking 

 Marking techniques that cause signifi cant tissue injury, such 
as branding and toe, ear and tail clipping, should be avoided. 
If no alternative methods can achieve the desired results 
then researchers need to ensure that the marking process 
does not cause unnecessary tissue damage, pain, and/or 
severe blood loss. Adequate pain control is a necessity when 
undertaking such procedures. 

 The method used will depend on the species and type of 
study. When choosing a marking technique, primary con-
sideration should be given to methodologies that are the 
least invasive, do not require recapture for identifi cation, 
and will remain visible for the duration of the study. In 
addition, marks should: 

   •      be quick and easy to apply;  
   •      be readily visible and distinguishable;  
   •      persist on animals until all research objectives are 

fulfi lled;  
   •      not introduce bias by having variable tag retention 

rates;  
   •      not cause long - term adverse effects on health, behav-

iour, longevity or social life;  
   •      comply with any legal restrictions or regulations;  
   •      allow for seasonal changes in mass and growth of juve-

nile animals.      

  Table 7.1    Methods of dispatch. Please note that these methods are 
not the only, or necessarily the most appropriate methods to be 
used in all situations. The method of dispatch used should always 
be decided depending on the health status of the individual, the 
situation, the setting, the competence of the personnel and local 
regulations. 

   Animal     Suggested method of dispatch  

  Small rodents    Dislocation of neck or overdose of 
gaseous anaesthesia    Rats  

  Birds  

  Rabbit    Dislocation of neck (requires highly 
skilled operator)  

  Hedgehog    Overdose of gaseous anaesthesia  

  Badger    Overdose of anaesthesia (injectable)  

  Bats    Overdose of gaseous anaesthesia  

  Fox    Overdose of anaesthesia (injectable) 
or shooting    Deer  

  Wild boar  
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 Wildlife studies and/or techniques that are not regulated 
under A(SP)A include: 

   •      the ringing, tagging or marking of an animal or the use 
of any other humane procedure for the sole purpose of 
enabling an animal to be identifi ed is not a regulated 
procedure under A(SP)A if it causes only momentary 
pain or distress and no lasting harm;  

   •      humane killing by a recognised method;  
   •      procedures applied in the course of recognised veteri-

nary practice;  
   •      capture and release of wild animals unless the method 

of capture itself is being studied.    

 However, it should be noted that any of the above do 
become regulated if anaesthesia is used. Advice should 
always be sought from the local Home Offi ce inspector in 
case of any doubt as to whether a procedure is regulated or 
not. 

 Certain species to be used in research may be obtained 
only from a designated breeding establishment, unless an 
offi cial exemption is granted. Therefore, it is also illegal to 
trap these animals in the wild without an exemption granted 
by the Home Offi ce. The animals on this list include mouse, 
rat, rabbit, ferret and quail. Moreover release of animals 
back to the wild will only be authorised if: 

   •      the maximum possible care has been taken to safeguard 
the animal ’ s well - being;  

   •      the animal ’ s state of health allows it to be set free;  

with, the relevant legislation governing their use. In many 
cases, licences or permits are required to conduct work with 
wildlife. As an example, the paragraphs below list some of 
the provisions pertaining to wildlife research in the UK. 

  Legislation  r elating to the  u se of 
 a nimals in  r esearch 

 In the UK, the Animals (Scientifi c procedures) Act 1986 
(A(SP)A) states that all regulated work must be carried out 
a designated establishment (DE) unless the work requires: 

   •      wild animals or farm species at sites that could not be 
reasonably part of a DE;  

   •      studies that depend upon access to the wild environ-
ment or commercial husbandry standards.    

 When regulated work under A(SP)A is carried out at fi eld 
sites these are classed as PODEs (places other than desig-
nated establishments). At PODEs procedures must be 
conducted and welfare standards maintained as near as 
practicable to those achievable in DEs. Additional condi-
tions also apply to PODEs to enable appropriate controls to 
be applied, such as notifi cation conditions (ie, usually the 
inspector is required to be notifi ed of all PODE sites at least 
72h before the onset of a regulated study). Land - owner ’ s 
consent, where appropriate, must be obtained prior to 
applying for a licence under A(SP)A and provision must be 
made to allow inspectors onto all PODE sites. 

 

 

 

FLOW CHART

FIT UNFIT

ANTHROPOGENIC
CAUSE(S)

NATURAL
CAUSE(S)

Severe suffering from
major problem that is
likely to be irreversible

within time frame
that facilities allow

Animal will suffer or is
likely to suffer after
release into the wild

No severe suffering
or likelihood

of severe suffering 

Problem assessed such
that acute/short-term
treatment/intervention
likely to be beneficial

Action specific to the
problem if required
Reassess fit/unfit

RELEASE

If FIT

Veterinary
(NVS) input
REQUIRED
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(NVS) input

NOT REQUIRED

EUTHANASE

Consult or contact
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NVS) OR more
experienced staff OR

in UK, NACWO  

No action (specific
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     Figure 7.9     Example fl ow chart on dealing with injured animals in the fi eld. It is vital that all fi eld workers are aware of how to deal with 
injured target and non - target animals. This fl ow chart shows an example of strategies for dealing with injuries that are due to the procedure 
(iatrogenic) or for which the animal sustained prior to capture. In the UK veterinary advice is likely to come from the named veterinary 
surgeon (NVS). NACWO stands for named animal care and welfare offi cer, who in the UK is responsible for the day - to - day care of protected 
animals used in research.  
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   •      keep, transport, sell or exchange, or offer for sale or 
exchange, any live or dead wild animal or plant of a 
European protected species, or any part of, or anything 
derived from such a wild animal or plant.     

  Wild Mammal Protection Act 1996 

 This act covers unprotected mammals to prevent unneces-
sary suffering by certain methods such as self - locking snares, 
explosives, drowning, asphyxiation and use of live decoys. 
The Wild Mammal Protection Act 1996 does not apply in 
legal pest control or in the humane killing of an injured 
animal.  

  Animal Welfare Act 2006 

 This act ensures that it is not only against the law to be cruel 
to an animal, but also the welfare needs of the animals must 
be met. A  ‘ protected animal ’  under this act is domesticated, 
not living in a wild state, or under control of man (either 
permanently or temporarily). The latter does include wild 
animals captured even for a short period. An offence is 
caused when an  ‘  act of a responsible person causes an animal to 
suffer  …  and suffering is unnecessary  ’ .  ‘  Suffering for a legitimate 
purpos e ’ , eg, research is permissible but only if suffering is 
proportionate to purpose of the conduct, and it could not 
have been avoided or reduced, and the conduct concerned 
was that of a reasonably competent and humane person.  

   CITES  

 The Convention on International Trade of Endangered 
Species provides protection to specifi ed endangered species 
and on the taking, handling and transport of samples taken 
or collected from them 3 . This can constrain the international 
movement of samples collected for scientifi c purposes so 
advice should always be sought about the application of 
CITES regulations in research on CITES listed species. 

 Other examples of legislation include acts that are designed 
for the protection of specifi c groups of wildlife. In the UK 
this includes acts such as: 

   •      The Protection of Badgers Act 1992;  
   •      The Deer Act 1991;  
   •      The Ground Game Act 1880;  
   •      The Whaling Industry (Regulation) Act 1934;  
   •      The Conservation of Seals Act 1970;  
   •      The Salmon and Freshwater Fisheries Act 1975;  
   •      The Dangerous Wild Animals Act 1976;    

 Some of these acts have parallel legislation in Scotland and 
Northern Ireland.   

  Licences 

 Natural England (the Countryside Council for Wales, 
Scottish Natural Heritage and Northern Ireland Environ-

   •      setting the animal free poses no danger to public health 
and the environment.    

 A(SP)A licences do not absolve the licensee from their duties 
under other wildlife legislation. Hence all work must comply 
with other appropriate legislation and other applicable 
licences must be in place before any studies commence.  

  Wildlife and Countryside Act 

 The Wildlife and Countryside Act 1981 is the principle 
mechanism for the legislative protection of wildlife in Great 
Britain but does not extend to Northern Ireland, the Channel 
Islands or the Isle of Man; the Wildlife (Northern Ireland) 
Order is equivalent in many respects. Most countries 
have similar legislation, particularly in the EU. This legisla-
tion is the means by which the Convention on the 
Conservation of European Wildlife and Natural Habitats 
(the  ‘ Bern Convention ’ ) and latterly the Council Directive on 
the Conservation of Wild Birds (79/409/EEC) are imple-
mented in Great Britain. Similar legislation is enacted to 
fulfi l these obligations elsewhere in the United Kingdom. 
The Wildlife and Countryside Act (WCA) is divided into 
four parts with Part I being concerned with the protection 
of wildlife. 

 Part I of WCA protects all wild birds and protected 
animals (includes some mammals, all species of bat; species 
of dolphin; porpoise; otter; amphibians; reptiles; and many 
species of insects). A wild bird is defi ned as any bird of a 
species that is resident in or is a visitor to the European 
Territory of any member state in a wild state. Under the 
WCA it is an offence to: 

   •      take, injure, kill or sell a protected species;  
   •      disturb a protected species in its nest or place of shelter;  
   •      possess a protected species.    

 There are additional clauses and various additional forms 
of protection. 

 However, many activities prohibited under the WCA can 
be carried out after acquiring a licence issued by the appro-
priate authority to avoid committing an offence. For example 
scientifi c study that requires capturing protected animals 
can be allowed by obtaining a licence.  

  Other  w ildlife  l egislation 

  The Conservation (Natural Habitats,  etc ) Regulations 1994 

 These implement the Council Directive 92/43/EEC in Great 
Britain under which it is an offence, with certain exceptions, 
to: 

   •      deliberately capture or kill any wild animal of a 
European protected species;  

   •      deliberately disturb any such animal;  
   •      deliberately take or destroy eggs of any such wild 

animal;  
   •      damage or destroy a breeding site or resting place of 

such a wild animal;  
   •      deliberately pick, collect, cut, uproot or destroy a wild 

plant of a European protected species;    3          http://www.defra.gov.uk/animalhealth/CITES/  
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  Worldwide 

  Norwegian Consensus -  p latform for Replacement, Reduction 
and Refi nement of Animal Experiments ( n orecopa) 

  http://www.norecopa.no  
 Guidelines for wildlife research particularly relating to 

the Three Rs.  

  Canadian Council for Animal Care ( CCAC ) 

  http://www.ccac.ca  
 Three Rs microsite with a special section on its implemen-

tation on wildlife research and refi nement alternatives for 
marking and tagging.    

  Concluding  r emarks 

 This chapter is intended as a signpost to the issues that a 
potential researcher should be considering but does not 
cover all outcomes that are possible in an ever - changing 
environment. Before embarking on a fi eld study, prepara-
tion is key. A checklist of considerations can be of great 
benefi t, an example of which is given below: 

   •      Do you need to use animals to achieve your aims?  
   •      Are you using the lowest number of animals to achieve 

your aims?  
   •      Are you using the least invasive but effective methods?  
   •      Have you checked best practice guidelines?  
   •      Have you got the appropriate legal authorities (eg, 

licences)?  
   •      Have you sought advice from others (eg, veterinary 

surgeon)?  
   •      Have you checked the weather forecast?  
   •      Have you checked breeding seasons?  
   •      Have you checked your fi eld equipment is the most 

appropriate for your target species and is fully 
functional?  

   •      Have you minimised non - target risk?  
   •      Do you know how to treat/dispatch injured animals?  
   •      Do you know how to check and ensure the welfare of 

the animals before discharging them from your care?    

 The wildlife researcher has to be prepared for any eventual-
ity and ensure the welfare of the animals within their care 
is maintained at the highest possible level. This is best 
achieved by always considering the Three Rs, being aware 
of best practice guidelines and taking advice from colleagues 
and other experts in the relevant scientifi c fi elds.          
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   Introduction 

 This chapter serves to highlight key aspects of laws, regula-
tions, policies and/or codes that apply to the use of animals 
in biomedical research and testing. An exhaustive review of 
all relevant, but adjunct regulations (eg, pertaining to animal 
transportation both domestically and internationally; occu-
pational health and safety; importation/exportation; etc) is 
beyond the scope of this chapter. In addition, in some juris-
dictions the conduct of veterinary clinical research and 
veterinary clinical trials of new devices, vaccines and phar-
maceuticals may be covered by separate mechanisms of 
oversight. However, as these subjects can have a signifi cant 
role in the operation of an animal facility, readers are encour-
aged to review applicable standards in these areas. 

 Many, but not all, countries and jurisdictions around the 
world have laws, regulations, policies and other systems of 
oversight relating to the use of animals in science. There are 
variations in scope, scale, approach; in legal basis; in social 
and cultural perspectives; and in implementation. Variability 
in regulatory delivery and application of such oversight is 
likely to continue, but there is increasing convergence of the 
outputs of this oversight. In particular, there is increased 
emphasis on a wider scope of oversight to include all facets 
of animal use, in particular on ethical aspects, and on stand-
ards and approaches to animal care and welfare. 

 The regulatory environment for animals in biomedical 
research and testing is, therefore, both variable across coun-
tries, and also in many parts of the world is in a state of 
evolution. Different approaches have been taken by various 
countries to improve the welfare of animals used in research, 
to develop and maintain high - quality science and to address 
ethical issues. In some countries, the individual scientist is 
licensed to conduct research, while elsewhere the institution 
(eg, university or pharmaceutical company) may hold the 
licence to do animal - based research. In some countries, a 
wide range of animals (vertebrate and invertebrate, warm 
and cold blooded) is covered by government standards, 
while in other countries there are no government regula-
tions, or government standards cover select species of 
animals. Some countries require ethical review of proposed 
research, while in others no institutional or governmental 
review of the proposed study is necessary before work can 
begin. Similarly, some countries require researchers to have 
appropriate training and qualifi cations while others do not. 
Voluntary oversight schemes are of importance in several 

countries. This chapter describes some of the similarities and 
distinctions between countries/regions where biomedical 
research is conducted by describing the regulatory climate 
and systems of oversight in several countries. Its purpose is 
to provide an introduction to the range of legislative 
approaches, and it is neither a summary of all national regu-
lations nor a critical review. 

 The increasing availability of laws and regulations in an 
electronic format has enhanced access to this information by 
countries that are in the process of developing their 
own standards. Some countries (eg, Singapore) have 
assessed the regulations of many different countries and 
selected those that apply best for their cultural and scientifi c 
environment. Such action can lead to a convergence of 
approaches in providing animal research oversight, as over-
sight systems viewed as useful are used as resources for 
developing a customised regulatory framework. In general, 
such increased availability of information has increased har-
monisation in approaches to assuring research animal 
welfare. 

 The increasing internationalisation of research has led to 
greater interest in systems of accreditation, both for institu-
tions in emerging scientifi c locations to demonstrate their 
standards and for institutions in established scientifi c areas 
to assure standards. Non - governmental oversight bodies 
(eg, the Association for Assessment and Accreditation of 
Laboratory Animal Care International) have a key role, and 
in some cases the primary role, in harmonising standards 
for animal care and use around the world, for example by 
requiring committee review of proposed research at institu-
tions in countries where there is no such requirement. Thus, 
while approaches may differ among countries, the goals of 
good animal welfare, attention to ethics and high - quality 
science are the same. Nonetheless, differences remain in the 
standards required by different nations. Therefore, there is 
an ongoing imperative, both for animal welfare reasons and 
to ensure a level playing fi eld, that regulations and other 
means of oversight should refl ect current knowledge of 
animal welfare science.  

  History 

 Animals have been used in science for centuries (Dunlop  &  
Williams  1996 ), but formal oversight of such animal use 
developed from the eighteenth century. This was the period 
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which may in the history of experimentation replace 
methods which use conscious living vertebrates. 

 Reduction means reduction in the numbers of animals 
used to obtain information of a given amount and 
precision. 

 Suppose, for a particular purpose, we cannot use 
replacing techniques. Suppose it is agreed that we shall 
be using every device of theory and practice to reduce to 
a minimum the number of animals we have to employ. 
It is at this point that refi nement starts, and its object is 
simply to reduce to an absolute minimum the amount of 
distress imposed on those animals that are still used.   

 Since 1957, and in particular over the last 20 years, the Three 
Rs have increasingly become, either explicitly (eg, Science 
Council of Japan  2006 ) or implicitly (eg, Interagency Research 
Animal Committee (IRAC)  1985 ), a key, if not the leading, 
ethical principle for the care and use of animals used in 
science.  

   I nternational  G uiding  P rinciples for  B iomedical 
 R esearch  I nvolving  A nimals 

 The International Guiding Principles for Biomedical 
Research Involving Animals were developed by the Council 
for International Organizations of Medical Sciences (CIOMS 
 1985 ). CIOMS is an international, non - governmental, non -
 profi t organization established jointly by the World Health 
Organization and the United Nations in 1949 and is repre-
sentative of a substantial proportion of the biomedical 
scientifi c community. These principles for animal experi-
mentation were, in part, created because national and inter-
national ethical codes and laws for human experimentation 
mandate that new substances or devices should not be used 
for the fi rst time on human beings unless previous tests on 
animals have provided a reasonable presumption of their 
safety. The principles provide a framework for ethical 
animal use (Box  8.1 ). Other areas covered include animal 
acquisition, transportation, housing, environmental condi-
tions, nutrition, the provision of veterinary care, the main-
tenance of records, euthanasia, the monitoring of animal 
care and use, the implementation of the Three Rs, and the 
training of investigators and others in animal care and use.    

  The  W orld  O rganisation for  A nimal  H ealth ( OIE ) 

 Recently the OIE have taken an interest in the use of animals 
in research. Proposals have been published for OIE members 
to follow when formulating regulatory requirements for the 
use of live animals in research, testing or teaching (World 
Organisation for Animal Health  2009 ). The proposed stand-
ards give prominence to the Three Rs, protocol and pro-
gramme review, training of those involved in veterinary 
care, the animal facilities, as well as animal health control.  

  Engineering  v ersus  p erformance  s tandards 

 Standards can be performance based, specifying the out-
comes but not the methods to achieve outcomes, or engi-
neering based, specifying measurements, activities or 

when study of animals was revived on a larger scale in 
European and North American universities, having fallen 
into disuse after earlier extensive use by Greek and Arab 
societies. As this use grew, so too did concern, both for the 
animals themselves, and also about how lack of respect for 
animals and how they were used would  ‘  corrupt  ’  humans. 
Even before laws were proposed in the nineteenth century 
in the United Kingdom (UK), to regulate research using 
animals, the tensions between the need for such research 
and animal welfare were present. There was both support 
for animal use as well as concern for their  ‘  pain and suffering  ’  
(Dunlop  &  Williams  1996 ). It is interesting that one prescient 
set of principles for research laid out at that time was that 
there should be: (1) no alternative; (2) a clear objective; (3) 
avoidance of repetition of work; (4) minimisation of suffer-
ing; and (5) full and detailed publication (Rupke  1987 ). See 
also the discussion of early proposals similar to the Three 
Rs (3 Rs) in Chapter  2 . 

 A general trend in oversight has been to move the focus 
from avoiding  ‘ cruelty ’  and on sanitary aspects, to a wider 
perspective on experimental animal health, welfare and 
ethics. Early laws and guidelines gave fellow scientists 
control over other scientists ’  specifi ed use of animals (Select 
Committee on Animals in Scientifi c Procedures  2002 ) and 
were aimed at controlling and excluding diseases that 
clearly confounded early animal experimentation (Walker  &  
Poppleton  1967 ). 

 It is important to reiterate that oversight can include 
voluntary as well as legally required activities, and both 
approaches may be useful mechanisms to address broader 
animal welfare and ethical issues (Orlans  2001 ). For example, 
the basic Russian law on animal experimentation (Russian 
Ministry of Health  1973 ) focuses on hygiene, husbandry and 
facilities but, in practice, establishments are becoming 
increasingly aware of broader issues. Key guidance docu-
ments have been translated into many languages, including 
Russian (eg, National Research Council  1996 ). A recent 
example of new regulatory requirements is the Japanese 
Guidelines on animal experimentation which now include 
aspects such as replacement, reduction and refi nement 
(Science Council of Japan  2006 ).  

  Principles 

  The Three  R  s  

 The principles of the Three Rs, consisting of replacement, 
reduction and refi nement (see Chapter  2 ) were developed 
by the UFAW Scholars, Professors William MS Russell and 
Rex Burch. The Three Rs were fi rst presented at a UFAW 
symposium in 1957 entitled  ‘  Humane Techniques in the 
Laboratory  ’  and published as  ‘  The Principles of Humane 
Experimental Technique  ’  in 1959 (Russell  &  Burch  1959 ). The 
term alternatives, while sometimes confused with replace-
ment is commonly used to refer to all Three Rs. Defi nitions 
of the Three Rs have evolved over the last half century 
(Buchanan - Smith  et al.   2005 ), but the original text (Russell  &  
Burch 1959 ) remains valid and important:

  We shall use the term  ‘ replacement technique ’  for any 
scientifi c method employing non - sentient material 
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  Box 8.1     CIOMS  International Guiding Principles for Biomedical Research Involving Animals 

          I.     The advancement of biological knowledge and the 
development of improved means for the protection 
of the health and well - being both of man and of 
animals require recourse to experimentation on 
intact live animals of a wide variety of species.  

     II.     Methods such as mathematical models, computer 
simulation and  in vitro  biological systems should be 
used wherever appropriate.  

     III.     Animal experiments should be undertaken only 
after due consideration of their relevance for human 
or animal health and the advancement of biological 
knowledge.  

     IV.     The animals selected for an experiment should be 
of an appropriate species and quality, and the 
minimum number required to obtain scientifi cally 
valid results.  

     V.     Investigators and other personnel should never fail 
to treat animals as sentient, and should regard their 
proper care and use and the avoidance or minimisa-
tion of discomfort, distress, or pain as ethical 
imperatives.  

     VI.     Investigators should assume that procedures that 
would cause pain in human beings cause pain in 
other vertebrate species, although more needs to be 
known about the perception of pain in animals.  

     VII.     Procedures with animals that may cause more than 
momentary or minimal pain or distress should be 
performed with appropriate sedation, analgesia, or 

anaesthesia in accordance with accepted veterinary 
practice. Surgical or other painful procedures should 
not be performed on unanaesthetised animals para-
lysed by chemical agents.  

     VIII.     Where waivers are required in relation to the provi-
sions of article VII, the decisions should not rest solely 
with the investigators directly concerned but should 
be made, with due regard to the provisions of articles 
IV, V, and VI, by a suitably constituted review body. 
Such waivers should not be made solely for the pur-
poses of teaching or demonstration.  

     IX.     At the end of, or, when appropriate, during an experi-
ment, animals that would otherwise suffer severe or 
chronic pain, distress, discomfort, or disablement 
that cannot be relieved should be painlessly killed.  

     X.     The best possible living conditions should be main-
tained for animals kept for biomedical purposes. 
Normally the care of animals should be under the 
supervision of veterinarians having experience in 
laboratory animal science. In any case, veterinary 
care should be available as required.  

     XI.     It is the responsibility of the director of an institute 
or department using animals to ensure that investiga-
tors and personnel have appropriate qualifi cations or 
experience for conducting procedures on animals. 
Adequate opportunities shall be provided for in - serv-
ice training, including the proper and humane 
concern for the animals under their care.     

processes (National Research Council  1996 ). Performance 
standards have the advantage of fl exibility, which may be 
useful where species, previous history of the animals, facili-
ties, expertise of the people and research goals need to be 
taken into account, but are open to more variability. The 
performance approach requires professional input and 
judgement to achieve outcome goals. Engineering standards 
are useful to establish a baseline, but are not as useful when 
a goal or outcome, such as well - being, sanitation, or person-
nel safety, needs to be specifi ed. Moreover, they may not 
encourage the development of higher standards. Optimally, 
engineering and performance standards should be used in 
tandem, thereby providing baseline standards while allow-
ing fl exibility and the application of informed professional 
judgement.  

  Adequate  v eterinary  c are 

 Veterinary care by trained and experienced specialists is 
fundamentally important to the delivery of a programme of 
humane and scientifi cally valid animal care and use. This is 
refl ected in many countries ’  provisions for regulation or 
oversight. 

 The United States Department of Agriculture ’ s (USDA) 
Animal Welfare Regulations (US Department of Agriculture 
 1991 ) and the Public Health Service (PHS) Policy on Humane 
Care and Use of Laboratory Animals (Policy) (Offi ce of 
Laboratory Animal Welfare (OLAW)  2002 ) stipulate that the 
veterinarian has the authority to oversee several key com-

ponents of the animal care and use programme, including: 
animal procurement and transportation; quarantine, stabili-
sation and separation of animals; surveillance, diagnosis, 
treatment and control of disease; surgery; the selection of 
analgesic and anaesthetic agents; method of euthanasia; 
animal husbandry and nutrition; sanitation practices; zoo-
nosis control; and hazard containment. The veterinarian 
must be qualifi ed through either experience or training in 
laboratory animal medicine or in the species being used. The 
veterinarian brings a specifi c perspective to the delibera-
tions of the Institutional Animal Care and Use Committee 
(IACUC), and is a voting member of the IACUC. The Animal 
Welfare Regulations describe the programme of adequate 
veterinary care as including: 

   •      the availability of appropriate facilities, personnel, 
equipment and services;  

   •      the use of appropriate methods to prevent, control, 
diagnose and treat diseases and injuries, inclusive of the 
availability of emergency, weekend and holiday care;  

   •      daily observation of all animals to assess their health 
and well - being;  

   •      guidance to researchers regarding handling, immobili-
sation, anaesthesia, analgesia, tranquillisation and 
euthanasia;  

   •      nutrition;  
   •      pest and parasite control;  
   •      adequate pre - procedural and post - procedural care in 

accordance with current professional standards (see 
also Animal and Plant Health Inspection Service 
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the emphasis it receives in regulation and policy such as the 
US Animal Welfare Regulations, PHS Policy, the  Guide for 
the Care and Use of Laboratory Animals  ( Guide ) (NRC  1996 ), 
and the Council of Europe Convention for the Protection of 
Vertebrate Animals used for Experimental and other 
Scientifi c Purposes Resolution on education and training of 
persons working with laboratory animals (Council of Europe 
 1993 ). This emphasis is also refl ected in other jurisdictions. 

 The US Animal Welfare Regulations and PHS Policy 
require institutions to ensure that people caring for or using 
animals are qualifi ed to do so. The Animal Welfare 
Regulations stipulate that several key topics be included in 
the institution ’ s training programme. They are: 

   •      humane methods of animal maintenance and experi-
mentation, including the basic needs of each species of 
animal, proper handling and care for the various species 
of animals used by the institution, proper pre - proce-
dural and post - procedural care of animals, and aseptic 
surgical methods and procedures;  

   •      the concept, availability and use of research or testing 
methods that limit the use of animals or minimise 
animal distress;  

   •      proper use of anaesthetics, analgesics and tranquillisers 
for any species of animal at the institution;  

   •      methods to report any defi ciencies in animal care and 
treatment;  

   •      use of the services at the National Agricultural Library, 
such as appropriate methods of animal care and use, 
alternatives to the use of live animals in research, pre-
vention of unintended and unnecessary duplication of 
research involving animals, information regarding the 
intent and requirements of the Animal Welfare Act.    

 The  Guide  urges that adequate training should be provided 
to members serving on the IACUC so that they can appro-
priately discharge their responsibilities. In addition, the 
 Guide  recommends that the professional and technical per-
sonnel caring for animals should be trained, as should inves-
tigators, research technicians, trainees (including students) 
and visiting scientists. The  Guide  also endorses training in 
occupational health and safety, in procedures that are spe-
cifi c to an employee ’ s job and in procedures specifi c to 
research (eg, anaesthesia, surgery, euthanasia, recognition 
of the signs of pain and/or distress, etc). 

 Over the last decade, there has been regionalisation and 
internationalisation of training standards. A particularly 
strong example is the development of training guidelines 
across Europe. These are based on a resolution adopted out 
of the Council of Europe Convention for the Protection of 
Vertebrate Animals used for Experimental and other 
Scientifi c Purposes (Council of Europe (COE)  1986 ). This 
resolution on education and training of persons working 
with laboratory animals (COE  1993 ) defi ned four categories 
of persons working with laboratory animals and their train-
ing needs: 

   •      Category A: persons taking care of animals;  
   •      Category B: persons carrying out procedures;  
   •      Category C: persons responsible for directing or design-

ing procedures;  
   •      Category D: laboratory animal science specialists.    

(APHIS) Tech Note March  1999 , Animal Care Policy #3 1 , 
and APHIS Form 7002 (APHIS  1992 )).    

 The Report of the American College of Laboratory Animal 
Medicine on Adequate Veterinary Care in Research, Testing 
and Teaching  (1996)  describes a programme of adequate 
veterinary care as including: 

   •      disease detection and surveillance, prevention, diagno-
sis, treatment and resolution;  

   •      provision of guidance on anaesthetics, analgesics, tran-
quilliser drugs and methods of euthanasia;  

   •      the review and approval of all pre - operative, surgical 
and post - operative procedures;  

   •      the promotion and monitoring of an animal ’ s well -
 being before, during and after its use;  

   •      involvement in the review and approval of all animal 
care and use at the institution.    

 This report is used by the Association for Assessment and 
Accreditation of Laboratory Animal Care (AAALAC 
International, see later in this chapter) as a reference stand-
ard in its assessments of animal care and use programmes. 

 More recently, the Federation of European Laboratory 
Animal Science Associations (FELASA), the European 
Society of Laboratory Animal Veterinarians (ESLAV) and 
the European College of Laboratory Animal Medicine 
(ECLAM) have produced European Guidelines for the 
Veterinary Care of Laboratory Animals (Joint Working 
Group on Veterinary Care  2008 ) These are designed to 
inform the general requirement for veterinary care and 
advise in the European Directive controlling animal experi-
mentation (European Council  1986 ). Core veterinary roles 
include: 

   •      all activities directly related to the animals to promote 
their welfare, such as during transportation, health 
monitoring and health management, husbandry, selec-
tion of environmental enrichment, surgery, anaesthesia, 
analgesia and euthanasia;  

   •      scientifi c activities, often as a scientifi c collaborator and 
adviser in laboratory animal science;  

   •      activities related to regulatory and administrative com-
pliance; the veterinarian must be knowledgeable about 
relevant legislation, including any appropriate ethical 
review process;  

   •      education and training of personnel and guidance of 
administrative staff, animal care staff and scientists 
to the benefi t of the animals, the science and the 
institution.    

 The guidelines also emphasise the need for appropriate 
training and continuing professional development to ensure 
competence is established and maintained.  

  Training 

 The importance of adequate training for all those involved 
in the animal care and use programme is underscored by 

  1       http://www.aphis.usda.gov/animal_welfare/downloads/policy/
policy3.pdf  
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not always legally mandated (FELASA Working Group on 
Ethical Evaluation of Animal Experiments  2007 ). In Asia it 
may be less explicit in terms of  ‘ ethical review ’ ; but ethics is 
implicit in approaches such as memorials to animals used 
in research which encourage refl ection on ethical aspects of 
such animal use (Slaughter  2002 ).  

  Inspection and  c ompliance 

 Systems of inspection, with consequences for non - compli-
ance, are operated in some jurisdictions, although they may 
or may not be perceived as fully or effectively implemented 
(European Parliament  2002 ). The inspection system is 
usually government controlled but there may also be other 
means of oversight, such as the peer - review system used by 
AAALAC International. Sanctions for non - compliance are 
highly varied and may include fi nes, imprisonment, denial 
of authority to conduct research or withdrawal of 
accreditation. 

  International  a ccreditation of  a nimal  c are and 
 u se  p rogrammes 

 There are two systems currently in place that accredit pro-
grammes that use animals in research, testing or teaching. 
One is the accreditation offered by the Canadian Council on 
Animal Care (CCAC), which is generally limited to institu-
tions located in Canada (see below). The other is AAALAC 
International ’ s global accreditation system. AAALAC 
International is a non - profi t organization that was formed 
in 1965. AAALAC ’ s mission is to promote the humane treat-
ment of animals in science through confi dential, voluntary 
accreditation of animal care and use programmes. The 
Association is comprised of a Board of Trustees from 69 
scientifi c organizations, patient advocacy groups, laboratory 
animal medical and science organizations and research 
lobby groups; a Council on Accreditation made up of vet-
erinarians, animal researchers, research administrators and 
facility managers who are experts in the fi eld of laboratory 
animal science and medicine; a roster of consultants who 
assist Council with the on-site evaluations and an offi ce 
staff. The Board of Trustees sets the vision and general direc-
tion of the Association, the Council on Accreditation is 
responsible for the conduct of site visits and for determining 
the accreditation status of institutions, and the offi ce staff 
(US, Europe and Pacifi c Rim regional offi ces) serves as a 
point of coordination of these activities and as an informa-
tion resource to the laboratory animal using community. 

 AAALAC does not establish policies to which institutions 
must conform. Rather, AAALAC International relies princi-
pally on the  Guide , as well as national laws, regulations and 
policies, and numerous scientifi cally based standards, 
referred to as  ‘  reference resources  ’ , which address specifi c 
subject areas (eg, recombinant DNA, surgery, euthanasia), 
for evaluation of animal care and use programmes around 
the world (Bayne  &  Martin  1998 ; Bayne  &  Miller  2000 ). The 
accreditation process includes an extensive internal review 
conducted by the institution, which is summarised in an 
animal care and use programme description. On - site visits 
are announced and conducted every 3 years. There is also 

 FELASA has elaborated these training requirements for 
each of these categories into training guidelines (FELASA 
 1995 ,  1999 ,  2000 ) and an accreditation scheme for provision 
of this training (FELASA  2002 ). These guidelines have 
become the  de facto  requirement for training and education 
across Europe, and are also being used elsewhere in the 
world. 

 This trend to wider application of guidelines is seen in 
other areas. Animal technology certifi cation is heavily infl u-
enced by the certifi cation programmes of the American 
Association for Laboratory Animal Science across the 
Americas, whilst in Europe and beyond, the European 
Federation of Animal Technicians is increasingly infl uenced 
by the programmes from the UK Institute of Animal 
Technology. More recently, there have been moves to share 
standards for certifi cation of specialists in Laboratory 
Animal Medicine by the formation of an International 
Association of Colleges of Laboratory Animal Medicine 2 .  

  Institutional and  g overnmental  a uthorisation 

 Institution - based review is the commonest method of 
authorisation around the world. Whilst there may be over-
sight of these activities by a national authority, often this is 
the single layer of authorisation. 

 The committee or process that is designated to review 
proposed uses of animals has been variously called the 
Animal Care Committee (Canada), Ethics Committee 
(Europe) and the IACUC (US). This group of individuals, 
operating as a committee or process, representing institu-
tional and public interests, has the responsibility for over-
sight and evaluation of the entire animal care and use 
programme and facilities. Because they act on behalf of the 
institution, their role is pivotal to engendering a humane 
and progressive animal care and use programme. The term 
programme is used to describe all aspects of animal care and 
use. The successful programme is overseen by a committee 
that is engaged, knowledgeable and receives strong admin-
istrative support. Because the committee is responsible for 
investigating reports of concern regarding animal welfare, 
the committee ’ s functions must be well known throughout 
the institution and there must be ready (and confi dential) 
access to the committee. 

 Previously, where there was central authorisation by a 
national or regional authority, an approach common in 
Europe, this was often the sole process. The trend is now to 
include local institutional or regional  ‘ ethical ’  review, in 
conjunction with governmental authorisation procedures. 
These two approaches can be complementary or additive, 
depending on the detailed requirements. 

 Special procedures often operate for approval of the use 
of certain species, such as non - human primates, dogs, cats, 
and equidae (eg, Council of Europe  1986 ; US Department of 
Agriculture  1991 ). 

 The ethical component of this review activity may be 
explicit or implicit, depending on regulatory requirements, 
but especially on the cultural norms in each jurisdiction. For 
example, in Europe, at present, it is commonly explicit but 

  2       http://www.iaclam.org  
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states (through national law as, for example, with the 
Animals (Scientifi c Procedures) Act 1986 in the UK), and 
must be adopted by any new state which joins the Union. 
Both the European Convention and Directive provide a 
framework which member states may choose to develop 
into more detailed regulations and guidance in the imple-
mentation of their provisions. Box  8.2  gives an overview of 
the provisions of the Convention and Directive.   

 The methods of implementing the Directive and 
Convention vary among European states (Nuffi eld Council 
on Bioethics  2005 ) and they are permitted to adopt stricter 
measures. Some states have centralised national authorisa-
tion, some have regional authorisation. Some require 
authorisation for all procedures, some allow minor proce-
dures to start after notifi cation. Commonly among the states 
a two - licence system is operated: one for the establishment, 
one for the project. A few states also require individuals to 
be licensed. National inspection regimes vary, with inspec-
tion visits ranging from frequent to occasional. Increasingly, 
a formalised process of ethical review is used, either man-
dated by law or voluntarily (FELASA Working Group on 
Ethical Evaluation of Animal Experiments  2007 ). Further 
restrictions on animal species (eg, apes), purposes (eg, safety 
testing of cosmetics) or procedures (eg, the LD 50  test) have 
been implemented in one or more European states. 

 Two complementary changes are underway in Europe. 
The standards in animal care and husbandry listed in 
Appendix A of the Convention have been reviewed over 
several years as part of the Multilateral Consultation of 
Parties to the Convention. Discussions on this were informed 
by working parties comprising representatives of science, 
industry and animal welfare groups. The parties to the 
Convention ratifi ed an updated Appendix A in June 2006 
(Council of Europe  2006 ). The changes from the previous 
versions were considerable, with much greater emphasis on 
the quality of the environment and accommodation because 
of its potential to affect animal well - being. For some species, 
particularly birds, dogs and non - human primates, enclosure 
sizes were increased considerably (Federation of European 
Laboratory Animal Science Associations  2007 ). In June 2007, 
a Commission Recommendation (2007 526 EC) replaced the 
existing Annex II guidance, with new guidelines aligned to 
the revised Council of Europe guidelines (Appendix A of 
Convention ETS 123), on accommodation and care of labora-
tory animals. 

 In 2001, the European Commission proposed revision of 
the European Directive because of its concerns about varia-
tion in its implementation across Europe, changes in scien-
tifi c practice and advances in science, and because of its 
concern for more explicit reference to the use and develop-
ment of alternatives to animal use. Since then, various 
reports and assessments have been undertaken, including a 
report by the European Parliament ’ s Environment  &  Public 
Health Committee; a Commission - sponsored technical 
review; input from the European Food Safety Authority; an 
impact assessment by the Commission; and a public consul-
tation (European Commission  2007a ). The Commission ’ s 
proposal on the new Directive was published in November 
2008 and is now subject to dynamic revision between the 
Commission, the European Parliament and the European 
Council of Ministers. Areas for revision include: 

an annual report requirement. The standards and process 
for accreditation are described in the Association ’ s Rules 
of Accreditation. Non - conformance with AAALAC 
International standards results in formal notifi cation that 
full accreditation has not been granted and provision of a 
timeline for correcting identifi ed defi ciencies. Sustained or 
serious non - conformance can result in revocation of 
accreditation.    

  Regional and  i nternational  h armonisation 
of  g uidelines 

 Regionally or internationally, some organisations promote 
greater harmonisation of standards. As examples, FELASA 
has also issued guidelines that include health monitoring, 
control of pain and distress and use of transgenic animals, 
and the International Council for Laboratory Animal Science 
(ICLAS) has a programme of producing harmonised guid-
ance that includes euthanasia and humane endpoints. 

   W estern  E urope 

 After much public debate the UK passed the fi rst legislation 
in the world to regulate animal research. The 1876 UK 
Cruelty to Animals Act made provision to permit certain 
experiments on live animals subject to support from eminent 
scientists (Nuffi eld Council on Bioethics  2005 ). This law was 
replaced in 1986 with the UK Animals (Scientifi c Procedures) 
Act. This introduced formal controls on sources of animals, 
re - use of animals and euthanasia. It also set out require-
ments to consider alternatives, to ensure training, to set up 
an advisory committee and to publish wide - ranging codes 
of practice on health, refi nement, husbandry and care (Her 
Majesty ’ s Stationery Offi ce  1985 ). Previously, these wider 
aspects had developed as voluntary guidelines (Biological 
Council  1984 ). Such broadening of the scope was part of the 
trend for more comprehensive laws, such as the European 
Directive for the protection of animals used for experimental 
and other scientifi c purposes (European Council  1986 ) and 
the International Guiding Principles for Biomedical Research 
Involving Animals (Council for International Organizations 
of Medical Sciences  1985 ). 

 The use of animals in scientifi c procedures in Europe is 
covered by two overlapping legal instruments that are cur-
rently very similar. The fi rst is the Council of Europe 
Convention for the Protection of Vertebrate Animals used 
for Experimental and other Scientifi c Purposes (Council of 
Europe  1986 ), and the second is the European Union ’ s 
Council Directive on the approximation of laws, regulations 
and administrative provisions of the member states regard-
ing the protection of animals used for experimental and 
other scientifi c purposes (European Council  1986 ). 

 The 47 member states of the Council of Europe can choose 
whether to participate in developing a convention, and 
can choose whether to ratify it. In 2007 less than half the 
member States of the Council of Europe had ratifi ed the 
Convention for the Protection of Vertebrate Animals used 
for Experimental and other Scientifi c Purposes. In contrast, 
European Union directives must be implemented by member 
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  Box 8.2    Overview of the provisions of the European Convention and 1986 Directive ( C   –  unique to Convention;  D   –  
unique to Directive). 

    Animals protected: 

   •      Live non - human vertebrates, including free - living 
and/or reproducing larval forms, but excluding other 
foetal or embryonic forms.  

   •      Use of stray animals prohibited.  
   •      Restrictions on the use of wild or endangered species 

(D).    

 Activities regulated: 

   •      Experimental or other scientifi c use of an animal which 
may cause it pain, suffering, distress or lasting harm. 
Includes the birth of an animal in any such conditions.  

   •      Excludes the least painful methods accepted in 
modern practice of killing or marking an animal.  

   •      Non - experimental, veterinary and agricultural activi-
ties excluded.    

 Reasons allowed for one or more of the following purposes 
only: 

   •      Avoidance or prevention of disease or abnormality in 
man, vertebrate or invertebrate animals or plants. 
Includes production and quality, effi cacy and safety 
testing of drugs, substances or products.  

   •      Diagnosis or treatment of disease in man, vertebrate 
or invertebrate animals or plants.  

   •      Detection, assessment, regulation or modifi cation of 
physiological conditions in man, vertebrate and inver-
tebrate animals or plants.  

   •      Protection of the environment.  
   •      Scientifi c research (C).  
   •      Education and training, and forensic inquiries (C).    

 Animal environment, care and husbandry: 

   •      Standards for this in an Appendix (A) (C) or an Annex 
(II) (D).  

   •      Environment checked each day and action taken if 
required.    

 Three Rs: 

   •      Cannot use an animal if another scientifi cally satisfac-
tory method is reasonably and practicably available.  

   •      Choice of species to be carefully considered.  
   •      Procedures selected which use the minimum number 

of animals, cause the least pain, suffering, distress or 
lasting harm, and which are most likely to provide 
satisfactory results.  

   •      General or local anaesthesia or analgesia or other 
methods to eliminate as far as practicable pain, suffer-
ing, distress or lasting harm must be applied through-
out the procedure unless they confound experiment 
or themselves cause more harm.  

   •      The development of the Three Rs is encouraged.  
   •      States to recognise the results of procedures carried 

out in other states.    

 Notifi cation and authorisation: 

   •      Procedures in which an animal will or may experience 
severe pain which is likely to endure must be specifi -
cally declared and justifi ed to, or specifi cally author-
ised by, state authorities.  

   •      Authorisation for any procedure shall be granted only 
to persons deemed to be competent by the state 
authorities, and if the experimental or other scientifi c 

project concerned is authorised in accordance with the 
provisions of national legislation.    

 Actions at the end of experiments: 

   •      Animal to be killed and this is required during the 
course of the experiment if the animal is in unrelieved 
severe pain or distress.  

   •      Animals may be re - used, under certain conditions, or 
released, but not if not previously used in an experi-
ment causing severe pain or distress.  

   •      Animal may, under certain conditions, be released.  
   •      There must be veterinary involvement in decisions 

made at the end of the experiment if the animal is not 
killed.    

 User establishments: 

   •      Registered and comply with standards for animal 
environment, care and husbandry.  

   •      Design, construction and functioning of facilities and 
equipment to ensure that the procedures obtain con-
sistent results with the minimum number of animals 
and the minimum degree of pain, suffering, distress 
or lasting harm.  

   •      Persons who are administratively responsible for the 
care of the animals and the functioning of the equip-
ment to be identifi ed.  

   •      Suffi cient trained staff.  
   •      Adequate arrangements for the provision of veteri-

nary advice and treatment.  
   •      Veterinarian or other competent person charged with 

advisory duties in relation to the well - being of the 
animals.  

   •      Persons who carry out procedures, or take part in 
procedures, or take care of animals used in procedures 
to have appropriate education and training.  

   •      Records kept of animal acquisition and use.  
   •      Periodic inspection by the state (D).    

 Breeding and supply establishments: 

   •      Registered and comply with standards for animal 
environment, care and husbandry.  

   •      Person in charge of the establishment competent to 
administer for suitable care for animals.  

   •      Requirements for records, with special provision for 
records identifi cation of dogs and cats  

   •      Some species must be purpose bred unless specifi c 
exemption: mouse, rat, guinea pig, golden hamster, 
rabbit, dog, cat and quail.  

   •      Periodic inspection by the state (D).    

 Statistical information made available to the public for 
each state: 

   •      The numbers and kinds of animals used in procedures.  
   •      The numbers of animals in selected categories used in 

procedures directly concerned with medicine and in 
education and training (C).  

   •      The numbers of animals in selected categories used in 
procedures for the protection of man and the 
environment.  

   •      The numbers of animals in selected categories used in 
procedures required by law.  

   •      Commercial information protected (D).     
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that the use of animals, where necessary, for research, teach-
ing and testing employs optimal physical and psychological 
care according to acceptable scientifi c standards, and to 
promote an increased level of knowledge, awareness and sen-
sitivity to relevant ethical principles.    

 Thus, the CCAC has two principal functions: (1) the devel-
opment of guidelines and policies to govern experimental 
animal care and use; and (2) to monitor compliance with 
those guidelines and policies. The CCAC is an independent 
organisation and receives funding from the Medical 
Research Council (MRC) and the Natural Sciences and 
Engineering Research Council (NSERC). 

 The CCAC establishes guidelines for its certifi ed institu-
tions to follow, currently contained in the two - volume  Guide 
to the Care and Use of Experimental Animals  (CCAC  1984 ; 
Olfert  et al.   1993 ). Adjunct guidelines address topics such as 
animal use protocol review, transgenic animals, selecting 
appropriate endpoints and developing an animal user train-
ing programme. The CCAC also has established several 
policies, including the ethics of animal research, review of 
scientifi c merit, social and behavioural requirements of 
experimental animals, acceptable immunological proce-
dures and categories of invasiveness. 

 On - site assessments using panels of experts from the 
animal care and use community and a representative nomi-
nated by the Canadian Federation of Humane Societies are 
conducted triennially. An institution is deemed to be in 
compliance if the CCAC report prepared by the assessment 
panel and approved by the Assessment Committee, a stand-
ing committee composed of at least four Council members, 
contains only regular, minor and/or commendatory recom-
mendations, and the institution submits an implementation 
report for any regular recommendations that is judged to be 
satisfactory. Institutions which have been found to be in 
compliance or conditional compliance will receive a CCAC 
Certifi cate of Good Animal Practice  ®  . If the CCAC report 
contains major and/or serious recommendations whose cor-
rection does not require verifi cation by an on - site reassess-
ment, but rather can be verifi ed through documentation and 
the institution provides to the CCAC an implementation 
report that is judged to be satisfactory, then compliance is 
maintained. An assessment report containing major or 
serious recommendations may place the institution in a 
status of conditional compliance, probation or non - compli-
ance. All relevant funding agencies and government minis-
tries and departments are notifi ed of an institution ’ s 
non - compliance with CCAC guidelines (Canadian Council 
on Animal Care  2000 ). Sustained non - compliance with 
CCAC guidelines and policies can ultimately result in 
withdrawal of all animal - based research funding to the 
institution.  

  The  U nited  S tates 

 In the US, oversight of animal care and use for research, 
testing and teaching is achieved by numerous laws, regula-
tions, policies and guidelines from two principal govern-
ment organisations: the USDA and the PHS. Other guidance 
may be derived from scientifi c panels and endorsed by the 
government as required standards. Federal laws are annu-

   •      regulation of individuals, places and projects with prior 
authorisation of procedures;  

   •      establishment of an inspection system in each member 
state and EU audit of inspection;  

   •      requirement for member states to promote the Three Rs;  
   •      establishment of institutional ethical review to advise 

on the Three Rs and review certain projects annually;  
   •      classifi cation of projects by severity;  
   •      restrictions on the use, breeding and acquisition of non -

 human primates;  
   •      prescribed minimum standards for animal care and 

accommodation;  
   •      extension of the scope to some invertebrates, animals 

bred for tissues and immature forms;  
   •      further restrictions on the re - use of animals;  
   •      requirement for a national animal welfare and ethics 

committee and a national reference laboratory to vali-
date alternatives;  

   •      requirement for public non - technical summaries of 
projects;  

   •      measures to promote the avoidance of duplication in 
regulatory testing.    

 The revised Appendix A of the Convention has therefore 
become the current standard for animal use in the European 
Union (European Commission  2007b ), as well as in countries 
which have ratifi ed the Council of Europe Convention, and 
it is now being implemented over a period of several years. 

 In addition, for the European Union states, the revised 
Directive will become the current regulation for standards 
for animal use, once the revision process is complete.  

   N orth  A merica 

   C anada 

 The Canadian constitution precludes federal legislation per-
taining to the use of animals in research, testing or education 
because such use is under provincial jurisdiction. Six prov-
inces have established legislation regarding animal research, 
fi ve of which reference the CCAC guidelines and policies. 
In addition, although there is no federal requirement to par-
ticipate in the CCAC assessment programme, the two prin-
cipal funding agencies require grantee institutions to have 
a Certifi cate of Good Animal Practice  ®   and to comply with 
CCAC guidelines and policies for continued funding. 
Contractors performing work for the federal government 
are required to adhere to CCAC guidelines, as specifi ed 
in the Public Works and Government Services Canada, 
Standard Acquisition Clauses and Conditions Manual, 
Section 5, Subsection A, Clause A9015C: Experimental 
Animals. 

 The CCAC, founded in 1968, places responsibility for 
humane animal care and use with the animal care committee 
(ACC) at each institution. The ACCs are granted specifi c 
authority and provided with terms of reference under which 
they operate (eg, membership, authority, responsibilities 
and functioning). The CCAC ’ s mission is:

   to act in the interests of the people of Canada to ensure 
through programs of education, assessment and persuasion 
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Department of Agriculture was provided the authority to 
determine which animals would be covered by the Act. In 
1977 the USDA promulgated regulations that specifi cally 
excluded rats, mice and birds from the defi nition of  ‘ animal ’ . 
The Helms amendment to the 2002 Farm Bill explicitly 
excluded rats, mice and birds used for research from the Act. 
Because the USDA regulates only those species covered by 
the Animal Welfare Act, the passage of this bill into law 
removed USDA oversight of these species. Rationale for 
Congress to accept their exclusion from the Act was based 
in large part on the fact that these species are covered by 
other federal (eg, PHS Policy) and private (eg, AAALAC 
International) systems of oversight, and there are reports 
that approximately 95% of research using rats and mice is 
funded by the National Institutes of Health and thus are 
covered by the Health Research Extension Act/Public 
Health Service Policy (Federation of American Societies for 
Experimental Biology  2002 ). 

 Since the 1966 Act, the USDA has been vested by Congress 
with both promulgation and enforcement authority. The 
USDA is required to conduct unannounced annual inspec-
tions of research facilities, with follow - up inspections until 
any cited defi ciency has been corrected. Exempt from this 
provision are federal research facilities. Research institu-
tions, intermediate handlers and common carriers are 
required to register with the USDA, while animal dealers 
and exhibitors must be licensed. Research facilities and US 
government agencies are required to purchase animals only 
from licensed sources, unless the source is exempted from 
obtaining a license. Failure to comply with regulatory 
requirements, despite formal notifi cation of an item(s) of 
non-compliance and an opportunity to effect a correction, 
can result in fi nes levied on the facility, suspension of 
authority to operate and even permanent revocation of the 
facility ’ s license to operate. Thus, the enforcement arm of 
the USDA ’ s oversight responsibility is strong, and has been 
used over the years to improve animal welfare at dealers, 
exhibits and research facilities.  

   P ublic  H ealth  S ervice  P olicy 
 The other federal agency charged with oversight of research 
animal care and use is the PHS. The PHS Policy was imple-
mented in 1973 and was revised in 1979. The PHS Policy 
covers all vertebrate animals used in research, testing or 
teaching. Today, the PHS authority is derived from Public 
Law 99 - 158, the Health Research Extension Act of 1985, 
Section 495, Animals in Research. Under this Act, institu-
tions conducting animal research using PHS funding, such 
as through the National Institutes of Health (NIH), must 
comply with the PHS Policy on Humane Care and Use of 
Laboratory Animals (Offi ce of Laboratory Animal Welfare 
 2002 ). The PHS Policy requires submission by the funding 
recipient (referred to as an  ‘  awardee institution  ’ ) of an Animal 
Welfare Assurance Statement, and which must be approved 
by the PHS ’ s Offi ce of Laboratory Animal Welfare (OLAW), 
a component of the NIH, and commits the institution to fol-
lowing the US Government Principles for the Utilization 
and Care of Vertebrate Animals Used in Testing, Research, 
and Training (IRAC  1985 ) which are largely based on the 
CIOMS Principles, and the  Guide . In addition to stating a 
commitment to animal welfare, the Assurance Statement 

ally compiled and categorised into their respective subjects 
(eg, agriculture) and published as the United States Code 
(USC). The USC includes a discussion of the intent of 
Congress for establishing the law and any interpretations 
from the courts. Regulations are promulgated to enforce the 
corresponding law. Proposed regulations are published in 
the Federal Register for public comment. After the respon-
sible agency reviews and addresses the public comments, 
the regulations are again published in the Federal Register 
in fi nal format and then incorporated into the Code of 
Federal Regulations (eg, 9 CFR) (Johnson  &  Morin  1983 ; 
Johnson  et al.   1995 ). In general, laws address two specifi c 
areas: animal welfare and procurement, and animal impor-
tation and shipment. 

   US   D epartment of  A griculture 
 Federal laws for the humane treatment of animals have been 
in place since 1873. The fi rst federal law to protect non - farm 
animals was not passed until 1966 and was called the 
Laboratory Animal Welfare Act, administered by APHIS, 
USDA. The Laboratory Animal Welfare Act of 1966 was 
amended in 1970, 1976, 1985, 1990, 2000 and 2008 to broaden 
coverage of the law. Public Law 91 - 579, Animal Welfare Act 
of 1970, increased the species of animals covered under the 
law to include all warm - blooded animals and increased the 
scope of applicability of the law to include the time animals 
were held in the facility. Specifi cally exempted were horses 
not used in research and agricultural animals used in food 
and fi bre research, retail pet stores, state and county fairs, 
rodeos, purebred cat and dog shows, and agricultural exhi-
bitions. Public Law 94 - 279, Animal Welfare Act Amendments 
of 1976, included common commercial carriers, such as air-
lines, and this subsequently led to standards being devel-
oped for shipping containers and conditions of shipment. 
Public Law 99 - 198, Improved Standards for Laboratory 
Animals Act, added several new provisions to the law 
including: minimisation of animal pain and distress and 
consideration of alternatives to painful procedures; consul-
tation with a doctor of veterinary medicine for any practice 
which could cause pain to animals; limitation on conducting 
more than one major survival surgery on an animal (ie, 
multiple major survival surgical procedures may be permit-
ted if they are interrelated to the scientifi c goal of the study); 
establishment of an IACUC to provide oversight of the 
animal care and use programme and facilities; provision of 
specifi c training to personnel; provision of exercise to dogs; 
and a stipulation to promote the psychological well - being 
of non - human primates. The 1990 amendment to the Animal 
Welfare Act, Public Law 101 - 624, Food, Agriculture, 
Conservation, and Trade Act of 1990, Section 2503, Protection 
of Pets, established a holding period for dogs and cats at 
shelters and other holding facilities prior to sale to dealers 
supplying animals for research. The law also requires 
dealers to provide written certifi cation to the recipient 
regarding the background of each animal. 

 The 1970 amendment to the Animal Welfare Act defi ned 
an animal as:  ‘  any live or dead dog, cat, monkey (nonhuman 
primate animal), guinea pig, hamster, rabbit, or other such warm -
 blooded animal as the Secretary may determine is being used, or 
is intended for use, for research, testing, experimentation, or exhi-
bition purposes, or as a pet . ’  In this way, the Secretary of the 
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dures for co - operation among the three agencies in their 
oversight of animal care and use programmes, the general 
functions and responsibilities of the IACUC are similar. 

 OLAW conducts site visits of awardee institutions both 
 ‘  for cause  ’  and  ‘  not for cause  ’ . In addition, an ongoing signifi -
cant mission of OLAW is the educational outreach it per-
forms in collaboration with awardee institutions. Jointly 
sponsored workshops focus on information of value to 
Institutional Offi cials and IACUCs to provide appropriate 
oversight of animal care and use. OLAW also provides guid-
ance through articles in journals, commentary on other arti-
cles, NIH Guide Notices and a listserve.  

  Other  l aws,  r egulations and  p olicies 
 In 1978 the FDA initially promulgated regulations for the 
conduct of animal research on new or existing pharmaceuti-
cal agents, food additives or other chemicals. These regula-
tions, known as the Good Laboratory Practice (GLP) 
regulations (which have been subsequently revised), specify 
appropriate diagnosis, treatment and control of Disease in 
animals used in the work (see 21 CFR Part 58 3  (Code of 
Federal Regulation  1998 )). The Environmental Protection 
Agency (EPA) has issued companion regulations (Code of 
Federal Regulation  1997 ) for conducting research pertaining 
to health effects, environmental effects and chemical fate 
testing in a separate set of GLP regulations 4 . Both the FDA 
and EPA GLP regulations rely heavily on adequate and 
detailed record keeping. Records must include standard 
operating procedures, animal identifi cation, food and water 
analysis, documentation that any pesticides or chemicals 
used near the animals do not interfere with the study, and 
documentation of any disease and treatments animals expe-
rience. On - site inspections are conducted to ensure compli-
ance with GLP standards. 

 The Department of Defense (DoD) developed a  ‘ Policy on 
Experimental Animals ’  in 1961 to ensure that all research at 
DoD facilities involving animals was conducted in accord 
with certain principles of animal care (Rozmiarek  2007 ). 
Later versions of this policy included overseas sites. 
Subsequently a joint regulation, entitled  ‘ The Use of Animals 
in DoD Program ’ , from the Army, Navy, Air Force, Defense 
Nuclear Agency and Uniformed Services University 
required all DoD facilities to  ‘  seek accreditation by AAALAC  ’  
and to establish local institutional animal care and use com-
mittees (Department of Defense  1995 ). 

 State laws to protect animals have a long history, with the 
fi rst anti - cruelty law passed in 1641 in the Massachusetts 
Bay Colony to prevent riding or driving farm animals 
beyond established limits (US Congress Offi ce of Technology 
Assessment  1986 ). All 50 states and the District of Columbia 
have enacted anti - cruelty laws. The overarching goals of 
these laws are to protect animals from cruel treatment, 
require that animals have access to suitable food and water 
and require that animals have shelter from extreme weather. 
Some state laws defi ne  ‘ animal ’  and some do not. In common 

must designate clear lines of authority and responsibility 
for institutional oversight of the work, inclusive of a 
designated  ‘  Institutional Offi cial  ’  who is ultimately responsi-
ble for the animal care and use programme; identify a quali-
fi ed veterinarian who is involved in the programme; provide 
a description of the occupational health and safety pro-
gramme for relevant personnel in the programme; describe 
mandated training; and describe the facility. The assurance 
is re - negotiated with OLAW every 5 years. OLAW can 
approve, disapprove, restrict or withdraw approval of the 
Assurance. 

 PHS awarding agencies, such as the NIH, may not make 
an award for an activity involving live vertebrate animals 
unless the prospective awardee institution and all other 
institutions participating in the animal activity have an 
approved Assurance with OLAW and provide verifi cation 
that the IACUC has reviewed and approved those sections 
of the grant application that involve the use of animals. 
Applications from organisations with approved Assurances 
must address fi ve specifi c points pertaining to the use of 
animals: 

   •      a detailed description of the proposed work, including 
species, strain, sex, age and number of animals to be 
used in the proposed work;  

   •      a justifi cation of the use of animals, species and number 
of animals;  

   •      information regarding the veterinary care for the 
animals;  

   •      a description of the procedures for ensuring that dis-
comfort, distress, pain and injury will be minimised;  

   •      a description of the method of euthanasia and the 
reason for the selection of that method, including a 
justifi cation for any method that does not conform with 
the American Veterinary Medical Association ’ s (AVMA) 
Euthanasia Guidelines  (2007) .    

 Awardee institutions that do not comply with the standards 
of the  Guide , the USDA Animal Welfare Regulations and 
other standards referenced in the PHS Policy (eg, the 
AVMA ’ s Euthanasia Guidelines (American Veterinary 
Medical Association  2007 )), may have their Assurance 
Statement restricted, which in turn can limit access to PHS 
funding for research. Sustained non - compliance with the 
PHS Policy can result in withdrawing the approval of the 
assurance and cessation of all PHS funding for animal - based 
activities. 

 The awardee institution must also submit an annual 
report. Institutions that are reviewed by an outside accredit-
ing body, such as AAALAC International (Category 1 insti-
tutions), must indicate in the annual report if that 
accreditation status has been removed. Institutions that are 
not accredited by an external review group (Category 2) 
must provide the most recent copy of their IACUC ’ s semian-
nual programme review and facility inspection with the 
Assurance. The role of the IACUC in providing local over-
sight of animal care and use is a key element of the PHS 
Policy. Although the required composition of the IACUC for 
the PHS differs slightly from USDA requirements, due to a 
Memorandum of Understanding concerning laboratory 
animal welfare among APHIS/USDA, the Food and Drug 
Administration (FDA) and the NIH that sets forth proce-

  3       http://edocket.access.gpo.gov/cfr_2004/aprqtr/pdf/21cfr58.1.pdf  
  4       http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&sid=cd55b9ce

1e35880245e76f6ba16ab76d&rgn=div5&view=text&node=40:23.0.1.1.11
&idno=40  
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posed study, and then the director approves or disapproves 
the protocol. The number of IACUC members may vary 
with the size and complexity of the institution, but the com-
mittee should include researchers who conduct animal 
experiments, laboratory animal specialists and  ‘  other persons 
of knowledge and experience  ’  (Science Council of Japan  2006 ). 
The primary role of the IACUC is to evaluate the scientifi c 
merit of the proposed study, taking into consideration the 
aforementioned law, standards and policies. The IACUC is 
also charged with reviewing the education and training of 
the investigator and to make recommendations to the direc-
tor of the institution as necessary. 

 The SCJ Guidelines provide general recommendations 
regarding items for the IACUC to consider when reviewing 
a protocol, items that should be contained on the protocol 
form, facility and equipment considerations, animal 
restraint, food and water restriction, surgical procedures, 
analgesics and anaesthetics, humane endpoints, euthanasia, 
safety considerations and reporting of experimental results. 
This latter item suggests that the investigator report to the 
director of the institution the number of animals used, 
whether any changes were made to the protocol and the 
results of the experiment. Other topics covered include labo-
ratory animal selection and receipt, the care and manage-
ment of laboratory animals, laboratory animal health 
management, as well as education and training. Under the 
topic of laboratory animal care and management, cage space 
is discussed. The Guidelines recommend considering the 
animal ’ s characteristics (species, age, etc) and its behaviour 
when determining appropriate cage size, or alternatively to 
use the  Guide  (NRC  1996 ). The Standards provide additional 
guidance on environmental conditions and other related 
animal care and use programme information. Although a 
government inspection system does not validate conformity 
with these standards and guidelines, a third party audit 
system is encouraged, which may be met by a relatively new 
national audit system or through assessments and accredita-
tion provided by AAALAC International.  

   K orea 

 The fi rst Korean Animal Protection Law was passed in 1991 
that formally permitted the use of animals for teaching, 
research,  ‘  or other scientifi c study  ’ . The law was amended in 
January 2007 with a 1 - year period for institutions to come 
into compliance (Korean Animal Protection Law  2007 ). The 
amended law addresses several key principles, including 
consideration of harm/benefi t, alternatives, using the 
minimum number of animals necessary to achieve the sci-
entifi c goal, ensuring appropriate training and experience 
of the investigator, pain mitigation and euthanasia. 
Importantly, the amended law requires the establishment of 
an Animal Experimentation Ethics Committee to  ‘  oversee the 
protection and ethical treatment  ’  of research animals. The 
composition of the committee is specifi ed as a chair and 3 – 15 
members, one third of whom must be independent of the 
institution. The committee must have a veterinarian; a 
person who represents animal welfare and is recommended 
by a private organization; a lawyer; and a professor that is 
in charge of animal protection and welfare at an institution 
of  ‘  higher education  ’ . The committee is appointed by the head 

among the state laws is the diversity of approaches to pro-
viding protection to animals. Some states have additional 
provisions for animals used in research, and many states 
prohibit the sale of pound animals into the research stream. 
In general, criminal penalties are imposed for offences. On 
occasion, state anti - cruelty laws have been used against 
research facilities. In recent years, state and federal laws 
have been used by private citizens or citizen groups claim-
ing  ‘ standing to sue ’  on behalf of animals. The issue of 
 ‘ standing ’  has undergone a long litigation process and a 
chronology of court decisions on this issue has been com-
piled by the National Association for Biomedical Research 
 (1999) . 

 Because animal research can involve a variety of different 
species, several other federal acts, laws and treaties have 
bearing on animal use. These include the US Endangered 
Species Act, which restricts the research conducted on these 
animals to those studies that would directly benefi t the 
species under investigation; the Marine Mammal Protection 
Act, which provides authority for scientifi c research on 
marine mammals by special permit; the Convention on 
International Trade in Endangered Species of Wild Fauna 
and Flora (CITES), which requires signatory countries to 
obtain a permit for the import or export of certain species; 
the Lacey Act, which governs import, export and interstate 
commerce of foreign wildlife; and the Migratory Bird Treaty 
Act, which makes it unlawful to take or possess any pro-
tected bird except by permit.    

   A sia 

   J apan 

 Effective 1st June 2006, the Science Council of Japan (SCJ) 
issued  ‘ Guidelines for Proper Conduct of Animal 
Experiments ’  as a result of the amended Law for the Humane 
Treatment and Management of Animals (amended 2005) 
and at the request of the Ministry of Education, Culture, 
Sports, Science and Technology (MEXT) and the Ministry of 
Health, Labour and Welfare (MHLW). Of particular note, 
the amended law and SCJ Guidelines requires attention to 
the Three Rs in the planning and conduct of research, though 
in practice, particular emphasis is placed on refi nement. The 
detailed guidelines promulgated by the SCJ build upon the 
more basic guidelines,  ‘ Fundamental guidelines for proper 
conduct of animal experiment and related activities in aca-
demic research institutions under the jurisdiction of the 
Ministry of Education, Culture, Sports, Science and 
Technology ’ ,  ‘ Basic policies for the conduct of animal exper-
imentation in the Ministry of Health, Labour and Welfare ’  
and  ‘ Standards Relating to the Care and Management of 
Laboratory Animals and Relief of Pain (Ministry of 
Environment,  2006 ) ’ . 

 The SCJ Guidelines encourage each institution to develop 
and implement its own policies for the conduct of animal -
 based research. The SCJ guidelines place ultimate responsi-
bility for all experiments with the director of the institution, 
but also encourage the formation of an IACUC. Therefore, 
the IACUC ’ s role is to provide the institutional director with 
a report on the committee ’ s deliberations regarding a pro-
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number of animals necessary will be used in ways that cause 
the minimum amount of pain or injury. Article 16 requires 
that the institution that is using animals form an  ‘  animal 
experimentation management unit  ’  to oversee the scientifi c uti-
lization of the laboratory animals. In addition, the institution 
must establish an ethics committee, which must include a 
veterinarian and one representative of a private  ‘  animal pro-
tection group  ’ . Under this law, the institution is entitled to 
employ an  ‘  animal protection inspector  ’  or use voluntary 
 ‘  animal protectors  ’  to assist with the supervision of animal 
use, including inspection of locations where animals are 
housed and used. In 2001 the COA announced regulations 
for establishing Laboratory Animal Care and Use Panels for 
institutions using vertebrate animals. Training sessions 
were provided for the panel members and the COA devel-
oped a Guideline for the Care and Use of Laboratory 
Animals for use by the panels.  

   I ndia 

 The Animal Welfare Board of India was set up in accordance 
with Section 4 of the Prevention of Cruelty to Animals Act 
 1960  (No. 59 of 1960). The Ministry of Food and Agriculture 
constituted the Animal Welfare Board of India in 1962. Since 
1998, oversight of the Animal Welfare Board is the purview 
of the Ministry of Social Justice and Empowerment. Among 
the functions of the Board are: to advise the government on 
promulgating rules with a view to preventing unnecessary 
pain or suffering of captive animals and on potential amend-
ments to the law. Chapter  4  of the Prevention of Cruelty to 
Animals Act addresses experimentation on animals. 
Included in the act is the authority for the government to 
appoint a Committee for the Purpose of Control and 
Supervision of Experiments on Animals (CPCSEA). The 
committee must ensure that animals are not subjected to 
unnecessary pain or suffering before, during or after the 
performance of experiments on them. To achieve this, the 
committee may, subsequent to notifi cation in the Gazette of 
India, develop rules regarding the conduct of experiments. 
In general, the rules for animal experimentation pertain to 
appropriate qualifi cations of individuals conducting the 
experiment, minimisation of animal pain by the use of 
anaesthetics, euthanasia, consideration of alternatives to 
animal experimentation, that pre -  and post - procedural care 
be provided to the animal, and that suitable records are 
maintained. The committee can authorise inspection of the 
location of the experiment and can suspend animal work by 
an individual or an institution. 

 The Indian National Science Academy is responsible for 
the development of guidelines for the operation of 
Institutional Animal Ethics Committees (IAEC). For 
example, protocols must be provided to the IAEC 30 days 
in advance of the committee meeting. The IAEC ’ s principal 
responsibility is the review and authorisation of proposed 
animal experimentation. Each IAEC includes a member 
of the Committee for the Purpose of Control and Supervision 
of Experiments on Animals. Most experimentation is 
conducted on small laboratory animals (eg, mice, rats, 
guinea pigs, rabbits); permission must be obtained from a 
subcommittee of the CPCSEA to conduct research on larger 
animals.  

of the facility and the chair is elected from among the com-
mittee members. A fi ne may be levied against the head of 
an animal facility who has not appointed an Animal 
Experimentation Ethics Committee. Under the terms of the 
amended law, an annual report must be submitted to the 
Minister of Agriculture and Forestry regarding animal 
experimentation activities.  

   P eople ’ s  R epublic of  C hina 

 The  ‘ Regulations for Administration of Laboratory Animals ’  
was approved by the State Council in 1988 (State Science 
and Technology Commission  1988 ). The Ministry of Health 
subsequently published Implementing Detailed Rules of 
Medical Laboratory Animal Administration. In general, 
these regulations are designed to ensure high - quality 
animals for research. The standards,  ‘ Laboratory animal  –  
Requirements of environment and housing facilities ’  (GB 
14925 - 2001) were revised in 2001. Standards are described 
regarding construction of the animal housing areas; separa-
tion of animals by source, species, strain, experiment and 
pathogen status; quality of food, water and bedding pro-
vided to the animals; quarantine procedures; preventive 
medicine; and animal transportation. In 2006, the Ministry 
of Science and Technology (MOST) issued guidelines for the 
humane treatment of laboratory animals. This was the fi rst 
state policy - related document which directs administrators 
and technicians to attend to the welfare of laboratory 
animals. In this manner, concepts such as the Three Rs and 
scientifi c merit have begun to be included in Chinese 
regulations. 

 The Beijing Municipality has additional regulations 
regarding the Administration of Laboratory Animals 
(Beijing Municipal Science and Technology Commission 
 1997 ). These regulations are specifi c to  ‘  artifi cially raised and 
bred animals with control of microbes and parasites carried by 
them and defi nite genetic background and clear sources that are 
used for scientifi c researches, teaching, production, examinations 
and other scientifi c experiments  ’ . The Beijing regulations 
require a license be obtained from the Beijing Municipal 
Science and Technology Commission for the use of labora-
tory animals in breeding, research or testing. The municipal 
regulations require personnel training, and technical staff 
must complete a technical competency assessment. Proper 
care, handling and treatment of the animals are emphasised 
throughout the regulations. Similar approaches are estab-
lished in other cities where scientifi c research is important, 
such as Shanghai.  

   T aiwan,  ROC  

 In Taiwan, the Animal Protection Law (Taiwan Animal 
Protection Law  1998 ), under the auspices of the Council of 
Agriculture (COA), has provisions that address animals 
used for commercial purposes (eg, meat, milk, fur, etc), 
science (teaching and research) and animals kept as pets. 
Chapter II, Article 12 of the Animal Protection Law pre-
cludes the killing of animals, with certain exceptions such 
as killing for scientifi c purposes. Chapter III, Articles 15 – 18 
specify the conditions for the  ‘  scientifi c utilization of animals  ’ . 
Included in this chapter is the mandate that the minimum 
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 The Code of Practice endorses the principles of the Three 
Rs and also provides practical guidance by setting out 
general principles for the care, housing and humane use of 
animals. Importantly, it also requires the establishment of 
AECs for each research institution. Membership of an AEC 
must include a veterinarian, a scientist, a person with a 
demonstrable commitment to animal welfare but who is not 
employed by the institution, and a person viewed by the 
wider community as bringing a completely independent 
view and who is both independent of the institution and 
who has never been involved with the scientifi c use of 
animals. In addition, the AEC should appoint to its member-
ship a person responsible for the routine care of animals 
from within the institution. AECs must have terms of refer-
ence that are publicly available and must include provision 
for oversight of all aspects of the animal care and use pro-
gramme, assessment of animal use proposals, withdrawing 
approval of a project, authorising emergency treatment or 
euthanasia of animals and making recommendations to the 
institution to ensure compliance with the Code of Practice. 

 To assist with regulatory oversight, the Code of Practice 
provides guidance for the external review of animal research 
institutions and their AECs although details of the imple-
mentation varies between states according to legislation. In 
the state of New South Wales, for example, the legislation 
requires the establishment of a 12 - member panel constituted 
by representatives from animal welfare organisations, the 
research sector and government. The panel has broad 
responsibilities that include serving as a conduit for com-
munity input to policy development, advising on the resolu-
tion of complaints and oversight of institutional 
self - regulation through on - site inspections and audits in col-
laboration with government veterinary inspectors. It has 
also published guidelines on practical aspects of laboratory 
animal care with an emphasis on evidence - based approaches. 

 In addition to state and territory laws dealing specifi cally 
with animal welfare, other laws at both the state and federal 
levels extend into the regulatory environment of animal 
research in Australia. These include laws relating to quar-
antine, wildlife management, genetic manipulation and 
occupational health and safety. 

 Recently, the Federal Government released the Australian 
Animal Welfare Strategy (Commonwealth of Australia 
 2005 ). This comprehensive strategy covers not only labora-
tory animals but all use of animals in Australia. In common 
with the Code of Practice, however, broad consultation was 
prominent in its development with input being sought from 
animal welfare groups, government, industry and the 
general public. The goals of the Strategy include the enhance-
ment of existing animal welfare arrangements and develop-
ment of nationally consistent policies which will, among 
other things, take into account scientifi c evidence and social 
considerations. At present, the prospect of federal legisla-
tion governing animal research seems unlikely since the 
Australian Constitution is usually interpreted as delegating 
animal welfare matters to the state governments. However, 
the integration of the Code of Practice into state animal 
research legislation, does, in effect, achieve the Strategy ’ s 
goal of a consistent national policy in this area. 

 Another recent publication has been the NHMRC ’ s 
 ‘ Guidelines to promote the wellbeing of animals used for 

   S ingapore 

 Singapore recently established Guidelines on the Care and 
Use of Animals for Scientifi c Purposes (National Advisory 
Committee for Laboratory Animal Research  2004 ). These 
cover animal care and use for scientifi c purposes based on 
ethical, legal and scientifi c considerations, Institutional 
Animal Care and Use Committees and training of personnel 
involved in the care and use of animals for scientifi c pur-
poses. Implementation is institution based, and they draw 
heavily on US, Australian and Canadian standards for hus-
bandry, care and protocol authorisation, and on European 
standards for training guidelines.   

   A ustralia and  N ew  Z ealand 

   A ustralia 

 The Australian Code of Practice for the Care and Use of 
Animals for Scientifi c Purposes (National Health and 
Medical Research Council  2004 ) provides a national stand-
ard for the use of animals in research, testing and teaching 
and since it is integrated into state - based animal welfare 
legislation, it is legally binding in each jurisdiction. Now in 
its seventh edition, the Code of Practice began in 1969 as an 
initiative of the scientifi c community aimed at establishing 
ethical and welfare standards for animal research. It is pub-
lished by the National Health and Medical Research Council 
(NHMRC) which is Australia ’ s peak statutory health body 
and whose responsibilities include the promotion of ethical 
behaviour in the conduct of research. Periodic revisions to 
the code are conducted with public consultation through a 
Code Liaison Group which includes representation from 
animal welfare groups in addition to government research 
bodies and academia. This process of periodic revision and 
the legally binding status of the code means that the regula-
tory framework can respond to changes in the biological 
sciences and community attitudes more readily than is 
usually possible through the formal legislative process. The 
NHMRC supports the enhancement of laboratory animal 
welfare in other ways too including through its Animal 
Welfare Committee, which provides advice to the Council 
on the conduct and ethics of animal experimentation. The 
Animal Welfare Committee participates in the revision of 
the Code of Practice and has developed numerous policies, 
guidelines and publications on topics such as advice for 
independent members of AECs, the care of genetically mod-
ifi ed animals, monoclonal antibody production and the 
training of surgeons using animals. 

 The Code of Practice covers all live non - human verte-
brates and also cephalopods. It emphasises the responsibili-
ties of investigators, teachers and institutions to: 

   •       ensure that the use of animals is justifi ed, taking into 
consideration the scientifi c or educational benefi ts and 
the potential effects on the welfare of animals;   

   •       ensure that the welfare of animals is always considered;   
   •       promote the development and use of techniques that replace 

the use of animals in scientifi c and teaching activities;   
   •       minimize the number of animals used in projects; and   
   •       refi ne methods and procedures to avoid pain or distress 

in animals used in scientifi c and teaching activities     
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reviewing project renewals, monitoring management prac-
tices and facilities to ensure conformance with the CEC, 
suspending or revoking project approval and recommend-
ing to the code holder changes to the CEC. Each proposed 
project must include a harm/benefi t analysis and must 
address reduction, replacement and refi nement (the Three 
Rs) of animal use. If the animal(s) is euthanased at the end 
of a manipulation, Part 6 does not require that the AEC 
consider the ethical question of killing the animals. Rather, 
the harm/benefi t analysis that must be considered with each 
proposal is limited to the pain and/or distress that the 
animal may experience. Part 6 of the Animal Welfare Act 
provides for circumstances where pain, distress, and  ‘  com-
promised care  ’  of the animals may be allowed such that the 
researcher cannot be prosecuted for not conforming with 
Parts 1 or 2 of the Act. 

 The Animal Welfare Act stipulates that the physical, 
health and behavioural needs of animals used in research, 
testing and teaching are met in a manner that conforms with 
good practice and available scientifi c knowledge. To that 
end, the NAEAC and MAF published a  ‘ Good practice 
guide for the use of animals in research, testing and teach-
ing ’  (National Animal Ethics Advisory Committee  2002 ) 
with the stated purpose of promoting  ‘  the humane and respon-
sible use of animals for scientifi c purposes  ’  by describing guide-
lines for good practice. The guide addresses the acquisition 
of animals, facility construction and operation, management 
of animals in breeding and holding areas, responsibilities of 
investigators and responsibilities of teachers. Of particular 
note is the Animal Welfare Score Sheet provided as an 
appendix. 

 Finally, the Animal Welfare Act requires that all code 
holders submit to MAF annual animal use statistics. These 
data are made available to the general public. These reports 
contain data regarding animal source, the purpose of the 
experiment, a grading of the animal procedure severity and 
other related information.   

  Examples of  o versight  e lsewhere in the  w orld 

   M exico 

 Technical specifi cations for the production, care, and use of 
laboratory animals (Norma Ofi cial Mexicana para la 
Producci ó n, Cuidado y Uso de los Animales de Laboratorio) 
are contained in the federal Mexican law, NOM - 062 -
 ZOO - 1999. The law covers dogs, cats, pigs and non - human 
primates. In addition, Mexico City has enacted a law in 1981 
for the prevention of cruelty to animals (Ley del Distristito 
Federal para la Prevenci ó n de la Crueldad a los Animales).  

   R ussia 

 Russian regulations (Sanitary Regulations for the 
Organization, Equipment and Maintenance of Animal 
Facilities for Experimental Biology (Vivaria)  1973 ), describe 
the location and design of animal facilities; sanitation 
requirements of animal facilities; housing and husbandry 
requirements; acquisition and quarantine of animals; stand-
ards for personal hygiene; and standards for the humane 

scientifi c purposes: The assessment and alleviation of pain 
and distress in research animals ’  (National Health and 
Medical Research Council  2008 ). The guidelines offer defi ni-
tions of animal welfare and well - being and contain 
 ‘  Factsheets  ’  addressing a diversity of topics relevant to 
research proposal review, including food and water restric-
tion, tumour induction, polyclonal antibody production and 
several others.  

   N ew  Z ealand 

 Animal use in New Zealand was initially regulated by the 
Animals Protection Act 1960 and, in particular, its 1983 
amendment which stipulated conformance with a code of 
ethical practices when using animals for research or testing. 
The Act covered all vertebrate animals kept in captivity or 
which are dependent upon humans for care. The 1983 
amendment also established a National Animal Ethics 
Advisory Committee (NAEAC). 

 The Animal Welfare Act of 1999 (Ministry of Agriculture 
and Forestry (MAF)  1999 ) replaced the Animals Protection 
Act of 1960 to meet changing societal views toward the use 
of animals. It also expanded the types of animals covered 
under law to include most of those that can feel pain, exclud-
ing shellfi sh and insects due to the lack of evidence that 
would support their ability to feel pain. Part 6 of the Animal 
Welfare Act requires that an institution hold a Code of 
Ethical Conduct (CEC) approved by the Director - General of 
the MAF before research, testing or teaching with animals 
can be done. Organisations and individuals who wish to 
engage in research, testing or teaching may, however, use 
another organisation ’ s code and animal ethics committee. 
The goal of the CEC is to ensure that the applicant ’ s staff 
have the  ‘  appropriate qualifi cations and expertise  ’  to carry out 
the proposed procedures on animals (Ministry of Agriculture 
and Forestry  2006 ). The CEC describes the policies and pro-
cedures implemented by the code holder to ensure that the 
use of animals in research, testing and teaching complies 
with the Animal Welfare Act. Specifi cally, a system of record 
keeping and monitoring of all animal activities is required. 
Subsequent to the CEC ’ s initial approval, it must be reviewed 
and renewed after a maximum of 5 years. This role has been 
assumed by NAEAC. The 1999 Animal Welfare Act also 
calls for an independent, periodic review of the programme 
to ensure it conforms to the CEC, the Act, and other relevant 
regulations. 

 As noted, the holder of a CEC must form an animal ethics 
committee (AEC). The committee is appointed by the code 
holder who may be the chief executive of the institution or 
his/her nominee. The AEC must be comprised of at least 
four members and have a minimum of three external 
members, including a senior member of the organisation; an 
outside veterinarian; a person representing animal welfare 
groups who is not affi liated with the institution and is not 
involved with animal research, testing or teaching; and a 
person to represent the public (lay member). The NAEAC 
has published a guide to assist the lay member in his/her 
role on the AEC (National Animal Ethics Advisory 
Committee  2007 ). The AEC is responsible for overseeing 
conduct of research at the institution, including reviewing 
proposed projects, monitoring the conduct of the project, 
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treatment of animals. Included in the latter section is the 
requirement to minimise pain experienced by the animal 
through the use of anaesthetics and analgesics.  

   I srael 

 The Israeli Animal Welfare Law (Experiments with Animals) 
1994 establishes a review system and standards that are very 
similar to the US institutional based system. However, over-
sight of contentious procedures is performed directly by a 
National Council for Experiments in Animals, whose com-
position includes scientists, animal welfare representatives 
and non - affi liated members. The Council may withhold per-
mission to conduct animal research if a reasonable alterna-
tive is available. The Council also visits animal facilities.  

   S outh  A merica 

 In Brazil, animal welfare is encompassed in the Constitution 
(Article 225) and the Federal Decree on Anti - Cruelty (1934). 
The Brazilian Environmental Crimes Law (1998) supple-
ments the Constitution to include cruelty crimes against 
animals. Article 32 of the Environmental Crimes Law spe-
cifi cally addresses the use of animals in research. This Article 
encourages the use of alternatives and requires the use of 
anaesthesia for painful procedures. Various states and 
municipalities have additional animal laws in place. In Peru, 
the protection of Domestic Animals Law (2000) covers the 
use of cats and dogs used in research.  

   S outh  A frica 

 The South African National Standard,  ‘ The care and use 
of animals for scientifi c purposes ’  (SANS 10386:2008 (South 
African Bureau of Standards  2008 )) encompasses all aspects 
of the care and use of animals for medicine, biology, agri-
culture, veterinary and other animal science, as well as 
industry and teaching. These standards defi ne an animal as 
 ‘  live, sentient non - human vertebrate, including eggs, foetuses and 
embryos, that is fi sh, amphibians, reptiles, birds and mammals  …  
and higher invertebrates such as the advanced members from the 
Cephalopoda and Decapoda  ’ .    
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9
  Introduction 

 Research animal facilities are complex and highly technical 
buildings which need to be planned to address the need to 
provide for the health and welfare of the animals, as well as 
the health and safety of the people working within the facil-
ity. In view of this, the planning and design process for a 
new or refurbished facility needs to be carefully thought 
through and to involve all those with an interest in the fi nal 
functioning of the facility. 

 The key groups to involve at the planning stage include: 

   •      the scientists who will plan and conduct studies within 
the facility;  

   •      the animal technicians who will service the facility and 
care for animals within it;  

   •      the engineering and other support staff who maintain 
the fabric of the building;  

   •      health and safety advisors;  
   •      regulators.    

 This is also the point at which to consider how the animals ’  
needs can best be met. 

 The objectives and critical success factors for the new facil-
ity need to be specifi ed very clearly. These are likely to 
include: 

   •      capacity to meet research objectives by reducing envi-
ronmental variability in animal studies and maximising 
the capacity to capture data;  

   •      maximising animal welfare;  
   •      providing a pleasant and safe environment for people 

to work in;  
   •      maximising the future fl exibility and adaptability of the 

facility;  
   •      minimising the total lifetime cost of the facility;  
   •      completing the project on time and within budget;  
   •      building a state - of - the - art facility in order to attract and 

retain talented researchers.    

 Establishing the detailed objectives may not be easy: review-
ing past and current volumes and types of research and 
scientifi c procedures involving animals is necessary, but 
may not give a clear indication of future needs. Departmental 
plans, including recruitment patterns and future plans, are 
important to consider in establishing trends. There is a clear 
benefi t in trying to make facilities as future - proof as possi-
ble, by designing with fl exibility and adaptability in mind 

and, if possible, allowing for expansion. One or two exam-
ples of recent shifts in trends may help illustrate the need 
for fl exibility. In many countries, total animal usage was 
fairly steady or declining until the rapid expansion in recent 
years of the use and breeding of genetically altered animals 
(especially mice). An even more recent trend is the expan-
sion in use of zebrafi sh. UK Home Offi ce statistics for 2008 
(Home Offi ce  2009 ) summarise recent trends for the UK, and 
may be useful in helping to predict trends elsewhere also. 
Over many years, the use of mice has increased, and the use 
of rats has decreased. The number of animals used in breed-
ing has increased steadily, as has the proportion of those 
animals which are genetically altered  –  this had reached 37% 
in 2008. The overall percentages for different species used 
in the UK in 2008 are shown in Table  9.1 .    

  The  d esign  p rocess and  d esign  t eam 

 For a successful project, a large amount of thorough prepa-
ration is needed before the fi rst pile is driven. This should 
start many years before the facility is required, and one of 
the fi rst steps is gaining recognition and acceptance of the 
fact that a new or refurbished facility is required. This may 
require collation of large amounts of data on occupancy of 
existing facilities, and predictions of future work, both in 
terms of volume and type. 

 A useful activity at this early stage is process mapping 
(Bicheno  2004 ). This is a formal way of capturing existing 
activities, and also allows the opportunity to identify scope 
for improvement, either within the existing facility or in the 
future facility that is to be designed. In some cases, the 
additional effi ciencies that may be identifi ed might post-
pone the need to build or extend facilities; if not, then the 
results of the exercise are useful confi rmation that a new 
facility is indeed necessary. 

 Once there is some commitment to build a new facility, a 
design team should be assembled. In the early stages, this 
should include, at minimum, representatives of the future 
users of the facility (typically researchers, animal technicians 
and laboratory animal veterinarians), a project manager, an 
architect and engineering representatives. Although a small 
design team can usually make progress more rapidly, it is 
essential that the user population is adequately represented. 
Failure to consult widely and appropriately may well result 
in a design which is at worst unsuitable for the proposed 
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such as dogs, pigs and primates will normally be kept in 
large enclosures rather than in racks of cages within a room, 
and these animals are much more capable of causing damage 
to fi xtures and fi nishes, therefore the choice of materials 
must be much more durable than is necessary with rodents 
and other small animals. Large - animal facilities also require 
more extensive consideration of noise reduction and the 
means of dealing with the larger volumes of bedding and 
other waste. Again, fl exibility is desirable, and several estab-
lishments have designed accommodation that is adaptable 
to the needs of both pigs and dogs.  

  Capacity 

 Calculating the required capacity for a new facility is often 
a process of educated guesswork. Information that may be 
available to help the calculations will include historical data 
and future estimates of the number of animals used annu-
ally, the duration of typical studies or, most usefully, the 
number of each type of animal that may be held at any given 
time. Another critical factor is whether or not animals are 
held individually, or group housed, and what provisions are 
made for environmental enrichment. Space allowances 
must, of course, at minimum, comply with local legislation 
for a particular type of animals involved (Home Offi ce  1989, 
1995 ; Institute of Laboratory Animal Resources (ILAR)  1996 ; 
Council of Europe  2006 ), but more generous provision 
allows for a wider range of enrichment approaches. 

  Capacity for  b reeding and  s upply of  a nimals 

 The majority of research facilities now source many of the 
animals that they use from commercial suppliers and breed-
ers. In general, these suppliers can provide animals more 
effi ciently than on - site breeding facilities. There may be 
exceptions, such as the creation and breeding of genetically 
altered animals, where the breeding is in essence an experi-
ment in its own right, and the researcher may wish to keep 
the various steps of the breeding programme under their 
direct control. There can also be exceptions where, because 
of long transport routes, or concerns over security, the deci-
sion may be taken to undertake in - house breeding of key 
species and strains. However, it can usually be assumed that 
space should be provided for the holding, acclimatisation 
and conduct of procedures on animals, but not for their 
breeding and supply.  

  Holding  c apacity 

 The information required to inform estimation of the neces-
sary holding capacity includes: 

   •      The number of each animal to be housed at any time. If 
possible, it is useful to have an estimate of the average 
population, the minimum and the maximum, as, 
depending on the urgency of the work, it may be pos-
sible to smooth out the peaks and troughs in population 
rather than provide capacity for the worst - case 
scenario.  

   •      The range of ages and weights of animals to be kept, 
and the effect this may have on stocking density.  

use, or at best very unpopular, leading to multiple com-
plaints and dissatisfaction. 

 There is a signifi cant advantage in engaging architects 
and engineers that have prior experience of the design and 
construction of animal facilities. This shortens the education 
process that otherwise is required to inform these individu-
als about the detailed requirements of such facilities. It also 
allows visits to existing facilities where they have been 
engaged previously, to learn from the relative successes and 
failures (Association for Assessment and Accreditation of 
Laboratory Animal Care (AAALAC)  1998 ). If possible, 
several such visits should be arranged and discussions 
should take place with the current users of those facilities to 
seek their views. 

 Traditionally, the design goes through several iterations, 
from initial concept, to the development of a brief, and then 
of the detailed tender documents which are used to engage 
contractors to build the building. More recently, an approach 
known as  ‘ alliance contracting ’  has gained popularity, 
where contractors are engaged at an early stage, involved in 
development of the design, and then share in the risks and 
benefi ts that develop through the project. This approach has 
arisen mainly because of cases in the past, in which contrac-
tors have taken on too much risk in accepting contracts and 
have either gone out of business or ended up in lengthy legal 
disputes with the contracting parties (Egan  1998 ).  

  Key  i nformation  r equired in  e arly  p lanning 

  Species 

 While the full range of species that may be kept in a facility 
can be diffi cult to predict, a facility designed to house 
rodents can generally be adapted to house the majority of 
small species that might be considered. This could even be 
extended to include some aquatic or amphibious species 
such as fi sh and toads. Among the points to consider here 
are to ensure that the load - bearing capacity of the fl oor of 
the facility will cope with the additional weight of contain-
ers fi lled with water, that there is a means of dealing with 
water from spillage or leaks, either through drainage or 
vacuuming, and that the ventilation system can deal with 
high relative humidity within the area. 

 Facilities intended for large animals (eg, dogs, farm 
animals, macaques) are rather different, and it can be very 
diffi cult to adapt the functions of a facility designed for large 
animals to suit smaller ones, and  vice versa . Larger animals 

  Table 9.1     UK  Home Offi ce statistics for species used in scientifi c 
procedures in 2008. 

   Species     Percentage of total  

  Mice    66%  
  Rats    10%  

  Fish    17%  

  Birds    3%  

  Other mammals    3%  

  Reptiles and amphibians    1%  
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genetically altered animals (GAA) obtained from other 
research establishments rather than commercial suppliers. 
In addition, many GAA strains have altered immune status 
and are more susceptible to infections. Research may involve 
the use of infectious agents (including those that have been 
genetically modifi ed), and an understanding will be required 
of the hazard categories to which they belong and the neces-
sary containment requirements. For many reasons, then, it 
is very important to develop an understanding of the health 
and immune status of the animals to be used, and the work 
to be conducted, in defi ning the required barrier structures, 
systems and procedures. In a multi - user research facility, it 
is usual to have to provide for groups of animals with dif-
ferent health or immune status, and so a single, facility - level 
barrier system is unlikely to be satisfactory. It is more likely 
that a local barrier system that allows protection or contain-
ment at room, isolator or cage level will be required. 
Components of barrier systems are outlined in Table  9.2 .    

  Site 

 Ideally, the chosen site would be large enough to allow an 
ideal footprint size and to minimise disturbance to neigh-
bouring facilities, would have good access to utilities, be 
accessible for the researchers and be secure. Very often, 
there is little choice of site, where the proposed new animal 
facility is to be located within an existing research establish-
ment; and this will mean that confl icts and compromises 
will need to be carefully managed. 

 Points to consider in selecting a suitable site include: 

   •      Access  –  both during construction and operation of the 
building. Management of the construction issues is a 
specifi c engineering discipline (construction design and 
management  –  CDM) and will require an early study to 
confi rm that the building can indeed be constructed on 
the site proposed.  

   •      Planning restrictions. These can often include restric-
tions on the height of the building and on visual appear-
ance. Early consultation with planning authorities is 
advisable, in order to identify and address potential 
concerns.  

   •      Scope for future expansion. This is an ideal  –  often the 
site is only just large enough for the current require-
ment. But if extension at a later date is a possibility, 
then care must be taken not to  ‘ sterilise ’  the site for 
further expansion by the positioning of the current 
development.  

   •      Access to utilities. It must be possible to supply all the 
required utilities and services to the site, and not to 
disrupt existing services.  

   •      Access to outside space for large - animal enclosures. 
This may introduce security concerns and can also 
mean noise disturbance to nearby buildings.  

   •      Relationship with other nearby buildings. This can 
include a range of issues, from ensuring researchers can 
access the animal facility without undue travel time 
from other laboratories, to assessing the prevailing 
wind direction, as occupants of buildings downwind of 
the facility may be affected by smells.  

   •      Whether any animals will need to be housed singly, or 
whether they can be group housed, taking into account 
legislation on stocking densities.  

   •      It is also helpful to fi nd out whether animals awaiting 
procedures can be housed in accommodation with 
those of other investigators, or whether they need to be 
segregated from other groups. This may be affected by 
factors such as health and immune status, and suscep-
tibility to disturbance.  

   •      Cage and rack design. There is considerable variation 
in the stocking densities that can be accommodated 
within a given footprint, depending on the style of 
caging that is chosen. Many of the cage manufacturers 
have developed higher stocking density systems, by 
reducing the space between cages in a rack, increasing 
the height of racks or introducing so - called  ‘ library ’  
systems, where racks are rolled to and fro to open up 
working space when required, rather than providing a 
permanent space between racks. Increasing stocking 
density in these ways will have a signifi cant effect on 
ventilation needs. It is also wise to consider the impact 
on ergonomics; placing and managing cages on the top 
and/or bottom row of racks can involve uncomfortable 
stretching and may be injurious to staff over time.     

  Capacity for  p rocedures 

 It is important to try to gain estimates from the researchers 
that will be using the facility on the number of animals they 
foresee undergoing experimental procedures at any given 
time, and the duration of those procedures. In general, it can 
be diffi cult for research groups to share either procedure 
rooms or rooms for holding animals under study. However, 
in order to achieve effi cient use of space, such sharing 
should be encouraged whenever possible. 

 There is a trend to gather more information from each 
animal than was possible in the past (which, as a general 
principle, is to be encouraged). This means that more meas-
uring and observational equipment is required, and hence 
the proportion of procedure to holding space is increasing. 
As a rule of thumb, 10 years ago, the proportion of proce-
dure space to holding space was around one third to two 
thirds. However, that is changing and many newer facilities 
are designed to provide two thirds procedure space and one 
third holding space. If one includes some of the highly 
complex imaging facilities that are now being built, that 
proportion seems set to shift even further. It is essential to 
obtain as much information as possible about the experi-
mental procedures that are planned and to build in fl exibil-
ity to accommodate those which may not yet have been 
anticipated.   

  Health  s tatus and  b arrier  r equirements 

 The health status of most research animals has improved 
considerably over the last 10 – 15 years, and suppliers can 
generally provide common rodent strains to a reliable spe-
cifi c pathogen free (SPF) status. Hence some of the historical 
concerns over segregation, containment and quarantine of 
groups of animals have diminished. This may not apply to 
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  Table 9.2    Components of barrier systems. 

   Item     Comment  

  Separation of building from hazards (other 
research facilities, wild rodents)  

  Although this is a good method of preventing spread of infections, the cost of 
constructing multiple small facilities makes it diffi cult to achieve  

  Exclusion of wild rodents and insects from 
facility  

  Rodent - proof doors, or rodent barriers, are recommended at all entrances into the 
facility. Insecto - cutors are required inside all external doorways  

  Staff changing routines, protective clothing    Not essential if the barrier is at cage or isolator level, but important if at facility or 
similar level. May require shower and full change to be really effective. Common 
sources of infection include hands and respiratory system  

  Air pressure regimes    Keeping animal holding rooms at positive pressure can help exclude pathogens, but 
also pushes allergens out of the animal rooms into staff areas, which can increase 
the risk of development of laboratory animal allergy (LAA)  

  Air fi ltration    High - effi ciency particulate air (HEPA) fi ltration is required for maximum protection. 
This can be at facility level or below (isolator, cage). Lower levels of fi ltration may 
be appropriate in conventional facilities. HEPA fi ltration of extract may also be 
required if containment of infections is required  

  Sterilisation and disinfection    All items entering a fully barriered area require treatment (eg, autoclaving, 
irradiation and/or surface disinfection by spraying, fogging or immersion) to 
minimise the potential of carrying infections into the area  

  Isolators    Isolators (usually fl exible fi lm isolators) represent the maximum barrier possible, as 
all items entering the isolator are sterilised or disinfected, and people do not enter 
the working area  

  Individually ventilated cages (IVCs)    IVCs can represent an effective barrier, if air is HEPA fi ltered into the cages, other 
materials are sterilised before use and all operations requiring opening of the IVC 
are carried out in a biological safety cabinet. Strict compliance with operating 
procedures is essential to maintain these systems effectively  

  Quarantine    An important procedure when adding animals from a less trusted source to animals 
of a known health status, allowing time for health screening of the new population 
before they are added to the existing animals  

   ‘ Clean to dirty ’  fl ow of operations    Theoretically, people and materials moving from a  ‘ dirty ’  area may carry pathogens 
with them, so ensuring work fl ows in the opposite direction should reduce the risks  

  Restricted access    Restricting access to the minimum number of staff, and ensuring they are all trained 
in correct procedures, should minimise the risks of introduction of new infections  

   •      Geographical and physical hazards (such as the likeli-
hood of fl oods or major storms).     

  Costs 

 Animal facilities have always been relatively expensive and 
the situation is only likely to worsen, as the work becomes 
more equipment - intensive. As the rate of change in scientifi c 
procedures increases, it becomes harder to prevent obsoles-
cence of facility designs, and therefore the lifespan of build-
ings (ie, time before their refurbishment, modifi cation or 
replacement) is tending to decrease. Quoting sample costs 
here is of little value, as they are not comparable between 
countries, nor will they remain static over time. However, it 
may be useful to make some brief comparisons with other 
types of buildings. A modern, well equipped, rodent 
research facility (eg, with automated cage - wash and imaging 
facilities) would be at the top end of building costs, compa-
rable with highly automated laboratory buildings. On the 
other hand, in the design and construction of a recently 
completed dog breeding facility, using simple but robust 
materials, fi nal costs were comparable with those for stand-
ard offi ce accommodation on a per square metre basis. 

Another worthwhile comparison is to benchmark areas of 
usable space versus circulation space and plant room space 
(Clough  1999 ). 

 The lifetime costs of the facility should also be considered. 
One issue that can arise in the design and construction of 
new facilities is that the project capital costs are considered 
separately from the revenue costs of running a building. 
Project managers are often under extreme pressure to ensure 
that their building project is completed within or below 
budget. To this end, they may be tempted to cut costs in 
construction and fi t - out that would actually result in reduced 
running costs. Examples of fi nishing and equipping that 
may impact on running costs include: 

   •      Quality of fi nishes. High - quality fl oor fi nishes can be 
extremely expensive per square metre. However, econ-
omising in this area can result in a poor fi nish which 
wears badly, is hard to clean and maintain, and needs 
replacing within a short space of time. This increases 
the total running costs and is also very disruptive.  

   •      Automation. Automated cage wash areas require a very 
high capital investment. However, fewer staff are 
required to carry out the cage cleaning operation, so 
over the lifetime of the building the initial investment 
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can result in signifi cant savings. As an additional 
benefi t, automation can also minimise the exposure of 
staff to laboratory animal allergens.  

   •      Ventilation of safety cabinets. Once - through, non - 
recirculating Class II cabinets can be more expensive 
to install than other systems, because of the ductwork 
required. However, because fewer fans and fi lters are 
required in the immediate working area, there may be 
effi ciency gains because staff can adopt a more ergo-
nomic working position, and maintenance may be 
easier and cheaper.      

  Design  c onsiderations 

  Structure 

 Modern buildings are commonly constructed with a steel 
frame. It is important to be aware at an early stage of the 
spacing between components of the steel frame and to 
attempt to lay out a grid which is both structurally strong 
but also reduces interference with room layouts (for example, 
avoid positioning columns in the centre of rooms). Larger 
grid spacing requires bigger steel columns and beams, 
which can add costs and reduce ceiling headroom for dis-
tribution of services. Typical grid spacing is around 6 – 8   m, 
which allows for room widths of 3 – 4   m. This is in line with 
typical animal room widths.  

  Single or  m ulti -  s torey? 

 Single storey facilities are undoubtedly easier to construct 
and operate. Typically, they would involve a single storey 
of animal facility, with plant room above. However, the size 
of site available may often dictate that a multi - storey facility 
is constructed, or there may be a requirement to build an 
animal facility as a single fl oor within a multi - storey research 
facility. The issues that can arise with multi - storey facilities 
include: 

   •      movement of people, animals and materials around the 
facility and, in particular, the need for lifts;  

   •      fl oor loading by heavy equipment (eg, autoclaves, MRI 
and PET scanners);  

   •      potential leakage from cage wash facilities or other 
 ‘ wet ’  facilities if these are not placed on the lowest 
fl oor;  

   •      distribution routes for ventilation, access for 
maintenance.     

  Services 

 Animal facilities will typically need good supplies of elec-
tricity, steam, water (including chilled water for cooling) 
and drainage. Often these will be taken from existing site 
supplies, but it is essential to ensure that there is adequate 
supply capacity, and that there are backup systems in case 
of any interruption. Enquiries should be made about the 
quality of steam  –  wet or  ‘ dirty ’  steam can cause problems 
with autoclaves and cage washers, as can a lack of steam 

  Table 9.3    Checklist of typical service requirements. 

   Service     Comment  

  Electricity    Required for the majority of equipment, 
and for lighting. Back - up supply likely to 
be required for some equipment, 
especially IVCs and isolators, where 
failure to supply fresh air to the animals 
can result in mortality after short periods 
of time. Electrical power requirements 
need to be carefully planned in relation 
to the equipment to be run  

  Water    Required for hygiene procedures, animal 
drinking water, staff facilities and cooling  

  Heat    May be locally generated (in which case 
fuel such as gas or oil is required) or site 
supply (eg, hot water, steam)  

  Laboratory gases    Commonly oxygen, carbon dioxide. 
Other specialist gases may be needed. 
Scavenging of waste anaesthetic gases is 
likely also to require consideration  

  Drainage    Drainage from sinks and toilets defi nitely 
required. Floor drains only essential for 
large species. Where installed in large 
animal facilities, fl oor drains must be 
designed to prevent blocking with 
bedding and similar materials  

pressure. Table  9.3  outlines some of the service 
requirements.    

  Functional  r elationships 

 The layout of an animal facility is critical to its success. 
Animals, people and materials will need to enter the facility 
and be moved around within it, then people and waste 
materials will need to exit (see Figure  9.1 ). All these different 
categories of inputs and outputs will need to be handled 
safely and effi ciently, with the minimum of crossing of 
movement routes (especially for  ‘ clean ’  versus  ‘ dirty ’  items). 
In addition, movement into or near animal holding areas 
should be minimised to avoid disturbance. Single - corridor 
versus dual - corridor systems need to be considered: dual -
 corridor systems make segregation of clean and dirty mate-
rials much easier, but are costly in terms of space. Clough 
 (1999)  outlines common functions and their relationships 
and a range of single -  or dual - corridor layouts.    

  Storage 

 Most facility managers claim that they do not have enough 
storage space, and this is generally a commodity that is 
under pressure during the design of a building. To a degree, 
this is inevitable, as space in animal facilities is expensive 
and priority tends to be given to the absolutely essential 
functions such as animal holding, procedures and plant. 
Some potential solutions to solve the issue include: 
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  Lifts 

 Animal facilities on a single fl oor are undoubtedly easier to 
design and manage than multi - fl oor facilities. However, 
limited land space may drive the need for multi - fl oor facili-
ties. In these cases, dual lifts are strongly recommended, 
with separation of clean and dirty functions. The shaft of the 
dirty lift should generally be at negative pressure to the rest 
of the facility (NIH  1999 ).  

  Windows 

 Traditionally, few if any windows have been built into 
animal facilities, for two main reasons. Firstly, there have 
been concerns that windows are a weak point in security, 
and secondly, they can make controlling photoperiods more 
diffi cult. However, more recently, there has been a desire to 
make the working conditions for people inside animal facili-
ties more pleasant, and it seems that access to daylight can 
be very positive in this respect. It can also create the impres-
sion of a more open facility. Careful placement of windows 
in administrative areas, or on outside corridor walls, can 
achieve these positive gains without signifi cant adverse 
impact. Skylights and light tubes can be useful alternatives. 
In large - animal facilities (for example, housing dogs or pri-
mates), access to daylight can be seen as a positive enrich-
ment and recommendations to this effect are now starting 
to appear in some national and international guidelines 
(Council of Europe  2006 ).  

  Floors and  fl  oor  d rains 

 Floors should be made from robust and durable materials, 
capable of physical cleaning and disinfection. 

 Drains are essential for large - animal facilities, where large 
volumes of water may be used in cleaning. However, diffi -
culties are commonly experienced in achieving an adequate 
fl oor fall towards fl oor drains, resulting in pooling of fl uids. 
For this reason, where drains are not essential, it is sug-
gested they may be best avoided. 

 As well as choosing an appropriate fl ooring material, it is 
essential to make sure that the contractors laying the fl oor 

   •      Working with suppliers to develop  ‘ just - in - time ’  
methods.  

   •      Use of lower specifi cation, cheaper storage space 
outside the main facility, in conjunction with smaller 
storage spaces within the facility for immediate use. 
Several facilities have adopted this approach for bulky 
items (such as food and bedding), or for equipment that 
is used infrequently.  

   •      Use of effi cient storage and retrieval methods, such as 
automated  ‘ Kardex ’  - type systems. Even if not used for 
automatic re - stocking, these systems make good use of 
vertical space and reduce corridor space needed to 
access all parts of the storage system.     

  Corridors 

 Corridors are essential but take up a lot of space. They need 
to be wide enough to allow easy fl ow of people and materi-
als around the building. The NIH recommendation for 
single - corridor buildings is 2.1   m clear width (National 
Institutes of Health (NIH),  1999 ). In dual - corridor systems, 
corridors can be narrower as there is less two - way traffi c.  

  Doors 

 Doors will generally need to be 1.1 – 1.2   m wide to enable 
movement of people and materials into rooms. Vision 
panels can be very useful, but on doors into animal holding 
rooms these should be provided with a light tight cover or 
blind. 

 For safety reasons, doors should normally open into 
rooms (not out of them into corridors). Alternatively, sliding 
doors may be used (though these are usually more expen-
sive). Doors should be constructed in such a way as to resist 
the ingress of moisture into the structure or fabric. Doorways 
may need to be designed to contain or exclude rodents. This 
can be achieved with rodent - proof doors or by the use of 
rodent barriers. Where rodent barriers are used, they can 
potentially pose a trip hazard: this may be reduced by ensur-
ing either the barrier or the slots which hold it are fl exible 
and safely collapse if a person knocks into the barrier.  
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     Figure 9.1     Simple process map for 
planning purposes.  
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  Drinking  w ater for  a nimals 

 Animals should be supplied with uncontaminated drinking 
water. The precise quality of water, and the treatment 
required to achieve this quality, will usually depend on the 
health and immune status of the animals concerned. For 
example, in a barriered breeding unit, it might be appropri-
ate to fi lter, chlorinate and irradiate the water with UV light. 
On the other hand, water supplies to a conventional dog 
unit could be taken straight from the municipal supply. 
Water supplied to immunocompromised animals within 
isolators may well need to be completely sterile. Acidifi cation 
may need to be considered  –  it has been used as a means of 
controlling infection with organisms such as  Pseudomonas 
aeruginosa.  Hard water may need to be treated to avoid 
deposits within delivery systems. Reverse osmosis appears 
to be the method of choice for this purpose, as it requires no 
addition of chemicals. 

 The water delivery systems for animals need to be con-
sidered. Traditionally there have been two choices: either 
automatic water systems or bottles. More recently, suppliers 
have been offering the option of supplying water in plastic 
pouches (similar to pouches used for sterile intravenous 
fl uids). Attributes of different water delivery systems are 
summarised in Table  9.4 .    

  Procedure  r ooms 

 General procedure space will be required in research facili-
ties, in which to conduct routine and common activities such 
as dosing animals, collecting samples and making observa-
tions. This space can be suitable for diverse activities  –  
typical requirements are that it is quiet, close to the holding 
area, well lit and suffi ciently spacious to allow for equip-
ment. Typically, such rooms will contain laboratory bench-
ing and cupboards, a sink, plentiful electrical sockets and 
data sockets, and little else in the way of fi xed equipment; 
researchers will bring equipment to the room as and when 
required. Cantilever benching is often favoured, as it allows 
easy fl oor cleaning. 

 More specialised space is required for surgical procedures 
and for  post - mortem  examinations. 

 Increasingly, in all procedure areas, provision is required 
for engineering controls to reduce exposure to laboratory 
animal allergens. Options include Class II cabinets, down-
fl ow tables and laminar air fl ow (LAF) booths. Operator 
protection and ease of use varies, with Class II cabinets 
being hardest to use from an ergonomic perspective, but 
offering best protection, while downfl ow tables and LAF 
booths offer less protection but greater ease of use.  

  Cage  w ash  f acilities 

 It has been recognised in recent years that cage changing 
and cleaning is one of the activities that may lead to the 
highest exposure to laboratory animal allergens. Various 
approaches have been taken in order to try to reduce this 
exposure. Mobile bedding disposal stations are available, 
which draw air from the front of the cabinet to the back, 

are skilled and experienced. Poor - quality workmanship is a 
frequent cause of problems in this area. 

 Where drains are provided, the drain traps should be kept 
fi lled with water and additional means of preventing the 
ingress of wild rodents may be necessary. If fl oor drains are 
used in rodent facilities, the design should also prevent the 
escape of the animals housed. Drains in large - animal facili-
ties will need to be of adequate diameter and it is highly 
likely that stainless steel mesh baskets will need to be pro-
vided in the drains to catch sawdust bedding and prevent 
clogging further down. 

 The load - bearing capacity of fl oors will need to be taken 
into account; especially as very large items of equipment are 
increasingly being used. For example, MRI and PET facilities 
involve very heavy equipment and may be best placed on 
ground or basement fl oors.  

  Walls 

 Walls need to have smooth, moisture resistant fi nishes, 
capable of withstanding regular fogging or disinfection. It is 
not always necessary to have heavy - duty construction (eg, 
plastered block walls). Lightweight construction of stud and 
plasterboard, with an appropriate fi nish (eg, Vinyl sheet), 
can be satisfactory in small animal facilities. The advantage 
of this type of construction is that it is relatively fl exible, and 
removal of a wall, or creation of a new one, can be done with 
the minimum of disruption. Prefabricated panel systems 
may also be appropriate  –  there are several systems in use 
in hospitals which may be worthy of consideration. The key 
point to be covered in the building brief is that the walls, 
along with the fl oors, must be capable of regular cleaning 
and disinfection. Attention to sealing joints and coving 
angles, where appropriate, is very important.  

  Bumpers and  g uards 

 Due to the relatively heavy traffi c within animal facilities, 
walls, doors and lifts will require bump rails and corner 
protection to avoid damage. These must be positioned at the 
correct height to prevent sharp corners on trolleys and cage 
racks from making contact with the fi nishes to be protected, 
and should be robust and fi rmly fi xed. Bump rails must be 
deep enough to protect surface - mounted items such as elec-
trical sockets.  

  Ceilings 

 Ceilings should be smooth, to avoid the creation of dust -
 traps. Depending on the function of the particular room, 
they should be moisture resistant and capable of cleaning. 
However, where ceilings are not going to be subject to 
contact with a lot of water or disinfectants, there may be an 
opportunity to use sound - absorptive materials to reduce 
sound levels within the room. As far as possible, the design 
of the facility should avoid the need to access above ceilings 
to conduct maintenance on, for example, ventilation and 
lights.  
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  Table 9.4    Attributes of different animal drinking water systems. 

   Automatic system     Bottles     Pouches  

  Expensive initial outlay    Bottles relatively cheap. Bottle washing 
equipment can be expensive 
(especially if largely automated)  

  Capital outlay depends on system: 
pouch - making machine can be expensive; 
ready - made pouches require no machine 
but increase revenue costs  

  Low labour requirement    Can be labour intensive, especially if 
washing process not automated  

  Low labour requirement  

  Constant supply of water (but system still 
needs regular checking to detect failures)  

  Water levels require frequent checking    Water levels need checking, but, 
depending on volume of pouch, less often 
than with bottles  

  Failures may not be obvious    Failures generally obvious    Failures generally obvious  

  Diffi cult to avoid fl ooding in conjunction with 
solid - fl oored cages  

  Flooding limited to volume within 
bottle  

  Flooding limited to volume within pouch  

  Impossible to measure water consumption    Easy to measure water consumption    Easy to measure water consumption  

  Diffi cult to administer treatments in water to 
small groups of animals  

  Easy to administer treatments in water 
to animals within an individual cage  

  Easy to administer treatments in water to 
animals within an individual cage  

fi lter and recirculate it, thus protecting the operator from the 
allergen - laden dust which would otherwise enter their 
breathing zone during cage changing. However, these sta-
tions tend to be somewhat restricted in size, and can lead to 
ergonomic issues whilst handling cages within them. This 
has led to the development of large, walk - in, down - fl ow 
booths, where there is much greater access to the actual 
point of bedding disposal. These are much better ergonomi-
cally, but still rely on much repetitive manual work. The 
most sophisticated cage change and cage wash facilities now 
incorporate robots to empty cages of waste material and 
place them on the conveyor of tunnel washers. When the 
cleaned and dried cages have reached the far side of the 
tunnel wash, further robots take them off the conveyor, and 
add clean sawdust and stack them ready for use. These 
systems are very expensive to install, but capable of high 
throughput and almost continuous operation, and clearly 
offer the maximum protection from exposure to laboratory 
animal allergens. They are, however, only likely to provide 
an appropriate economic pay - back in large facilities. 

 Another recent development in cage washing equipment 
has been the possibility of using cage washers for fumiga-
tion, when connected to vaporised hydrogen peroxide 
(VHP) generators. VHP is an effective surface sterilant and 
is becoming popular for room and building fumigation. 
Connected to a cage washer in this way, it can be used to 
sterilise large items of equipment or bagged consumables.  

  Autoclaves 

 If the barrier requirements necessitate an autoclave for steri-
lisation, then key considerations include: 

   •      ensuring the chamber is large enough to take the largest 
item requiring sterilisation;  

   •      ensuring the different cycles available are suitable for 
all the types of materials to be sterilised;  

   •      ensuring the cycle time is short enough to avoid bottle -
 necks in the operation of the facility; the barrier system 

will break down if the capacity of the autoclave is insuf-
fi cient to supply enough sterile materials.    

 It is also wise to plan how maintenance, repairs and replace-
ment will be carried out without having to cease operation 
of the facility.  

  Data  h andling 

 Research is a data - intensive process, and it is important to 
provide suffi cient capacity in the facility for collection and 
transfer of data. High - speed network links and multiple 
computers allow data to be collected directly, without tran-
scription. Many recording devices (weighing balances, 
measuring callipers, for example) can be directly linked to 
computers. Wireless networks may allow the computer 
to be taken cage - side for immediate recording of 
observations.   

  Environmental  s pecifi cations 

 This is a key area in the design and construction of an animal 
facility, and generally represents a high percentage of the 
overall building cost. National guidelines usually specify 
performance requirements and may require proof that these 
are met before the building can be used, hence achieving 
compliance is a critical success factor for a building project. 
It must be noted that the majority of guidelines specify 
the  macro  environment for keeping various species (ie, the 
room environment), and were probably, partly, empirically 
derived from environmental parameters that were found to 
provide comfortable working conditions for staff. The 
immediate environment around the animals (ie, the micro 
environment within the cage) can be signifi cantly different. 
From a functional perspective, as well as meeting compli-
ance requirements for the macro environment, the building 
design should also ensure the micro environment will 
support the satisfactory health and welfare of the animals. 
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dence that noise and vibration can disrupt studies in animals 
through disturbance and stress effects (Faith  2007 ). Sudden 
impact noises may be more of a concern than high but con-
stant background noise levels, as they are more likely to 
induce a startle response in the animals. It is thus diffi cult 
to defi ne acceptable noise levels, but experience suggests 
that noise levels quoted in the UK Home Offi ce Codes of 
Practice appear to avoid major disruption (Home Offi ce 
 1989 ). Where it is known that planned research is particu-
larly susceptible to noise disruption (such as telemetry or 
behaviour studies), additional measures, such as sound 
insulation between rooms or the use of subdivisions within 
rooms (eg, mobile cabinets with built - in ventilation), may be 
necessary. The use of such cabinets has been reported to 
reduce noise levels within the containers by 30dB in com-
parison with the surrounding room (Mayers  2007 ). 

 It is well understood that rodents have a different hearing 
range to humans, and so sources of ultrasound as a cause of 
disturbance to the animals must also be considered (Sales 
 et al .  1988 ).  

  Light 

 The aim of the lighting system should be to meet the follow-
ing functions: 

   •      to provide suffi cient light to inspect animals and ensure 
they are healthy;  

   •      to provide suffi cient light to conduct procedures (which 
might include surgery);  

   •      to ensure light levels in the animal ’ s immediate envi-
ronment are low enough to avoid retinal degeneration 
or aversiveness;  

   •      to provide a means of controlling photoperiod (includ-
ing reverse light cycles, which allow the study of 
animals during their active phase);  

   •      to assist in the provision of a pleasant working 
environment.    

 The fi rst two requirements can be contradictory, as high 
light levels may be aversive to albino rats (Blom  et al .  1995 ) 
but are required to allow intricate work by people. This 
contradiction can be resolved by positioning of lights, use 
of tinted or opaque cage material and switching off  ‘ task ’  
lights when not required. Modern building regulations in 
many countries also require that thought is given to the 
energy effi ciency of lighting. This can include tactics such as 
linking lights in administrative areas to passive infrared 
detectors, so that the lights only switch on when people 
enter the rooms. Energy - effi cient light bulbs may be used 
and these have the added benefi t that they last longer and 
require less maintenance. Light emitting diode (LED) tech-
nology is showing signifi cant promise in this area. Energy -
 effi ciency requirements may drive the need to consider the 
use of daylight where possible: this can also make for a more 
pleasant working environment, but it is important to ensure 
animal holding areas can be made lightproof, so as not to 
interfere with photoperiods. 

 A wide variety of research programmes may require the 
use of reverse light cycles. Traditionally, this has been 
achieved by the use of red sleeves around fl uorescent strip 

  Temperature 

 Theoretically, it seems logical to keep animals within their 
thermo - neutral zone (TNZ); coping with more extreme 
ranges may be physiologically possible, but requires consid-
erable energy expenditure and adaptation, and there is evi-
dence of altered experimental results at different temperature 
ranges (Romanovsky  et al.   2002 ). However, Romanovsky 
and colleagues also explain that the TNZ can vary across 
different experimental set - ups, even for the same animal. 
They describe TNZ values from the literature that vary 
widely, including values for the rat that vary from 18 – 34    ° C. 
Much of this variation may be a result of the micro environ-
ment and the behavioural responses of the animals. Gordon 
 et al.   (1998)  describe the concept of the  ‘ operative ’  ambient 
temperature by modelling heat loss in different circum-
stances. In an acrylic cage with a wire top and no bedding, 
the  ‘ operative ’  temperature was more than 10    ° C cooler than 
a similar cage with wood shavings and a fi lter top. This 
probably explains why rodents which  ‘ choose ’  an ambient 
temperature of up to 30    ° C do not appear to suffer cold stress 
when kept in cages with bedding within a room where the 
ambient temperature is around 22    ° C. One can envisage a 
future where the performance criteria for the animal facility 
will be to prove that animals are within their TNZ in what-
ever caging system is provided. In the current circumstances, 
while it is necessary to achieve compliance with guidelines 
and codes of practice, it is also wise to be aware of the 
potential effects of temperature variations and instability on 
the research to be conducted in the facility. 

 In designing a facility, decisions will need to be taken on 
the range of temperatures which can be set for animal 
rooms, and whether they are controlled at the level of the 
individual room, at the level of the whole facility or some-
where in between. Individual room control will add signifi -
cantly to the costs, while increasing the fl exibility to hold 
species with different temperature ranges, as set out in leg-
islation or codes of practice.  

  Relative  h umidity ( RH ) 

 Published guidelines recommend RH ranges which avoid 
extremes (Home Offi ce  1989 ; ILAR  1996 ). Low humidity can 
cause increased heat loss, and  ‘ ringtail ’  in some strains of 
rats. High humidity can reduce the ability to lose heat, and 
has been associated with rapidly increasing levels of 
ammonia within cages. A set point of 50%, with variation of 
15% around the set point, is achievable and avoids likely 
problems. The ventilation system must be designed to meet 
these limits within the range of external relative humidity 
experienced at the location of the facility.  

  Sound,  n oise and  v ibration 

 There are some circumstances where it is possible that noise 
within an animal facility will cause physical damage to an 
animal  –  loud barking by dogs has been raised as a concern 
in terms of damage to their own and their handlers ’  hearing 
(Sales  et al.   1997 ). However, there is a growing body of evi-
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 The HVAC system must be designed to help achieve the 
target noise levels for the facility. Air fl ow velocity, duct and 
diffuser size, turbulence due to changes of duct direction 
and vibrating fans are just some examples of sources of noise 
in these systems, which need to be minimised if the recom-
mended levels are to be achieved. 

  Individually  v entilated  c age  s ystems and  i ntegration 
with  HVAC  

 The IVC system has become a common means of keeping 
rodents in recent years. The technology evolved from the 
simple fi lter cage (Kraft  1958 ) to systems which have deliv-
ery and extraction of air from each cage, and in which HEPA 
fi ltration can be provided on both supply and extract if 
required. Supply and extract can be balanced to provide 
positive or negative pressure with respect to the surround-
ing room. If combined with an appropriate transfer station 
(eg, microbiological safety cabinet or similar) for all manipu-
lations involving opening of the cage, good containment of 
or protection from pathogens can be provided, as well as 
good micro - environmental conditions (Lipman  1999 ). 
Details of specifi c systems are best discussed with the 
various manufacturers, who can provide details and per-
formance features of their current models. However, some 
general points on whether and how to integrate IVC systems 
with HVAC systems are provided here. Early IVC systems 
were self - contained, with fan units for supply and extract 
normally standing next to, or fi xed on top of, the cage rack. 
More recently, manufacturers and ventilation engineers 
have considered integration of the cage ventilation with the 
building HVAC systems. The pros and cons of the various 
options have been reviewed (Stakutis  2003 ) and can be 
briefl y summarised as follows: 

   •      Independent supply and exhaust fans. These are easy 
to fi t into existing facilities, but can be noisy, cause 
vibrations and generate extra heat, which is retained in 
the room as the extracted air is recirculated. The space 
requirements are larger. Control systems are simpler 
and only small numbers of racks are affected by any 
failures.  

   •      Independent supply and exhaust fans with thimble or 
capture hood for exhaust. In theory, this has the advan-
tage that exhaust gas is extracted from the room, rather 
than recirculated within it. However, it is expensive (all 
the costs of the fi rst system, plus the cost of thimbles) 
and can be very diffi cult to balance satisfactorily.  

   •      Independent supply fan, exhaust ducted into building 
ventilation system. Here the supply fan is as in the 
previous two options, but the exhaust gas is extracted 
purely by the building ventilation system. This approach 
removes heat and waste gases more reliably, and is 
potentially less expensive than individual extract fans 
on each cage rack. Valves connecting into the ventila-
tion extract need to be fl ow - independent, which can 
add cost and complexity. Consideration also needs to 
be given to whether the extract needs to be HEPA fi l-
tered, and if so, at what level (at cage level, or more 
centrally within the building extract ventilation ducting, 
for example).  

lights. However the colour density of these sleeves can be 
variable, and there has been some interest in looking at 
sodium lights, as a more reliable means of providing a 
wavelength that is not visible to rodents (McLennan  &  
Taylor - Jeffs  2004 ). Aside from this, there is little strong evi-
dence about the effects of different light colours, and stand-
ard fl uorescent or incandescent lights have been used for 
many years without apparent issues (Clough  1999 ).  

  Heating,  v entilation and  a ir  c onditioning  s ystems 

 The main objectives of a ventilation system should be to 
supply adequate oxygen, to remove excess heat generated 
by animals, people and equipment, to extract waste gases 
and particulates, and to maintain an appropriate relative 
humidity. Additionally, the ventilation system may be 
designed to maintain pressure differences between different 
parts of the facility. The ventilation system should do all this 
without creating draughts which may be uncomfortable for 
the occupants. AAALAC reports that inadequacies of venti-
lation systems are one of the commonest reasons for failing 
inspections (AAALAC  2007 ), and that this was, typically, 
because specifi cations for temperature, humidity or air 
change rates were not being met. Given that these perform-
ance data are specifi ed at an early stage in most projects, and 
have been relatively constant for many years, it is somewhat 
surprising that such failures are so common. 

 The key driver for designing the system is usually the 
removal of heat generated by animals, humans and equip-
ment. Hence a good estimate of stocking density is an 
important starting point in calculations. Air change rates 
suffi cient to achieve this aim will also deal successfully with 
waste gases and smells in most cases. 

 Distribution of the air in the rooms is critical in achieving 
appropriate delivery of fresh air and removal of waste gases. 
Clough  (1999)  describes common positions for supply and 
extract vents to achieve good distribution of air, and the 
design of systems can now also be informed by computer 
modelling. Prior to this, physical mock - ups were often used, 
either using live animals, or simulations with small heat -
 generating objects such as light bulbs. 

 A very useful summary of details from guidelines, and 
data such as heat production from different species, is pro-
vided at the Phoenix website (Phoenix  2003 ). 

 There is a number of approaches that can be taken to the 
distribution of HVAC (heating, ventilation and air condi-
tioning) ducting within a building. Broadly, these are either 
horizontal (walk - on ceilings or parallel interstitial space) or 
vertical (vertical risers). Vertical distribution takes up hori-
zontal space within rooms, but allows the overall building 
height to be lower. It can be more energy effi cient than hori-
zontal distribution. Horizontal distribution generally pro-
vides better access for maintenance. 

 The HVAC system should be designed to provide some 
degree of surplus capacity or redundancy. For example, it 
may be possible to supply the facility from two air handling 
units, both sized to run at 60% capacity during normal oper-
ation. In case of failure of one unit, the other can be ramped 
up to deliver around 80% of the normal requirements of the 
facility. 
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approach, with a strong supportive but challenging 
team ethos in order to make good progress and deliver a 
satisfactory result which will meet the objectives. As time 
progresses, the technical solutions available for tackling the 
various challenges of maintaining the animal house 
environment increase but, at the same time, the standards 
to be met also advance (whether they are standards for 
animal welfare, human safety or environmental impact). 
Recent trends (eg, increasing use of imaging, genetically 
modifi ed animals and fi sh) show how rapidly requirements 
can change  –  this is likely to remain the case, and hence the 
key challenge for those planning future facilities is likely to 
be how to build in the maximum fl exibility and 
adaptability.  
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   •      Supply and extract provided by building ventilation 
system. Here the rack has no independent fans, but 
relies on the building system for all air movement. In 
theory, this system will give least noise and vibration 
locally, and generate no extra heat within the room. No 
independent power supply is needed within the room. 
However, there are disadvantages  –  the valves connect-
ing to the ventilation system all need to be variable 
fl ow, which adds cost to the HVAC system. The posi-
tioning of the racks within the rooms becomes some-
what less fl exible, as the connections to the ventilation 
system have to be fi xed during construction.    

 As indicated by some of these considerations, integration of 
an IVC system with the HVAC system is not a trivial 
undertaking, and if felt desirable, it should be planned at 
a very early stage of the building design, with close co -
 operation between the IVC manufacturers and the HVAC 
designers.   

  Sustainability 

 Concerns about global warming and carbon footprints mean 
that new and refurbished buildings need to take account of 
energy effi ciency and sustainability. Local regulations may 
require individual electricity metering of different areas of 
the animal facility in order to record consumption. 

 HVAC systems are major consumers of energy, and a 
critical consideration is whether or not air can be recircu-
lated. Recirculation may involve the risk of cross - contami-
nation with pathogens. Whilst in some cases this may be 
overcome with fi ltration of air, in others the risk might be 
considered too great (for example, biohazard areas or areas 
where non - human primates are housed (ILAR  1996 )). 

 While windows may make the facility more pleasant to 
work in, and reduce the amount of artifi cial lighting required, 
they can also increase solar gain in the facility and increase 
the need for cooling (which can add signifi cantly to the 
energy consumption). 

 More radical approaches might include use of solar panels 
or wind production of electricity, or novel approaches to 
insulation (such as the use of grass or moss roof 
coverings).   

  Commissioning 

 Snagging and commissioning are important phases at the 
end of a project, before the building is handed over for 
operation. Clear performance targets should have been set 
during design, and it is essential to make sure these have 
been met before accepting handover of the building. 
Suffi cient time must be left for commissioning  –  a period of 
several months to complete this and get the building running 
fully is not unusual.  

  Concluding  r emarks 

 Animal facilities are complex, costly and time consuming 
to build. Such projects require a multidisciplinary team 



Effi cient animal facilities 135

    Romanovsky ,  A.A.  ,   Ivanov ,  A.I.   and   Shimansky ,  Y.P.   ( 2002 ) 
 Ambient temperature for experiments in rats: a new method for 
determining the zone of thermal neutrality .  Journal of Applied 
Physiology ,  92 ,  2667  –  2679   

    Sales ,  G.D.  ,   Wilson ,  K.J.   and   Milligan ,  S.R.   ( 1988 )  Environmental 
ultrasound in laboratories and animal houses: a possible cause 
for concern in the welfare and use of laboratory animals .  Lab 
Animal ,  22 ,  369  –  375   

    Sales ,  G.D.  ,   Hubrecht ,  R.  ,   Peyvandi ,  A.  ,   Milligan ,  S.   and   Shield ,  B.   
( 1997 )  Noise in dog kennelling: is barking a welfare problem for 
dogs?   Applied Animal Behaviour Science ,  52 ,  321  –  329   

    Stakutis ,  R.E.   ( 2003 )  Cage rack ventilation options for laboratory 
animal facilities .  Lab Animal Europe ,  3 ,  31  –  38     

  

National Research Council.  National Academy Press ,  Washington, 
DC   

    Kraft ,  L.M.   ( 1958 )  Observations on the control and natural history 
of epidemic diarrhea of infant mice (EDIM) .  Yale Journal of Biology 
 &  Medicine ,  31 ,  121  –  137   

    Lipman ,  N.S.   ( 1999 )  Isolator rodent caging systems (state of the art): 
a critical view .  Contemporary Topics ,  38 ,  9  –  17   

    Mayers ,  R.   ( 2007 ) Personal communication.  
    McLennan ,  I.S.   and   Taylor - Jeffs ,  J.   ( 2004 )  The use of sodium lights 

to brightly illuminate mouse houses during their dark phases . 
 Laboratory Animals ,  38 ,  384  –  392   

   National Institutes of Health  ( 1999 )  Vivarium Design Policy 
and Guidelines .  http://orf.od.nih.gov/PoliciesandGuidelines/
DesignPolicy/vivtoc.htm  (accessed 31 July 2008)  

   Phoenix  ( 2003 )  Standards and Guidelines .  www.phoenixcontrols.
com/documents/ch6englishAR.pdf  (accessed 31 July 2008)  



 Enrichment:  a nimal  w elfare and 
 e xperimental  o utcomes  
  Robert   Hubrecht       

10
    ‘ The need for designing animal facilities that provide 
the basic needs of shelter, food, water and a degree of 
environmental stability has long been appreciated. 
Currently, however, it is recognized that science also has an 
ethical responsibility to house animals according to their 
species specifi c needs, and that responsibility invokes the 
concept of behavioural and environmental enrichment. ’        
 (Wolfl e  2005 )     

  Introduction 

 It is now almost 50 years since Russell and Burch pointed to 
the need to refi ne animal experiments by reducing  ‘  to an 
absolute minimum the amount of stress imposed on those animals 
that are still used  ’  (Russell  &  Burch  1959 , reprinted 1992, p. 
134). More recently Buchanan - Smith  et al.   (2005)  clarifi ed the 
defi nition of refi nement as:  ‘  any approach which avoids or mini-
mises the actual or potential pain, distress and other adverse effects 
experienced at any time during the life of the animals involved, 
and which enhances their well - being  ’ . Enrichment having any 
of these effects is a refi nement, which should be imple-
mented wherever possible. 

 For many years unenriched housing was the norm, but 
over the last 20 years or so, there has been remarkable 
growth in the provision of enriched housing conditions for 
animals used in research. There is a number of factors that 
are likely to have contributed to this change, not least the 
development of enrichment in other areas of animal hus-
bandry. Zoos were relatively early adopters of enrichment 
in the 1970s (Markowitz  1982 ); included: concerns about the 
occurrence of abnormal behaviour (eg, Hediger  1950 ); 
a better understanding of natural animal behaviour and 
of the effect of environmental variables on the behaviour, 
better understanding and physiology of captive animals 
(Shepherdson  1998, 2003 ). Within agricultural practice, the 
Brambell report on farm animal welfare of 1965 stimulated 
welfare research, calling for studies in the fi elds of veteri-
nary medicine, stress physiology, animal science and animal 
behaviour (Fraser  2008 ). Moreover, the Brambell committee 
chairman suggested that animal welfare might be advanced 
by studies of motivation and preference: an early call for 
studies that have since become a major component of enrich-
ment research. Animal welfare science has, since then, 
developed rapidly; its research infl uencing current practice 
with respect to enrichment provision in laboratory animal 

housing, as well as the newer regulations and codes of prac-
tice governing laboratory animals (see Chapter  8 ). However, 
it is important to recognise that the impetus for improve-
ments in housing and husbandry has not just come from 
legislators and animal welfare researchers but also from 
those directly involved in using and caring for animals in 
research. Many institutions, even facilities carrying out reg-
ulatory work, have developed innovative enrichment strate-
gies as a means to achieving high welfare standards (Dean 
 1999 ; Johnson  et al.   2003 ). 

 Nonetheless, experience shows that implementation of 
enrichment varies between institutions and countries and 
that some species are either more likely to be provided with 
enrichment, or are provided with more varied enrichment 
than others. Moreover, on some occasions researchers or 
others may resist the use of enrichment. Reasons for these 
differences in implementation may include concerns about: 
cost; standardisation; bias of experiments; increase in varia-
tion; potential risk to the animal; or a lack of understanding 
of the welfare impact of enrichment. In order to assess, and 
perhaps be able to address these concerns, it is important 
that animal care staff understand the implications of enrich-
ment for welfare and experimental outcomes. The aim of 
this chapter is to provide a short introduction to the subject 
by discussing: what enrichment is; why and when it is 
needed; how it might interact with research requirements; 
and the practicalities of providing environments that meet 
animals ’  needs.  

  Terminology 

 As others have noted, enrichment is not a term that has 
always been used consistently (Bayne  2005 ; Benefi el  et al.  
 2005 ; W ü rbel  &  Garner  2007 ). As a paradigm in neurobio-
logical research, where it is used to investigate the plasticity 
of the neural system, it has been defi ned as  ‘  a combination of 
complex inanimate and social stimulation  ’  (Rosenzweig  et al.  
 1978 , cited in Praag  et al.   2000 ). In these neurobiological 
studies, various modifi cations are made to standard housing 
and husbandry practices. Standard unenriched conditions 
for rodents used in such studies typically comprise socially 
housed animals in a relatively small enclosure fi tted either 
with a grid fl oor, or a solid fl oor with a substrate to absorb 
waste. Enriched conditions have included: social housing in 
large groups; larger than normal enclosure sizes; and the 
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(Markowitz  1998 ). These days, environmental enrichment is 
more often used in animal welfare science to refer to all 
attempts to provide a more suitable social and physical envi-
ronment for captive animals. Approaches to achieve this 
have included: modifi cations of the enclosure structure or 
its surrounds; changes to social structure or opportunities 
for social interaction; the provision of objects within the 
enclosure to increase complexity and choice; increased 
opportunities for sensory stimulation; changes to feeding 
methods; and strategies to occupy the animals (Bloomsmith 
 et al.   1991 ; Young  2003 ). To help focus attention on the diver-
sity of enrichment needed, some authors have subdivided 
the term into subcategories For example, Bloomsmith  et al.  
 (1991)  lists fi ve subcategories: social, occupational, physical, 
sensory and nutritional. Divisions such as these should be 
used with care as the categories can overlap. A cage mate 
(social enrichment) might also be thought to be a form of 
occupational or sensory enrichment. 

 The use of the term enrichment to describe a wide variety 
of changes to a range of husbandry conditions leads to dif-
fi culties in using the term in a way that is generally under-
stood. Because enrichment is used by some branches 
of science in a welfare - neutral way, and because not 
all attempts at welfare - based enrichment are successful or 
biologically relevant, W ü rbel and Garner  (2007)  have 
proposed using sub - categories. This subdivision into: 
pseudo - enrichment (enrichment that does not benefi t the 
animal), conditionally benefi cial enrichment (enrichment 
that is benefi cial for some animals or under some circum-
stances) and benefi cial enrichment, seems a very useful way 
forward.  

  Why  i s  e nrichment  n eeded? 

  Enrichment and  e volutionary  n iches 

 Traditional standard laboratory housing provides a very 
limited environment compared to the natural environments 
in which animals evolved, which are usually complex and 
rich in stimuli. Therefore, enrichment has been described as 
more of a reversal of the impoverishment normally found 
in the laboratory setting than an enrichment over a natural 
setting (Praag  et al.   2000 ). There is, as will be discussed in 
the following sections, a considerable body of evidence from 
both deprivation studies and studies of environmental 
enrichment (which are fundamentally similar except for the 
reversal of the experimental and control groups (Fuller 
 1967 )), that barren environments, or housing designed 
without taking into account the natural history of the animal, 
can result in abnormal development, physiology and 
behaviour. 

 Animals are complex organisms with behaviour and 
physiology adapted towards their natural ecosystems. The 
evolutionary process works so that organisms tend to 
behave and function in ways that maximise their chances of 
reproduction and reduce their chances of dying before 
achieving their reproductive potential. This does not, of 
course, mean that animals in natural environments always 
experience good welfare. All environments, including 
natural ones, are likely to include some stressors (defi ned as 

provision of various physical items such as tunnels, nesting 
material, running wheels, etc. Food locations are often also 
frequently changed (Praag  et al.   2000 ). 

 The purpose of such studies is not to inform animal hus-
bandry decisions, although in some cases the enrichment 
used in these studies might incidentally have improved 
welfare. However, for those concerned about animal hus-
bandry, the purpose of enrichment is that it should be ben-
efi cial to the animals. Hence, Shepherdson  (1998)  defi nes 
enrichment as  ‘  an husbandry principle that seeks to enhance the 
quality of captive animal care by identifying and providing the 
environmental stimuli necessary for optimal psychological and 
physiological well - being  ’ . Newberry  (1995)  defi ned environ-
mental enrichment as  ‘  an improvement in the biological func-
tioning of captive animals resulting from modifi cations in their 
environment  ’ , and Olsson and Dahlborn  (2002)  suggest that 
changes to the environment should only be considered as 
enrichment when their use results in an improvement in 
animal welfare. 

 Not surprisingly, welfare legislation and codes of practice 
for animals used in research also link enrichment with 
welfare. So, for example, the Library of Congress defi nes 
enrichment as  ‘  enhancing the environment of confi ned animals 
in order to encourage natural behaviors and improve their quality 
of life  ’  (Kreger  1999 ). Similarly, a US report on the psycho-
logical well being of non - human primates, says that envi-
ronmental enrichment  ‘  is an independent variable that refers to 
manipulations to improve the environments of captive primates to 
enhance psychological well - being  ’  where  ‘  enrichment is used in 
the sense of providing for species - appropriate activities in an 
otherwise restricted and limited environment  ’  (National Research 
Council (NRC)  1998 , p. 10). In Europe, an amendment to  The 
European Convention for the Protection of Vertebrate Animals 
used for Experimental and other Scientifi c Purposes  (ETS 123) 
states that  ‘  special relevance should be given to the enrichment of 
the environment of the respective species according to their needs  ’  1  
and the recently revised Appendix A to the Convention 
(Council of Europe  2006 ) refers to environmental enrich-
ment as being  ‘  an important factor for the welfare of the animals  ’ . 
Although the ultimate aim of enrichment in these docu-
ments is to have a benefi cial impact on the animals, there 
are differences between them regarding the specifi c outcome 
expected (eg, to encourage natural behaviour, enhance psy-
chological well-being, etc). This probably refl ects different 
underlying assumptions regarding the nature of animal 
welfare. Various defi nitions of welfare have included con-
cepts such as the ability to perform natural or normal behav-
iour, evolutionary fi tness, feelings, etc (Fraser  et al.   1997 ); see 
also Chapter  6 . 

 The terms behavioural enrichment and environmental 
enrichment have sometimes been used in rather different 
ways. Behavioural enrichment has been used to refer to 
strategies likely to elicit certain species - specifi c behaviours, 
whilst environmental enrichment referred to attempts to 
provide a suffi ciently complex environment that would 
stimulate a wide range of species - typical behaviours 

  1       http://www.coe.int/t/e/legal_affairs/legal_co%Doperation/
biological_safety%2C_use_of_animals/laboratory_animals/Res%20
accommodation.asp#TopOfPage  
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niques that provide different types of information on 
animals ’  motivation for various resources (see also Chapter 
 6 ). The simplest of these are observational studies that report 
on the animals ’  use of various enrichment options when 
they are added to an existing enclosure. Such studies have 
shown that primates, for example, will use various types of 
enrichment including foraging devices, toys/manipulanda 
and mirrors (Lutz  &  Novak  2005 ). Dogs make extensive use 
of platforms and chews when given the opportunity 
(Hubrecht  1993, 1995a ; Joint Working Group on Refi nement 
(JWGR)  2004 ), and if not provided with chews may chew 
inappropriate pen materials such as plaster or steel cord. A 
somewhat more complicated type of study which allows the 
researcher to rank animals ’  motivation for resources is the 
choice or preference test. Such studies have shown that 
mice, for example, prefer nesting material to a nest box and 
prefer effective nesting materials to less easily used materi-
als (Olsson  &  Dahlborn  2002 ); there are many other 
examples. 

 However, neither observational studies nor choice tests 
provide much indication regarding the extent to which an 
animal wants a resource. To address this issue, operant 
studies have been used to assess the strength of animals ’  
motivation for resources (Patterson - Kane  et al.   2008 ). In 
these studies, sometimes known as demand studies, the 
animals may have to push a lever a number of times in order 
to obtain a resource, or might have to travel or cross an 
aversive substrate. By changing the cost that the animal has 
to pay to access the resource, the experimenter can gain an 
estimate of the value of that resource to the animal. Such 
studies have shown that mice are strongly motivated to 
explore and patrol all accessible areas of their environment 
(Sherwin  &  Nicol  1996 ) and will work for access to resources 
such as a larger cage and running wheels, enrichment items 
and deep sawdust (Sherwin  1996 ). Moreover, the mice 
worked as hard to maintain access to these resources as for 
food, giving some idea of the importance of these resources 
to these animals. Other studies have shown that rats work 
harder for social contact than for an empty home cage 
(Patterson - Kane  et al.   2002   ), and will lift substantial weights 
to gain access to a novel environment or a resting place with 
a solid fl oor (Manser  et al.   1996 ). 

 These studies have an obvious appeal and have provided 
extremely useful data on the features that should be pro-
vided for various species. However, their interpretation is 
not always straightforward, demand studies have their limi-
tations (Kirkden  &  Pajor  2006 ) and there is ongoing scientifi c 
debate on these studies regarding appropriate experimental 
design and choice of measures. Animals ’  preferences and 
choices may be affected by context, experience, time of pres-
entation and the options that are offered to the animal. 
Moreover, animals ’  short - term choices may not always be 
in their best long - term interests; for example, an animal 
might work hard for a high - calorie treat but eating too many 
might have long - term health consequences. It is also the case 
that demand studies on larger species used in research such 
as dogs and primates are lacking, probably because of the 
practical and fi nancial diffi culties involved in constructing 
large test apparatus. Despite the diffi culties outlined above 
there is a need to extend demand - study research to these 
species.  

real or perceived perturbations to an organism ’ s physiologi-
cal homeostasis or psychological well - being (NRC  2008 , 
p. 2)). However, animals have evolved to respond to a range 
of natural stressors with coping mechanisms that may 
include behavioural, hormonal or immune function changes. 
In captivity, problems can arise if the environment does not 
allow an appropriate coping response or if the coping 
response is overloaded, leading to a breakdown of homeos-
tasis and a state of distress. 

 It is generally accepted that some degree of predictability 
and control are important in reducing the likelihood that 
stress will tip into distress, and that control over the envi-
ronment requires that the environment possesses a certain 
degree of complexity (Wiepkema  &  Koolhaas  1993 ; Rennie 
 &  Buchanan - Smith  2006 ; NRC  2008 ). There is, however, a 
balance to be struck between too much and too little predict-
ability (Sambrook  &  Buchanan - Smith  1997 ). 

 Enrichment can allow more opportunities for animals to 
make choices that allow them to maintain homeostasis or to 
control social interactions. Mice are commonly housed at 
20 – 24    ° C which is outside their thermoneutral zone of 26 –
 34    ° C, and given the choice prefer warmer temperatures 
(Gaskill  et al.   2009 ). Nesting material can allow them to 
create an area with a microclimate and express such choice. 
Similarly, visual barriers, that allow animals to move out of 
sight of other animals, may allow them to cope with the ups 
and downs of social life and to maintain harmonious social 
groupings. 

 While the proximate aims of providing enrichment for 
welfare reasons may be to reduce abnormal behaviour, 
stimulate normal behaviour, allow the animal to exercise 
choices etc; for many, the ultimate goal is to improve the 
animal ’ s affective state. This, sometimes referred to as the 
animal ’ s emotions or feelings, is part of the mechanism by 
which animals make choices so as to maximise their chances 
of survival and reproduction. Hence, environments that 
frustrate strongly motivated behaviour or that tip the 
balance of adverse stimuli towards the negative result in 
poor welfare. It is becoming increasingly accepted that we 
should not simply be concerned about animals ’  negative 
experiences but should also try to promote positive ones 
(Yeates  &  Main  2008 ). To paraphrase Fraser ( 2008 , p. 69), for 
animals ’  welfare to be satisfactory, they should experience 
a minimum of suffering and they should be allowed the 
normal pleasures of life. As discussed in the sections below, 
there is a growing body of research indicating that animals ’  
affective states can be adversely affected by traditional 
standard housing and that they are motivated to attain 
certain enriched environments.  

  Motivation for  e nrichment 

 If it can be shown that animals really value a particular 
enrichment, that is, that they are strongly motivated to use 
it, then that provides a powerful, although not compelling, 
argument, for its implementation to improve the animals ’  
welfare. Conversely, it is likely that an animal ’ s welfare will 
be poor if it is strongly motivated to do something but 
cannot do so because of an inadequate environment. Animal 
welfare scientists have developed a range of study tech-
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types of enrichment on non - human primate behaviour. 
Enrichment can be used to stimulate desirable behaviours, 
such as chewing of toy items, as an alternative to the cage 
or walls by dogs (Hubrecht  1993 ), and play (marmosets, 
Ventura  &  Buchanan - Smith  2003 ). It may also be used to 
reduce undesirable behaviours such as aggression in rodents 
(mice, van Loo  et al.   2002 ; rats, Johnson  et al.   2004 ) or pri-
mates (Honess  &  Marin  2006 ). 

 However, it is important to consider what is meant by 
normal and to interpret these studies with care. Normal 
behaviour, as seen in the wild, is not necessarily closely 
linked with good welfare (see Chapter  6 ). Behaviour such as 
aggression is normal, although it may be undesirable in the 
research environment depending on the context, level and 
duration of aggression. Similarly, anti - predator behaviour is 
undoubtedly normal behaviour but its expression is unlikely 
to be linked to a state of good welfare. When considering 
how much time is spent in various behaviours, there can be 
diffi culties in determining what would be a normal time -
 budget for the behavioural repertoire for a species (Veasey 
 et al.   1996 ). It is also necessary to take into account the full 
spectrum of behaviour elicited by a particular enrichment. 
For example, Marashi  et al.   (2003)  found that enriching male 
mouse cages increased play (an indicator of good welfare) 
but also found that aggression, possibly linked to territorial-
ity, was increased. 

 Enrichment can not only promote normal behaviour, but 
also reduce abnormal behaviour. Shyne  (2006)  carried out a 
meta - analysis of zoo animal enrichment studies, showing 
that attempts to enrich housing have generally been effec-
tive in reducing stereotypies, but to have their best effect, 
animals should be exposed to an enriched social and physi-
cal environment throughout their development. Enrichment 
later in the animal ’ s life can still be benefi cial, but may not 
undo the damage caused by an inadequate environment 
during development (squirrel monkeys, Fekete  et al.   2000 ; 
deermice, Hadley  et al.   2006 ). Social enrichment, rather than 
physical items such as toys or foraging devices, seems to be 
more likely to result in improvements for non - human 
primates (Lutz  &  Novak  2005 ). Nonetheless, some improve-
ment can occur; for example, mealworm feeders decreased 
marmoset stereotyped pacing (Vignes  et al.   2001 ), and 
W ü rbel  et al.   (1998)  showed that the provision of a tube 
for mice reduced wire - gnawing by 40%. It has been asserted 
that because that there is little evidence that enrichment 
of rodents ’  cage environments reverses abnormal behav-
iour, it has no effect on their well - being (Benefi el  &  
Greenough  1998 ). However, stereotypies resulting from 
chronic exposure to a sub - optimal environment can be 
thought of as a behavioural scar (Mason  1991 ). Hence, stere-
otypies are not necessarily a good indicator of current 
welfare status (see Chapter  6 ) and they can be resistant to 
improvements in housing condition. Failure to eradicate 
established stereotypies, therefore, does not necessarily 
indicate that the enrichment is a failure.  

  Enrichment and  s tress 

 Animals used in research are inevitably exposed to stres-
sors, both during husbandry and during experimental pro-

  Abnormal  b ehaviour in  u nenriched or 
 s tandard  h ousing 

 Abnormal behaviour is a sign that, at some point, conditions 
for the animal have not been adequate, and seems to be rela-
tively common in some species used in research. It has been 
estimated that around 50% of mice, the animals most com-
monly used in research, stereotype, performing repetitive 
behaviours such as bar biting, jumping and looping around 
the cage (W ü rbel  &  Stauffacher  1994 , reported in W ü rbel 
 2006 ). The prevalence of the behaviour may come as a sur-
prise to some animal care staff, but this is because much of 
the behaviour is performed at night. Extrapolating from the 
fi gures above, Mason and Latham  (2004)  estimated that the 
numbers of laboratory housed mice exhibiting abnormal 
behaviour may amount to a total of 7.5 million worldwide. 
Gerbils are also prone to develop stereotypies in standard 
laboratory housing (Wiedenmayer  1997 ). Similarly for pri-
mates, 89% of individually housed rhesus monkeys at a 
research centre showed abnormal behaviour, with pacing 
occurring in 78% and self - injurious behaviour occurring in 
11% (Novak  et al.   2006 ). In carnivores, home range size is 
linked to their propensity to develop stereotypies (Clubb 
 &  Mason  2003 ). As dogs can range over substantial 
areas (Hubrecht  1995b ) it is, perhaps, not surprising 
that they also develop stereotypies when kept in restricted 
social or environmental conditions. In one study, 13% of 
single - housed laboratory dogs spent more than 10% of their 
time in repetitive behaviour patterns (Hubrecht  et al.   1992 ), 
and some dogs spent up to 51% of their time performing 
these behaviours. 

 It is well known that inadequate social environments 
during development can lead to abnormal behaviour in the 
adult. Harlow and his followers in the 1960s demonstrated 
the importance of a normal social environment for macaques 
during their development (Novak  et al.   2006 ; NRC  2008 , 
Chapter  3 ). Similarly, Fuller  (1967)  showed that dogs reared 
under a partial social isolation regimen became less social 
and interacted less with their environment; early weaning 
of mice can lead to increased anxiety, as tested in an elevated 
plus maze, and poorer maternal behaviour (Kikusui  et al.  
 2005 ). Separation of animals after they have developed 
social ties can also cause problems. Self - injurious behaviour 
is much more common in individually housed than socially 
housed rhesus macaques (Novak  et al.   2006 ) while Fox and 
Stelzner  (1966, 1967)  found that isolating dogs from conspe-
cifi cs led to later defi cits even if human social contact was 
provided.  

  Stimulation of  n ormal  b ehaviour and 
 r eduction of  a bnormal  b ehaviour in 
 e nriched  e nvironments 

 Enrichment of barren environments can stimulate an 
increase in behaviours that are deemed to be normal within 
the caged environment, typical of behaviour in the wild or 
simply thought of as desirable behaviour. Young  (2003)  
reviews the literature for this on farm, zoo and laboratory 
animals. Lutz and Novak  (2005)  and Honess and Marin 
 (2006)  provide extensive reviews of the effects of various 
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  Bias 

 Enrichment (as defi ned by Rosenzweig  et al.   1978 ) certainly 
has the potential to affect experimental outcomes (Federation 
of European Laboratory Animal Science Associations 
(FELASA)  2006 ). Enrichment can result in: increased neuro-
genesis; increased capilliary development; the formation 
and changes to the effi ciency of synapses; and changes to 
neurotransmitter activity (reviewed in Healy  &  Tov é e  1999 ; 
Praag  et al.   2000 ; Lewis  2004 ). Rats kept in an enriched envi-
ronment (ie, with a selection of toys/chews and conspecif-
ics) increase brain size by about 5% with the largest changes 
occurring in the cortex. Similar effects have been found for 
other mammalian and avian species, including cats, monkeys 
and even humans (Healy  &  Tov é e  1999 ). 

 Animals kept in enriched environments often show 
improved memory, learning and behavioural plasticity 
(Lewis  2004 ) which may well be related to changes to struc-
tures such as the cortex, hippocampus and thalamus 
(Nithianantharajah  et al.   2004 ). It is interesting to note here 
that, while enrichment does promote neurogenesis, the 
changes produced by enrichment on spatial learning and 
habituation are not dependent on this but may result from 
synaptic changes (Meshi  et al.   2006 ). 

 Enrichment can affect the senses and their development 
as visual acuity of enriched mice was 18% greater than those 
of mice kept in standard conditions (Prusky  et al.   2000 ). 
Cortical sensory maps can also be affected. When rats are 
kept in a naturalistic environment, complete with conspecif-
ics, subterranean tunnels and opportunities for foraging, the 
cortical representations of the rats ’  sensory whiskers become 
refi ned and more focused, contracting by up to 46% com-
pared to rats housed in standard cages (Polley  et al.   2004 ). 

 So, can enrichment bias experimental outcomes? Benefi el 
 et al.   (2005)  list a range of effects of various types of enrich-
ment on experimental variables that include a range of amel-
iorative, and sometimes negative, effects on animals used as 
disease models. Olsson and Dahlborn  (2002)  provide a 
detailed review of the effects of enrichment on mice (see also 
FELASA  2006 ) and Bayne  (2005)  lists effects on primates, 
rabbits and rodents. Some of these effects may be modulated 
by stress responses, which, as we have seen, can be affected 
by enrichment. Moreover, changes in anxiety and stress 
responses can persist for some time after the enrichment is 
ended (Larsson  et al.   2002 ). 

 At fi rst glance this literature might suggest that, at least for 
studies where stress responses are measured or might infl u-
ence the variable in question, enrichment should be avoided. 
However, it is important to note that the reviews included 
studies where the aim was not always to improve welfare 
and the enrichment was more elaborate than would nor-
mally be used for animals under study (Olsson  &  Dahlborn 
 2002 ; Benefi el  et al.   2005 ). Moreover, the enrichment used in 
studies where negative effects occurred was clearly not ben-
efi cial and thus these studies are irrelevant to considerations 
of the impact of benefi cial enrichment. It is also important to 
consider whether animals kept in a benefi cially enriched 
environment are more likely to deliver externally valid data. 
As described earlier, enriched environments are closer to the 
environments in which animals evolved. It seems likely, 
therefore, that standard laboratory conditions lead to reduc-

cedures. Enrichment that improves their ability to cope and 
reduces fear and stress will improve their welfare. 

 There is evidence for a range of species that enrichment 
can produce less fearful, more confi dent and adaptable 
animals than those kept in barren conditions (Chamove 
 1989 ; Prior  &  Sachser  1994 ; Larsson  et al.   2002 ; van de Weerd 
 et al.   2002 ; Young  2003 , p. 34; van Loo  et al.   2004 ). A study 
carried out by Sherwin and Olsson  (2004)  in which mice 
were allowed to self dose with an anxiolytic, indicated that 
mice housed in enriched cages may be less anxious than 
those housed in standard cages. Environmental complexity 
can decrease stress reactivity as shown by behaviour in the 
elevated plus maze, defaecation in a novel environment, 
defensive responses to a predator and open-fi eld explora-
tion (Lewis  2004 ). Young ( 2003 , p. 40) cites evidence for the 
benefi cial effects of certain enriched environments on a 
range of physiological indicators of stress on a variety of 
species. More recent studies include those by: Benaroya -
 Milshtein  et al.   (2004)  in which enrichment such as ladders, 
tunnels and running wheels attenuated behavioural and 
physiological responses to an electrical shock; and van Loo 
 et al.   (2004)  who showed that provision of nesting material 
reduced corticosterone levels in male Balb/c and CD - 1 mice. 
Changes in stress responses can lead to different disease 
outcomes, most of which are benefi cial (Praag  et al.   2000 ); 
and it has been suggested that the benefi cial effects of 
enrichment observed in mouse models of Huntington ’ s 
disease and Alzheimer ’ s disease could lead to new avenues 
of research for effective treatment of humans (Hockly  et al.  
 2002 ; Jankowsky  et al.   2005 ). 

 Reductions in stress responses such as these suggest that 
enrichment not only has the potential to improve the 
animals ’  welfare during husbandry but could also help to 
refi ne procedures. For example, Meijer  et al.   (2006)  found 
that enrichment and frequent handling of mice reduced 
their temperature and heart rate following procedures such 
as injection or restraint. 

 Those implementing enrichment programmes should be 
aware that some common forms of enrichment may not 
work for a specifi c gender or strain, resulting in increased 
stress rather than a reduction. For instance, it can be 
counter - productive to provide shelters for some strains of 
male mice, as the enrichment is associated with increases in 
testosterone, aggression and corticosterone that are proba-
bly linked to increases in territoriality (Haemisch  et al.   1994 ; 
Haemisch  &  Gartner  1994 ; Nevison  et al.   1999 ; van Loo  et al.  
 2002 ).   

  Enrichment and  q uality of  s cience 

 Researchers may be concerned that enrichment could affect 
their results (Benefi el  et al.   2005 ). There is a number of poten-
tial issues wrapped up in this concern. These are: that 
enrichment might affect validity by biasing results by pro-
ducing abnormal animals; that it might decrease reliability 
by increasing between - subject variation thus reducing test 
sensitivity; or it might decrease replicability by increasing 
between - laboratory variation (Garner  2005 ; W ü rbel  &  
Garner  2007 ). These issues are addressed in the following 
sections. 
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subject animals exposed to a variety of husbandry and envi-
ronmental conditions including various types of enriched 
environments. 

 A related issue is replicability over time. Researchers may 
be concerned that the introduction of enrichment will impair 
comparison of current results with those from previous 
studies (historical data). However, this problem should only 
be a temporary one; as once an enrichment programme is in 
place new historical data will rapidly be generated. 

 With respect to within - study variation, there have been a 
number of studies reporting variously that enrichment 
increases variation (Eskola  et al.   1999 ; Mering  et al.   2001 ; Tsai 
 et al.   2002, 2003 ), reduces it (Eskola  et al.   1999 ; van de Weerd 
 et al.   2002 ) or has no effect (Eskola  et al.   1999 ; Augustsson  et 
al.   2003 ). Taken together, these studies seem to indicate that 
there is no obvious effect on variation. Moreover, the enrich-
ments used in these studies were not always those that are 
commonly used in laboratory facilities to improve welfare 
and not all may have been benefi cial. Only one study, pub-
lished in the journal  Nature , has explicitly tested the effects 
of enrichment on variation and replicability (Wolfer  et al.  
 2004 ). In this study, three laboratories raised three batches 
of female mice of two strains and their hybrids. The mice 
were housed in small standard cages or large enriched 
cages, and the results indicated that enrichment neither 
increased individual variability in behavioural tests nor the 
risk of obtaining confl icting data in replicate studies. The 
authors conclude that, at least for female mice, environmen-
tal enrichment should  ‘  improve the animals well - being without 
reducing the precision and reproducibility of the data derived from 
them, while attenuating abnormal brain function and anxiety  –  
both of which are possible confounds in animal experiments  ’ .   

  Factors to  c onsider  w hen  c hoosing  e nrichment 

  What  a re the  b enefi ts of the 
 p roposed  e nrichment? 

 The aim of enrichment in laboratory animal husbandry is to 
improve welfare. However, what does this mean in prac-
tice? Young ( 2003 , p. 2) provides the following list of goals, 
which should help to focus planning and to assess success: 

 Goals of enrichment are to: 

  1.     increase behavioural diversity;  
  2.     reduce the frequencies of abnormal behaviour;  
  3.     increase the range or number of normal behaviour 

patterns;  
  4.     increase positive utilisation of the environment;  
  5.     increase the ability to cope with challenges in a more 

normal way.    

 As discussed earlier, some so - called enrichments may turn 
out to have no or negative effects on the animals ’  welfare. 
Therefore, it is important to avoid fi lling the animals ’  
enclosure with a random selection of items in the hope that 
the animal will make use of them. Instead, enrichment 
choices should be based on a sound understanding of 
the animal ’ s biology and preferably on experimental 
research. A good example of enrichment that combines these 
features is the provision of refuges with tunnels for gerbils. 

tions in size and capabilities of the brains of laboratory 
animals, which raises questions about the validity of learn-
ing and memory research carried out on animals housed in 
these conditions (Healy  &  Tov é e  1999 ). Moreover, mis-
matches between evolved behaviours and the captive envi-
ronment provided by standard housing (W ü rbel  2001 ) are, 
as already discussed, likely to lead to stressed animals and 
increased incidence of abnormal behaviour, which could 
affect the quality of science (see review by Sherwin  2004 ). 
Conversely, as Garner  (2005)  suggests, benefi cial enrichment 
should result in animals that are more like the natural animal 
in terms of their neural development, physiology and behav-
iour; and in most cases these should be better experimental 
models with improved external validity. To summarise, ben-
efi cial enrichment should help to avoid bias caused by 
housing conditions rather than create it. 

 Despite the arguments outlined above, the situation might 
arise where there are data indicating that benefi cial enrich-
ment has an effect on the experimental variable in question, 
and the researcher is unconvinced that there is a scientifi c 
need for a more normal animal. To answer this, the ethical 
imperative is to provide, if possible, an environment that 
meets the animals ’  needs and it is worth considering the 
following discussion points: It may be that, as enrichment 
would be provided to both treatment and control groups, 
there would be no effect on any difference between the 
groups. Consider whether the magnitude of any effect pro-
duced by enrichment would be trivial compared to the 
experimental effect. The importance of an enrichment effect 
should also be judged in context with other factors such as: 
strain differences (Kim  et al.   2002 ); normal husbandry rou-
tines (Duke  et al.   2001 ); site differences, etc. 

 Finally, while there is a growing body of literature on the 
value of many types of enrichment and this has helped to 
inform guidance given in this volume and elsewhere, it 
remains true, as pointed out by W ü rbel and Garner  (2007) , 
that further work is needed to clarify the relationship 
between housing conditions, external validity and welfare, 
and work of this sort would help inform decisions regarding 
optimal enrichment.  

  Replicability and  v ariation 

 Researchers may be concerned that variable implementation 
of enrichment will reduce standardisation between sites 
leading to reduced replicability. However, so - called stand-
ard housing is, itself, not particularly standardised, with 
variation between sites and between countries in cage 
design, materials and husbandry. Some sites use grid 
fl oor cages whilst others use solid - bottomed cages; cages 
may be made from different materials or ventilated in dif-
ferent ways. Moreover, even when conditions between 
laboratories are rigorously standardised, systematic differ-
ences between the laboratories still remain (Crabbe  et al.  
 1999 ). Further, W ü rbel  (2000)  and W ü rbel and Garner  (2007)  
have argued that institutional standardisation leads to 
poor external validity, and that it can actually reduce 
between - laboratory replicability as different laboratories 
adopt different standards. They suggest that a better 
approach would be to design factorial experiments with 
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however, although some animals may need to be housed 
singly, experience shows that aggression can be minimised 
with good management practices. This is an ethical issue 
where the consensus is that the benefi ts to the majority out-
weigh the risks to the few (Hubrecht  &  Buckwell  2004 ; Joint 
Working Group on Refi nement (JWGR)  2004, 2009 ). 

 Physical items can also result in injury, either directly, or 
by increasing aggression. Bayne  (2005)  reviews harms (as 
well as benefi ts) arising from attempts to provide enrich-
ment for non - human primates as well as rodents and rabbits. 
Animals can become entangled in objects. Murchison  (1993) , 
for example, described a case of a pig - tailed macaque becom-
ing entangled in a ring toy. Items placed into a cage may be 
ingested, even if that is not the specifi c aim of the enrich-
ment, so there may be risks of choking or obstruction. It is 
possible that certain types of food enrichment, if not prop-
erly controlled, may lead to obesity or tooth decay. Moreover, 
commonly used enrichments may result in problems for 
particular strains, eg, nesting material for nude mice (Bazille 
 et al.   2001 ). Enrichment may result in increased aggression 
either because the items may be desirable resources in them-
selves, or because they allow the animals to divide the enclo-
sure into territorial units as previously described for male 
mice. Enrichment within the animals ’  environment can 
make cleaning more diffi cult, and the enrichment items 
themselves could act as fomites (Bayne  et al.   1993 ). To help 
put these risks into context it is worth considering that no 
environment is entirely safe, that incidences of disease 
related to enrichment items seem to be very rare, that enrich-
ment can also reduce aggression (Honess  &  Marin  2006 ) and 
that injuries can occur even in an unenriched environment. 
Marmosets have been known to entangle their arms in the 
mesh of their cages; dogs without chews may chew through 
the steel cable holding up pop holes or even at the walls, 
with consequent tooth damage. The increased risk of injury 
from most physical enrichment options is likely to be small, 
and there are few published reports of enrichment devices 
resulting in injury (Young  2003 ; Nelson  &  Mandrell  2005 ). 
This lack of data may not be surprising, given its sensitive 
nature, but there are obvious benefi ts that could arise if both 
failures and successes were published. While the increased 
risk of injury or disease when using well established enrich-
ment items is small, it is best to avoid problems. The check-
list of safety considerations provided by Young  (2003)  is a 
useful starting point in carrying out a risk assessment. As 
Young points out, safety assessment should be an ongoing 
process, as animals may use enrichment in new and unex-
pected ways.  

  Enrichment and  h uman  s afety 

 Enrichment strategies must meet the needs of staff and 
researchers as well as the animals. Clearly any enrichment 
must be practical and cost effective, and any health and 
safety issues for the staff must also be addressed. Concerns 
may include trip hazards, increased weight of enclosures, 
increased exposure to allergens, exposure to sharp objects 
(eg, after animals have gnawed or broken them). Some 
species such as primates or apes may cause injury by throw-
ing enrichment items. Excessive enrichment might also 

Gerbils commonly develop stereotyped behaviour in the 
laboratory. The reason for this was not understood until 
Wiedenmayer  (1997)  showed that gerbils not only need a 
refuge, but also a tunnel of a certain length leading to that 
refuge to avoid the development of stereotyped digging 
behaviour. It is likely that this is because gerbils, in the wild, 
dig burrows that are connected to the surface by tunnels of a 
suffi cient length to reduce the risk of predation and to protect 
them from other hazards (Chapter  23 ). As a result, it seems 
that they are strongly motivated to keep digging if they are 
not able achieve this goal in captivity. Those implementing 
behavioural strategies should therefore review the literature 
to familiarise themselves with the natural history of the 
species and to identify any proven benefi cial enrichments. 

 While enrichment should be biologically relevant (Garner 
 2005 ) it need not be naturalistic (ie, designed to mimic fea-
tures of the wild environment). However, non - naturalistic 
objects such as bells, marbles, metal manipulanda, etc, 
should be evaluated to ensure that they really are a benefi -
cial enrichment and that they are not harmful or distressing 
to the animals. Even if animals do make use of, or manipu-
late, enrichment items, it is important to consider whether 
they are doing so for positive reasons and not, perhaps just 
trying to remove them from their living areas. The answers 
to these questions lie in carefully designed behavioural 
experiments, which, if the enrichment is a commercially 
marketed one, should be the responsibility of the manufac-
turer. To help encourage manufacturers to carry out this 
research, customers of companies selling enrichment should 
ask to see the scientifi c data that supports their claims.  

  Enrichment and  a nimal  s afety 

 As the aim of enrichment in laboratory animal husbandry is 
to improve animal welfare only benefi cial, or conditionally 
benefi cial, enrichments should be used. However, the addi-
tion of any novel item to an animal ’ s environment carries 
some risks. It is therefore necessary to attempt to identify 
these and to weigh them against the likely benefi ts arising 
from the enrichment before using a new enrichment. This 
assessment is likely to require considerable input from care 
staff, which includes veterinary care staff (Nelson  &  
Mandrell  2005 ). A good example of the costs and benefi ts of 
enrichment is social housing. It is increasingly accepted that 
social animals should be housed in harmonious social 
groups (eg, European Commission  2007 ). Social housing 
allows animals to interact with each other, thus permitting 
the expression of species - specifi c behaviours and keeping 
them occupied. It may also have other less obvious benefi ts. 
For example, Schapiro and Bushong  (1994)  found that inci-
dences of diarrhoea and dehydration were reduced in 
socially housed macaques. On the other hand, it is not pos-
sible to guarantee that groups will continue to be socially 
harmonious and social housing carries risks. Bayne  (2005)  
reviews literature for non - human primates where social 
housing resulted in deaths or increases in self - injurious 
behaviour. Dogs housed socially also may fi ght, and in some 
cases the injuries may be severe, perhaps even resulting in 
death. For animals at the losing end of these encounters, 
social housing as enrichment will have failed. Generally, 
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vidual laboratories to repeat this process. For example, it is 
well known that foraging enrichment is benefi cial for pri-
mates and further research to corroborate this is unneces-
sary. Nonetheless, there may be local variations in the 
implementation of categories of enrichment, and these 
details may need to be evaluated to ensure that they func-
tion as expected, there are no safety concerns and that the 
enrichment will not compromise the study.  

  Managing an  e nrichment  p rogramme 

 Successful enrichment strategies depend on good commu-
nication and management. Research institutions should be 
committed from top management down to providing a high 
quality of housing for their animals; and animal care 
staff, veterinarians and research scientists should have 
bought into this concept. Enrichment should not be intro-
duced piece - meal, but should be properly planned and dis-
cussed, particularly with the scientists who will be using the 
animals. 

 It may be helpful to have a committee charged with imple-
menting the programme; even if this is not the case, enrich-
ment should be the subject of regular review to ensure that 
it is being implemented, that there are no problems and to 
assess its effi cacy against current knowledge. For some 
research programmes, the normal enrichment and housing 
conditions may not be compatible with the aims of the 
research, but requests to keep animals without enrichment 
should always be carefully examined to determine whether 
an alternative enrichment programme, perhaps using differ-
ent materials, is possible. 

 Management should ensure that there is a reasonable and 
suffi cient budget to meet enrichment needs and to fund any 
research necessary to validate the programme. However, 
simple enrichments can be as effective as more complex and 
expensive options (Schapiro  et al.   1997 ). Enrichment items 
need not be expensive, and have been made from everyday 
items such as old water bottles, cardboard rolls, etc. 
Nonetheless, such items should be used with care as they 
may contain undesirable substances, and their composition 
may not remain consistent. Commercial enrichment prod-
ucts have the advantage that they can often be obtained with 
a certifi cate of analysis, which is necessary for regulatory 
studies. Further advice on implementing enrichment within 
a GLP framework is available from FELASA  (2006) . 

 The extra costs arising from an enrichment programme 
should not impact adversely on research. For commercial 
establishments, the costs of enrichment are usually trivial 
compared to overall budgets. Moreover, as enrichment 
becomes more widely accepted, competitive disadvantages 
between commercial organisations adopting enrichment 
should decrease. For academic establishments it may be 
harder to fi nd the extra funds but, at least within the UK, 
the major funding bodies emphasise the importance of the 
Three Rs, and of housing animals in a complex and varied 
physical environment in appropriate social groupings, with 
the aim of promoting exercise and performance of species - 
typical behaviours (Medical Research Council (MRC)  2008 ). 
Moreover, funding bodies have indicated that they would 
consider offering funding to enable establishments to 

compromise the ability of staff to avoid potentially danger-
ous animals. Again, an attempt should be made to identify 
risks to human safety before introducing the enrichment 
and to fi nd ways of ameliorating these by reconsidering 
housing and management regimens.  

  Enrichment and the  e xperiment 

 Previous sections have discussed the issues of enrichment 
and experimental outcomes, but it goes without saying that 
before introducing enrichment both scientists and care staff 
must be content that it will not adversely affect the outcomes 
of experiments in which the animals or their offspring might 
be used. Where there are concerns that a proposed enrich-
ment might have such effects, it is important to carefully 
assess the validity of these concerns, bearing in mind that 
enrichment programmes have been successfully adopted in 
many experimental protocols. It is also important to con-
sider whether the procedures carried out on the animals 
might impact on the way in which they interact with the 
enrichment. If, for example, the research involves damage 
to the animals ’  motor or sensory function, then this might 
necessitate changes to enrichment regimens to avoid safety 
issues.   

  Validating  n ew  e nrichment 

 Ensuring that enrichment is benefi cial is an important com-
ponent of any programme. This issue is discussed in detail 
in a FELASA working group document (FELASA  2006 ), 
which points out that the techniques used to demonstrate a 
welfare benefi t (eg, preference/choice tests, demand studies, 
physiological measurements) can be diffi cult to use and to 
interpret. As previously discussed, choice tests, for example, 
can provide some indication of the relative value that an 
animal attaches to a resource, but they do not tell how much 
an animal either likes or dislikes a resource, or why the 
animal has made the choice. The test might therefore refl ect 
the animal ’ s motivation to minimise deprivation, maximise 
pleasure or monitor unwanted problems; and the value of 
the enrichment in question would be very dependent on 
which of these was the underlying motivation. Past experi-
ence of the animal can also strongly affect preference test 
outcomes, and in some cases animals may make short - term 
choices that result in a long - term reduction in welfare or 
health, such as through diet choices that ultimately result in 
obesity or dental caries. Finally, the enrichment needs of 
animals can vary between strain, by gender and with age. 

 The requirement for validation of enrichment will depend 
to a great extent on the novelty of the enrichment being 
introduced. For the reasons outlined above, the initial deter-
mination of the types of enrichment required by a species 
will normally best be carried out either by, or in collabora-
tion with, specialist animal welfare scientists who will be 
aware of the pitfalls of these studies and will have the neces-
sary experience to choose appropriate measures and study 
designs. 

 Once an enrichment has been validated as benefi cial it 
would normally be a waste of time and resources for indi-
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   European Commission  ( 2007 ) Commission recommendations of 
18 June 2007 on guidelines for the accommodation and care 
of animals used for experimental and other scientifi c 
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Science ,  39 ,  22  –  26   

    Fox ,  M.W.   and   Stelzner ,  D.   ( 1966 )  Behavioural effects of differential 
early experience in the dog .  Animal Behaviour ,  14 ,  273  –  281   

    Fox ,  M.W.   and   Stelzner ,  D.   ( 1967 )  The effects of early experience on 
the development of inter and intraspecies social relationships in 
the dog .  Animal Behaviour ,  15 ,  377  –  386   

    Fraser ,  D.   ( 2008 )  Understanding Animal Welfare: The Science in its 
Cultural Context .  John Wiley  &  Sons ,  Chichester, UK   

    Fraser ,  D.  ,   Weary ,  D.M.  ,   Pajor ,  E.A.    et al . ( 1997 )  A scientifi c concep-
tion of animal welfare that refl ects ethical concerns .  Animal 
Welfare ,  6 ,  187  –  205   

    Fuller ,  J.L.   ( 1967 )  Experiential deprivation and later behaviour . 
 Science ,  158 ,  1645  –  1652   

    Garner ,  J.P.   ( 2005 )  Stereotypies and other abnormal repetitive 
behaviors: potential impact on validity, reliability, and replicabil-
ity of scientifi c outcomes.   ILAR Journal ,  46 ,  106  –  117   

    Gaskill ,  B.N.  ,   Rohr ,  S.A.  ,   Pajor ,  E.A.    et al . ( 2009 )  Some like it hot: 
mouse temperature preferences in laboratory housing .  Applied 
Animal Behaviour Science ,  116 ,  279  –  285   

    Hadley ,  C.  ,   Hadley ,  B.  ,   Ephraim ,  S.    et al . ( 2006 )  Spontaneous stere-
otypy and environmental enrichment in deer mice ( Peromyscus 
maniculatus ): reversibility of experience .  Applied Animal Behaviour 
Science ,  97 ,  312  –  322   

    Haemisch ,  A.   and   G ä rtner ,  K.   ( 1994 )  The cage design affects inter-
male aggression in small groups of male laboratory mice: strain 
specifi c consequences on social organization, and endocrine acti-
vations in two inbred strains (DBA/2J and CBA/J) .  Journal of 
Experimental Animal Science ,  36 ,  101  –  116   

    Haemisch ,  A.  ,   Voss ,  T.   and   G ä rtner ,  K.   ( 1994 )  Effects of environ-
mental enrichment on aggressive behavior, dominance hiera-
chies, and endocrine states in male DBA/2J Mice .  Physiology and 
Behavior ,  56 ,  1041  –  1048   

achieve high standards (Animal Procedures Committee 
(APC)  2005 ). 

 Within the animal house, records should be kept of the 
enrichment used and of any rotation of enrichment items. 
As part of continuing professional development, staff should 
keep up-to-date with the literature on enrichment, should 
visit other research sites and attend conferences at which 
enrichment is discussed. It is also useful to invite experts on 
various species to visit and comment on the enrichment 
programmes in place. When animals are bought in from 
outside institutions, it is important to determine the hus-
bandry and enrichment systems of the supplying institu-
tion. This is partly to minimise adverse effects resulting 
from a change of husbandry, and also to encourage the 
worldwide spread of high standards (APC  2007 ). Finally, 
institutions should make efforts to disseminate information 
on the successes or failures of their enrichment 
programmes.       
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  Introduction 

 Whilst it is desirable to maintain laboratory animals in 
accommodation that is as close as possible (excluding 
harmful aspects) to their natural habitats, there are several 
reasons why special housing arrangements are required in 
some cases in order to meet more exacting experimental 
requirements than are provided by conventional caging or 
penning systems. 

 Special housing arrangements may be required to achieve 
any of the following: 

   •      to prevent contamination of germ - free animals;  
   •      to protect animals that are particularly sensitive to 

infection, for example genetically immunocompro-
mised animals such as severe combined immunodefi -
cient (SCID) or nude (athymic) mice;  

   •      to protect animal handlers from allergens or infections 
that are deemed to be a potential risk (eg, from animals 
of unknown health provenance or that have been 
administered an infectious agent).    

 Many approaches and systems have been developed over 
the years to address these issues but the main principles 
involve a physical barrier, a directional/laminar airfl ow or 
a combination of both. 

 Physical barriers may be provided by: 

   •      protective clothing;  
   •      animal rooms;  
   •      plastic fi lm isolators;  
   •      fi lter - top boxes;  
   •      independently ventilated cages;  
   •      laminar fl ow hoods;  
   •      isolation booths;  
   •      rigid cabinets.    

 All barriers, even one as simple as protective clothing, 
can have an impact upon the welfare of the animals 
This chapter will fi rst describe the types of containment 
systems currently in use and then address their use 
with individual species. It will not cover highly specialised 
housing situations such as tethering or metabolic cages 
as their use is generally short term and the welfare 
issues associated with their use are generally covered by a 
project licence or other equivalent experimental permis-
sion/justifi cation.  

  Types of  c ontainment 

  Protective  c lothing 

 This is probably the most common physical barrier used in 
animal facilities. Personal protective equipment (PPE) may 
be as simple as a gown over normal clothing and a pair of 
gloves, but may also include hats and masks. For higher 
levels of operator protection it may be necessary for a com-
plete change of clothes and the use of respiratory protective 
equipment (RPE) (Figure  11.1 ). Other protection strategies 
may require the use of powered respirators or suits with 
their own integral air supplies, depending on the danger 
presented by the infectious agent is that is being used 
(Figures  11.2 ,  11.3 ).   

  Welfare  c onsiderations 

 Protective clothing may impact on animal welfare in a 
number of ways. This impact may be accentuated if a sudden 
change in regime is adopted, for example after an experi-
mental challenge (ie, a sudden change in appearance and 
practices may well have an infl uence on the dynamics of the 
relationship between the animal, its handler and even its 
cage mates). Animals that have become habituated to their 
care staff may be affected by any of the following changes: 

   •      Odours: the use of PPE may remove smells that have 
become familiar to the animals; or PPE equipment may 
have a distinctive odour of its own that is not pleasant 
to the animals.  

   •      Colours: a change in the colour of protective apparel 
from the previous everyday laboratory gown may 
affect some species.  

   •      Noise from powered air supplies: these may disturb 
animals and even if they may seem quiet to the wearer, 
there may be sub -  or super - sonic noise that can be dis-
turbing to certain species.  

   •      Visibility: the profi le of an individual may be changed 
by protective wear such that they can no longer be 
recognised. Face masks or other RPE hide usual visual 
signals that may be used by some species.  

   •      Startling sudden appearance without the usual clues of 
approach (eg, if emerging from a changing room, rather 
than directly from a corridor.  
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with this equipment is the lack of facial signals to animals 
because of reduced clarity or refl ectivity of visors or other 
head - gear.   

  The  a nimal  r oom 

 In some cases the boundaries of the animal room itself may 
be considered as the primary barrier between the animals 
and the rest of the facility. This type of barrier system is 
likely to be required where the work involves species that 
cannot be housed with any degree of practicability in other 
containment systems. Examples may include adult farm 
animals such as cattle, pigs or sheep. In such cases and 
where high - level containment is required, the room might 
need to be modifi ed and this may impact upon animal 
welfare in ways that are not immediately obvious. 
Containment of pathogens dangerous to humans or to other 
animals may require the provision of  en suite  changing 
rooms, showers, fumigation chambers and autoclaves. The 
supply air, extracted air, or both may require high - effi ciency 
particulate air (HEPA) fi ltration and the room may need to 
be maintained at negative pressure, depending on the 
defi ned biosafety level. 

  Welfare  c onsiderations 

 Practices within the room may be affected by the contain-
ment level specifi ed for the room: for example if effl uent 

   •      Gloves: the wearing of gloves has been shown to affect 
dexterity and this may result in clumsier, more stressful 
handling of smaller species.     

     Figure 11.1     The use of RPE plus down - draught table to protect the 
operators during procedures on infected animals.  (Courtesy of 
Health Protection Agency.)   

     Figure 11.2     A Martindale - type suit with a fi ltered, powered air 
supply.  (Courtesy of Health Protection Agency.)   

     Figure 11.3     A one - piece full suit that might be required for work 
with dangerous pathogens.  (Courtesy of the Canadian Science 
Centre for Human  &  Animal Health.)   

  Welfare  a spects of  h igher  l evels of  PPE  ( e g,  s uits,  h alf  s uits, 
 p owered  RPE  with  f ull  c lothing  c hange) 

 The use of specialised apparel with higher levels of PPE 
usually involves strict changing and showering regimes that 
are time consuming and reduce the number of visits that can 
be made per day. In addition, protective equipment can 
restrict movement, hearing and dexterity, and its use has an 
inherent level of discomfort that reduces the amount of time 
that can be safely spent on any one visit. A further problem 
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treatment is part of the containment strategy, then the use 
of water for cleaning down may be restricted. In addition, 
the type of bedding that can be used may be restricted to 
avoid blocking the drains that lead to the treatment plant. 
Due consideration needs to be given to where procedures 
and necropsies are to be performed, bearing in mind both 
the welfare of other animals and any safety requirement to 
prevent release of any pathogens. It is highly likely where 
the confi nes of the room itself are used as the primary 
barrier, that protocols will also prescribe some level of pro-
tective clothing for animal care and scientifi c staff, as 
described in the section on clothing above. The needs of 
high - level biocontainment may dictate the use of sealable 
submarine - type doors to prevent escape of pathogens, to 
enhance air pressure cascades and to allow regular fumiga-
tion. Current biosecurity requirements often demand that 
facilities using certain agents should have robust physical 
security, such as coded locks or swipe access, to limit access. 
As layers of mechanical or procedural strategies are built up 
to address safety issues or to ensure the integrity of the 
experiment, then more attention needs to be paid to the 
impact upon the welfare of the animals as they become more 
isolated from the rest of the facility and its day - to - day activi-
ties. Table  11.1  provides a summary of potential welfare 
issues and solutions relating to using rooms as a barrier.     

  Flexible  fi  lm  i solators 

 Flexible fi lm isolators are used extensively for the microbial 
isolation of experimental animals. The original fl exible fi lm 
isolators were developed by Trexler and Reynolds  (1957) , 

  Table 11.1    Potential welfare issues of the room as a containment barrier. 

   Parameter     Potential welfare issue     Solution  

  HEPA fi ltration    Room reliant on air handling system for adequate 
ventilation/environmental control. Failure of fans 
could lead to inability to control temperature, 
humidity and build - up of waste gases  

  Build in redundancy on air handling equipment and 
have reliable emergency power with automatic cut 
in  

  Negative (or positive) 
air pressure  

  Needs to be well controlled. Sudden changes in 
pressure can be distressing  

  Have feedback between supply and extract, build in 
a delay in variable fan speed to allow for door 
opening  

  Limited access due 
to time - consuming 
changing and 
showering regimes  

  Reduced time and frequency of observation and 
interaction with animals  

  Consider CCTV and environmental enrichment 
appropriate for species. Consider practices that 
reduce the time taken to enter/exit (eg, is showering 
necessary? Could air showers be used?)  

  En - suite autoclave/
fumigation chamber  

  Exposure to noise, heat, noxious fumes    Ensure good sound and heat insulati on, use an 
ante - room if possible, have local ventilation that will 
cope with steam or leakage of fumigant  

  Procedures and 
necropsies  

  Requirement for biocontainment may preclude 
separate procedures room or use of a shared 
postmortem room  

  Have, as a minimum, a screened - off area that is well 
ventilated. Use a cascade pressure regime away from 
the animal accommodation to the procedures area  

  Effl uent treatment    Capacity issues or fear of blockage may restrict use of 
water and certain types of bedding. This may impact 
on natural behaviours such as foraging for food  

  Consider using a system of screen fi lters for the 
drains and have separated areas where deep litter 
can be used and then bagged for disposal  

  Use of PPE/RPE    Stress may be caused by unfamiliar suits/respirators 
and lack of usual facial and olfactory signals  

  Acclimatise animals by wearing apparel on 
occasions before study start or by hanging suits in 
room  

and designed specifi cally to maintain germ - free (animals 
with no detectable microbial fl ora) or gnotobiotic animals 
(derived germ - free but having a defi ned, given microbial 
agent) and to prevent contamination of these animals by 
environmental microbes. Germ - free animals are derived 
free of microbial contamination by removal directly from 
the uterus under sterile conditions either by hysterotomy or 
hysterectomy in the case of mammals (decontamination of 
newborn has also been reported) or by decontamination of 
eggs in the case of birds. 

 Flexible fi lm technology has proved to be extremely effec-
tive and adaptable as a microbiological barrier and a wide 
range of species, from rodents to farm animals such as pigs, 
sheep and calves, have been maintained under gnotobiotic 
conditions (Tavernor  et al.   1971 ; Alexander  et al   1973 ; Dennis 
 et al.   1976 ). Microbial isolation is achieved by the physical 
barrier of the fl exible fi lm canopy, enhanced by positive 
pressure and HEPA fi ltration of both incoming and outgo-
ing air. 

 Germ - free or gnotobiotic animals are used in research for 
various reasons: to investigate the role of commensal bacte-
ria in development of the immune system (Butler  et al .  2005 ; 
Hope  et al .  2005 ); in studies of gene expression (Chowdhury 
 et al .  2007 ); or to provide an insight into diseases of unknown 
aetiology (Wyatt  et al .  1979 ; Bridger  et al.   1984 ). 

  Welfare and  h andling  c onsiderations 

 The use of isolators can impact upon animal handling with 
potential knock - on welfare consequences in various ways: 

   •      If the operator ’ s vision is reduced or restricted this may 
impact upon animal observations and checks on well -
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fi ltration or irradiation and sealed into plastic bags or other 
containers that can then be introduced to the isolator via a 
transfer port after surface decontamination. The use of 
chemical disinfection may potentially expose animals to 
unpleasant or toxic fumes. It is important to select non - toxic 
disinfectants, those that break down rapidly to non - toxic 
components (eg, peracetic acid breaks down to water, carbon 
dioxide and oxygen) or to design isolators to have some sort 
of ventilation system to remove unpleasant or toxic fumes. 

 It is important to check that treating food by autoclaving 
or irradiation will not result in loss of essential trace ele-
ments or nutritional value. 

 being. Plastic canopies, even if of clear PVC, will reduce 
optical clarity, although clearer panels can be intro-
duced to enhance visibility in key areas of the canopy.  

   •      Reduced dexterity may affect the handling of smaller 
species and hinder sampling or administration proce-
dures. Access to cages and to the animals will be via 
glove sleeves built into the walls of the isolator (Figure 
 11.4 ) or by the use of integral half suits (Figure  11.5 ). 
These gloves will normally be fi xed in place and will 
thus have to be of a size to accommodate all users.  

   •      The length and position of glove sleeves may mean that 
there are certain areas within the isolator that cannot be 
reached. There needs to be a contingency plan in place 
to deal with animals that have escaped from cages 
within the isolator so that this will not compromise the 
experiment (eg, by chewing through the isolator wall 
or a glove) or stress the animals during attempts at 
recapture.  

   •      The reduced or absent gut microfl ora of gnotobiotic 
animals may affect their digestion or utilisation of nutri-
ents that are usually made available by commensal 
organisms. In addition, the normal microfl ora may act 
as a barrier to pathogenic or opportunist organisms, 
and animals in which this fl ora is absent or restricted 
may be more susceptible to infection.  

   •      Some species may be colostrum - deprived in order to 
maintain germ - free status and so be defi cient in protec-
tive maternal antibodies, resulting in greater suscepti-
bility to disease by opportunist organisms, or to any 
pathogens given experimentally.      

 The environment within isolators is dependent upon a con-
stant adequate airfl ow through the isolator to prevent high 
temperature, high humidity or build up of ammonia and 
welfare will be at risk if these systems should fail. The 
removal of waste is time consuming and is a risk to the 
integrity of the system. 

 The introduction of food, water, bedding and other mate-
rials into isolators requires strict decontamination protocols. 
Usually, these materials are pre - sterilised by autoclaving, 

     Figure 11.4     A fl exible fi lm isolator used to house 
infected mice or guinea pigs.  (Courtesy of Health 
Protection Agency.)   

     Figure 11.5     The interior of a half - suit isolator used to house 
infected guinea pigs.  (Courtesy of Health Protection Agency.)   
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fl uctuations such as those that occur when entering the 
glove sleeves or half suit and this could potentially compro-
mise the protective effi cacy of a negative -  or positive - pres-
sure regime unless carefully managed. Rigid isolators have 
been used where a more robust structure is required such 
as for housing infected marmosets (Brown  &  Hearson  2008 ) 
or poultry (Timms  et al .  1979 ). Table  11.2  provides a summary 
of potential welfare issues and solutions relating to using 
isolators.    

  Individually  v entilated  c ages 

 The principle of the individually ventilated cage (IVC) is for 
each to be a mini containment system (Figure  11.6 ). Each 
cage has a removable lid that, for effective containment pur-
poses, is clamped and sealed to the top rim of the cage. 
Ventilation for the occupants is provided by plugging each 
cage into a dedicated rack system that has either an 
integrated air supply/extract or which, less frequently, 
plumbs into the room air - handling system in some way. The 
supply and extract air can be balanced to provide 
either positive or negative pressure within the cage, depend-
ing upon the experimental requirements. For effective 
high - level biocontainment the integrity of these air 
penetrations is managed by the use of small in - line HEPA 
fi lters or by snap - shut valve systems or a combination of 
both. IVCs are often used as the preferred option for protect-
ing staff from exposure to animal allergens (Renstr ö m  et al . 
 2001 ) or, in older facilities, as a less expensive method of 
meeting recommended air change rates, in place of total 
refurbishment.   

  Table 11.2    Potential welfare issues of isolators. 

   Parameter     Potential welfare issue     Solution  

  Air supply    Restricted space requires constant airfl ow to be 
maintained to avoid build up of humidity, 
temperature or waste gases (eg, ammonia). Failure 
of power or fans will rapidly cause problems  

  Have over - capacity for fans. Have reserve fan or twin - motored 
fan. Emergency generator is essential and battery back - up to 
power fans is recommended  

  Use of supply 
ports  

  Potential route for contamination. Potential for 
exposure to chemical disinfectants  

  Minimise frequency of use of entry ports by use of supply 
isolators and/or extended waste bags. Choose disinfectants 
that will decompose into non - toxic components or ventilate 
the port  

  Sterilisation of 
food  

  This may affect nutritional value    Select least drastic sterilisation technique. When specifying 
diet composition allow for decay of essential vitamins or trace 
elements  

  Interaction 
with staff  

  Reduced visibility, dexterity and ergonomics may 
limit observation of animals, precision for handling 
or procedures and may reduce the time staff can 
spend at one session  

  Consider lighting levels, glove positions, number of cages per 
isolator and positioning. Consider half suits for improved 
ergonomics. Environmental enrichment and group housing 
can be the same as for conventional rooms  

  Procedures 
and necropsies  

  Confi ned space and biosafety requirements may 
lead to procedures and necropsies being 
performed in close proximity to other animals  

  Where possible have a separate isolator or cabinet attached 
for conduct of procedures/necropsies. For more intricate 
procedures removal to a downdraught table may be required  

  Natural 
microfl ora  

  May affect ability to utilise food    Consider supplementation of diet or possibility of introducing 
a balanced microfl ora  

  Escape from 
cage  

  Escaped animals may damage canopy or sleeves 
and this may compromise the experiment 

 There may be areas in the isolator that cannot be 
reached due to restrictions of glove sleeves  

  A strict regime of checking cage security is required. Caps can 
be used to prevent access to glove sleeves 

 Design out any dead spaces or ensure that some form of 
humane capture such as netting can be used successfully  

 More recently, isolator technology has been adapted as a 
strategy for primary containment of infected animals and, 
in this scenario, the isolator is maintained under negative 
pressure to enhance operator protection. The same points 
listed apply regarding potential impact on animal welfare. 
Flexible canopies need robust support to prevent collapse 
on to the animals ’  cages due to the negative pressure (UK 
Health and Safety Executive guidelines (Guidance on the 
use, testing and maintenance of laboratory and animal isola-
tors for the containment of biological agents 1 ) recommend a 
minimum operating pressure of 30   Pa below laboratory 
pressure). In order to safeguard animals ’  welfare, isolators 
need to be equipped with alarms that indicate out - of - range 
pressure changes and air supply failure. They also need to 
be linked to standby generators and to emergency battery 
back - up that will cut in to maintain the air supply, allowing 
suffi cient operating time to allow any remedial action to be 
completed.   

  Rigid  isolators  

 Rigid isolators operate in the same way as fl exible fi lm isola-
tors, but their walls are made of rigid plastic. This makes 
them more resistant to physical damage, but the rigid nature 
of the walls limits the access reach of glove sleeves: this 
normally necessitates the use of integral half suits to improve 
access and user ergonomics. The other disadvantage of these 
isolators is that they are less able to absorb sudden pressure 

  1          http://www.hse.gov.uk  
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     Figure 11.6     A rack of IVCs used to house mice. 
 (Courtesy of Arrowmight.)   

     Figure 11.7     An IVC being serviced in a Class II type cabinet. 
 (Courtesy of Tecniplast UK.)   

  Welfare  c onsiderations in the  u se of  IVC  s  

 Individually ventilated cages are capable of providing 
good air change rates and environmental conditions when 
working well (Clough  et al   1995 ; H ö glund  &  Renstr ö m  2001 ). 
However, dust clogging of fi lters may affect performance 
(H ö glund  &  Renstr ö m  2001 ). They can provide protection 
from external disease or cross - contamination from experi-
mental infection (Lipman  et al.   1993 ; Morrell  1997 ), but there 
is reduced visibility of the occupants. Kallnik  et al.   (2007)    
found that for some inbred mouse strains, housing in IVCs 
reduced activity and increased anxiety - related behaviour. 
To improve visibility, the food hopper can be moved to the 
rear of the cage. 

 These cages are labour - intensive to service: a change of 
bedding requires transfer of each cage to cabinet prior to 
removal of lid and strict disinfection regimes to prevent 
cross - contamination (Figure  11.7   ) (H ö glund  &  Renstr ö m 
 2001 ). There is a risk of uneven distribution of air through-
out cages depending on their position on the rack. Other 
potential disadvantages or problems include: 

   •      There is a risk of suffocation if the air supply fails 
(therefore, they need good back - up support and visible 
evidence of airfl ows for each cage on the rack, plus 
good alarm systems) (Krohn  &  Hansen  2002 ). An unin-
terruptible power supply (UPS) is essential to guarantee 
the well - being of the occupants.  

   •      Care must be taken that the noise and vibration of air 
handling units is not transferred to the cages. This 
should include any frequencies beyond the normal 
human range. Noise level considerations should also 
extend to the cabinet where cage changes or procedures 
may be conducted.  

   •      Disturbance during cage changes may affect breeding 
performance (Reeb - Whitaker  et al .  2001 ). In the most 
recent systems, the improved level of ventilation means 
that cages need cleaning out at fortnightly rather than 
weekly intervals.  

   •      Reduced frequency of cleaning may mean that welfare 
problems may go unnoticed unless a strict discipline of 

observation by animal care staff is enforced. This prac-
tice may also require the use of large food hoppers and 
drinking bottles that may intrude upon and reduce the 
amount of three - dimensional cage space available to the 
occupants.  

   •      A drive towards more effi cient use of room space may 
lead to the deployment of cage racks that are too tall 
for direct observation of all animals. Similarly, library 
racking systems may present a tempting economy of 
room usage, but working practices must be in place to 
ensure that cages are observed at least once per day by 
a competent individual.    

 Table  11.3  provides a summary of potential welfare issues 
and solutions relating to using IVCs.     
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  Table 11.3    Potential welfare issues of  IVC  s . 

   Parameter     Potential welfare issue     Solution  

  Air supply    Sealed lids and small volume of airspace requires 
constant airfl ow to be maintained to avoid 
build up of humidity, temperature or waste 
gases (eg, ammonia) 

 Failure of power or fans will rapidly cause 
problems and may lead to suffocation if 
prolonged  

  Have a system that ensures even distribution of air to 
all cages. Have reserve fan or twin - motored fan. 
Emergency generator is essential and battery back - up 
to power fans is recommended (UPS). A schedule of 
regular servicing should be in place to ensure 
optimum performance  

  Filtration    Effective biocontainment will involve fi ltration of 
air. Filters will become clogged with dust and 
dander and this will affect performance  

  Either change fi lters frequently (expensive) or have a 
disposable pre - fi lter that can be discarded 

 Have a monitoring system that will warn of reduction 
in performance (preferably for each cage)  

  Cage cleaning/changing    Every event such as addition of food and water, 
changing bedding, close inspection of animals, 
will require removal to a cabinet  

  Reduce change requirements to a minimum by 
optimising air change rates  

  Interaction with staff    Reduced visibility and ergonomics may limit 
observation of animals 

 Requirement to move to cabinet before removing 
lid may reduce the time staff can spend at one 
session  

  Organise cages to allow maximum visibility of 
occupants (eg, move food hopper from front of cage) 

 Have strict daily observation regime in place 
 Mobile transportation units are available to move 

batches of cages whilst maintaining air supply  

  Procedures    Cages need to be transferred to a cabinet or 
downdraught table to conduct experimental 
procedures. This will be time - consuming and may 
lead to fatigue  

  Design experiments so that groups of animals can be 
dealt with in a tolerable time period. Do not be 
over - ambitious with the types of procedures that can 
be conducted, bearing in mind group sizes and the 
limitations of cabinet work  

  Cross - contamination    The use of a cabinet for husbandry or procedures 
means that there is a risk of cross - contamination 
between groups of animals  

  Strict operating procedures are required to schedule 
the order in which groups of cages are opened and to 
defi ne disinfection regimes for exposed surfaces  

  Filter  -  top  c ages 

 Filter - top cages provide a simple method of preventing 
cross - contamination between cages by providing a physical 
barrier to larger particles (Figure  11.8 ). Typically they consist 
of a shoebox - type cage with a lid consisting of a polycar-
bonate frame fi tted with a piece of fi lter media. Such systems 
have been shown to protect the cage occupants from expo-
sure to pathogens in adjacent cages (Lipman  et al.   1993 ). 
Whilst they can be used successfully to prevent cross - 
contamination between groups of infected animals such as 
hamsters infected with  Clostridium diffi cile  (Shone personal 
communication), they are not recommended for use with 
pathogens dangerous to humans without the additional use 
of some other, more robust form of containment.   

  Welfare  c onsiderations in the  u se of  fi  lter -  t op  c ages 

 The presence of a fi lter lid reduces visibility of the occupants 
and of food and water levels. Also, the presence of a fi lter 
without a forced air supply reduces ventilation and can lead 
to a build up of waste gases. Reviews of the environmental 
conditions within such cages indicate that the reduced 
airfl ow observed within these cages could lead to a build - up 
of gaseous pollutants that may adversely affect the animals ’  
health (Keller  et al.   1989 ) and that the high relative humidity, 
ammonia and carbon dioxide levels result in lower body 
weight gain and lower water consumption (Corning  &  
Lipman  1991 ; Memarzadeh  et al .  2004 ). 

 However, if due consideration is given to the number of 
animals housed per cage, the provision of bedding that will 
absorb waste effectively and to the frequency of bedding 
change (Reeb  et al .  1998 ), then these cages provide a simple 
and effective means of preventing cross - contamination. 

 The fi lter lid should only be removed in a contained envi-
ronment such as a safety cabinet, otherwise the benefi ts of 
using the lid will be lost and the resultant cross - contamina-
tion may invalidate the experiment. A strict working prac-

     Figure 11.8     A fi lter - top box housing hamsters infected with 
 Clostridium diffi cile .  (Courtesy of Health Protection Agency.)   
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tice regime, including disinfection, placing only similarly 
infected groups of cages in the cabinet at the same time, and 
working from the lowest dose upward, is required for this 
system to work effectively.   

  Ventilated  c abinets 

 Ventilated cabinets are cabinets with sets of shelves on 
which the animal cages are placed. They can provide low -
 grade protection or isolation (Figure  11.9 ). There are usually 
one or two doors at the front to allow access to the cages, 
and air is supplied either by an integral air - handling system 
or by plumbing into the room air system. The air handling 
can usually be switched between supply or extraction so 
that the cabinet can be operated at either negative or positive 
pressure. The shelves may be perforated to allow better 
distribution of air. Ventilated cabinets are frequently used 
in combination with fi lter - top cages, as any protective effi -
cacy is lost as soon as a cabinet door is opened. Ventilated 
cabinets can be fi tted with a range of optional extras to suit 
user requirements, such as building in a variable circadian 
rhythm with light/dark time control or fi tting temperature 
control to allow post - operative recovery.   

  Welfare  c onsiderations in the  u se of  v entilated  c abinets 

 Ventilated cabinets limit the observation of occupants, espe-
cially if used in combination with fi lter - top boxes. Ventilation 
is limited in the event of a power failure. As with other 
ventilated systems due consideration should be given to the 
transfer of noise and vibration from air handling systems. 
There may be a temptation to conduct more than one experi-
ment in a room as the cabinets appear very self - contained. 
For such a strategy to succeed there need to be strict proto-

     Figure 11.9     A typical ventilated cabinet containing mouse cages. 
 (Courtesy of Tecniplast UK.)   

     Figure 11.10     A typical containment booth with upwardly 
telescoping sectioned doors.  (Courtesy of Britz  &  Co., USA.)   

cols in place for removal of cages for husbandry or experi-
mental procedures.   

  Laminar  fl  ow  b ooths or  c ubicles 

 Laminar fl ow booths are essentially miniature rooms with 
their own air handling systems and they are used to subdi-
vide an animal room into several independent units. Their 
main advantage is that this subdivision of a room can enable 
more effi cient use of space where this is at a premium by 
allowing several different experiments to be conducted 
simultaneously (Figure  11.10 ).   

 Typical isolation booths include: a wall system, a ceiling 
containing controls and an air handling system and a 
vertically telescoping front access door with transparent 
windows. They can be operated at either positive pressure, 
to protect the occupants, or at negative pressure, to protect 
staff. They can be custom built to fi t any particular space 
and are usually accessed from the front by upward - opening 
sectioned doors. As with ventilated cabinets, any protective 
effi cacy afforded by the pressure differential or direction of 
airfl ow is considerably reduced when the doors are opened 
to access the occupants of the booth. The use of upwardly 
telescoping, rather than outward - opening doors reduces 
this effect and allows the air handling system to cope more 
effi ciently with the breach in the barrier that is created. The 
vulnerability of the occupants of such systems to power or 
fan failure is very much dependent on the size of the booth. 

 For smaller booths, animals will need to be removed to a 
separate area or cabinet to perform daily husbandry or pro-
cedures, but larger booths can incorporate a section to allow 
such functions. 

  Welfare  c onsiderations in the  u se of  l aminar  fl  ow  b ooths 

 These booths can provide a degree of microbiological 
separation but they permit only poor observation of occu-
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potentially contaminated material generated by coughing, 
urination or defecation.   

 The risks associated with the husbandry of infected pri-
mates are controlled by strict discipline with regard to 
feeding, watering and waste removal regimes. The risks 
associated with handling of the primates are controlled by 
a strict regime whereby animals are sedated by injection 
before any handling or removal from the cage. Injection for 
sedation is accomplished by the use of a winding mecha-
nism that gently brings the animal to the front of the cage 
and a strategically placed access door to allow injection. 
Sedated animals are removed from the cage into a carrying 
box that will be used at all times for transportation to and 
from a separate procedures area. All procedures are con-
ducted on validated downdraught tables. 

  Welfare  c onsiderations of  b espoke  s ystems 

 Access to the animals is restricted compared to the situation 
when using an open cage system. It is essential that all 
systems are designed so that animals can be accessed and 
isolated without causing undue stress for sedation or for 
remedial treatment in case of injury. In these systems, obser-
vations of animals can be limited by refl ection of the plastic 
barrier. Overhead lighting needs to be positioned carefully 
to avoid this. Observation periods are also limited due to 
the demanding entry and exit procedures that require the 
use of protective clothing and strict disinfection regimes. 
Solid barriers inevitably alter the relationship between the 
care staff and the animals. This is no great problem if the 
animals are housed in social groups. Such systems can 
change the ergonomics of husbandry procedures and con-
sideration needs to be given at the design stage to the poten-
tial for fatigue or strain in staff conducting day - to - day 
husbandry procedures.    

pants from outside the booth. Other potential problems 
include: 

   •      limited ventilation in the event of power failure;  
   •      as with other ventilated systems, there is the potential 

for transfer of noise from air handling equipment or 
generated by the fl ow of air.    

 The environment of a booth can be easier to control in terms 
of air changes, temperature and humidity than that of an 
entire room. A controlled light – dark system can also be 
incorporated if required. A strict regime of daily practice is 
required for staff to prevent cross - contamination between 
booths and where smaller booths are sharing an area or 
cabinet for procedures, robust protocols must be in place to 
prevent cross - contamination between separate experiments. 
As with any enclosed system a reliable UPS is essential.   

  Bespoke  s ystems 

 For some species, no systems that offer acceptable levels of 
operator protection are commercially available and bespoke 
systems have to be developed according to need. An example 
of this is the directional fl ow containment system developed 
at the UK Centre for Emergency Preparedness and Response 
(CEPR) to enable group housing of macaques that have been 
challenged with infectious agents (Figure  11.11 a,b). Here, 
operator protection depends upon a directional fl ow of air 
that is maintained to a minimum velocity of 0.7   m/s at all 
times, even when accessing the animals. The room air - 
handling system is used to provide the ventilation for the 
system. The primates are physically isolated from the 
general room area by a solid transparent plastic barrier fi xed 
to the front of the cage system. This barrier serves to enhance 
the directional airfl ow and to provide a physical barrier to 

(a) (b)

     Figure 11.11     Two versions of a directional fl ow containment system that can house social groups of macaques infected with level 3 
pathogens. (a) Flexible fi lm technology is used to form an additional barrier and to subdivide areas for different functions.  (Courtesy of Bell 
Isolation Systems Ltd.) (b) There is a directional fl ow unit only, with separate rooms for other functions such as procedures. Note the increased 
cage size, meeting ETS 123 housing standards. (Courtesy of Health Protection Agency.)   
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   •      isolators;  
   •      fi lter - top cages;  
   •      ventilated cabinets;  
   •      ventilated booths;  
   •      suited laboratories.    

  Welfare  c onsiderations with the  u se of  c ontainment 
 s ystems for  m ice 

 Mice should be kept in groups wherever possible. Bedding 
and nesting materials should be provided; this includes the 
consideration of the importance of location of nest boxes as 
described by Kostomitsopoulos  et al.   (2007) . Plastic, auto-
clavable nest boxes are available specifi cally for containment 
systems and treats, disposable tunnels and mouse refuges 
are readily available. 

 Containment strategies should be selected that allow 
maximum observation of animals but minimise laborious 
clothing change procedures. Where ventilated containment 
systems are used due consideration must be given to avoid 
exposing mice to excessive air change rates or air velocities 
(see also Chapter  21 ). All aspects of ergonomics should be 
considered so that staff are not reluctant to observe and care 
for animals. The preventative maintenance implications to 
keep containment systems running effi ciently and safely for 
animal welfare should be considered.   

  Rats 

 IVCs are now manufactured at an appropriate size to main-
tain rats. Other suitable containment systems for rats 
include: 

   •      isolators;  
   •      ventilated cabinets;  
   •      ventilated booths;  
   •      suited laboratories.    

  Welfare  i ssues with the  u se of  c ontainment  s ystems for  r ats 

 As with mice, rats should be housed in social groups of three 
to fi ve (Patterson - Kane  et al.   2001 ) wherever possible. Cage 
height may be important to allow rats to stand erect. It has 
been noted that rats prefer a lower air change rate, below 
80ACH (Krohn  et al.   2003 ). Rats are also affected by ammonia 
build - up (Gamble  &  Clough  1976 ) compared to mice, who 
are thought to be more ammonia tolerant (Smith  et al.   2004 ), 
so an optimal ventilation rate needs to be established. 
Provision of refuge and shredded nesting materials are 
thought to provide the best environmental enrichment for 
rats but they do not show any preference for tunnels or 
pipes (Bradshaw  &  Poling  1991 ).   

  Hamsters 

 Suitable containment systems for hamsters include: 

   •      fi lter - top boxes;  
   •      isolators;  
   •      ventilated cabinets;  

  Species 

  Mice 

 IVCs are now in common usage for mice for containment of 
infection, for reduction of animal allergens or to protect 
susceptible animals from outside contamination. The ability 
to  ‘ quarantine ’  animals of unknown health status in such 
systems has led to increased usage linked to the increasing 
traffi c of transgenic strains of mice between research groups 
in different countries. 

 The other obvious attraction of these systems is that more 
effi cient use can be made of animal accommodation, whilst 
not compromising health status (increases in stocking 
density of up to 50% are claimed). Thus, IVC systems are 
seen as a preferred option to improve standards of environ-
mental health for both staff (allergen containment) 
and animals (cross - contamination, environmental control) 
without investing heavily in facility refurbishment or in new 
facilities. 

 Ventilation is provided by plugging individual cages into 
an air - handling system that is either integral to the cage rack 
or is plumbed in to the room air supply. Protection is 
afforded by maintaining either a positive or negative 
pressure within each cage. This works well whilst the 
cages are attached within the rack but the challenge to bio-
containment status comes when the cages have to be 
removed in order to change bedding, food and water, or to 
handle the animals. Containment integrity after removal 
from the rack can be maintained, to some extent, by an air-
tight seal between the lid and the box. This airtight seal 
presents a potential threat to the welfare of the occupants 
should the air system fail or should the box not be replaced 
accurately on the rack. Manufacturers have overcome this 
problem by placing an additional fi lter on the lid of the box 
that will allow passive exchange of gases and by adding 
pressure alarms and emergency battery power that will 
allow continued operation for a fi nite time until power is 
restored and by engineering in accurate locating systems. 
The effect of various ventilation rates from 30 – 100 air 
changes per hour (ACH) has been evaluated (Reeb  et al.  
 1998 ) and whilst all rates kept ammonia levels below 3 parts 
per million (ppm), carbon dioxide levels, relative humidity 
and temperature were found to vary according to air change 
rate. The authors concluded that ventilation rates of 30ACH 
were adequate if bedding was changed weekly, but this 
needed to be increased to 60ACH in case of a fortnightly 
change frequency. 

 Removal of the lid for any husbandry or procedural 
functions is generally performed within a safety cabinet 
(usually Class II) but strict working protocols must be 
put in place to prevent cross - contamination between 
groups of animals. Any assessment of working practice 
should include the likelihood of contamination when han-
dling the animals for operations such as cage changing or 
procedures: this is usually addressed either by changing 
gloves between each cage (very time consuming) or using 
disposable forceps to pick up the mice (this requires careful 
choice of implement and of experienced staff to avoid injury 
to the animals). 

 Other containment systems used for mice include: 
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  Rabbits 

 Suitable containment systems for rabbits include: 

   •      isolators;  
   •      ventilated cabinets;  
   •      ventilated booths;  
   •      directional fl ow systems;  
   •      suited laboratories.    

  Welfare  c onsiderations with the  u se of  c ontainment 
 s ystems for  r abbits 

 The use of senses such as smell or hearing may be impeded 
by the enclosure, by directional airfl ow or the use of protec-
tive clothing. A risk assessment taking into account the 
infectious agent may allow group housing in fl oor pens or 
large cages with deep litter if this results in no increased 
biological risk to handlers. This type of housing may be 
accommodated in a bespoke directional - fl ow system and 
will have the potential benefi t of reducing stereotypic behav-
iours. Boxes or tubes should be provided as refuges from 
aggression. Cages should be of a size to allow the animals 
to stand on their hindlegs, or climb on ledges to get a better 
view. The housing should allow animals to get an early 
warning rather than be startled by the sudden appearance 
of an operator (as might happen if they were housed in an 
isolator system similar to those shown in Figures  11.12  or 
 11.13 ).     

  Ferrets 

 Ferrets are considered to be good models for several human 
respiratory infections, including infl uenza, to which they are 

   •      ventilated booths;  
   •      suited laboratories.    

  Welfare  c onsiderations with the  u se of  c ontainment 
 s ystems for  h amsters 

 Hamsters are more solitary than rats and mice and care is 
needed when housing them in social groups unless they are 
put together at an early age. They have a need to burrow or 
hide in shelters, so deep litter and appropriate nesting mate-
rials are of great benefi t. It should be borne in mind that 
hamsters are very adept at chewing through cages.   

  Guinea  p igs 

 Suitable containment systems for guinea pigs include: 

   •      isolators;  
   •      ventilated cabinets;  
   •      ventilated booths;  
   •      suited laboratories.    

  Welfare  c onsiderations with the  u se of  c ontainment 
 s ystems for  g uinea  p igs 

 Animals should be housed in groups or pairs with deep 
litter if possible. Sudden noises or movements should be 
avoided during husbandry or experimental procedures. 
Guinea pigs do well with a set routine and adapt poorly to 
changes, especially more mature animals. They may be 
upset by changes in the type of food hopper, water bottle or 
the type of food (Wolfensohn  &  Lloyd  1998 ) and they may 
be upset by a sudden move from conventional to contained 
housing.   

     Figure 11.12     The interior of a containment isolator for 
piglets.  (Courtesy of Bell Isolation Systems Ltd.)   



158 Special housing arrangements

that will allow this whilst satisfying the experimental 
requirements for safe access to the animals for husbandry 
and procedures. Sullivan and Reardon  (2008)  report that 
ferrets used as a model for H5N1 infl uenza, requiring high -
 level containment, can be given the same level of enrichment 
as that provided prior to infection.   

  Non -  h uman  p rimates 

 Suitable containment systems for non - human primates 
include: 

   •      rigid isolators (New World only);  
   •      directional fl ow systems: see Figure  11.11 ;  
   •      negative pressure rooms plus RPE;  
   •      suited laboratories.    

naturally susceptible; they have been shown to respond to 
infection in the same way as humans. 

 Suitable containment systems for ferrets include: 

   •      ventilated cages (Figure  11.14 );  
   •      ventilated booths;  
   •      directional fl ow systems;  
   •      suited laboratories.      

  Welfare  c onsiderations with the  u se of  c ontainment 
 s ystems for  f errets 

 Ferrets should be housed in social groups or pairs where 
possible. Risk assessment should be undertaken to give con-
sideration to allowing fl oor pens with deep litter, tunnels 
and disposable boxes if there is no increased risk to han-
dlers. Consideration should be given to a bespoke system 

     Figure 11.13     An isolator for gnotobiotic calves. 
 (Courtesy of Bell Isolation Systems Ltd.)   

     Figure 11.14     A ventilated unit for use with ferrets 
infected with a high - level pathogen.  (Courtesy of 
Tecniplast UK.)   
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Train them to take oral dose, use target training for groups, 
and use positive reinforcement. Train animals to allow them 
to be weighed by, for example, entering a detachable weigh-
ing box. 

 In addition to the above: 

   •      Provide a nest box or bucket for marmosets or tamarins 
to sleep in and hammocks for macaques.  

   •      Maintain the same social groups throughout and plan 
experimental groups to allow same partners. Plan for 
eventuality of when humane endpoints are met. Plan 
necropsy schedules so that animals are not left alone, if 
at all possible.  

   •      Remote telemetry allows continuous data capture (tem-
perature, blood pressure, ECG, respiration rate, mobil-
ity), without repeated sedation. It provides improved 
experimental data and may assist in establishing early 
humane endpoints; but choose a system that allows 
group housing where possible and balance the harms 
to the animals in terms of surgical implantation, against 
the benefi ts (Figure  11.16   ).  

   •      Ensure that staff are fully trained to understand animals ’  
behaviour and the impact of their own behaviour so as 
to minimise aggression.  

   •      Design cages so that animals can be separated if 
aggressive, or isolated for sedation or veterinary treat-
ment if injured. It is of little value having vast cages if 
animals cannot be captured/sedated without pro-
longed stress to the animals and staff. Brown and 
Hearson  (2008)  describe a humane way of restraining 
marmosets without stress or injury, using a netting 
cassette.  

   •      Make cages as complex as possible, using partitions and 
shelves, or perches for smaller species. This makes the 
environment more interesting and allows refuge from 
peers or more dominant animals.  

   •      Feed in an appropriate manner, so that all members of 
the group can access adequate food: this avoids disrupt-
ing groups by minimising aggressive incidents at 
feeding.      

  Welfare  c onsiderations with the  u se of  c ontainment 
 s ystems for  n on -  h uman  p rimates 

 Primates should be housed in social groups wherever pos-
sible. Marmosets are usually pair - housed for experimental 
work as a vasectomised male and female, whereas tamarins 
and Old World primates such as macaques can be success-
fully housed in single - sex social groups. After social groups 
have been established, suffi cient time should be allowed 
before the start of a study to ensure that the groupings are 
compatible and stable. 

 Provide foraging in deep litter or foraging tray/box if not 
possible, vary the diet, add toys, puzzle feeders, mirrors, etc, 
and alternate these to maintain interest. The author has 
found that providing a TV can be useful enrichment. The 
TV should be visible for all individuals, with a range of 
DVDs. Duration and content should be varied to avoid 
losing the novelty value. 

 CCTV with a view of all animals and a zoom facility can 
be used to study abnormal behaviour or overt clinical signs 
without disturbing the animals. Far more subtle information 
about well - being can be acquired if the animals are not react-
ing to human presence. CCTV can also be used to record, so 
that any missed time periods can be reviewed (Figure  11.15 ).   

 Staff familiar with individual animals should be those that 
assess clinical or behavioural signs. Humane endpoints with 
clear defi nition of criteria that are unambiguous and easy to 
evaluate should be used. 

 Animals should be acclimatised to the containment system 
or to protective clothing, using staff who are familiar to the 
animals. Where possible, train the animals to come to the 
front of cage or to the area where sedation will be given. 

     Figure 11.15     Animals being observed by CCTV.  (Courtesy of 
Health Protection Agency.)   

     Figure 11.16     Real - time display of cardiac and respiratory data 
from a telemetry implant.  (Courtesy of Health Protection Agency.)   
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  Welfare  c onsiderations with the  u se of  c ontainment 
 s ystems for  b irds 

 Environmental enrichment, such as sand baths, artifi cial 
turf, provision of perches, has been shown to improve 
the condition of domestic hens (Abrahamsson  et al.   1996 ). 
Enrichment objects reduce aggression between birds 
(Gvaryahu  et al.   1994 ). Ventilation systems will be required 
in enclosed systems to prevent ammonia build - up. The 
fi lters can be affected by rapid clogging with dust.    

  Check  l ist for  c ontainment 

 The check list below is designed to help avoid overlooking 
any important aspects when planning to use containment 
facilities. 

   •      Is a containment system really necessary? Is its use 
going to decrease the risks associated with your experi-
ment (are the animals shedding infectious particles, are 
they infectious by aerosol or by direct contact) or could 
you actually be increasing risks (eg, needle - stick or bites 
due to decreased dexterity)?  

   •      Does it do what it is supposed to do (contain or protect)?  
   •      Does it still contain/protect during associated practices 

(eg, feeding, watering, cage changing, experimental 
procedures) and does any ancillary equipment offer the 
same level of protection?  

   •      Can you demonstrate/quantify the effectiveness of 
operator protection?  

   •      Is it practical to use (ergonomics, dexterity)?  
   •      Can you actually perform all the experimental 

requirements?  
   •      Can the animals be housed in social groups?  

  Pigs 

 Young piglets can be housed in fl exible fi lm isolators, but 
will outgrow such limited accommodation within a few 
months (Figure  11.12 ). Other suitable containment systems 
for pigs include: 

   •      directional fl ow systems;  
   •      negative pressure rooms plus RPE, or suited 

laboratories.    

  Welfare  c onsiderations with the  u se of  c ontainment 
 s ystems for  p igs 

 A deep substrate should be provided to permit natural 
behaviours such as rooting for food. Enrichment, such as 
toys, plastic bottles, boxes and play chains, should also be 
provided. Interactions with handlers are important, so con-
sider how high - quality interaction can be achieved. It is 
important that there is a system to enable restraint for exam-
ination or sampling without causing stress.   

  Ruminants 

 Young calves and lambs have been reared in modifi ed fl ex-
ible fi lm isolators either as germ - free animals or to contain 
an experimental infection (Figure  11.13 ). However, like 
piglets, they will outgrow this type of accommodation 
within a few months. Adult animals require negative pres-
sure rooms plus RPE, or suited laboratories. 

  Welfare  c onsiderations with the  u se of  c ontainment 
 s ystems for  r uminants 

 From a welfare point it is preferable to house animals in 
isolators in pairs rather than as individuals as this type of 
containment gives a high degree of isolation from outside 
stimuli. The plastic canopy insulates from noise and the 
height of the base container limits vision of the external 
environment. 

 For containment of larger juveniles and adult ruminants, 
the most practicable alternative is the use of negative pres-
sure rooms with staff wearing PPE (and RPE if necessary). 
In such accommodation, it is essential that consideration is 
given to providing more than just a concrete fl oor. Rubber 
matting, or straw or other bedding if at all possible, should 
be provided. It is important to ensure that systems are in 
place that allow the animals to be restrained for examination 
or sampling without stress. It is important also to ensure that 
a diet containing suitable fi bre to prevent digestive prob-
lems can be provided without compromising any drainage/
effl uent treatment systems. In most cases these problems can 
be addressed by the use of high - fi bre, pelleted rations sup-
plemented with mineral blocks and cubed hay.   

  Birds 

 Suitable containment systems for birds include: 

   •      isolators (Figure  11.17 );  
   •      negative pressure rooms plus RPE or suited 

laboratories.      

     Figure 11.17     An isolator designed for use with poultry.  (Courtesy 
of Bell Isolation Systems Ltd.)   
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apply to genetically altered animals as well as microbes, so 
containment protocols and risk assessments will need to 
address the issue of escaped animals and how these might 
interact genetically with the wild population.  

  The  f uture 

 As long as there is a requirement for animal models of infec-
tious diseases there will be a need to use containment strate-
gies to protect the operators. The principles underpinning 
current containment systems have changed little over the 
years, relying on some sort of physical barrier supplemented 
by a differential pressure regime: the main changes that 
have been seen relate mainly to improving the engineering 
associated with fi ltration, pressure and temperature control, 
alarm systems and emergency back - up capabilities. Thus, 
the use of isolators, IVCs and cabinets will continue to 
expand as the expectations of health and safety regulators 
increase. Furthermore, there is currently an explosion of 
investment worldwide in high - containment laboratories, 
driven in part by the perceived threats of bioterrorism, 
emerging diseases (eg, H5N1 infl uenza, severe acute respi-
ratory syndrome (SARS)) and changing patterns in disease 
prevalence due to climate change and population mobility 
(eg, vector - borne diseases). The main driver for improving 
these systems is always going to be minimising risk to the 
operators and will thus be focused on ergonomics and infec-
tion hazards. Many of these agents cause serious disease or 
death and there are some that have an infectious dose for 
humans of one organism. Thus, potentially lethal needle -
 stick injuries, bites or scratches must be prevented at all 
costs. Inevitably, any disease - containment strategy will add 
to the time taken to perform a given task. Copps  (2005)  gives 
an example of a single blood sample from one pig that will 
take 15 minutes at BCL - 2, 30 minutes at BCL - 3 and 60 
minutes at BCL - 4, taking into account the time taken to don 
and doff protective clothing, check all systems, restrain the 
animal, disinfect and shower out. The challenge will be to 
optimise animals ’  welfare within these parameters. 

 The value of giving animals the ability to manipulate their 
environment and express preferences, even in a small way, 
should not be underestimated as it allows them to cope 
better with the housing conditions necessitated by the 
procedures. 

 Given the range of materials available for the construction 
of cages and enrichment equipment there is little excuse for 
not addressing the welfare needs of all species of laboratory 
animals even under the most stringent biocontainment 
regimes. If animal - friendly materials are not sterilisable for 
re - use then they should considered as disposable and 
destroyed or made safe in the most appropriate manner. 
Several laboratories that specialise in high containment have 
demonstrated that cage sizes can be maximised, that materi-
als such as plastics and wood can replace stainless steel and 
that group housing is possible. Biotelemetry can be espe-
cially useful in the context of biocontainment, where human 
presence is kept to a minimum, as it allows continuous 
monitoring of physiological parameters that can be used to 
inform on humane endpoints or to indicate a point in the 
disease progression when extra monitoring or care will be 

   •      Can they be accessed easily for food, water, health 
checks or handling?  

   •      Can the animals be restrained or sedated without undue 
stress?  

   •      Can they be readily observed for abnormal clinical 
signs, behaviour?  

   •      Is rapid intervention practicable (eg, humane killing at 
endpoint, separation if aggression observed, remedial 
veterinary care)?  

   •      Can they escape and if so can they be retrieved?  
   •      Is air supply optimised for air changes, temperature 

and humidity?  
   •      Can these conditions be sustained over an extended 

period?  
   •      Are noise levels acceptable at all times?  
   •      What measures are necessary against power failures?     

  Legislative  r equirements 

 Each country will have its own legislative requirements but 
there is general consistency especially in assigning contain-
ment levels to specifi c pathogens. In general, biological 
agents are assigned to a hierarchical grouping according to 
the perceived threat to human health. These are normally 
called biocontainment or biosafety levels or the hierarchy 
may be named after the national body that assigns these 
 ‘ risk ’  or  ‘ hazard ’  groups. Thus for a particular infectious 
agent you will encounter a number of risk assessment 
phrases such as biocontainment level (eg, BCL3), biosafety 
level (eg, BSL3) in the US (Centers for Disease Control and 
Prevention and National Institutes for Health  2007 ) or, in the 
UK, Advisory Committee on Dangerous Pathogens level 
(eg, ACDP3; Advisory Committee on Dangerous Pathogens 
 (1995) ). Criteria that affect this categorisation include: the 
ability of the pathogen to infect humans; the seriousness of 
disease; the ability to spread from person to person; and 
whether prophylaxis (eg, a vaccine) or therapy is readily 
available. A good general outline of guidance on biohazard 
categories and the equipment and facilities required to 
operate safely is given in World Health Organization  (2004) . 

 To further complicate matters, many countries have 
assigned a similar hierarchical system to pathogens that may 
threaten the environment or agricultural species of economic 
importance. In this case the hierarchy is based more upon the 
potential to infect farm animals, the likelihood of escape into 
the environment and the consequences of infection, rather 
than the risk to human health. Here you will encounter cat-
egorisation of microbes under regulations such as Specifi ed 
Animal Pathogen Order (eg, SAPO3) or BSL - 3 Ag in the US 
(USDA Agricultural Research Service, Heckert  &  Kozlovac 
 2007 ). In some cases, eg, anthrax, the pathogen may come 
under both human and animal pathogen legislation and the 
containment strategy will need to take both into account. 

 Yet more legislation applies to genetically modifi ed organ-
isms and yet another hierarchy is applied based on the 
nature of the genetic alteration, whether this has enhanced 
or diminished the ability to infect or cause disease, whether 
the altered organism can survive outside the laboratory and 
whether the altered genes can be passed on to organisms in 
the outside environment. Be aware that this legislation will 
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required. Telemetric systems are now being developed that 
allow concurrent monitoring from multiple animals within 
group housing (Williamson  et al.   2007 ) and it is hoped that 
these will evolve to be applicable to more species and to be 
minimally invasive, whilst still providing meaningful physi-
ological data. In addition, the creative use of CCTV can 
enable continuous monitoring of animals and can even be 
advantageous in observing natural behaviour that cannot be 
seen during human presence.       
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  Introduction 

 From time to time all animal house managers, whether in 
academic institutes or research laboratories, are likely to be 
asked to breed animals in - house rather than obtaining them 
from commercial breeders. Scientists often consider that it 
would be far easier and cheaper for them to have their own 
colonies of animals, bred in - house and under their control. 
While this chapter is aimed primarily at the scientist who 
wishes to have animals bred in - house, and it does not apply 
directly to commercial breeding establishments, many of the 
issues raised may also apply when purchasing from com-
mercial breeders. For example, it is just as important for 
users to provide the commercial breeder with precise infor-
mation on numbers required and when they are required so 
as to minimise wastage. 

 The resource implications of breeding in - house should 
not be under - estimated. Laboratory animal housing is 
expensive to provide and maintain. The requirements neces-
sary to protect both the animals (eg, in the UK, Home Offi ce 
 1989, 1995 ) and the personnel working within the animal 
unit (eg, Health and Safety Executive  2002 ; European 
Agency for Safety and Health at Work 1 ) have led to the 
development of very specialised environmental needs. The 
maintenance of laboratory animals within specialist animal 
units requires: regulated relative humidity; precise tempera-
ture ranges; controlled rates of change of high - quality air 
(HEPA - fi ltered); dual lighting systems (a normal lower level 
for the animals and a higher level for humans to work in); 
dawn and dusk lighting and photoperiod control etc. 
Depending upon the nature of the work undertaken, spe-
cialist drainage systems with catchment containment 
systems for sterilisation of effl uent prior to discharge may 
be required. In addition to these specialist environmental 
controls, animal accommodation must also have high - qual-
ity, easily cleaned fi nishes. Infrastructure and running costs 
make animal accommodation extremely expensive per 
square metre to maintain, and users have to judge the costs 
and benefi ts of using available space for breeding or for 
research animals. 

 It is just as important to have the resources to maintain 
high - quality breeding animals as it is to have adequate infra-

structure. Questions to consider before breeding in - house 
include: Are there adequate trained staff for the species to 
be bred? Are staff familiar with the species, and with the 
type of housing required? Will they need specifi c training in 
order to work with new housing systems such as contain-
ment systems? Is veterinary advice available to develop and 
run the necessary programmes for screening, routine treat-
ments, vaccinations etc? Are the animal care technicians 
fully conversant with the information technology required 
to maintain and monitor the breeding colonies and to facili-
tate regular communication between the animal unit and the 
scientist?  

  The Three  R  s  in  a nimal  p roduction 

 The topic of animal breeding and production, as opposed to 
the use of animals in research, may not be one that immedi-
ately springs to mind when considering the Three Rs (Russell 
 &  Burch  1959 , see also Chapter  2 ). However, two of the 
Three Rs, reduction and refi nement, are very relevant to the 
ethical production of laboratory animals. 

 Proper planning of production and usage should be 
undertaken in pursuit of reduction, to minimise the chances 
of any overproduction. Centralising animal production 
within multiple - user establishments can lead to reductions 
by reducing the replication of strains within the same estab-
lishment. Challenging assumptions about the need to use 
only one sex of animal, or animals at very precise weights 
or ages may also help to reduce the size of the colony 
required. 

 When establishing new colonies, the user groups and 
animal technicians should meet prior to starting the colony to 
discuss special needs and how these can be addressed. They 
should meet regularly to review progress and discuss 
whether the initial discussions were appropriate and effec-
tive. Senior technicians should produce reports on produc-
tion, usage and wastage at regular intervals for users and the 
animal house committee, to enable trends to be monitored. 

 Where several animal units are spread across a campus or 
site there should be a central register of strains kept, their 
usage and surpluses or tissue availability. 

 Refi nement is very important in the management of 
breeding colonies. Well trained animal technicians, who are 
specifi cally aware of the care and needs of breeding stock, 
are integral to keeping healthy animals to good welfare 

  1       http://osha.europa.eu/en/legislation/directives/index_html/@@
legislation_overview  
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standards. The maintenance of high health status is essential 
but has considerable cost implications. 

 Refi nement includes reducing suffering due to disease or 
morbidity. Good record systems (see the section on com-
munication) can be used to monitor the effi ciency of the 
colony, and can provide early indicators of problems, such 
as an increase in, or high levels of, pre - weaning mortality. 
Any problems must be investigated. For example, is an 
elevated incidence of pre - weaning mortality because 
nervous or stressed dams are killing their offspring? Would 
giving more nesting material reduce the loss? Or could it be 
caused by an underlying disease problem? If the latter is 
suspected, then health screening should take place and vet-
erinary advice should be sought. For genetically altered 
(GA) animals, does a passport (a description of the animal 
the way in which it has been altered and the consequences 
of the alteration (Figure  12.1 , see also RSPCA booklet GA 
Passports:  The key to consistent animal care , In Press)) exist for 
the line? If so get a copy and continue to update it with your 
own fi ndings. For all species research the literature for up -
 to - date advice on enclosure design and enrichment (see 
species - specifi c chapters).    

  Making the  d ecision 

 Despite all the disadvantages, there is a number of reasons 
why it may be necessary to produce animals in - house. It 
may be that the species, strain or animals of an appropriate 
health status are not readily available from commercial 
establishments within the same country. The animals may 
be required at a stage that is not readily available from com-
mercial suppliers or which would might result in, for 
example, undue stress during transport, eg, timed preg-
nancy, timed lactation, animals prior to normal weaning 
age, aged animals. 

  Establishing  u ser  r equirements 

 When a research worker or a research group asks for 
animals to be bred in - house, the fi rst question has to be what 
species/strains are required? If these are readily available 
commercially, the next question is what is the case for pro-
ducing the animal in - house? If the requirement is for a com-
monly available species or strain after the normal weaning 
age then this it is likely to be more effi cient and cost - effective 
to purchase the animals from a commercial animal pro-
ducer. However, if the requirement is for species, strains or 
developmental/life cycle stages that are not readily availa-
ble then in - house breeding will need to be explored and 
discussed. 

 Before establishing in - house breeding colonies, animal 
unit managers should insist on written confi rmation of what 
is required: species, strain, numbers, age, sex, special 
requirements, dates or times when required, and including 
details of endpoints, fi nancial arrangements, start and fi nish 
dates, and legal requirements (legal authority may be 
needed for production of some strains). It should be made 
clear that only the principle investigator can make changes 
to these specifi cations and that any changes must be in 
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     Figure 12.1     Examples of a genetically altered animal passport.  

writing. This is so that requirements are carefully planned 
and costly changes avoided. Much of this information is 
relevant also when sourcing animals from commercial sup-
pliers. Do not forget to agree a contingency plan (see later 
in this chapter).  



In-house animal production and breeding 165

during holidays. Experience in academia shows that there 
may be a surge in use at the start of each academic term and 
then again when students have departed in early summer. 
Therefore, to minimise wastage, it is important to know 
when the research groups are planning to take annual holi-
days, or when they are attending conferences. Figure  12.2  
shows the usage by a research group of 10 – 12 - day - old 
mouse pups each week, with zero use in weeks 52 and 1 
coinciding with the Christmas/New Year holiday, another 
break at weeks 13 – 14 (the Easter holiday), a drop to only 4 
animals per week for a 4 - week period, 2 weeks ’  annual 
holiday with no usage during weeks 30 – 31 followed by no 
usage in weeks 38 – 39 when the research group was away at 
a conference. Such changes should be predicted and planned 
for so as to minimise wastage.   

 Research workers may not appreciate the size of colonies 
needed to produce the numbers of animals that they require 
each week. The smaller the numbers required the more 
diffi cult it is to keep the colony viable. Colonies consist of 
current breeders, replacement breeders, growing stock 
and within most colonies there will be animals that may 
already have already been used, unless there are clear 
instructions regarding culling. A colony to supply six male 
mice a week at 8 weeks of age could consist of between 
60 – 80 animals. 

 If a colony is to successfully produce the required animals 
over a number of years it will need to be robust, and the 
management required to achieve this will depend on colony 
type. If the colony is to have an inbred status, then there will 
have to be suffi cient animals to maintain pedigree lines and, 
where appropriate, to maintain expansion colonies. If the 
colony is outbred, then the population must be large enough 
to maintain a gene pool so as to allow unrelated pairings 
and to prevent inbreeding (see also Chapter  4 ).  

  Communicating with the  u sers 

 Good communications between the animal producer and 
the user are essential and with the use of electronic transfer 
of information, records can be regularly updated, on a 
weekly basis or more frequently if desired. Indeed, if the 
animal technicians update computer records of animal pro-
duction and usage on a daily basis, then this information can 

  Breeding  f acilities and  h ealth  s tatus 

 Having decided on species and/or strain, there are many 
issues to address relating to health status. For example: Is 
the unit able to maintain the required animals at an appro-
priate health status? Does the animal unit have barrier 
systems, equipment and suffi cient trained staff to maintain 
the animals appropriately? Can regular health screening be 
carried out (Laboratory Animal Breeders Association 
(LABA)  2002 )? Are there legal constraints on transporting 
animals that are part of a scientifi c study? The method of 
housing must also be considered in conjunction with the 
users ’  needs. Are the users prepared to comply with the 
biosecurity arrangements (barriers etc) required to maintain 
the health status of their animals, and do they understand 
the terminology relating to this (see below)? In establish-
ments with multiple user groups, it may be that some groups 
(eg, immunologists) require animals of different status than 
other users. Nonetheless, unless the research topic is the 
animal disease there can be no justifi cation for keeping 
animals with compromised health status. 

 Because of modern requirements for high health status 
animals, the breeding of animals using conventional 
methods has become much rarer. As a minimum, most will 
need to be maintained in a barrier system producing specifi c 
pathogen free (SPF) animals. This places restrictions on the 
amount of access that user groups will have to their animals 
and may necessitate the scientist handing over the daily 
running of the colony to the animal house technicians, who 
then issue the animals as required. It may be necessary to 
maintain animals within individually ventilated cages, 
racks, or container systems, or negative -  or positive - pres-
sure isolators, all of which require highly developed stand-
ard operating procedures (SOPs) and place considerable 
restrictions on access and usage. One option may be to 
house nucleus or pedigree lines separately in higher con-
tainment systems while expansion colonies could be housed 
in simpler containment systems. Considerable care must 
always be taken when buying in animals to establish new 
colonies, and a period of quarantine and health screening is 
necessary to ensure that the new animals are of the appro-
priate health status.  

  Predicting  u sage 

 Users must appreciate that the supply of animals cannot be 
simply switched on or off. Depending on the stage of devel-
opment/life cycle that is required, it may be several months 
before an in - house colony is in a position to supply animals 
on a regular basis. For some species (primates, cats and 
dogs), it could be several years before a breeding colony 
could supply animals. Even when colonies of animals are in 
full production, users must appreciate the need to commu-
nicate their requirements. For instance, if the user requires 
8 - week - old mice then the production of those mice needs to 
be set up some 11 – 12 weeks before the user ’ s required date. 

 If animals must be produced in - house then, wherever 
possible, the user should be required to provide a reasona-
ble usage plan. There will be peaks and troughs in usage, 
for instance there is normally a drop in use around and 
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     Figure 12.2     Weekly usage of mouse pups by a research group.  
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transportation. With GA animals, referral to the passport for 
the genotype should show if the animals need specialist care 
during transportation. Animals that have been transported 
for more than a short distance should be allowed at least a 
week to acclimatise, and some species can take much longer. 
When transporting laboratory animals, due consideration 
must be given to the legislation and codes of practice on 
animal transportation within each area or country the 
animals will be travelling through (eg, Council of Europe 
 1986   ,  2006 ; European Council  (1986) ); National Institutes of 
Health  2004 ; Laboratory Animal Science Association  2005 ; 
HMSO  2006 ). Given the potential stressors of transport and 
re - housing, it may be possible to make an ethical argument 
for in - house breeding, especially if the animals are required 
in a compromised state or at some stages of development/
life cycle.  

  Financial  c osts 

 Historically, users in academia have not paid the full costs 
of their animal colonies, often paying only for consumables, 
such as food, bedding and possibly caging. Recently, within 
the UK, there has been a move to full economic costing 
(FEC) with the result that that research animals are now very 
expensive for users to maintain. FEC means that the user 
pays for food and bedding as well as a footprint charge for 
the space taken up by the colony. This will cover fuel, main-
tenance, replacement build costs, all labour charges for the 
animal unit including ancillary staff and administrative 
staff, and consumables including clothing, laundry, envi-
ronmental enrichment, equipment depreciation, quarantine, 
health screening etc. The result is that buying animals in has 
become a more attractive option; a researcher who uses six 
male mice bought in from a commercial supplier each week, 
fi nds that he or she is will only be paying for 12 animals per 
week (six housed for a week acclimatisation, plus the six 
they are about to use) instead of meeting the costs of main-
taining a breeding colony of 60 – 80 animals. FEC results in 
the more effi cient use of animals and space and, through 
this, the more ethical use of animals. Purchase from com-
mercial companies may often offer ethical advantages. 
Commercial companies, through economies of scale, are 
able to minimise wastage, and are well placed to use, for 
other scientifi c purposes, those animals that have to be killed 
or to supply them as food for zoo animals.  

  Partial  i n -  h ouse  p roduction 

 There may be good reasons for partial in - house production. 
Although timed - mated animals can be bought in, the stress 
of transportation and the legal constraints are considerable 
and the failure rates can be quite high. In - house production 
might also be necessary if there is a need for lactating 
females or specifi c age pups pre - weaning. Obtaining 
aged animals presents different sets of problems as these are 
not generally available from commercial suppliers (most of 
their rats and mice are used or killed by 12 weeks of age) 
although some companies will keep animals to specifi c 

also be sent daily to users. Simple spreadsheets can be used 
to report on the number of animals produced, used, culled 
etc. Much of this information may already have been col-
lected and collated to enable accurate charging for the full 
cost recovery of running the colony. The information can be 
distributed to user groups at the same time as to the animal 
unit administrator. Besides the day - to - day information on 
the production and running of the colony, health informa-
tion (eg, health screening results), any unexpected problems 
with the animals and changes in environmental conditions 
etc should also be reported. 

 The communication needs to be two way. The principle 
investigator should provide details of the planned usage, as 
discussed above, and should also give feedback on how the 
work is progressing and if there is likely to be change in 
usage. User groups will often get a better service from the 
animal unit if they take the trouble to explain what they are 
doing and hoping to achieve. If the research group gives the 
animal care staff a presentation on the area of research and 
explains the needs of the group, this can frequently result in 
better utilisation of the animals.  

  Contingency  p lans 

 Having agreed to production of animals in - house, in an 
appropriate housing system and to a predetermined health 
status, the next stage is to develop, in discussion with users, 
a contingency plan to address arrangements if things go 
wrong. This might cover: What happens when things break 
down (as they inevitably will)? Or what will happen if a 
problem emerges during health screening. Dependent upon 
the nature of the problem and the veterinary advice, will it 
be necessary to cull the entire colony? Would the use of a 
fi rebreak (stopping breeding for a period of time) allow a 
disease  ‘ to burn itself out ’ ? Could the colony be treated? 
Would the treatment confl ict with the research programme? 
Whatever course of action is taken in such circumstances 
there would be a considerable impact, not only on the breed-
ing colony, but also in terms of delay to research pro-
grammes. This will have further serious cost implications 
for the user groups, in terms of lost time, inability to meet 
deadlines, staff time and deciding who pays for the health 
treatments and the colony while it is non - productive and 
being rebuilt? Potential knock - on consequences for other 
user groups and their animals held within the unit should 
also be considered.  

  Transport 

 Another important consideration is transport and the effect 
it has upon animals (see Chapter  13 ). Animals are regularly 
transported around the world for laboratory use. Generally 
these will be normal healthy animals, but there are times 
when it may be necessary to transport surgically prepared 
or GA animals. Special care and coping strategies must be 
put in place to ensure that such animals do not suffer during 
transport. In the case of surgically prepared animals, veteri-
nary advice should be sought before the animals undergo 
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it is not possible to state exact litter sizes, so a small 
number of extra animals (a variance allowance) has to 
be included to ensure that adequate animals are pro-
duced.  The Manual of Animal Technology  (Barnett  2006 ) 
recommends adding variance allowances of 5% for 
colonies of 1000 pairs, 10% between 1000 and 100 pairs 
and 15% for less than 100 pairs.    

 Having ascertained the above and calculated the size of the 
breeding colony, it is then necessary to calculate the number 
of animals needed to get the stock to the stage required. This 
will be the numbers of animals required each week from the 
time of weaning to the age at which they will be issued, plus 
the number of animals required to be kept on as replacement 
breeders.   

  Preservation of  c olonies 

 As mentioned earlier, it may be possible to maintain a 
smaller pedigree colony under higher health status housing 
with restricted personnel access (such colonies not only 
provide greater accuracy and control of production but also 
act as a safeguard should the expansion colony become 
infected), to supply an expansion colony for providing 
animals for the user. In the case of an outbred colony there 
must be a breeding system in place to maintain the gene 
pool as large as possible. Whatever system is used, there is 
always a possibility of genetic drift, incorrect matings or the 
risk of genetic loss if the colony becomes infected by disease. 
This can be safeguarded against by cryopreservation of 
gametes or embryos at the earliest possible stage in the 
development of a colony. Colonies should also be geneti-
cally monitored from time to time to ensure that the strains 
are still the authentic strain.       
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ages at a cost. If the animals required are not commercially 
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On the other hand, if the animals are commercially availa-
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or lactating animals, to buy in animals of breeding age and 
to time mate the animals in - house. If the dams are not 
used (ie, where it is the pups that are used for the research) 
they could be remated if necessary. In the case of aged 
animals, these should be bought in as old as possible 
and kept until the appropriate age. When maintaining 
groups of aged animals there is always the risk of animals 
being lost to natural causes. Good communication is essen-
tial to ensure that users are aware of the health status of aged 
animals.   

  Calculating  c olony  s ize 

 Once the principle investigator has provided information on 
animals, and stage of development required it is possible to 
calculate the required colony size. For this, it is important to 
know whether the animals will breed throughout the year or 
if they are seasonal breeders. If the latter, can the animal be 
induced to produce outside the normal season by manipula-
tion of the environment, especially photoperiod and possibly 
temperature? Where seasonal manipulation is practised, 
care must be taken to ensure that the animals, especially 
birds, where necessary, get appropriate rest periods enabling 
them to complete physiological changes, such as moulting. 
In intensive breeding programmes, the duration of the 
breeding life of both male and females should be taken into 
account, especially if the females are producing and rearing 
very large litters; the calculations must refl ect this and allow 
for adequate replacements. 

  Information  r equired to  c alculate the  s ize of 
 b reeding  c olonies 

 In order to calculate breeding colony size, the following 
information is needed: 

   •      Number of animals required to supply scientifi c needs 
(if a single sex is required, colony size will need to be 
doubled) and for replacement breeding stock.  

   •      Reproduction data for the species, or more specifi cally 
the strain, including: type of oestrous cycle, length of 
cycle, breeding season, age at fi rst breeding, gestation 
period, average litter size, litter interval, weaning age, 
age at fi rst breeding, if seasonal breeders, then number 
of young per season, and economic breeding life. Obtain 
a growth curve for the strain so that all concerned are 
aware of the age/weight relationship.  

   •      Shelf life. How long will the animal remain usable? 
Check the growth curve to see how long an animal 
remains within the required weight range.  

   •      Breeding system: inbred, outbred, permanent pairs, 
temporary pairs, harems, hand mated (for timed preg-
nancy etc).  

   •      Variance allowance. When calculating the size of the 
colony required to produce a given number of animals, 
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  Introduction 

 Laboratory animals represent only a small fraction of 
animals moved in commerce and they differ from many in 
usually having a more defi ned health status. A wide range 
of purpose - bred or wild - caught animals could be used in 
research, but, in practice, only a small number of species are 
used. Animals used, and transported for research purposes, 
include rats, mice, guinea pigs, gerbils, hamsters, rabbits, 
cats, dogs, swine, non - human primates (only a few species), 
fi sh (principally zebra fi sh), and rarely frogs, sheep, goats, 
cattle and poultry (mostly chickens). The greatest numbers 
of shipped containers holding laboratory animals, as well as 
the greatest number of shipments, are of rats and mice. This 
chapter focuses on the transport of common laboratory 
animals although the principles can be applied across many 
species destined for research use. Species - specifi c informa-
tion for less commonly used species can be found in other 
more comprehensive sources (International Air Transport 
Association (IATA)  2008a ).  

  General  p rinciples 

 When transporting laboratory animals, the objective is to 
move them in a manner that does not jeopardise their well -
 being or health status, minimises controllable sources of 
stress and ensures their safe arrival at their destination. Part 
of the stewardship of animal care and use is to understand, 
and provide for, needs and eventualities arising during 
transport. 

 There are various reasons for transporting laboratory 
animals. Animals are commonly produced in commercial 
facilities, using specialised housing and handling systems 
that can reliably exclude disease - causing and unwanted 
micro - organisms. These animals must be transported to the 
institutions that use them in research, testing or other activi-
ties. In the past, this traffi c between commercial breeders 
and users comprised most of the transportation of labora-
tory animals. However, over the last few decades, the devel-
opment of genetic manipulation techniques has led to 
increasing numbers of animals, with unique genotypes and 
phenotypes, being bred in small research colonies. These 
colonies have increasingly become a source of supply for 
other institutions, either as a small commercial enterprise, 
or for use on a collaborative basis. Collaborative studies 
between two or more institutions may require that animals 

are transported more than once in larger multi - institutional 
studies. The number of institutionally produced animals 
that must be transported may be relatively small for any 
given institution, when compared to commercial producers, 
but across institutions the aggregate may represent a sub-
stantial number of journeys. 

 Research institutions often have a limited number of 
options regarding methods for transporting animals between 
institutions. In the UK and continental Europe, ground 
transportation by contracted carriers is more common than 
air transport because of the relatively short distances within 
and between countries. The majority of ground shipments 
involve journey times of less than 24h. Carriage by air still 
remains the most rapid means of transport over long dis-
tances and represents the only practical option for transport-
ing animals between continents. 

 The type of journey, its duration, the physical environ-
ment during carriage, the design of the container, along with 
other factors infl uences the animals ’  safety and well - being 
during the journey. Transportation involves removal of 
animals from a controlled home environment and their 
placement in a varying and less controlled environment in 
which they may be transported with other animals from 
other locations or with non - animal freight. Even if proper 
arrangements and procedures are followed, it is, unfortu-
nately, often likely that some animals will experience some 
discomfort or stress; adverse events may occur, albeit 
very rarely. In order to minimise adverse events and stress, 
it is essential to: understand the biological and behavioural 
requirements of the species; properly plan the journey; 
and provide adequate contingency provisions prior to 
commencing the journey. In practice, this means that the 
consignor should clearly understand all aspects of the 
procedures involved in transporting their animals as well as 
the variables that may be encountered during the journey. 
Since transporting animals between research institutions is 
not a daily or even a weekly event for most institutions, a 
detailed written set of procedures and a check list can be 
very useful in assuring that all steps in the journey have 
been carefully considered and that appropriate actions have 
been taken. 

  General  r equirements 

 Animal transportation includes the entire period from 
packing, through dispatch, carriage and receipt by the 
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 There is some variation in guidance on shipment of preg-
nant animals. Article 9 of The European Convention for the 
Protection of Animals during International Transport 
(Council of Europe  2003 ) states that pregnant female 
mammals shall not be transported either during the last 
tenth of the gestation period or for at least 1 week after they 
have given birth. However, the Laboratory Animal Science 
Association (LASA) recommends that pregnant animals 
should not normally be transported during the last fi fth of 
gestation to minimise the risk of abortion or parturition in 
transit (LASA  2005 ). Larger species, such as dogs and non -
 human primates, can be transported nearer the time of par-
turition provided that the journey is direct, of relatively 
short duration and can be undertaken under appropriate 
veterinary direction and supervision. Guidance on this 
varies with different codes of practice, regulatory bodies 
and by species. However, as a general rule, shipment during 
the last 5 – 10% of gestation is considered more risky particu-
larly for larger species. Nursing animals with their young 
may be transported when the young are a minimum of 7 
days of age and with additional bedding and nesting mate-
rial (LASA  2005 ). 

 Transport of unweaned animals presents a considerable 
risk to their safety and well - being. Unweaned animals may, 
depending upon their age, have diffi culty in regulating body 
temperature, be incapable of eating solid food and may be 
unfamiliar with, or unable to access, water sources within the 
container. Some species such as guinea pigs can be weaned 
at a very early age since they are precocious at birth and 
capable of regulating body temperature and consuming 
solid food within a few days of birth. While there is no uni-
versal minimum age for shipment, animals must be capable 
of functioning independently from their mothers, consum-
ing solid food and water as well as maintaining normal 
physiological and metabolic functions. Shipping a lactating 
female with her young, especially over long distances, may 
result in her failing to care for her young and their death. The 
risk of this varies somewhat between species and with the 
age of the young but, as a general rule, shipping lactating 
females and young constitutes an unacceptable risk to their 
health and well - being and is not recommended. 

 Immunologically defi cient, or immunocompromised 
animals, are commonly transported for research purposes. 
Some genetically modifi ed animals can possess unrecog-
nised immune defects that may alter their susceptibility to 
disease. These animals may, as a result of acquiring human 
or environmental commensal organisms, develop illness 
that would not be experienced by animals that did not have 
immune dysfunction. Whenever immunologically defi cient 
or immunologically compromised animals are transported, 
great care must be taken with all packing and handling and 
disinfection processes, to ensure that the animals will not be 
exposed to infectious agents. Other than these considera-
tions, the requirements for successful transport of these 
animals are the same as for immunocompetent animals of 
the same species. 

 A number of anatomical conditions, such as genetic hair-
lessness or obesity, may impact upon the metabolism and 
physiology of laboratory animals during transportation and 
provisions should be made to account for these anatomical 
differences. 

consignee to the unpacking of the animals at their fi nal des-
tination. It is important during the transportation process: 

   •      that appropriate containers be used, constructed of 
strong, durable materials which meet or exceed all 
national and international guidelines;  

   •      that the animals and their shipping containers be pro-
tected from adverse weather conditions such as precipi-
tation, direct sunlight and high winds which can affect 
the ambient conditions within the container or the secu-
rity of the container;  

   •      that the animals be provided with an adequate supply 
of fresh or conditioned air that provides for their ther-
moregulatory, respiratory and metabolic needs;  

   •      that the animals be protected from exposure to extremes 
in environmental conditions, especially high 
temperatures;  

   •      that the animals be prevented from escaping, or from 
falling out of the container, or extending appendages 
outside the container, or from experiencing other condi-
tions that result in physical harm, including illness, 
injury or death;  

   •      that factors that may cause animal discomfort or stress 
during the journey are recognised and, where possible, 
minimised.      

  The  h ealth and  w elfare of  a nimals 

 Animals to be shipped should be in good clinical health. 
Prior to packing, each animal should be examined by an 
appropriately trained animal care provider, experienced in 
recognising signs associated with illness in that species. 
Animals should be excluded from shipment if there is 
behavioural or other clinical evidence of abnormalities that 
would make them unsuitable for transportation. In some 
cases, transport may involve animals with inherited abnor-
malities due either to spontaneous mutations or genetic 
manipulation. If animals have adapted to these abnormali-
ties so that there are no apparent functional defi cits or if the 
phenotypic expression of these abnormalities, in the judg-
ment of the health care provider, does not present a risk to 
their well - being in transit, then these animals may be con-
sidered for transport. This is subject, however, to appropri-
ate documentation of their abnormalities and the granting 
of any necessary regulatory permission for their transport. 
Similarly, diseased or injured animals may be considered for 
transport only when the purpose of such transport is for the 
diagnosis or treatment of the condition. 

 Shipment of pregnant animals should be avoided when 
possible. Shipment during the last 20% of gestation is risky, 
as it may be associated with stress - induced abortion. If the 
pregnancy is not the result of a carefully timed mating, ship-
ment during this period could result in the animal deliver-
ing during shipment with risk to both the foetus and the 
mother. The risk of adverse events occurring during trans-
port increases with the increasing body size of the mother 
and the size of the foetal mass being carried and also varies 
with the species. Time - mated rodents can be successfully 
shipped during the fi rst two thirds of pregnancy and with 
caution during the fi rst portion of the last third. 
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less, make the animal unsuitable for its intended research 
purposes. The risk that animals can carry such infections, 
either as a result of infection at the source colony or during 
transportation, is a potential reason to hold newly received 
animals in quarantine housing until their health status can 
be verifi ed. 

 Institutions transporting animals often provide health 
screening information for the source colony. While com-
mercial suppliers of laboratory animals often perform exten-
sive and frequent health screening of closed colonies, the 
health screening of animals may vary considerably between 
research institutions. A thorough description of the health 
monitoring programme for the colony should be sought in 
order to determine what, if any, additional testing should 
be done upon the receipt of the animals by the consignee. 
Verifying health status on arrival is recommended as a rea-
sonable precaution when receiving animals from unfamiliar 
sources. 

 IATA has defi ned two health status categories for labora-
tory animals. They are (1) Conventional, and (2) Specifi c 
Pathogen Free (SPF) (International Air Transport Association 
 2008a ). IATA defi nes Conventional animals as  ‘  those for 
which the presence or absence of specifi c micro - organisms and 
parasites is unknown due to the absence of testing, treatment or 
vaccination.  …  Usually, no physical precautions, such as special-
ised housing, are undertaken prior to or during shipment to 
prevent introduction of infection . ’  IATA defi nes Specifi c 
Pathogen Free animals as  ‘  being free of one or more parasites or 
infectious micro - organisms  ’  (IATA  2008a ). They further clas-
sify SPF animals into two subcategories: (1) Conditioned 
SPF, and (2) Barrier - raised SPF. Conditioned SPF animals 
are defi ned as  ‘  those that have undergone testing, treatment and/
or vaccination to ensure the absence of one or more parasites or 
microbial agents. Conditioned SPF animals are often not main-
tained in specialised housing to prevent introduction of infectious 
agents, and are usually shipped in unfi ltered containers  ’  (IATA 
 2008a ). IATA cites as examples, non - human primates, dogs 
and cats as conditioned SPF animals (IATA  2008a ). Barrier -
 raised SPF animals are  ‘  animals that have been raised in the 
absence of one or more parasites or microbial agents in specialised 
facilities to exclude these agents as well as agents of agricultural 
and human signifi cance. Their microbial status has been estab-
lished either by testing each individual animal or by sampling 
representative animals from the colony. Filtered SPF shipping 
containers are required for transport of these animals, as are 
special procedures and equipment for packing, unpacking and 
handing them  ’  (IATA  2008a ). 

 During transport, animals of differing health status and 
of different species might be shipped together in the same 
cargo area of the aircraft (Figures  13.1  and  13.2 ). Similarly, 
depending upon whether dedicated ground transportation 
or a common carrier is used, animals from more than one 
source, and hence potentially of different health statuses, 
could be shipped in the same vehicle. Commercial suppliers 
of SPF animals generally produce and ship only barrier -
 raised SPF animals (although the pathogens from which 
they are free can vary considerably between suppliers). 
Since the cargo compartment, whether it is in a ground 
transport vehicle or an aircraft, is one microbiological space, 
it is up to the shipping institution ( ‘ consignor/shipper ’ ) to 
select an appropriate container to maintain the microbio-

 The greater insulation provided by body fat in obese 
animals compromises their ability to dissipate heat and to 
adapt to elevated environmental temperatures. Reducing 
the number of animals placed in a shipping container will 
help lessen the risk of excess heat by decreasing the total 
amount of heat generated within the container. Consideration 
should also be given to postponing shipments of such 
animals during abnormally warm weather if there is a pos-
sibility that the ambient environmental conditions could 
exceed acceptable ranges even for brief periods of time. 

 Certain strains of laboratory rodents lack a protective hair 
coat and this compromises their ability to thermoregulate at 
lower environmental temperatures and also makes them 
more susceptible to cuts and abrasions from rough surfaces 
within their shipping containers. When hairless animals are 
transported, extra care must be taken to select a container 
that does not have exposed or rough edges that could injure 
unprotected skin. In addition, when hairless animals are 
shipped during periods of cold weather, the provision of 
extra bedding and nesting materials will help to provide 
insulation within the shipping container during transport. 
In some instances, when hairless animals are produced as a 
result of breeding homozygous and heterozygous animals 
for the desired genotype, haired cage mates of the same 
microbiological status are also produced. Inclusion of some 
of these haired colony animals can also be used to provide 
additional thermal protection, as they huddle with the hair-
less animals. 

 Some laboratory animals can have metabolic or physio-
logical conditions that may predispose them to challenges 
during transport. Diabetic animals, for example, require 
greater water intake than non - diabetic animals in order to 
maintain homeostasis. They also produce, as a result, large 
volumes of urine, which can result in unacceptably wet 
bedding in the transport container. In order to provide an 
appropriate environment, more bedding material or the 
addition of absorbent pads may be required. Consideration 
should also be given to decreasing the number of animals 
per container to help address this problem. 

  Health 

 As previously discussed, health is an important concern in 
the transport of laboratory animals. In general, we can place 
infections into three groups as they relate to transportation: 
(1) infections that pose a risk to domestic animals or humans; 
(2) infections that pose a risk to the transported animals 
themselves; and (3) infections that may produce no clinical 
disease but make the animals unsuitable for some types of 
research. The health certifi cations for transport of animals, 
required to allow them to move in commerce and between 
countries, usually focus on infections that have human or 
agricultural/domestic animal signifi cance. A health certifi -
cate issued by a competent veterinary authority prior to a 
journey or by virtue of customs inspection directed at assess-
ing health during the journey, is the principle safeguard for 
assuring that the clinical health of the animal(s) is appropri-
ate for them to make or continue a journey. 

 Infections that may not be harmful to the carrier animals, 
and which may not be regulated in transport may, neverthe-



172 Transportation of laboratory animals 

International Civil Aviation Organization (ICAO) Technical 
Instructions for the Transport of Dangerous Goods (ICAO 
 2007 – 2008 ) and the IATA ’ s Dangerous Goods Regulations 
(IATA  2008b ) provide additional detail on the transporta-
tion of these substances. 

 Live animals that have been intentionally infected or are 
suspected to contain an infectious substance must not   be 
transported unless the substance cannot be consigned by 
any other means. Under such circumstances, infected 
animals may only be transported under terms and condi-
tions approved by the appropriate national authorities and 
the carrier. 

 Genetically modifi ed animals are frequently submitted for 
transportation. Their transport is regulated under IATA ’ s 
Dangerous Goods Regulations (IATA  2008b ) for genetically 
modifi ed organisms. IATA defi nes genetically modifi ed 
organisms (GMOs) as organisms in which genetic material 
has been purposely altered through genetic engineering in 
a way that does not occur naturally. GMOs, including labo-
ratory animals which do not meet the defi nition of infectious 
substances as defi ned previously, but are capable of geneti-
cally altering natural populations of animals as a result of 

logical status of the animals that are being shipped. No 
assumption should be made regarding the microbiological 
status of the outside of the shipping container when received 
at the consignee ’ s institution: containers may have been 
exposed to unwanted micro - organisms during transit. In the 
case of SPF animals, surface disinfection of the container 
before unpacking is an important precaution to take in pre-
venting unwanted introduction of contaminants. Aqueous 
halogen - based disinfectants are very useful for this purpose.   

 Laboratory animals, which have been infected with agents 
that pose a threat to humans, animals of agricultural impor-
tance, or other domestic animals or wildlife, always provide 
a challenge for the shipper. An infectious substance is 
defi ned as any substance which is known or can be reason-
ably expected to contain pathogens which can cause disease 
in humans or animals. 

 Infectious substances can be divided into two categories: 
Category A  –  an infectious substance transported in a form 
that, if exposure to it occurs, is capable of causing permanent 
disability, life - threatening or fatal disease in otherwise 
healthy humans or animals; and Category B  -  an infectious 
substance that does not meet the criteria of Category A. The 

     Figure 13.1     Example of multiple species being held 
together in a ramp cart in the same airport staging area 
prior to loading on an aircraft.  

     Figure 13.2     Containers of mice and rats being loaded 
into the climate - controlled hold of an aeroplane that 
contains other perishable goods.  
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Additional requirements for the treatment of such materials 
to eliminate these risks, as well as other measures imposed 
by countries and carriers, may eventually affect the use of 
untreated wood products in transportation. 

 Animals in transit should be provided with access to food 
and water during the journey. Ideally, the food provided to 
the animals during shipment should be of the same type and 
microbiological status as that they were fed at the institution 
of origin. Barrier - raised SPF small mammals that are shipped 
in fi ltered containers in order to preserve their microbiologi-
cal status must be provided with food and water of a com-
patible microbiological status. In such instances, since there 
will be no opportunity during the course of the journey to 
replenish the food and water without opening the container 
(and thus potentially altering their microbiological status), 
suffi cient quantities must be placed within the container at 
the time of packing. Larger animals, such as non - human 
primates and dogs, are almost always shipped in non - fi l-
tered containers, which allow for food and water to be 
replenished at scheduled stops during shipment. The design 
of these shipping containers for larger animals usually 
includes devices built into the container for addition of feed 
and water during the course of the journey. When large 
domestic animals undergo ground transportation, regula-
tory bodies require provision of feed and water, observation 
of the animals and specifi ed rest periods at prescribed inter-
vals. In the case of air transport of larger laboratory animals, 
there is usually no access to the cargo hold by personnel for 
the purposes of feeding and watering during fl ight and this 
has to be done following landing. 

 In their home environments, common laboratory animals 
are usually fed a dry pelleted or extruded diet. For non -
 human primates this is often supplemented by fruits and 
vegetables. Such foods, with high water content, can serve 
as an additional source of water during shipment. 
Unfortunately, these can spoil easily and may require some 
level of preparation prior to being introduced into the con-
tainer. Opening the shipping container during the journey 
for purposes of introducing or removing materials carries 
with it the risk of escape. Food and water containers that are 
built into the shipping container but accessible from the 
outside may provide a route for escape or entrapment and 
great care must be taken when re - feeding or replenishing 
water supplies during the journey. It is a good practice to 
provide suffi cient food and water not only to allow for the 
anticipated length of the journey but also for at least an 
additional 24h of transportation in case of any unforeseen 
delays. 

 Presentation of food and water should be done using a 
method that is appropriate to the past experience of the 
animals and to the behaviour patterns of the species. 
Purpose - bred dogs, for example, are accustomed to eating 
and drinking out of bowls in a lighted environment. Many 
common laboratory rodents, by contrast, feed principally at 
night; and despite the use of feeders in a laboratory environ-
ment, some rodents such as hamsters and gerbils will 
remove all feed from the feeder and hoard them in piles. 
Feeders or feed bowls are unnecessary for rodent transport 
since these animals forage for feed in the wild and do so 
quite readily when it is placed in with the bedding 
material. 

natural reproduction, are not subject to the IATA Dangerous 
Goods Regulations when authorised for transport or use by 
the appropriate national authorities of the states of origin 
transit and destination. Thus, such animals do not have to 
be packaged and labelled as dangerous goods or meet trans-
port standards that differ from other animals of the same 
species. However, shipments of such animals could be 
required by the countries of origin, transit or destination to 
have authorisation (and perhaps additional labelling) to 
leave, transit through or enter these countries. It is the 
responsibility of the consignor (shipper) to ensure that the 
animals to be transported comply with regulations regard-
ing genetic modifi cation, including local regulations in the 
countries of origin and destination. In most countries, 
transport of genetically engineered laboratory animals is 
allowed. In some parts of the world, misunderstanding of 
the terms transgenic, genetically modifi ed (GM), engineered 
or manipulated can cause delays in transportation. Shippers 
should ensure they have secured in advance the appropriate 
documentation and authorisation for the movement of their 
shipments. Animals that are genetically modifi ed, but which 
do not harbour or express pathogens or toxins are not con-
sidered to be  ‘ dangerous goods ’  by the IATA, and may be 
shipped provided this is done in compliance with other 
live animal shipping requirements. However, unforeseen 
welfare problems associated with their phenotypic expres-
sion may arise and this risk can be avoided by transporting 
GM animals as cryopreserved embryos or cryopreserved 
gametes. Such options should be considered when planning 
shipment of GM stock.  

  Bedding,  f ood and  w ater 

 Bedding is commonly provided for laboratory animals in 
shipping containers. It serves several functions, the most 
important of which is the absorption of moisture from urine, 
water released from hydration sources such as water bottles 
or gelled water, as well as from animal sources such as 
condensation from insensible water loss on internal con-
tainer surfaces. Bedding also provides a means to dilute and 
dry out faeces produced by the animals during transport. In 
the case of small mammals, bedding provides a source of 
insulation. Due to positional changes of the container during 
various stages of the transportation process, as well as due 
to the disturbances caused by the transportation environ-
ment, nest building may not always occur. The effi cacy of 
the bedding material, as insulation and for absorbency, 
varies with the nature of the bedding material itself. 

 Suffi cient bedding materials must be provided to main-
tain a dry and sanitary environment during shipping. Care 
must be taken, however, not to place so much bedding 
within a shipping container that it occludes ventilation 
openings. In the case of SPF animals, it may be necessary to 
provide suitably disinfected bedding that matches their 
microbiological status. 

 Recently, concerns have been raised over wood products 
used for bedding, as well as in shipping container construc-
tion and in pallets used to support and secure shipping 
containers during transit, with respect to their potential to 
carry plant diseases and agricultural pests across borders. 
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have been shown to be accepted by various species. When 
a large amount of gelled water is placed in a container in 
order to provide for extended journeys, it is important to 
assure that it is suitably affi xed within the container as 
movement of this material within the container during 
transit could result in injury to small animals.  

  Stress  d uring  t ransportation 

 Transient periods of stress will occur during transportation. 
This may be refl ected in changes in heart rate, respiratory 
rate, behaviour, food and water consumption, and in 
changes in the cellular and chemical composition of blood. 
Changes in one of these parameters are not necessarily diag-
nostic of stress nor is it practical to routinely assess these 
parameters during the transportation process. Moreover, 
there are species differences in what constitutes an environ-
mental stress and the magnitude of its effects as well as the 
manifestation of those effects. Given these limitations 
coupled with the limited number of species - specifi c studies 
on transportation stress, it is diffi cult to provide specifi c and 
widely applicable recommendations aimed at minimising 
stress in transport. Obviously, one should prepare carefully 
so as to avoid extreme situations wherein environmental 
control is lost. 

 The length of the journey is an important variable affect-
ing stress in shipment. Avoidance of delays in shipment and 
transfers by good journey planning is important to minimise 
the overall level of stress associated with the journey. From 
an animal welfare point of view, transport distance and time 
should be kept to a minimum, and an uninterrupted journey 
is preferable. 

 Research on domestic farm animals suggests that the 
process of loading and unloading animals from shipping 
containers is more stressful than are other components of 
the journey (Knowles  et al.   1995 ; Warriss  et al.   1995 ). For this 
reason, acclimatisation of larger laboratory animals, such as 
domestic farm animals, to the container as well as to the 
loading and the unloading process may mitigate some of the 
stress encountered during the journey. For larger species, 
their efforts in counteracting the movements of the transport 
vehicle whilst in motion (Warriss  et al.   1995 ) may cause 
additional stress. This may be less of a concern for smaller 
species that do not have to balance a large body mass at a 
substantial height above the fl oor. It is possible that species 
with more advanced cognitive abilities, such as non - human 
primates, may be more aware of their change in circum-
stances and be more predisposed to fear during transport, 
resulting in additional stress. Changes in presumptive 
measures of stress should be interpreted in context. For 
example, simply moving mice from one room or fl oor of a 
building to another can alter plasma cortisol levels (Tuli  et 
al.   1995 ). Sheep undergoing a 24h journey showed increases 
in heart rate, plasma cortisol and glucose during loading 
and the initial stages of the journey but after 9h of travel, 
these had returned to normal levels (Knowles  et al.   1995 ). 

 Experience has shown that there is considerable risk in 
sedating laboratory animals prior to transport in order to 
counteract stress and destructive behaviours. Tranquillisers 
and other psychoactive drugs can reduce the ability of 

 Food consumption while in transit will often be less than 
when the animals are in their home environment. Commonly, 
this is refl ected in weight loss, which will be rapidly regained 
during the fi rst few days in their new home environment. 
The use of novel food items during transit may also contrib-
ute to reduced intake and weight loss. 

 Access to drinking water during transit is important to 
help animals maintain hydration and thermoregulate. Water 
in liquid form can be provided in refi llable water bowls in 
the case of certain large animals (eg, non - human primates) 
or through the use of water kits in the case of small animals 
(eg, rodents). A water kit (Figure  13.3 ) consists of a sealed 
fl exible pouch of water of the appropriate microbiological 
quality that is placed in a holder affi xed to the wall of the 
container. Animals access water through a disposable drink-
ing valve that is inserted into the pouch by puncturing the 
wall of the pouch. When water bowls are used, substantial 
amounts of water can be spilled out of the bowl either 
through the course of drinking or by movements of the 
container or movements of the animal. Similarly, with a 
water kit much of the water can be spilled if there is leakage 
around the insertion point of the drinking valve or by 
animals brushing against the valve thereby releasing water. 
This can result in the bedding within the container becom-
ing wet. If a water kit is to be used, the animals should be 
conditioned to the use of a drinking valve as compared to 
the use of water bottles or other means of providing water 
in their home environment.   

 Alternatively, a gelled water source can be provided. 
Gelled water is a hydrocolloid - stabilised material contain-
ing between 70 and 98% water by weight. Various sources 
of calories in the form of carbohydrates can also be added 
to the gelled water as well as fl avouring and stabilising 
ingredients to prevent spoilage. Animals have taste prefer-
ences and hence the presence or absence of certain nutrients 
may affect the consumption of gelled water during transit. 
A number of commercially available sources of this material 

     Figure 13.3     A drinking water kit consisting of a plastic holder, a 
sealable plastic bag for holding the water and a drinking valve for 
dispensing water (the inset is a close - up view of the disposable 
drinking valve).  
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2007. Some useful guidance on the EU regulation has been 
published on the web. For example, see the DARDNI 
(Department of Agriculture and Rural Development 
Northern Ireland) website 1 . 

 The current EU regulation aims to improve animal welfare 
through raising transportation standards. In particular, it 
provides signifi cant improvements in enforcement capabil-
ity for all species transported. The EU regulation covers the 
transport within the EU Community, in connection with an 
economic activity, of all live vertebrate animals (excluding 
man). The regulation does not apply to the transport of non -
 vertebrates such as insects, worms, crustaceans (eg, crab, 
lobster), cephalopods (eg, octopus, squid) and molluscs (eg, 
shellfi sh, snails). However, general welfare in transport pro-
visions protecting non - vertebrates from injury or unneces-
sary suffering are contained in regulations for devolved 
administrations in the UK. 

 The Convention on International Trade in Endangered 
Species of wild fl ora and fauna (CITES) and the World 
Health Organization through OIE (World Organization for 
Animal Health) have agreed that the IATA Live Animals 
Regulations (LAR) be employed as guidelines for the air 
transportation of animals. The LAR set standards concern-
ing the transport of animals by air which include advice on 
general care and loading, the design and construction of 
containers together with appropriate packing, feeding and 
watering arrangements (IATA  2008a ). The LAR have been 
adopted by the European Union as minimum standards for 
transporting animals, and, globally, most airlines and coun-
tries will only accept animals packed and transported 
according to the LAR standards. The Animal Air 
Transportation Association  Manual for the Transportation of 
Live Animals  2  also contains useful information, especially 
concerning European legal requirements for transport of 
large animals (Animal Transportation Association  2000 ). 
Other useful guidance is available; see for example the pub-
lications by Elmore  (2008)  and Institute for Laboratory 
Animal Research  (2006) .  

  Transport  c ontainers 

 The specifi cations of animal transport containers (also 
termed shipping containers) can vary substantially depend-
ing upon the source (ie, commercial or locally constructed) 
and the local, national, or international guidance upon 
which their design is based. The most detailed specifi cations 
for shipping containers are found in the LAR published 
annually by IATA. This guidance is organised by species 
and container type. Given its international acceptance, this 
guidance forms the basis for the minimum standards for 
container design. These may need to be modifi ed to meet 
the requirements of some countries of origin and, if appli-
cable, the countries of transit and destination. For some 
species such as non - human primates, dogs and cats, and 
farm animals (as mentioned above), it may be necessary to 
acclimatise them to the shipping containers prior to loading. 

animals to respond to stresses during transport, affect their 
ability to thermoregulate and have unpredictable cardiovas-
cular effects. In addition, the reaction of various species to 
these drugs cannot always be foreseen. For these reasons, 
the routine use of psychoactive medication is not 
recommended. 

 In order to enable animals to recover adequately from 
stress experienced during transport, it is very important that 
they are given a recovery period at their fi nal destination 
prior to use in a research programme. This period of accli-
matisation allows for recovery from the effects of stress 
during shipment and also allows the animals to adapt to 
changes in housing and husbandry. In the case of group -
 housed animals whose groups have changed prior to ship-
ment or which have a disrupted social structure, this period 
of acclimatisation permits the re - establishment of social 
order and resumption of natural behaviours. During this 
period, some presumptive measures of stress such as 
changes in electrolyte concentrations, haematological 
parameters, blood corticosteroid levels and a variety of 
physiological parameters can return to normal levels. 
Transportation - induced changes in the immune system may 
take longer to recover than fl uid balance, electrolytes, 
plasma cortisol or glucose (Wallace  1976 ). The longer and 
more stressful the journey, the longer it may take for this 
stabilisation to occur. 

 During transport, animals can lose varying amounts of 
body weight, often of the order of 10% or sometimes even a 
little more. Most of this loss occurs early in the transport 
process, much of which is attributable to the voiding of 
faeces and urine as well as decreased food and water intake. 
Most, if not all, of this weight is recovered within a few days 
upon return to a more stable environment in the acclimatisa-
tion period post shipping. Grooming and exploratory 
behaviour in rats and mice are restored early in the acclima-
tisation period as are plasma cortisol concentrations, which 
may have been elevated upon receipt (Landi  1982 ); full accli-
matisation may require up to 4 days (Tuli  et al.   1995 ). There 
are species as well as strain and stock variations in the time 
required to fully acclimate. Various components of immune 
function may take longer to recover to pre - transport capabil-
ity, as may certain other metabolic functions (Damon  et al.  
 1986 ; Bean - Kundsen  &  Wagner  1987 ; Olubadeno  et al.   1994 ).   

  Laws,  r egulations and  s tandards 

 The current European regulations on animal welfare in 
transport (European Council  2004 ) came into force on 5 
January 2007. While EU regulation is directly applicable, 
some national legislation is needed to provide for enforce-
ment and penalty provisions, derogations from the rules 
and to levy the charges for authorisations. In the UK, this is 
done through separate enforcement legislation in England, 
Scotland, Wales and Northern Ireland. For example, the leg-
islation which implemented the previous Directives in 
Northern Ireland (the Welfare of Animals (Transport) Order 
(Northern Ireland) 1997 (WATO)) has been replaced by 
The Welfare of Animals (Transport) Regulations (Northern 
Ireland) 2006, as amended by the Welfare of Animals 
(Transport) (Amendment) Regulations (Northern Ireland) 

  1       http://www.dardni.gov.uk/guidance-welfare-of-animals-
transport-08-08.doc  

  2       http://www.aata-animaltransport.org  
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     Figure 13.4     The back of a partially loaded, 
climate - controlled truck containing rodent 
shipping containers with integral ventilation 
stand - offs. The air channels between the 
containers allow circulation of air across the 
fi ltered openings.  
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     Figure 13.5     Diagram of a cardboard shipping container used 
for transport of mice and rats. The principle features of this 
design of container are noted on the illustration.  

  Container  d esign and  c onstruction 

 The most common design of animal transport container is 
in the form of a rectangular box, the dimensions and shape 
of which are largely dictated by the species for which it is 
intended. Various types of containers have been developed 
commercially for transporting laboratory animals, some of 
which are illustrated in this text. 

 Adequate ventilation is essential and the shipping con-
tainer should be designed so that it can incorporate fi ltered 
or non - fi ltered ventilation apertures according to the micro-
biological status of the animals. The container and air vents 
should be designed so that vents cannot be occluded, even 
when stacked (Figure  13.4 ). Many containers have addi-
tional built - in features such as spacers or stand - offs to aid 
in ventilation (Figure  13.5 ). Air vents should be sited on at 
least two opposite sides of the container. The combined area 
of the ventilation apertures should be determined according 
to the species, dimensions of the container, intended stock-
ing density, whether fi lter material covers the ventilation 
apertures and the range of ambient conditions expected to 
prevail during transport. Ventilation apertures should be 
covered with wire mesh of such a gauge that no part of the 
animal can protrude, and be designed such that the animal 
cannot damage the mesh with its teeth or feet.   

 While non - fi ltered transport containers are available for 
rodents and rabbits (Figure  13.6 ), animals with restricted 
microbial status destined for research use should be trans-
ported under SPF conditions using microbiologically secure 
containers (Figures  13.5 ,  13.7 and 13.8 ) to protect them from 
infectious agents. SPF transport containers have ventilation 
apertures that are covered with some form of fi lter material 
of a pore size and fi ltration effi ciency selected according to 
the degree of fi ltration and airfl ow required. Since most 
infectious agents are carried on particulates of larger diam-
eter than the mean pore diameter of standard fi lters and 
since air velocity across the fi lters is low, small pore - size 
fi lters are not usually required. It is important to remember 
that fi lter material can decrease the ventilation rate within a 
container by 70% or more depending on thickness and pore 
size. Other factors such as stocking density within the con-
tainer should be adjusted accordingly to compensate for 
decreased ventilation imposed by the addition of fi lters.   

 Filtered containers require a viewing port (viewing 
window) to allow assessment of animals whilst in transit 
(Figure  13.9 ). This is particularly important for journeys that 
cross national borders where some form of offi cial inspec-
tion may be required.   

 A variety of materials is available for container construc-
tion. For rodents and rabbits, the most commonly used 
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materials are plastic or varying strengths of corrugated card-
board or corrugated polypropylene. Each container may be 
partitioned into separate compartments, or two or more 
separate, primary containers may be placed into an over-
shipper for transport (Figure    13.8 ). Corrugated cardboard 
and corrugated polypropylene are relatively cheap and easy 
to dispose of, or recycle, and therefore are commonly used 
in non - reusable containers. For transporting larger species, 
materials used to construct containers include wood, plastic, 
metal or fi breglass. Such containers when made of plastic 
can be injection or vacuum moulded or, in the case of wood 
or metal, constructed with a strong framework and joints 
sheathed with solid panels with reinforced ventilation open-
ings (Figure  13.10 ). Care must be taken to avoid using mate-
rials which adversely affect the health or welfare of the 
animal(s) to be transported, such as wood that has been 
treated with preservatives.   

 The container should be durable, non - toxic and able to 
withstand stacking without causing damage or crushing. 
Wooden containers should be constructed so that the animal 
cannot bore, claw or bite them open at the seams or joints. 
Nails, bolts, staples, sharp edges or other protrusions, on 
which animals could injure themselves, should be avoided; 
all slats and uprights should have rounded edges and be 
installed so that the animals cannot entrap their extremities. 

 The interior surface of the container must be of solid con-
struction and can be protected to some extent from the 
effects of damp seepage due to urine by coating the inner 
surface with plastic or wax. For rodents that chew and 
gnaw, a wire mesh lining may be applied over all internal 
surfaces, including the fl oor and fi ltered ventilation open-
ings, of disposable cardboard shipping containers to prevent 
escape. The wire should be applied so that the animals do 
not have access to loose or sharp edges. Some animals such 
as hamsters that aggressively dig and chew at surfaces must 
be shipped in containers with a double layer of wire lining 
covering all internal surfaces to prevent escape. Moulded 
plastic containers that provide a rugged smooth surface con-
structed such that corners and ventilation openings are not 
within the animals bite radius, do not require a wire lining 

     Figure 13.6     Unfi ltered rodent shipping containers.  

Plastic Shipping Container

     Figure 13.7     A drawing of a plastic shipping container used for 
transporting rodents. Ventilation openings (four) are visible along 
the side with similar ventilation openings located on the lid of the 
container. Plastic stand - offs are located on the top and a continuous 
stand - off runs around the top of the base of the container providing 
a channel for ventilation along the sides of the container.  
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     Figure 13.8     Two plastic fi ltered shipping containers are 
placed within a cardboard overshipper with fi ltered 
openings. The overshipper contains two viewing windows 
as well as rigid foam stand - offs to allow for unobstructed 
ventilation.  
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 The lid or door of the container must fi t the container 
securely to prevent accidental opening. Containers should 
have adequate hand holds or other lifting devices to enable 
them to be lifted without undue tilting or bringing the han-
dlers in close contact with the animals. 

 If containers are to be used on more than one journey, it 
must be possible to adequately clean and sterilise them. 
Although some shipping containers for laboratory rodents 
may be sanitisable, the integrity of cardboard and plastic 
containers may change after autoclaving, irradiation or 
chemical disinfection. The protective plastic or wax, for 
example, that lines corrugated cardboard is destroyed by 
heat sterilisation within an autoclave. After transport, the 
pores of the air fi lters covering the vents may be obstructed 
by debris such as food dust, bedding, animal fur and dander, 
or be compromised due to autoclaving, thereby reducing 
airfl ow into the container (Figure  13.11 ). Therefore, when-
ever possible, use new shipping crates which are commonly 
available through commercial sources to ensure safe animal 
transport and biosecurity.    

  Transport  c ontainer  s tocking  d ensity 

 Animals should have adequate space to provide for normal 
postures and postural adjustments within a transport con-

     Figure 13.9     A disposable cardboard shipping container with a 
viewing window that can be accessed by peeling back an 
instruction label and lifting up a cut - out in the cardboard. The 
viewing window is constructed of Mylar ™ .  

     Figure 13.10     Wooden non - human primate shipping containers 
being loaded into a climate - controlled truck. The containers are 
designed to hold up to three non - human primates each with 
separate ventilation openings.  

(a)

(b)

     Figure 13.11     Top is a 10 ×  magnifi cation of a spun - bound 
polyester fi lter typically used to cover ventilation openings in 
shipping containers used for certain SPF laboratory animals. Note 
the varying pore size openings. Bottom is the same fi lter material 
after being used to ship animals and subsequently autoclaved. Note 
that the remaining pores are very small in diameter. The use of 
moist heat has caramelised food particles and adhering dust has 
occluded most of the pores in the material. Effective ventilation is 
substantially reduced.  

when used with certain species. These are designed for spe-
cifi c species and may not work for others. Similarly, the lids 
of some shipping containers can be lined with a thick sheet 
of Mylar that, by its smooth surface design, does not fall 
within the animal ’ s bite radius. 
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to verify exceptions with the local competent authority 
(European Council  2004 ). 

 Same - sex adult macaques that have been maintained in 
an established compatible cohort should travel as pairs. 
Juveniles should be transported in pre - established single -
 sex pairs. Animals under 3kg can be shipped using three -
 compartment containers (Figure  13.10 ), while those over 3kg 
should be shipped in two - compartment containers. If co -
 housing is not feasible, then the animals should be shipped 
either in the company of compatible conspecifi cs in parti-
tioned containers, or in separate containers loaded adjacent 
to each other. Pregnant females and females with suckling 
young are generally not accepted for air transport.  

  Labelling and  m arking 

 Each shipping container should be marked durably and 
legibly on the outside with the following information: 

   •      Marked  ‘ LIVE ANIMALS ’  or  ‘ LABORATORY 
ANIMALS ’  for fi ltered containers containing SPF 
animals (Figures  13.12  and  13.13 ).  

   •      Marked  ‘ THIS WAY UP ’ , including orientation arrows.  
   •      Specifi cations of the animals within the container and 

ID, if applicable (usually found on the shipping label).  
   •      The full name, address and 24h contact information for 

consigner and consignee.  
   •      Any special feeding and watering instructions.        

  Journey  p lanning 

  Mode of  t ransport 

 Laboratory animals can be transported either by ground or 
by air. In some instances, short water - borne voyages are also 
required (usually in a vessel designed to carry vehicles), for 
example when transporting animals from the UK to conti-

tainer, including the ability to stand quadrupedally, stretch, 
turn around and lie down. Recommendations for transport 
container height and stocking density are based on species 
and body weight, as well as ambient temperature control 
and overall heat output of animals within in a given area 
with ventilation apertures. The calculation of animal heat 
output is based in part on the work by Kleiber  (1975)  and 
Besch and Woods  (1977) , which is outlined by Swallow 
 (1999) . The results of these and other engineering studies, 
modifi ed by experience using various stocking densities, 
have formed the basis for the current recommendations. 
Stocking density guidelines for shipping laboratory animals 
in fi ltered containers to maintain their SPF status as well 
shipment using non - fi ltered containers are found in the 
LAR. 

 Compatible animals are best transported in a socially har-
monious group within the same shipping container or con-
tainer compartment. Species should never be mixed within 
the same transport container. Rodents shipped within a con-
tainer should come from the same colony, be of similar age, 
of the same sex as appropriate, and when possible be from 
the same weaning or social group. Similarly, when it is 
necessary to transport breeding adults and their offspring, 
they should travel in the same container, if possible. The 
maximum number of animals per compartment should be 
reduced when the ambient temperature at ground level 
exceeds 24    ° C. Rabbits are usually transported singly or in 
divided boxes with or without fi ltered air vents. 

 In the UK and continental Europe, dogs may travel in a 
loose housing system in small single - sex groups using the 
cargo area of a suitably equipped ground vehicle. However, 
this arrangement is forbidden in certain other countries 
when transporting dogs by air and by ground. In these 
cases, each dog must have its own container, except when 
specifi cally permitted by the competent authority. These 
containers can be used to transport two compatible animals 
of comparable size (up to 14kg each) or up to three animals 
not exceeding 6 months of age, from the same litter. To 
ensure compliance with current regulations, it is important 

(a) (b)

CONTENTS

LIVE ANIMALS Laboratory Animals

These animals are in a

FILTER CONTAINER
to exclude germs.

If it is necessary to inspect them
for any purpose, this must only

be done under the direction of the
consignee. If they are otherwise

opened, or if they are given
food or water, their health

may be affected.

DO NOT OPEN, FEED OR WATER

     Figure 13.12     Illustrations of IATA - approved 
shipping labels. The  ‘ LIVE ANIMALS ’  label is 
used when shipping any live animal or the 
 ‘ LABORATORY ANIMALS ’  label can be used 
instead when shipping SPF laboratory animals.  
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ments for inspections and for annual reports by the compe-
tent national authority. Authorisation is generally required 
for journeys but transporters undertaking journeys of less 
than 65km from place of departure to place of destination 
do not require authorisation nor are they required to use 
drivers/attendants who have been trained and who hold a 
certifi cate of competency (Article 6.7). A journey log or 
appropriate satellite navigation record must be kept for each 
journey. 

 Regulation 1/2005/EU requires that all transported 
animals must be fi t for travel. This applies to the transport 
of all laboratory animals including those undergoing regu-
lated procedures under the authority of the Animals 
(Scientifi c Procedures) Act (A(SP)A 1986). Exceptions may 
be authorised under A(SP)A where there might be a compel-
ling scientifi c need to move ill or injured animals. However, 
in such cases an appropriately certifi ed veterinarian is 
required to confi rm that such animals are fi t for the intended 
journey. There are additional specifi c requirements regard-
ing feeding and watering intervals and certain general 
loading requirements for cats, dogs, poultry, domestic birds 
and rabbits. 

 The journey log required by European regulation is the 
offi cial record of the ground transportation journey. It 
includes sections on planning, place of departure, place of 
destination, a declaration by the transporter and an anomaly 
report. As envisioned, it would serve as a mechanism for 
approval by the competent authority of the journey prior to 
the journey beginning and would contain specifi cs of the 
actual journey as it occurred. This record would remain 
within the EU and be available for inspection for a period 
of 3 years.  

  Air  t ransport 

 The air transport process also has a ground transportation 
component which must meet applicable ground transport 
regulations. Air transport begins when the animal shipment 
arrives at the air cargo facility and is accepted by the carrier. 
Where international shipments are made outside the 
European Union, a customs broker or freight forwarder will 
need to be engaged to assist in the export process. The air 
waybill is the offi cial acceptance document used by the 
carrier for air transport wherein liability is accepted by the 
carrier. This liability is limited by international convention 
and should be supplemented by additional coverage if the 
animals are very valuable. The waybill is also the document 
that the shipper uses to describe the contents of the ship-
ment. Since the carrier and its personnel are not experts in 
animal biology and care or in taxonomy, they depend upon 
the shipper to provide the necessary information on the 
waybill to indicate the required conditions for carriage. It is 
the duty of the shipper to provide adequate amounts of 
food, bedding and water to sustain the animals during 
travel. The shipper must also supply the appropriate docu-
ments for export, carriage and import to satisfy existing laws 
and regulations in the countries of export and import. 

 Animals are classifi ed as perishable cargo and are pro-
vided a climate - controlled environment in the aircraft. The 
consignor should provide the carrier with any specifi c envi-

nental Europe. The majority of laboratory animals required 
for research travel relatively short distances by road. Many 
laboratories make use of the services of specialised labora-
tory transport companies. Such transporters (including 
some commercial laboratory breeders) operate their own 
fl eets of environmentally controlled vehicles in accordance 
with national and European laws. These animal transporters 
can also be a helpful source of information on the ground 
transportation process and on the required documentation 
and other shipping requirements.  

  Ground  t ransport 

 Purpose - bred laboratory animals such as rodents and rabbits 
must be transported in an environmentally controlled 
vehicle that can be easily sanitised and which provides ven-
tilation rates and can maintain temperature parameters as 
set forth in EU regulations (eg, 1/2005/EC which requires 
that temperature within the cargo area be monitored and 
recorded throughout the journey). Among the new safe-
guards for ground transportation of animals that were intro-
duced in the EU by regulation 1/2005/EC were higher 
standards for vehicles and equipment, and stricter require-
ments for those dealing with animals  ‘ in transit ’  including 
training and certifi cation. This regulation also provides 
measures to ensure better enforcement of EU rules for trans-
port. Article 3 and Article 27 of this regulation detail general 
conditions for the transport of animals, as well as require-

     Figure 13.13     Wooden non - human primate shipping containers 
with directional arrow labelling, live animals labelling and 
transportation documents attached to the outside of the container. 
Other labelling imprinted on the container is used to advise 
personnel that only authorised individuals should handle these 
containers.  
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 One of the documents necessary for the shipment of labo-
ratory animals is the Export Health Certifi cate (EHC). This 
is needed for the shipment of animals between countries. 
Guidance in relation to this requirement is generally given 
by the competent authority (eg, in the UK, this is The 
Department for Environment, Food and Rural Affairs 
(DEFRA)). An EHC is an offi cial veterinary document used 
to confi rm that a consignment of animals or animal products 
meets certain health criteria. Shippers wanting to export live 
animals, animal products or germ plasm to an EU member 
state will need the health certifi cate signed by a government -
 approved  ‘ offi cial veterinarian ’ . Further information on 
EHCs can be obtained by contacting DEFRA in the UK or 
similar competent authorities in exporting or receiving 
countries. 

 Other documents that may be required include: import 
licences issued by the state veterinary service; CITES permits 
where necessary; invoices for custom purposes; fi tness to 
travel documents, including records of certain laboratory 
tests, vaccinations or treatments; quarantine labels, if appli-
cable; transfer authorisations from specifi c bodies that regu-
late the use of laboratory animals; an animal transport 
certifi cate or group plan; and, in the case of ground trans-
portation, vehicle registration details and insurance. 

 Information specifi c to the animals being transported, 
including species, strain, scientifi c name, number, sex, age, 
weight, individual identifi cation and any special care 
requirements related to phenotype should accompany each 
shipment. Some of this information is required on other 
documents, but placing it in one location can prove helpful. 
In addition, the name, address, and 24h telephone contact 
numbers for the consignor (person with ultimate responsi-
bility for the shipment), intermediaries, consignee and the 
shipper ’ s attending veterinarian can also be helpful in case 
of diffi culties during shipment. 

 All the required documents should be collated and 
attached to the fi rst container of each consignment. It is 
advisable to make sure that the necessary documents have 
been aligned with the United Nations (UN) layout key for 
trade documents. These are internationally agreed stand-
ards that are easily translated because common information 
appears in standard positions on all forms. Many countries 
have trade facilitation organisations, for example, SITPRO 4  
in the UK, that can provide advice on UN aligned 
documents. 

 Correct and complete documentation is essential to avoid 
delays in transit. Animal shipments are often delayed in 
customs due to failure to provide correct documents con-
taining the appropriate wording, signatures and authorisa-
tions. Accompanying documents can be lost in transit, 
highlighting the need to keep copies of all necessary docu-
ments. There is currently an air freight industry initiative to 
make many documents electronic so that they can be sent in 
advance of shipment to the competent authorities at the 
point of entry (POE). Basic documentation requirements for 
international shipment for various countries can be found 
in The Air Cargo Tariff (TACT) Manuals (IATA  2008c ) and 
the LAR (IATA  2008a ), both published by IATA. If a customs 

ronmental requirements for the animals being shipped. If 
there are no specifi c requirements given, general guidance 
for the species as found in the IATA ’ s Live Animals 
Regulations will be used. If very tight temperature or other 
environmental restrictions are required the shipment may 
not be able to be accommodated. Air cargo personnel are 
provided training in handling animal containers as well as 
basic information on animals in transport. Typically, carrier 
personnel use a checklist to ensure that all the appropriate 
steps and paperwork have been completed. They are not 
responsible, however, for making judgments on whether 
documentation has been completed correctly. 

 Once the appropriate paperwork is completed, the ship-
ment will be moved to a section of the cargo facility where 
it can be held in a well ventilated and quiet area. Not all 
airports, however, have dedicated areas for this purpose. 
Hence, animals may share space with other perishable 
cargo, live animals or personnel. 

 After holding in the cargo facility (typically 4 – 6h in 
advance of fl ight departure), the shipment will be trans-
ported to the fl ight line for loading on to the aircraft. 
Typically, animals are loaded on to the aircraft last, for a 
fi rst - off unloading at the fi nal destination. Once on the air-
craft, the animals are kept in a darkened environment. Even 
though space has been reserved for animal shipments, cir-
cumstances can arise resulting in their being kept off a par-
ticular fl ight for a variety of reasons including incompatibility 
with other priority cargo (eg, mail, human remains) and 
temperature embargos. 

 Upon arrival, the unloading process is a mirror image of 
the loading process. Arrangements should be made by the 
consignee (person receiving the shipment at the fi nal desti-
nation), either directly or preferably through the use of a 
broker or customs agent, for pick up once the animals have 
cleared customs. The vehicle used for this should be capable 
of providing a conditioned environment. 

 Due to the complexity of air transportation and the poten-
tial for intermediate stops and delays in fl ight schedules, it 
is important that contingency plans be made during the 
journey planning process. The carrier should be made aware 
of special requirements of the animals and should be given 
contact information for both the shipper and the consignee, 
in case of unforeseen delays or adverse events.  

  Documentation 

 Depending on the animals to be transported, their health 
status, the mode of transportation and the fi nal destination 
of the animals, a number of documents need to be prepared 
and authorised and should accompany the shipment. Some 
certifi cations are time sensitive and must be submitted as 
originals, not copies. It is a good idea to keep copies of all 
documents required for shipment in case of loss during 
shipment  –  an event that could strand animals at boarder 
crossings or airports. A list of documents for transport of 
animals within Europe is provided by the EU 3 . 

  3       http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:
2005:003:0001:0044:EN:PDF    4       http://www.sitpro.org.uk  



182 Transportation of laboratory animals 

  References 

   Animal Transportation Association  ( 2000 )  AATA Manual for the 
Transportation of Live Animals ,  2nd edn .  AATA ,  Redhill, Surrey   

    Bean - Knudsen ,  D.E.   and   Wagner ,  J. E.   ( 1987 )  Effect of shipping 
stress on clinicopathologic indications in F344/N Rats .  American 
Journal of Veterinary Research ,  48 ,  306  –  308   

    Besch ,  B.E.L.   and   Woods ,  J.E.   ( 1977 )  Heat dissipation biorhythms of 
laboratory animals .  Laboratory Animal Science ,  27 ,  54  –  59 .  

   Council of Europe  ( 2003 )  European Convention for the Protection of 
Animals During International Transport . European Treaty Series 
No. 193. Council of Europe, Strasburg  

    Damon ,  E.G.  ,   Eidson ,  A.F.  ,   Hobbs ,  C.H.    et al . ( 1986 )  Effect of accli-
mation on nephrotoxic response of rats to uranium .  Laboratory 
Animal Science ,  36 ,  24  –  27   

    Elmore ,  D.B.   ( 2008 )  Quality management for the international trans-
portation of nonhuman primates .  Veterinaria Italiana ,  44  (  1  ) , 
 141  –  147   

   European Council  ( 2004 )  The Welfare of Animals During Transport . 
Council Directive 1/2005/EC. (available at  http://ec.europa.eu/
food/animal/welfare/transport/index_en.htm  accessed 11 
March 2009)  

   International Air Transportation Association  ( 2008a )  Live Animals 
Regulations ,  35th edn .  IATA ,  Montreal . (available at  http://
www.iata.org  accessed 11 March 2009)  

   International Air Transportation Association  ( 2008b )  Dangerous 
Goods Regulations ,  49th edn .  IATA ,  Montreal   

   International Air Transportation Association  ( 2008c )  The Air Cargo 
Tariff (TACT) Manuals . IATA Netherlands Data Publications, The 
Netherlands  

   International Civil Aviation Organization  ( 2007 – 2008 )  Technical 
Instructions for the Safe Transport of Dangerous Goods by Air  (includ-
ing Addendum/Corrigendum 1/8/07).  ICAO ,  Montreal   

   Institute for Laboratory Animal Research  ( 2006 )  Guidelines for the 
Humane Transportation of Research Animals .  National Academies 
Press ,  Washington, DC   

    Kleiber ,  M.   ( 1975 )  The Fire of Life: an Introduction to Animal Energetics . 
 Robert E. Kreiger ,  Huntingdon   

    Knowles ,  T.G.  ,   Brown ,  S.N.  ,   Warriss ,  P.D.    et al . ( 1995 )  Effects on 
sheep of transport by road for up to 24 hours .  Veterinary Record , 
 136 ,  431  –  488   

   Laboratory Animal Science Association  ( 2005 )  Guidance on the 
transport of laboratory animals. Report of the Transport Working 
Group established by LASA .  Laboratory Animals ,  39 ,  1  –  39   

    Landi ,  M.S.   ( 1982 )  Effects on shipping on the immune function in 
mice .  American Journal of Veterinary Research ,  43 ,  1654  –  1657   

    Olubadeno ,  J.O.   ( 1994 )  The effects of stress on lipoproteins and 
catecholamines in rats .  Cellular Immunology and Molecular Biology , 
 40 ,  1201  –  1206   

    Swallow ,  J.J.   ( 1999 )  Transporting Animals . In:  The UFAW Handbook 
on The Care and Management of Laboratory Animals, Vol 1 Terrestrial 
Vertebrates ,  7th edn . Ed   Poole ,  T.  , pp.  171  –  187 .  Blackwell 
Publishing ,  London   

    Tuli ,  J.S.  ,   Smith ,  J.A.   and   Morton ,  D.B.   ( 1995 )  Stress measurements 
after transportation .  Laboratory Animals ,  29 ,  132  –  138   

    Wallace ,  M.E.   ( 1976 )  Effects of stress due to deprivation and trans-
port in different genotypes of house mouse .  Laboratory Animals , 
 10 ,  335  –  347   

    Warriss ,  P.D.  ,   Brown ,  S.N.  ,   Knowles ,  T.G.    et al.  ( 1995 )  Effects on 
cattle of transport by road for up to 15 hours .  Veterinary Record , 
 136 ,  319    

    

broker is employed to facilitate the shipment, they can also 
provide guidance on the required documents. Individual 
country embassies are also a source of information. It is also 
helpful to have the consignee at the destination assist in 
determining what documentation is required and for an 
electronic copy of all shipment documents to be sent in 
advance of the shipment to the consignee.  

  Points of  e ntry 

 Most countries have a limited number of designated loca-
tions (border inspection posts (BIPs)) where animals can 
enter the country. For example, the EU and the US, operate 
a system of BIPs or points of entry (POE) which are approved 
for the importation of different species such as farm live-
stock, equidae, rabies - susceptible animals, birds, fi sh, or any 
combination of the above, including laboratory animals. 
Animal consignments may be inspected by offi cials upon 
arrival. Authorities often require advance notifi cation of the 
import or export of live animals (especially in the case of 
larger animals) so that the appropriate inspection personnel 
can be available. Recipients of animals should note that such 
inspections take time and journey plans should allow for 
delays at BIPs. 

 Both consignor and consignee should agree in advance of 
any shipment the conditions of transportation, including the 
departure and arrival times so that, at their destination, the 
animals can be placed in previously prepared cages, fed, 
watered and rested as quickly as possible. On arrival, 
animals should be removed from their transport container 
and examined by a responsible person with the least pos-
sible delay.  

  Journey  t ime 

 Most laboratory animals travel within containers with food, 
water and bedding suffi cient in quantity for the journey. 
Under these conditions, there is not usually a maximum 
permitted journey time. However for some animals, particu-
larly larger species, there can be specifi c restrictions regard-
ing journey time and rest stops (European Council  2004 ). 
Given the broad defi nition of animal in this regulation, guid-
ance might be included in future revisions to cover more 
traditional laboratory species.   
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  Introduction 

 It is essential for the welfare of animals that adequate food, 
containing essential nutrients, is provided and ingested 
(National Research Council (NRC)  1995 ; Beynen  &  Coates 
 2001 ; Ritskes - Hoitinga  2004 ). Physical and mental processes 
are dependent on and infl uenced both by what is ingested, 
and when and how food is eaten (Ritskes - Hoitinga  &  
Chwalibog  2003 ). Food ingestion is essential for homeosta-
sis, a regulated state of internal balance (Strubbe  2003 ; 
Ritskes - Hoitinga  &  Strubbe  2004 ), although it always leads 
to some homeostatic disturbance, for example through the 
thermogenic effect. As many bodily functions naturally 
show biological rhythms, fl uctuations due to food intake 
may result in good animal welfare, as long as the animal is 
able to return to the homeostatic state. Introducing species -
 specifi c fl uctuations into the laboratory feeding process 
may, therefore, contribute positively to the welfare of labo-
ratory animals. 

 This chapter provides some key concepts in nutrition, 
with the aim of helping animal care staff to prevent the 
occurrence of nutrition - based pathological and behavioural 
disorders in animals in their care. Using and implementing 
this basic knowledge will not only support good animal 
health and welfare, but will also contribute to standardisa-
tion and replicability of experiments. In the second part of 
the chapter, aspects related to feeding, rhythmicity and 
environmental factors and procedures are discussed. A 
range of examples is provided to illustrate how nutrition 
and feeding can infl uence animal welfare and experimental 
results. The authors suggest that better animal welfare can 
be achieved when nutrition is better adapted to the species -
 specifi c adaptive capabilities for returning to homeostasis 
(Ritskes - Hoitinga  &  Strubbe  2004 ). Thus, refi ning the feeding 
process by providing correct nutrition, together with appro-
priate foraging and feeding opportunities, should contribute 
to the animals ’  welfare as well as improve the quality of the 
science by reducing variation resulting from stress.  

  Proper  s tudy  d esign 

  Minimum  n utrient  r equirements 

 Animals ’  needs for macronutrients (lipid, carbohydrates, 
proteins) and the micronutrients (minerals, vitamins, trace 

elements) and water differ between species. For example, 
vitamin C is an essential nutrient for guinea pigs and pri-
mates, whereas rats and mice do not need to ingest it. For 
each animal species extensive scientifi c documentation on 
(essential) nutrient requirements has been assembled in the 
documents of the NRC  (1977 – 2003) . Estimated nutrient 
requirements for each species and stage of life are presented 
by the NRC  (1977 – 2003) . These recommendations are 
usually higher than the minimum requirements, as they are 
often based on the intention of obtaining maximum growth. 
Maximum growth is, however, probably not optimal for the 
health of laboratory animals. For example,  ad libitum  feeding 
can result in kidney degeneration in rodents, whereas food 
restriction prevents kidney degeneration completely (Hart 
 et al .  1995 ). As these guidelines are currently the best avail-
able and are based on scientifi c evidence, it is advisable to 
use them until new scientifi c evidence comes available. 
However, it is important to be aware that there can be strain 
differences in nutritional requirements, and that this 
may also apply to genetically modifi ed strains (Ritskes -
 Hoitinga  2004 ). For example, in phosphatidylethanolamine 
N - methyltransferase (PEMT) knockout mice, the  de novo  
synthesis of choline is disrupted, so the NRC ’ s minimum 
dietary choline recommendation for mice is likely to be 
insuffi cient for this strain (Zhu  et al.   2003 ). In such cases it 
is necessary to establish the nutritional requirements of the 
strain, in order to provide a special diet fulfi lling those par-
ticular needs. 

 It is also essential to provide for animals ’  differing needs 
during their various life stages (ie, growth, maintenance, 
reproduction, lactation or work). Failure to do this can lead 
to incorrect interpretation of experimental results as in the 
report that genetically modifi ed potatoes could compromise 
the immune system of young rats (Ewen  &  Pusztai  1999 ). In 
this study, the diet only provided 6% protein; it was later 
concluded that the results were invalid, as young growing 
rats need 15% dietary protein (Horton  1999 ).  

  Manufacture of  d iet,  c how  v ersus  p urifi ed  d iets, 
 p ellet  h ardness 

 Chow diets are the standard diets in most laboratory animal 
facilities, and are usually produced from natural ingredi-
ents. Manufacturers provide a whole range of diets adapted 
to particular animal species and their stage of life. Because 
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content is an increased risk that the mice will develop 
atherosclerosis. In addition to the various kinds of pelleted 
diets, manufacturers also produce so - called extruded diets, 
which have a softer composition and which provide greater 
availability of nutrients. The reader should consult the 
manufacturers for detailed information.  

  Contaminants and  t race  e lements 

 Contaminants are defi ned as undesirable substances (usually 
foreign) which, when present at suffi ciently high concentra-
tion in the food, can affect the animal and therefore the 
outcome of experiments (British Association of Research 
Quality Assurance (BARQA)  1992 ). Maximum permitted 
levels of dietary contaminants have been published by the 
United States ’  EPA (Environmental Protection Agency 
 1979 ); BARQA  (1992) ; GV - Solas  (2002) . For certain contami-
nants like selenium, an essential trace element with a narrow 
safety margin, information on maximum safe levels is pro-
vided by the NRC  (1995) . A table comparing the maximum 
contaminant levels specifi ed in the three guidelines listed 
above can be found in Ritskes - Hoitinga  (2004) . Which guide-
lines are followed will depend on the goal of the scientifi c 
procedure and on the necessity to protect welfare (Ritskes -
 Hoitinga  2004 ; Ritskes - Hoitinga  &  Strubbe  2004 ). The 
researcher should decide and choose maximum contami-
nant levels permissible in order to avoid compromising the 
results. When working under Good Laboratory Practice 
(GLP) guidelines the maximum levels must always be 
defi ned before the start of the study.  

  Avoiding  t oxic  n utrient  l evels:  q uality  a ssurance, 
 d iet and  e xperimental  o utcomes 

  Quality  c ontrol 

 Manufacturers design diets to contain (much) more than the 
required minimum nutrient densities. This helps to prevent 
nutrient defi ciencies, even taking into account periods of 
storage during which some nutrients (eg, some vitamins) 
may be lost. Moreover, variation in nutrient concentrations 
in so - called standard chows can be quite considerable, due 
to the use of natural ingredients that vary in composition 
(Beynen  &  Coates  2001 ; Nygaard Jensen  &  Ritskes - Hoitinga 
 2007 ). This variation can affect results (Wainwright  2001 ; 
Ritskes - Hoitinga  2004 ) and sometimes nutrient concentra-
tions may get close to toxic levels. It is therefore important 
to have an analysis certifi cate for each batch of diet used, so 
that experiments can be planned correctly and unwanted 
effects prevented. Diet can also be used in environmental 
enrichment strategies where the animals are provided with 
choice of diet or allowed to work for food. However, this 
approach complicates matters with respect to standardisa-
tion and quality control and can have adverse consequences. 
This topic is dealt with more extensively in a later section. 

 The NRC reports (NRC  1977 – 2003 ) provide information on 
the minimum nutrient requirements for each species, and on 
known toxic levels of these nutrients. Unless the goal of the 
experiment is to examine toxicity, nutrient levels that might 
cause toxic effects should obviously not be used, as this 

natural ingredients differ, the commercially available chow 
diets not only vary in composition between various compa-
nies, but can vary also between batches from the same 
company (Ritskes - Hoitinga  &  Chwalibog  2003 ; Ritskes -
 Hoitinga  2004 ). 

 Where natural - ingredient chows are used, it is advisable 
to obtain a batch analysis certifi cate with each batch used, 
to provide exact information on nutrient and contaminant 
levels. If a batch analysis certifi cate is not available, research-
ers will not be able to reject batches that may interfere with 
the results of their study (Nygaard Jensen  &  Ritskes - Hoitinga 
 2007 ). Moreover, unexpected outcomes where dietary 
composition may have been the cause would not be able to 
be explained. Some dietary chows are produced that are 
intended for use in several species, eg, rat, mouse and 
hamster. In these cases one has to be aware that individuals 
could ingest toxic levels of certain nutrients if they eat more 
than the intended amount of food where the concentration 
of the nutrient has been determined at the highest minimum 
concentration needed for one of the species, eg, iron in a diet 
for rat, mouse and hamster (Beynen  &  Coates  2001 ). 

 Purifi ed or semi - purifi ed diets are formulated with a com-
bination of natural ingredients, pure nutrients and ingredi-
ents of varying degrees of refi nement, resulting in far more 
standardised compositions than natural - ingredient diets. 
For rodents the American Institute of Nutrition, AIN - 93 diet 
(Reeves  et al .  1993 ) is recommended, as the composition 
is such that (with slight modifi cations) it fulfi ls nutrient 
requirements (NRC  1995 ; Ritskes - Hoitinga  2004 ). Often, 
with these diets the composition is such that pelletting is not 
possible so that alternative types of presentation become 
necessary (Ritskes - Hoitinga  &  Chwalibog  2003 ). Because 
purifi ed diets are constituted with a better control of dietary 
composition, more reliable and reproducible results are 
obtained (compare Ritskes - Hoitinga  et al.   1989 and 1991 ). 
From the point of view of good science, purifi ed diets ought 
to be used much more frequently than is currently the case. 
However, depending on composition, there can be problems 
with palatability and variation in intake: the choice of diets 
has to be made on a case - by - case basis. Pilot studies are 
advisable where the effect of the dietary composition is 
unknown and uncertain. 

 The hardness of pellets and blocks is measured as the 
amount of pressure that is required for crushing a pellet. If 
pellets are too hard (over 20   kp/cm 3 ), the growth of pre -
 weaned mice is reduced signifi cantly (Koopman  et al .  1989 ). 
This is partly because the young mice have to work hard to 
eat the pellets, and partly because the lactating females are 
not able to eat enough to satisfy the needs of both them-
selves and their young (Koopman  et al .  1989 ). 

 About 30% of genetically modifi ed mice have been 
reported to show signs of weakness and to have reproduc-
tion diffi culties (FELASA Working Group  et al.   2007 ), and 
this has led to the marketing of special high - fat diets for 
breeding transgenic mice. The eating problems may be the 
result of a  ‘ general weakness ’  of genetically modifi ed strains, 
but dental problems, muscular weakness, neurodegenera-
tive disorders etc, could all contribute to a reduced food 
intake. The higher - fat diets marketed for these animals are 
not as hard, so mice do not need to work as much and can 
ingest food more easily. The disadvantage of a higher fat 
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  Defi ciencies 

 Usually manufacturers ensure that the nutrient densities of 
diets exceed the minimum requirements, which helps to 
prevent nutrient defi ciencies following storage. Providing 
animals with the opportunity to forage and/or select what 
they want to eat in addition to a complete chow diet, means 
that intake needs to be carefully monitored. For example, it 
is well known that providing sunfl ower seeds to parrots  ad 
libitum , in addition to a complete diet, can lead to vitamin A 
defi ciency, as the parrots prefer to eat sunfl ower seeds. 
Similarly, scattering corn and wheat in the substrate pro-
vides rodents with foraging opportunities, and is thought to 
be enrichment. However, the amount that is provided needs 
to be calculated and monitored. Rodents eat according to 
energy need, so it is important to ensure that most of the 
energy intake is not from the corn and wheat, as this will 
suppress intake of the complete diet, potentially leading to 
mineral and vitamin defi ciencies. In summary, it is impor-
tant to calculate the amount of treats that can be provided 
without disturbing the balance of nutrients required for 
health. 

 Foraging is an important activity of primates in the wild, 
and can be profoundly affected by captivity (Wolfensohn  &  
Honess  2005 ). Collecting and eating food is necessary to 
satisfy physiological, behavioural and social needs, and it is 
therefore important to consider both forage and eating time 
when feeding primates. Small portions should be provided 
unpredictably rather than providing large portions in a pre-
dictable schedule (Wolfensohn  &  Honess  2005 ). Tables listing 
the nutrient densities of foods commonly used for primates 
are presented in the  Nutrient Requirements of Non - Human 
Primates  (NRC  1995  - Nonhuman primates  2003   ). The size of 
the food pieces should be such that the primates can hold 
them, as primates like to manipulate their food. It is impor-
tant to keep track of the nutrient balance of the total ration 
presented, as commercial diets are formulated to have a bal-
anced composition according to the animals ’  needs and this 
balance may be disturbed if inappropriately large amounts of 
additional items that do not have a balanced composition are 
consumed. It is often recommended that a varied diet should 
be provided (eg, fruit supplements with the chow diet), and 
care is needed to ensure that the balanced composition of the 
total diet is maintained (Wolfensohn  &  Honess  2005 ). As 
dietary supplements are also given for environmental enrich-
ment or as part of positive reinforcement training, the selec-
tion of these treats and the amounts given are crucial. Treats 
that are nutritionally complete or high in moisture and low in 
calories, such as fresh fruit and vegetables, are better choices 
than nuts and raisins, as these are energy dense and nutrition-
ally incomplete. Data on the nutrient composition of com-
monly used food supplements are provided by Wolfensohn 
and Honess  (2005)  and the Foods Standards Agency and 
Institute of Food Research  (2002) . Age - related disorders in 
primates are often related to nutrition. Dietary restriction that 
does not lead to essential nutrient defi ciencies may tend to 
increase longevity and to decrease the incidence and age of 
onset of age - related degenerative conditions. Dominant 
animals may become obese (Kemnitz  1984 ) as they may 
dominate access to food. This can be modifi ed by changing 
spatial distribution and mix of food types.   

would both compromise animal well - being and experimen-
tal results. Even when the goal is to examine nutrient toxicity, 
very high concentrations are not advisable as they may result 
in reduced growth and early death. From an animal welfare 
point of view, testing the dose – response relationship of 
several subtoxic concentrations is preferable to testing one or 
two high toxic concentrations (Ritskes-Hoitinga  et al .  1998 ). 
Moreover, such a strategy will provide more detailed infor-
mation on the metabolic effects of the nutrient, and this 
approach is therefore an important refi nement.  

  Safety  m argins 

 Methionine is an example of a nutrient with a narrow safety 
margin. The minimum recommended level for mice during 
growth is 0.3% (NRC  1995 ). When studying the infl uence of 
higher dietary methionine levels on atherothrombosis in 
ApoE defi cient mice, dietary methionine levels of 2.2% and 
4.4% (W/W) proved to be toxic, resulting in reduced growth 
and premature death (Zhou  et al .  2001 ; Ritskes - Hoitinga 
 2004 ). In a follow - up study, a dietary methionine level of 1.4% 
(W/W) did not give any obvious signs of toxicity, thereby 
resulting in better mouse health and welfare and a more reli-
able interpretation of study results (Zhou  et al .  2003 ).  

  Toxic  e ffects 

 The recommended nutrient levels for good health and those 
that cause toxicity vary between species. For sheep, the 
copper density of the diet is critical, as the difference between 
that for good health and that causing toxicity is very narrow. 
Errors in feed mixing can easily lead to mortality in this 
species (NRC  1995  - Sheep  1985   ). Sheep are able to store suf-
fi cient reserves of copper to tide them over periods of up to 
4 – 6 months when grazing copper - defi cient forage (NRC 
 1985 ). When used in research, sheep are often fed pelleted 
chow as well as hay and grass on a daily basis, in order to 
avoid mineral and vitamin defi ciencies. In these cases total 
copper intake must be kept below toxic levels. Moreover, 
because sheep are usually group - housed, a chow diet can 
lead to copper intoxication in some individuals, if the food 
intake is not distributed evenly among the individuals in the 
group. Characteristic symptoms copper intoxication are 
haemolysis, icterus (easily detected directly around the 
eyes) and haemoglobinuria (NRC  1985 ). 

 Dietary phosphorus (P) levels are critical in mice, rats and 
rabbits, as excessive concentrations lead to soft tissue calci-
fi cation (NRC  1995 ; van der Broek  1998 ; Ritskes - Hoitinga  et 
al.   2004a ). This typically affects the kidneys in rabbits and 
(female) rats, whereas in mice more widespread calcifi cation 
involving kidney, tongue and heart is seen. Kidney calcifi ca-
tion can negatively affect kidney function (Ritskes - Hoitinga 
 et al.   2004a, 2004b ). Not all dietary P is available to mice and 
rats as they cannot access that bound to phytates, whereas 
rabbits can access all dietary P because of the role of their 
intestinal microfl ora (NRC  1995  - Rabbits  1977   ). The recom-
mended dietary P level (at a calcium level of 0.5%) for 
growing mice and rats is 0.3 % (NRC  1995 ), and for rabbits 
0.2% (NRC  1977 ). This minimum recommended dietary 
(available) P level for rabbits is also the maximum recom-
mended level (Ritskes - Hoitinga  et al.   2004a ).  
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spectrum of environmental conditions, as long as these con-
ditions are predictable (Strubbe  1994b ). 

 These evolved characteristics and strategies are still 
present in animals in the laboratory today, although domes-
tication has led to changes (Strubbe  1999 ); chickens housed 
in battery cages spend less time voluntarily foraging for 
food than wild jungle fowl (Ritskes - Hoitinga  &  Strubbe 
 2004 ). It is necessary to know what these genetically deter-
mined characteristics are and whether and how one must to 
adapt to them in the laboratory, because they can impact on 
the animals ’  well - being and the experimental results. For 
instance, for practical reasons most scientifi c tests on animals 
in the laboratory are performed during the light phase. 
However, for nocturnal animals this seriously interferes 
with sleeping behaviour. Regular and predictable changes 
found in nature are usually absent in the laboratory. The 
very important light – dark cycle is normally replicated arti-
fi cially in the laboratory and kept constant throughout the 
year, in order to synchronise daily rhythms. However, it is 
not necessary to mimic all natural conditions to produce 
better welfare for the laboratory animals. Reducing or eradi-
cating infectious diseases in the laboratory clearly improves 
animal welfare and experimental results. 

 One of the best - understood rhythmic patterns is the 24   h 
circadian cycle that underlies many physiological processes 
and behaviour. The rat is the species that has been most 
extensively investigated with regard to rhythms and their 
links to feeding, because this animal exhibits most of the 
general characteristics of mammalian timing systems. Rats 
are nocturnal and this remains the case when they are main-
tained under experimentally controlled light – dark rhythms 
in the laboratory. Under undisturbed  ad libitum  feeding con-
ditions in the laboratory, rats maintained on a 12   h dark and 
12   h light schedule eat most of their total daily food during 
the dark hours, with peaks at the beginning (dusk) and end 
(dawn) of the dark period (Kersten  et al.   1980 ). 

 Whereas the dusk peak is needed to compensate for the 
lower energy stores in the body following the resting phase, 
the dawn peak has a more anticipatory function to maintain 
adequate energy over the forthcoming resting phase (Strubbe 
 et al.   1986a ). Even before the dawn peak the stomach is hard 
packed (Armstrong  et al .  1978 ) and rats do not reduce 
feeding when liquid food is infused into the stomach 
(Strubbe  et al.   1986a ). This indicates that satiety signals are 
neglected during this period in order to allow preparatory 
 ‘ over - consumption ’ . 

 While each rat may have its own characteristic feeding 
pattern, such patterns usually do not deviate much from the 
common pattern in free - feeding animals in the laboratory 
and from animals in nature. This pattern represents a con-
served, probably genetically determined, natural behaviour 
that, in the wild, would reduce the risk of predation.  

  Light  a versiveness 

 Nocturnal feeding in rats could, at least in part, be a product 
of light avoidance. Light is known to be aversive to some 
nocturnal species and in particular to albino species. When 
rats are provided with smaller and darker nest boxes inside 
their cages, they spend most of their time during the light 

  Isocaloric  e xchange 

 When a standard complete food is offered  ad libitum , animals 
ingest according to their energy need. Energy need depends 
on the life stage, and is generally defi ned in MJ metabolis-
able energy per metabolic weight (kg 0.75 ): for growth the 
need is typically recommended as 1.2   MJ/kg 0.75 /day (but 
this depends upon rate of growth in relation to adult body 
mass and species that grow very rapidly, eg altricial birds, 
have greater daily requirements per metabolic weight than 
more slowly growing ones such as primates), for mainte-
nance the need is typically about 0.45   MJ/kg 0.75 /day, for 
gestation, about 0.60   MJ/kg 0.75 /day (depending on species 
and litter size) and for lactation, about 1.3   MJ/kg 0.75 /day 
(depending on species and other factors). Metabolic weight 
is used to make proper comparisons between species, cor-
recting for size - related variation in metabolic rates. Because 
fat in the diet has an energy density 2.25 times higher than 
that of carbohydrate and protein, changing the fat 
concentration will result in a change in energy concentration 
of the diet and thus on amount of food ingested. If the fat 
content of the diet is changed, compensation is necessary by 
changing carbohydrates (or proteins) on the basis of calories 
(isocaloric exchange) not weight, This is the only way to 
ensure that the intake of all nutrients, except for fat and 
carbohydrate (or protein), remains similar in test and control 
group. Only isocaloric exchange isolates the effect of a 
change in fat (and carbohydrate) content in the diet and 
makes it possible to reliably interpret study results. Examples 
of how this is done can be found in Beynen and Coates 
 (2001) , Ritskes - Hoitinga and Chwalibog  (2003)  and Ritskes -
 Hoitinga  (2004) .   

  Aspects of  f eeding 

  Rhythms of  f eeding in  n ature  v ersus 
the  l aboratory  s ituation 

 Living organisms in nature are continuously infl uenced by 
external stimuli, many of them having regular or rhythmic 
patterns. These include lunar/tidal, solar/daily and sea-
sonal/yearly patterns of light, temperature, food availabil-
ity, and so on. Because these environmental rhythms are 
usually quite predictable, animals can usually adapt their 
physiology to cope with them. The ability to anticipate criti-
cal environmental events has clear advantages and survival 
value in nature, and may be related to the fact that predict-
ability and controllability often have a stress - reducing effect 
on animals. Species have evolved adaptive anticipatory 
strategies through the process of natural selection with the 
result that many species have innate behaviours that are 
environmentally and temporally appropriate, such as hiber-
nation, migration and seasonal reproduction. Other behav-
iours that maximise reproductive success include eating 
patterns that minimise exposure to predators or harsh envi-
ronments while maximising food consumption. Learning 
can modify the timing of innate feeding behaviours based 
upon whether past behaviours were successful in providing 
adequate nutrients or not. Hence, animals are able to adjust 
their patterns of ingestive behaviour to adapt to a wide 
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food hopper and in the light they will still take each food 
pellet back to the nest box. SCN lesions also disrupt many 
other behavioural and physiological circadian rhythms. For 
example, in restriction experiments where rats are forced to 
eat and drink during the light phase, there are strong inter-
acting infl uences between food intake and sleep (Spiteri  et 
al .  1982 ; Strubbe  et al.   1986b ; Brinkhof  et al .  1998 ; Ritskes -
 Hoitinga  &  Strubbe  2004 ). As soon as the  ad libitum  food 
intake is reinstated, rats revert to their original pattern of 
food intake (Spiteri  1982 ). Rats forced to eat during the light 
phase suffer gastrointestinal problems, comparable to the 
problems associated with jetlag and shift work in humans 
(Ritskes - Hoitinga  &  Strubbe  2004 ). Interacting effects 
between circadian clock infl uences and behaviour and phys-
iology are abolished in rats with SCN lesions (Strubbe  et al . 
 1987 ; Strubbe  &  van Dijk  2002 ). This suggests that circadian 
pacemaker activity in the SCN normally dominates the tem-
poral patterning of food intake, water intake and sleeping 
behaviour and is not shifted permanently by long - term 
shifts in food or water availability. As humans work mostly 
during the light phase, researchers must carefully consider 
in the implications of their choices as to how and when they 
feed and treat nocturnal animals in the laboratory.  

  Memory for  f eeding  t ime and  f eeding  s chedules 

 In the laboratory, feeding schedules can be part of the exper-
imental design. Rats are quick learners and will readily 
adapt to these feeding schedules, however, in other rodent 
species, such as the mouse and hamster, this can be much 
more diffi cult, if not impossible. Hamsters on a schedule of 
one meal of 2   h/day experienced a very rapid drop in body 
weight (20% in 1 week), making it necessary to stop this 
experiment (Ritskes - Hoitinga, unpublished observations). It 
is essential to know and adapt to the characteristics of the 
species in feeding studies, and where there is uncertainty, 
pilot studies are recommended. If food restriction is a scien-
tifi c necessity, feeding meals at certain times can be used to 
achieve the restriction. Sometimes exact coupling of food 
intake between test and control groups is necessary in order 
to promote standardisation, so - called  ‘ pair feeding ’  (see 
below).  

  Meal  f eeding 

 Although feeding schedules are used to increase standardi-
sation of experiments, they are, mostly, quite unnatural and 
artifi cial. Such schedules interfere with the natural rhythms 
of drinking, eating and sleeping as dictated by the circadian 
oscillators. Interference will also occur with the rhythms of 
many (food - related) physiological processes. When food is 
consumed, especially large meals, the food itself perturbs 
many ongoing physiological processes that are closely regu-
lated by the body. As obvious examples, blood glucose con-
centration and metabolic rate both increase during and after 
meals, and the effects are greater when larger meals are 
eaten. In order to minimise the impact of these challenges, 
the well prepared individual can make meal - anticipatory 
responses that lessen the magnitude of the meal - induced 

phase inside these nest boxes. This remains true when the 
food hopper and water bottle are placed at a location remote 
from the nest box (Strubbe  et al .  1986b ; Brinkhof  et al.   1998 ). 
During the dark phase, rats eat in close proximity to the food 
hopper, whereas when they eat during the light phase, they 
make rapid excursions from the nest box to the food hopper, 
take a morsel of food and quickly return to the nest box to 
consume it. Consumption of food in the nest box increases 
with light intensity and can therefore be used as a measure 
of the light ’ s aversiveness (Brinkhof  et al.   1998 ; Strubbe  &  
Woods  2004 ). Aversion to light should, therefore, be taken 
into account when assessing feeding activity in rats during 
the light phase. In commonly used rat and mouse cages, the 
layer of food pellets in the food tray offers some protection 
from the light. Extremely bright light is, however, never 
advisable since it may induce retinal damage (Schlingmann 
 et al .  1993, 1995 ). The message here is that the presence of a 
burrow will certainly increase animal welfare for nocturnal 
animals, and for rats large burrows are recommended 
(Jegstrup  et al .  2005 ).  

  Circadian  r hythms 

 When an animal lives in an environment in which it is 
exposed to predictable light cycles every 24   h, its behav-
ioural patterns entrain on (or synchronise with) the light 
cycle of the environment. Important patterns can be revealed 
when the normal light – dark cycle is absent. Thus, when 
light is kept constant (either with continuous light or con-
tinuous dark), animals are no longer able to synchronise 
with the environment. The result is that many behavioural 
patterns, including feeding patterns, are governed by a, now 
unentrained, endogenous oscillator. This operates at a  ‘ free 
running ’  rhythm with a daily period that is near, but not 
identical, to that of one rotation of the earth. From this the 
term, circadian has been derived (circa = approximately, 
dies = day). The free running period (tau) is dependent on 
the individual and is genetically determined, so that in the 
absence of a light – dark change, or other effective cue, 
animals ’  rhythms will be at different phases, which could 
increase experimental variance. For this reason, a constant 
light – dark cycle is usually maintained in the laboratory. It 
is therefore important always to control and check the light-
ing conditions in the experiment rooms and when experi-
ments are performed in the laboratory, it is extremely 
important to do this under entrained conditions, unless 
specifi c chronobiological experiments require a  ‘ free run ’  
design. 

 The anatomical site of the light - entrainable oscillator or 
clock that controls circadian rhythms has been the subject of 
considerable investigation. The hypothalamic suprachias-
matic nucleus (SCN), which lies just dorsal to the optic 
chiasm, has been identifi ed as the site of the clock that 
generates circadian rhythms in mammals. When the SCN 
is lesioned in mammals, there is immediate and permanent 
disruption of the circadian rhythm of food intake and 
the animal ’ s feeding pattern becomes arrhythmic (Strubbe 
 et al.   1987 ). 

 Importantly, a SCN lesion does not induce blindness, and 
during the dark phase rats will still eat in the vicinity of the 
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pigs, cats, monkeys and many other animals it is considered 
bad veterinary practice to feed  ad libitum , as the animals will 
become obese (Hart  et al .  1995 ).  

  Long -  t erm  f ood  r estriction 

 Rodents are fed  ad libitum  in the majority of experimental 
studies. Feeding rodents  ad libitum  may be attractive from a 
practical point of view because no special feeding system or 
special care is required. However, on the basis of results 
from long - term toxicological studies, it is questionable 
whether this is a sound scientifi c or welfare approach. 

  Ad libitum  feeding leads to long - term negative health 
effects compared with restricted feeding (75% of  ad libitum  
intake). These include shorter survival time, increased rates 
of obesity, degenerative kidney and heart disease, and 
cancer at an earlier age (Hart  et al.   1995 ). Food restriction can 
have other positive effects on health. For instance, the rela-
tive body weight reduction 48   h after surgery (jugular can-
nulation) is smaller in food - restricted animals as compared 
to  ad libitum  fed rats (both at 3 – 4 and 17 – 18 months of age) 
(Hart  et al .  1995 ). It is claimed that animals become more 
 ‘ robust ’  when food intake is restricted, that is, that they can 
cope better with experimental stressors and related proce-
dures (Keenan  et al.   1999 ). Diluting the diet, for example, by 
including a higher fi bre content under  ad libitum  conditions, 
does not give the same positive health effects as compared 
to food restriction (Hart  et al .  1995 ). 

 In most instances, health problems due to being over-
weight are not considered a problem, because laboratory 
animals do not live to an age at which problems occur. 
However, for research into aging and kidney physiology, 
there are clear reasons to use food restriction instead of  ad 
libitum  feeding. Long - term food restriction is also very 
useful when long - term reductions of body weight are 
required, such as in obesity and type 2 diabetes research. 

 Keenan  et al .  (1999)  have demonstrated that  ad libitum  
feeding is the least controlled experimental factor in the 
laboratory. Considerable variation in experimental results 
from rodents on  ad libitum  feeding schedules was seen 
during the 1980s to 1990s in toxicology (Keenan  et al .  1999 ). 
One possible explanation could be the continuous selection 
of faster growing individuals in outbred strains (Keenan  et 
al .  1999 ). As rapid growth has often been considered an 
indicator of good health, robustness and leading to better 
reproduction, heavier individuals may have been selected 
for the breeding process. However, faster growth tends 
also to be associated with a shorter lifespan. By selecting 
within outbred colonies on the basis of fast growth, sub -
 populations may arise, leading to more variation within 
outbred populations. Feeding rodents at approximately 75% 
of the  ad libitum  food intake is recommended for long - term 
toxicity studies in order to make certain that a suffi cient 
number of animals survive the required 2 - year period (Hart 
 et al.   1995 ). Under  ad libitum  feeding conditions, body fat 
content can be more than 25% (Toates  &  Rowland  1987 ). By 
restricting food intake to 85% of  ad libitum  intake, body fat 
content will be less than 10%, which is similar to that found 
in wild - caught animals (Toates  &  Rowland  1987 ). In order 
to make sure that all individuals eat the same amount of 

perturbations. This has obvious advantages for an individ-
ual who, due to environmental constraints, is forced to 
consume all of its daily food in one or two very large meals. 
Rats can easily be trained to ingest the required amount of 
food in a limited amount of time. Within a week ’ s time, rats 
can be trained to ingest their daily food intake in two meals 
of 0.5   h each during the light phase (Ritskes - Hoitinga  et al . 
 1995 ). One meal of 2   h/day can be suffi cient for an (adult) 
rat to obtain the necessary energy and nutrients but this 
does depend on the physiological state of the animal. 
Although rats can be trained to adapt to eating one or two 
meals per day, the internal rhythm of the circadian clock is 
maintained. Therefore, in these scheduled feeding designs, 
there is a strong interference with the circadian feeding 
behaviour and concomitant gastrointestinal physiology. The 
time of day when the food is offered is critical to physiology 
and welfare. Meal - feeding during the dark phase as com-
pared to during the light phase, resulted in bile fl ow and 
physical activity being comparable to  ad libitum  feeding 
(Ritskes - Hoitinga  &  Strubbe  2004 ) and resulted in more 
normal physiological responses. 

 Animals can eventually adapt to feeding schedules in 
which fewer, larger meals are eaten, and this is usually 
associated with more effi cient handling of the diet, includ-
ing a slower gastrointestinal passage time and hypertrophy 
of the gastrointestinal wall. These changes help the 
animal to cope with the situation, despite the fact that the 
feeding schedule can be unsuited to its physiology and 
uncomfortable. 

 Virtually every digestive or metabolic variable that has 
been investigated changes in anticipation of meals. These 
meal - related changes are often called cephalic responses, 
because many of them are initiated by signals from the 
brain. When six equal meals are spread over the daily cycle 
with equal inter - meal intervals, these anticipatory responses 
are not seen (Strubbe  1992 ; Kalsbeek  &  Strubbe  1998 ). 
However, where rodents are used and the study requires a 
schedule of one to two meals per day, these anticipatory 
responses do occur. Generally it is preferable to feed 
more often as rats normally eat eight to ten meals per day. 
Welfare is certainly affected when forced artifi cial schedules 
are used.  

  Restricted  f eeding 

 Severe obesity and diabetes mellitus are becoming increas-
ingly prevalent in Western societies, and reducing body 
weight by adequate control of food intake is one of the best 
therapies. However, it is also one of the most diffi cult treat-
ments in humans, since it usually induces a feeling of a 
permanent state of hunger and as a consequence stress and 
mood problems, such as depression, occur. This is also the 
case in several husbandry systems, for instance in broiler 
breeders, where severe long - term food restriction is applied 
during rearing to prevent health and reproduction problems 
at a later age (De Jong  et al.   2003 ). 

 In food restriction studies, instead of food being provided 
 ad libitum , the energy supply is restricted, while still ensur-
ing nutritional adequacy, ie, that all essential nutrients are 
supplied in the required amounts (Hart  et al .  1995 ). For dogs, 
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     Figure 14.1     Chloral hydrate caused a signifi cant increase in the liver enzyme activity LA - 100 (LA is lauric acid, 100 refers to a dose of 
100   mg/kg). Under  ad libitum  conditions, 86 animals were needed in order to show a statistically signifi cant difference, whereas under food 
restriction conditions, only seven animals were necessary to fi nd a signifi cant difference between the treatment and control group (ie, a 92% 
reduction). Food restriction also leads to an increase in effect size as compared to  ad libitum  conditions (Leaky  et al .  2003 ; Ritskes - Hoitinga 
 2006 ).  ‘ Effect size ’  is the magnitude of the difference between the treated and control group, calculated by taking the absolute differences 
between the treated and control means and dividing this difference by the standard deviation for each group;  ‘ rank ’  indicates the numerical 
position of a certain parameter in the magnitude of the effect size; crosses refer to  ad libitum  fed groups, circles refer to restrictedly fed 
groups; CYP - 100 refers to liver enzyme activity measurement of the enzyme CYP at a dose of 100   mg/kg; liver/body is the liver/body weight 
ratio at the dose of 50 and 100   mg/kg. (Dr. Michael Festing is greatly acknowledged for these calculations.)  

food, it is advised to house them individually (Keenan  et al . 
 1999 ). However, this may have a negative welfare impact 
because of social isolation, as rodents are social animals. In 
order to solve this, one possibility is to feed group - housed 
animals individually. In line with current agricultural prac-
tice, microchips, computer technology and automated 
feeding devices have been used for feeding individual rats 
restrictedly under permanent group housing conditions. 
This strategy needs to be further developed. 

 An aspect of food restriction that deserves much more 
attention is the issue of standardisation and reduction. 
Under  ad libitum  feeding conditions, animals can freely 
choose the amount of food eaten. By defi nition, animals are 
fed a standardised amount of food under restricted feeding 
conditions, which automatically improves standardisation 
of experiments. Upon testing chloral hydrate in rats under 
 ad libitum  versus food - restricted conditions, it was found 
that a signifi cant difference in the liver enzyme activity of 
LA (lauric acid) between control and test group occurred at 
a dose of 100   mg/kg (Leaky  et al .  2003 ; Ritskes - Hoitinga 
 2006 ; Ritskes - Hoitinga  et al.   2006 ). Under  ad libitum  condi-
tions 86 animals per group were necessary, whereas only 7 
animals were needed under food - restricted conditions to 
prove that this difference was statistically signifi cant (Figure 
 14.1 ). This indicates that a reduction of 92% in the number 
of animals used was possible under these conditions because 
the magnitude of the effect was much greater under 
restricted feeding conditions than under  ad libitum  feeding, 
which is a well known effect of food restriction (Hart  et al.  
 1995 ).   

 However, it is not only from the point of view of the 
numbers of animals used, that welfare issues associated to 
food restriction need to be addressed. Long - term food 

restriction may (temporarily) cause feelings of hunger. This 
can be a strong stressor leading to abnormal behaviour such 
as stereotypies and will affect animal ’ s welfare by causing 
mood problems (Dixon  et al.   2003 ). One study with rabbits 
showed that a lower frequency of stereotypical behaviour 
occurred when rabbits were offered a restricted amount of 
food at their natural time of the day compared with restricted 
feeding at an unnatural time of day and as compared to  ad 
libitum  feeding (Krohn  et al.   1999 ). This indicates that feeding 
a restricted amount of food at the  ‘ proper ’  time is benefi cial 
for welfare, even when compared to  ad libitum  feeding. 
When a restricted feeding schedule is used, it should be 
remembered that as soon as food becomes available again, 
the animal will ingest a large meal in order to compensate 
for energy defi cits from the fasting period.  

  Short -  t erm  f ood  d eprivation 

 Short - term food deprivation, such as overnight fasting or 
other food deprivation schedules, is often used in research. 
For example, fasting may be necessary when blood samples 
need to be lipid - free for certain analyses. These short - term 
food restriction periods (ie, hours) are needed for certain 
experiments and can also improve standardisation and 
reproducibility of experiments. However, food deprivation 
for a period of 24   h results in a different metabolic state than 
under  ad libitum  feeding conditions (Strubbe  &  Alingh Prins 
 1986 ). After rats have been deprived of food for a period of 
24   h or more, all glycogen deposits have been used. Food 
deprivation in rats for a period of 12   h leads to a shift from 
carbohydrate to fat metabolism (Strubbe  &  Alingh Prins 
 1986 ). An excellent overview of how food restriction infl u-
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untary eating of a similar meal, can affect experimental 
results (Vachon  et al .  1988 ). In this study by Vachon  et al . 
 (1988) , voluntary consumption yielded results more compa-
rable to those from from human studies. A disadvantage of 
stomach tubing is that it bypasses all the oropharyngeal 
processes, including the physical effects of chewing and the 
addition of salivary enzymes that initiate the digestive 
process. Gavage can also cause stress to the animals, result-
ing in suppression of gastrointestinal activity. By training 
the animals to become accustomed to the procedure and 
giving them positive rewards, the use of the stomach tubes 
becomes gradually less stressful. 

 Another possibility is to insert permanent cannulas in the 
stomach (or small intestine), which makes it possible to 
apply substances directly into the stomach or small intestine 
without stress (Strubbe  et al .  1986a ) and without risk of 
contamination of the environment and the person executing 
it. These permanent cannulas are used, for example, to 
measure the satiety effects of fi lling the gastrointestinal 
system with purifi ed nutrients at different anatomical loca-
tions. After the initial surgical procedure, rats can walk 
freely in their home cage. Due to the presence of the cannula 
attachment to the skull, individual housing is often used, 
however, this will impact on the animals ’  welfare. Social 
housing is possible if the cannula attachments are protected 
from bites by a metal cap.  

  Working for  f ood 

 When food is always available, but not  ‘ free ’ , animals readily 
change their feeding patterns based upon other kinds of 
constraints. When an energy cost is placed on gaining access 
to food, rats change their strategy to minimise total daily 
work while maintaining a constant body weight (Collier  et 
al .  2007 ). Specifi cally, as the cost of gaining access to food 
increases (eg, the number of responses an animal must make 
to gain access to food; or some other aspect of physical 
effort), two changes occur: the rats eat larger meals, and they 
eat fewer meals (Figure  14.2 ).   

 It is diffi cult to determine how much time/energy ought 
to be spent on working for food. The choice the animals 
make does not necessarily optimise long - term welfare. 
Sometimes, the animals are inclined to eat a large 
amount of easily available food fast, in order to make energy 
deposits. This in turn, may have a negative impact on the 
animals ’  health and welfare in the long term. As a result 
of domestication and selection, animals may change in 
ways that impact on their needs for optimal welfare. 
Comparing the behaviour of the white leghorn chicken and 
its ancestor, the wild jungle fowl, a remarkable difference 
has occurred in food searching behaviour. When given 
the choice between freely available food from a plate and 
food that was hidden in the bedding in a semi - natural 
environment, the white leghorn chose to search for food in 
the bedding and consumed 30% of their feed from this 
source, whereas wild jungle fowl consumed 70% of the total 
diet from the hidden food (Ritskes - Hoitinga  &  Strubbe 
 2004 ). This indicates that there may be a behavioural adapta-
tion as a result of domestication and selecting strains for 
increased production.  

ences the physiology and well - being of various species has 
been published by Rowland  (2007) .  

  Pair  f eeding 

 If a test group ’ s voluntary food intake differs from that of 
the controls, it is advisable to take steps to equalise the 
intake between the groups. Such differences can occur when 
the palatability of the test diet is negatively infl uenced, or 
where the substance has a negative effect on appetite or 
health, resulting in reduced food intake. For standardisa-
tion, test and control animals must ingest a similar amount 
of food at a similar time of day, otherwise it will be impos-
sible to judge the effects of the test substance and/or proce-
dure independently of its effects on food intake. Because 
NRC requirements are based on obtaining maximum growth 
rate, a level of 75% of the NRC recommendations is still 
considered suffi cient to fulfi l all needs. 

 There are four possible methods for achieving pair feeding 
and these are: (1) weighing; (2) coupling of food dispensers; 
(3) gavage/permanent stomach cannula; and (4) feeding 
machine. In the fi rst method the amount of food eaten by 
the test group is weighed, and the control group is fed the 
same amount of food the next day. A disadvantage of 
this method can be that the total daily food supply is pro-
vided at once to the control animals, perhaps at an unnatural 
time point of the day (eg, perhaps during the resting 
phase in rodents). This may induce quite a different eating 
pattern and overloading of gastrointestinal processes in the 
controls as compared to the test animals, thereby preventing 
proper comparison between test and control animals. In the 
second method, using food dispensers, rats can be trained 
to obtain a pellet by pressing a lever. By coupling food dis-
pensers for test and control animals, the dispenser of the 
control rat provides a pellet at exactly the same time as the 
test animal  ‘ asks for ’  and eats a pellet. This system stand-
ardises amounts eaten and ingesting patterns. In the third 
method, permanent stomach cannulation and gavage 
make it possible to provide all animals with exactly the same 
amount of food at the same time points (Balkan  et al.   1991 ). 
However, inserting a permanent stomach cannula requires 
a surgical procedure and both the stomach cannula 
and gavage method omit the oral digestive process. In the 
fourth method, feeding machines with regulated opening of 
valves make it possible to open and close food hoppers at 
the same times during the day for test and control animals. 
Meal training is another possible solution for a pair - feeding 
schedule.  

  Gavage  f eeding 

 In research on pharmaceutical agents or nutrients, it can be 
important to avoid any negative infl uence of taste on food 
intake. In such cases, gavage is used to introduce substances 
directly into the stomach. Gavage may also be required for 
radioactive isotopes or immunosuppressants, where exact 
dosing is required and health - damaging substances must 
not be spilled into the environment. However, the applica-
tion of a meal directly in the stomach as compared to vol-
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such meals as energy demands increase further (Strubbe  &  
Gorissen  1980 ).  

  Group  h ousing 

 Although restricted feeding schemes and solitary housing 
have advantages for the standardisation and execution of 
experiments, restricted feeding schedules and solitary 
housing may have welfare consequences. Animals of social 
species ought to be housed socially, unless there are clear 
reasons for doing otherwise. When harmonious social 
housing is not possible, then all possible efforts should be 
made to improve animal welfare in other ways. 

 Housing and husbandry conditions can infl uence both the 
amount of food animals ingest, and the animals ’  feeding 
patterns. Whether an animal is group or individually housed 
has implications for food intake and results of scientifi c pro-
cedures. Individually housed mice of both sexes were found 
to have higher food intake than mice housed in groups of 
two, four or eight per cage (Chvedoff  et al .  1980 ; Beynen  &  
Coates  2001 ). Mice housed individually or at two per cage 
had a higher body weight and body weight variability than 
the other groups. When the mice were housed at eight per 
cage, gastritis occurred more frequently compared with 
individually housed mice (Chvedoff  et al .  1980 ). These 
results indicated that four mice per cage was the optimum 
group size in this particular study. Peters and Festing  (1990)  
showed that maximum body weight gain at different cage 
densities depended on the cage size and the mouse strain 
chosen: the inbred Balb/c thrived best in a high - density 
housing, whereas the outbred MF1 had a higher body 
weight gain in low - density housing. If mice are housed in a 
group, they usually lie together, reducing their total surface 
area. Reduced heat loss per animal in the group is the result 
and, due to this  ‘ behavioural thermoregulation ’ , food intake 
is reduced (De Vries  et al.   1993 ; Woods  &  Strubbe  1994 ). 
If test compounds are incorporated in the food, the 
investigator should be aware of the phenomenon that group 
size infl uences intake and, therefore, the intake of the 
compound. 

 Behavioural and ingestion patterns can also be infl uenced 
by the social structure in the group. A dominant animal may 
prevent others from eating at certain times. Food intake pat-
terns of socially compatible groups of S3 rats showed the 
normal feeding pattern with a clear dawn peak for all indi-
viduals. In contrast in a group that was socially incompati-
ble, the dominant animal prevented the rats lower in 

  Diets 

 A change is likely in the animal ’ s feeding strategy if diet and 
palatability are changed. However, after a few days the free -
 feeding pattern will return to the original state with the 
same meal frequency (Strubbe  &  van Dijk  2002 ; Ruffi n  et al . 
 2004 ). 

 A regular chow diet can be used for animal maintenance 
and during numerous types of scientifi c procedures but, in 
nature, a greater variety of ingredients is often available and 
consumed. So, is greater variety and the opportunity to 
choose and select better for the welfare of the animals? 
When rats were given the choice between various diets pro-
viding energy from different sources, the rats chose carbo-
hydrate - rich diets in the evening hours, and fat - rich diets 
just before the start of the resting period (Strubbe  1994a, 
1994b ). The same time - dependent pattern of macronutrient 
selection was also seen in humans (van het Hof  et al.   1997 ). 
The evolutionary explanation may be that carbohydrate - rich 
diets will quickly provide the animal with a source of readily 
available energy, necessary to supply the energy defi cits that 
have arisen during the resting phase. The selection of macro-
nutrients is governed by several neurotransmitters in the 
central nervous system such as galanin, neuropeptide Y 
(NPY) and serotonin (Strubbe  1994a ; Kyrkouli  et al .  2006 ). 
At present, in the authors ’  laboratory, the animals are 
often only offered one standard diet throughout the day 
but varying the diets offered can improve their welfare. It 
has been reported that monkeys that had access to a 
herb garden in the Zoo  ‘ Apenheul ’  at Apeldoorn in the 
Netherlands, made a selection of specifi c herbs according to 
their health state 1 . Food selection is individually determined, 
and it may be better for welfare to permit individual 
selection of foods. At fi rst glance, this may appear to confl ict 
with attempts to standardise experiments, however, if indi-
vidual needs are properly met, standardisation of experi-
ments can be improved by adopting this approach. It will 
be a challenge to defi ne how this should be achieved in 
practice. 

 Normal feeding patterns in rats also vary with their physi-
ological and metabolic state. When energy demands are 
increased, such as during lactation or during forced daily 
exercise, rats fi rst increase the size of meals up to their 
normal maximal meal size and later increase the number of 
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Days     Figure 14.2     Daily pattern of food intake of a rat on 
consecutive days. The black lines represent bouts of feeding 
activity. On day 5, the distance between the food hopper bars 
was reduced, requiring increased effort to obtain food through 
the bars. Notice the large meals of extremely long duration in 
the beginning. After a few days, the animals could work their 
way through the narrowed food hopper bars just as fast as 
before. Reproduced from Ritskes - Hoitinga, M. and Strubbe, 
J.H.  (2004)  Nutrition and animal welfare. In:  The Welfare of 
Laboratory Animals . Ed. Kaliste, E., pp. 51 – 80. With kind 
permission of Springer Science and Business Media.  

  1       http://www.kennislink.nl/publicaties/wat-kunnen-wolapen-ons-
leren-over-gezondheidsbevorderend-gedrag  



192 Nutrition, feeding and animal welfare 

    Dixon ,  D.P.  ,   Ackert ,  A.M.   and   Eckel ,  L.A.   ( 2003 )  Development of, 
and recovery from, activity - based anorexia in female rats . 
 Physiology and Behavior ,  80 ,  273  –  279   

   Environmental Protection Agency  ( 1979 )  Proposed health effects 
test standards for toxic substances control act test rules. Good 
laboratory standards for health effects .  Federal Register ,  44 ( 91 ), 
 27362  –  27375   

    Ewen ,  S.W.B.   and   Pusztai ,  A.   ( 1999 )  Effect of diets containing genet-
ically modifi ed potatoes expressing  Galanthus nivalis  lectin on rat 
small intestine .  The Lancet ,  354 ,  1353  –  1354   

   FELASA Working Group :   R ü licke ,  T.  ,   Montagutelli ,  X.  ,   Pintado ,  B.   
 et al . ( 2007 )  FELASA guidelines for the production and nomen-
clature of transgenic rodents .  Laboratory Animals ,  41 ,  301  –  311   

   Foods Standard Agency and Institute of Food Research  ( 2002 ) 
 McCane and Widdowson ’ s The Composition of Foods ,  6th edn .  Royal 
Society of Chemistry ,  London   

   GV - Solas  ( 2002 )  Guidelines for the Quality - Assured Production of 
Laboratory Animal Diets .  Gesellschaft f ü r Versuchstierkunde  –  
German Society for Laboratory Animal Science ,  Berlin   

    Hart ,  R.W.  ,   Neumann ,  D.A.   and   Robertson ,  R.T.E.   ( 1995 )  Dietary 
Restriction: Implications for the Design and Interpretation of Toxicity 
and Carcinogenicity Studies .  ILSI Press ,  Washington   

    Horton ,  R.   ( 1999 )  Genetically modifi ed foods:  ‘ absurd ’  concern or 
welcome dialogue?   The Lancet ,  354 ,  1314  –  1315   

    Jegstrup ,  I.M.  ,   Vestergaard ,  R.   and   Ritskes - Hoitinga ,  M.   ( 2005 )  Nest 
building behaviour in male rats in three inbred strains: BDIX/Orl 
Ico, BN/HsdCpb and Lewis/Mol .  Animal Welfare ,  14 ,  149  –  156   

    Kalsbeek ,  A.   and   Strubbe ,  J.H.   ( 1998 )  Circadian control of insulin 
secretion is independent of the temporal distribution of feeding . 
 Physiology and Behavior ,  63 ,  553  –  558   

    Keenan ,  K.  ,   Ballam ,  G.  ,   Soper ,  K.    et al . ( 1999 )  Diet, caloric restriction, 
and the rodent bioassay .  Toxicological Sciences ,  52  ( Suppl ),  24  –  34   

    Kemnitz ,  J.W.   ( 1984 )  Obesity in macaques: spontaneous and 
induced .  Advances in Veterinary Science and Comparative Medicine , 
 28 ,  81  –  114   

    Kersten ,  A.  ,   Strubbe ,  J.H.   and   Spiteri ,  N.J.   ( 1980 )  Meal patterning of 
rats with changes in day length and food availability .  Physiology 
and Behavior ,  25 ,  953  –  958   

    Koopman ,  J.  ,   Scholten ,  P.  ,   Roeleveld ,  P.    et al . ( 1989 )  Hardness of diet 
pellets and its infl uence on growth of pre - weaned and weaned 
mice .  Zeitschrift f ü r Versuchstierkunde ,  32 ,  71  –  75   

    Krohn ,  T.  ,   Ritskes - Hoitinga ,  J.   and   Svendsen ,  P.   ( 1999 )  The effects 
of feeding and housing on the behaviour of the laboratory rabbit . 
 Laboratory Animals ,  33 ,  101  –  107   

    Kyrkouli ,  S.E.  ,   Strubbe ,  J.H.   and   Scheurink ,  A.J.W.   ( 2006 )  Galanin 
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hormone levels in the rat .  Physiology and Behavior ,  89 ,  103  –  109   

    Leaky ,  J.E.A.  ,   Seng ,  J.E.  ,   Latendresse ,  J.R.    et al . ( 2003 )  Dietary con-
trolled carcinogenicity study of chloral hydrate in male B6C3F1 
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Sheep 1985; of Dogs 1985; of Beef Cattle 1984; of Mink and Foxes, 
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Horses 1989; of Dairy Cattle 1989; of Swine 1998; of Cats 1986; of 
Goats 1981; of Nonhuman Primates 2003, 2nd edn; of Rabbits 
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    Nygaard Jensen ,  M.N.   and   Ritskes - Hoitinga ,  M.   ( 2007 )  How isofl a-
vone levels in common rodent diets can interfere with the value 
of animal models and with experimental results .  Laboratory 
Animals ,  41 ,  1  –  18   

    Peters ,  A.   and   Festing ,  M.   ( 1990 )  Population density and growth 
rate in laboratory mice .  Laboratory Animals ,  24 ,  273  –  279   
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diets for laboratory rodents: fi nal report of the American Institute 
of Nutrition ad hoc writing committee on the reformulation of the 
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hierarchy from having a dawn peak at the natural 
time. Some had to shift to an earlier time during the dark 
phase, and some even shifted to the beginning of the light 
phase (Ritskes - Hoitinga  &  Strubbe  2004 ). It is unclear 
whether the phase of circadian rhythm had shifted 
permanently. 

 Thus, group housing can infl uence experimental outcome, 
either by infl uencing food intake and feeding patterns or by 
other factors. In one case, incompatibility between individu-
als in a group of dogs led to stress and vomiting of food 
until 8   h after the meal. Ingestion of this vomited food caused 
a disturbance of the experimental results. Upon changing 
the treatment and handling of the group of dogs in many 
ways, a social compatible group of individuals led to more 
reliable and reproducible results (Ritskes - Hoitinga  et al . 
 2006 ).   

  Concluding  r emarks 

 When carrying out research using animals, it is a challenge 
to feed them in such a way that their health and welfare is 
maintained and results are reliable and reproducible. To do 
this requires knowledge of nutritional and behavioural 
requirements. This chapter provides an overview of factors 
that must be taken into account when feeding animals in the 
laboratory. Much more research is needed into how differ-
ent feeding methods can be used as enrichment in order to 
improve laboratory animal welfare.       
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  Introduction 

 During the last two decades, there has been very consider-
able improvement in our understanding of the needs of 
animals, although there is much still to learn, and many of 
the measures implemented to improve husbandry have 
been empirically formulated. There is an urgent need for 
more investigative work into the most appropriate hus-
bandry conditions of many laboratory species and those 
who are routinely engaged in animal care may often be well 
placed to carry out or assist in such research. 

 In addition to animal welfare - based changes to the way 
animals are housed and cared for, there have been other 
developments that have brought science into the animal 
facility and technology into the day - to - day routines of staff 
working there. New ways of keeping animals include: the 
group housing of rabbits, primates and dogs; ventilated 
racks and other biocontainment facilities; high - intensity 
aquatic environments; computerised systems for monitor-
ing the environment and maintaining animal records; and 
high - performance room ventilation systems, which 
minimise carbon costs whilst maintaining rigorously defi ned 
air quality within rooms with a low burden of aeroallergens. 
Changes such as these have coincided with the emergence 
of new experimental methods and models, including 
transgenics, high health status, chronic studies on animals 
with instrumentation, radiotelemetry and indwelling 
catheters. 

 The importance of ensuring competence of those who care 
for and use animals has never been higher. Training pro-
grammes should be designed and delivered with a view to 
developing the knowledge and skills appropriate to the 
duties of individuals, whilst promoting the diversity and 
fl exibility necessary for career development. All staff must 
commit to their own development, so it is important that at 
the outset they explicitly agree what constitutes satisfactory 
performance in relation to the outcomes required and that 
the reasons for training and the ways in which both staff and 
the organisation will benefi t are made clear (Silverman 
 2002 ). Training helps staff to develop basic competencies 
and, in the case of ongoing training, to use new equipment 
and procedures. Training is important for maintaining and 
updating knowledge about legislative and regulatory devel-
opments, and for the renewal of competencies, particularly 
in areas not frequently addressed (Pritt  &  Duffee  2007 ). The 

amount and nature of training required by individuals is 
likely to differ, which, with variation in preferred learning 
styles, resource allocation and confl icting work demands 
puts considerable pressure on those responsible for deliver-
ing training in the workplace. Training without follow - up is 
ineffective and a clear, transparent means of measuring 
progress should be set in place that allows both staff and 
their supervisors to monitor and recognise success as the 
learning objectives are achieved.  

  Legal and  e thical  c onsiderations 

 All those working with animals need to be made aware of 
their obligations under national and regional legislation, 
and this is an essential part of the training process (see also 
Chapter  8 ). In most instances, legislation adopts the ethical 
framework of the Three Rs of Russell and Burch (Russell  &  
Burch  1959 ). In general terms, this states that animals should 
only be used when no non - sentient alternatives exist, that 
then as few as possible should be used, and that the experi-
ments should be conducted so as to minimise the adverse 
impact on each animal concerned (see Chapter  2 ). 

 Everyone involved in the care and use of laboratory 
animals is partially responsible for an activity which requires 
legislation to make it legal, and consequently must make 
ethical decisions and accept the consequences of those on an 
ongoing basis. The people who have most infl uence on the 
well - being of laboratory animals are those who care for 
them on a regular basis. Although the conduct of scientifi c 
procedures almost invariably impacts on their well - being, 
that impact is usually transient or of relatively short dura-
tion. On the other hand, animals must be bred, transported 
and cared for before the study starts and during its progress; 
and at the end of the investigation they must usually be 
humanely killed. Animal care staff and their supervisors are 
in the frontline of this process and it is important that they 
should clearly understand the ethical principles involved 
and the concerns which society expresses. Appreciation of 
this can be particularly diffi cult when some individuals, 
albeit only a tiny minority, threaten violence or intimidation 
against those involved. While it may not always be appro-
priate to focus on the theoretical background of ethical deci-
sion making, all persons involved in animal experimentation 
should be able to apply ethical principles to clarify and feel 
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  Sources of  i nformation 

 Various courses and training opportunities are available, 
such as those organised by major laboratory animal breed-
ers, which deal with general laboratory animal care, as well 
as the research techniques used by particular establishments 
or research groups. In addition, national/regional labora-
tory animal science associations frequently hold symposia 
or conferences, at which specifi c aspects of animal use are 
discussed and placed within context. Ideally, completion of 
such courses should be recognised formally, so that credit 
can be given to individuals who take the time and effort to 
keep their skills up to date. 

 Efforts have been made in some areas to harmonise train-
ing, but this may be easier for general courses than for 
specifi c research techniques, because of the greater number 
of organised training opportunities, the much greater size 
of the target group and the development of national and 
international guidelines. Specialist knowledge, for example 
in the husbandry and care of genetically altered animals, can 
be gained at an individual level by reading texts and visiting 
specialist websites, for example that of the International 
Society for Transgenic Technologies 1  etc. 

 Harmonisation of general courses within countries has 
been achieved in some cases, but to achieve the same within 
a continent or globally is much more of a challenge. None 
the less, efforts in that direction have been initiated by the 
International Council for Laboratory Animal Science 
(ICLAS) 2 . In contrast, the quality and volume of specifi c 
training offered by research groups is highly variable, and 
it is diffi cult to conceive a mechanism for ensuring suffi cient 
training for the variety of specifi c procedures conducted.  

  What  i s  c ompetency? 

 Competency has been incorporated into European legisla-
tion for over two decades (European Council  1986 ), and 
remains central to current proposals to revise the European 
Directive 86/609 3 , although this identifi es a competent 
person only as someone  ‘  who is considered by a member state 
to be competent to perform the relevant function described in the 
Directive  ’ . Beyond this the proposed Directive provides no 
guidance as to what might be expected from a competent 
person, although it recognises that quality and professional 
competence is required for assuring the welfare of animals, 
both for overseeing the care of animals on a daily basis and 
during the conduct of procedures. Reference is made to 
some duties which must be carried out only by competent 
persons, including performance of euthanasia and confi rm-
ing the well - being and health of animals at least once daily. 
Those conducting scientifi c procedures must have appropri-
ate veterinary or scientifi c education and training and have 
evidence of the requisite competence (Article 20, paragraph 
2, sub - paragraph 1). Authorisation to carry out such inves-
tigations is valid only for a strictly limited period (5 years) 

confi dent about their role and the activities of the institution 
and regulatory systems within which they work. Moreover, 
a common ethical appreciation of those caring for and con-
ducting experiments on animals within a particular estab-
lishment results in the development of shared values, which 
underpin a pervasive culture of care. Such an institutional 
culture is intolerant of acts which unnecessarily impair 
animal welfare, thereby supporting legal compliance, estab-
lishing ethical sustainability and ultimately enhancing the 
robustness of scientifi c studies. 

 Because of the underlying importance of these ethical 
principles in relation to the day - to - day activities of animal 
care staff and others, it is important that staff are made 
aware of the ethical framework and the law as soon as 
they commence work. These are important topics in formal 
training courses, but should also be promoted by 
ethical review processes within establishments and by 
supervisors and colleagues. This is one of several topics in 
which formal teaching, by lectures, seminars or study of 
online materials, is less effective than interactive teaching, 
in which learners are encouraged to ask questions and to 
solve problems that address ethical issues. Good communi-
cation is central to developing shared ethical values, 
and both care staff and scientists should be able to talk 
freely with each other using a common understanding 
focused on high - quality care routines, welfare issues and 
science and based on acceptance of individual responsibility 
and accountability.  

  Other  p urposes of  e ducation and  t raining 

 Consideration of the needs for education and training 
should not be restricted to regulatory requirements, but 
should use them as a starting point. Regulatory require-
ments tend to be broadly drafted and include general state-
ments such as the need for  ‘ appropriate education ’ . Details 
of curriculum content, the minimum length of initial train-
ing and maintenance of up - to - date knowledge and skills are 
not addressed in detail (see for example European Directive 
86/609, European Council  1986 ). A similar situation applies 
in the United States (see Duffee  et al.   2003 ). Although the 
objectives of national laws and regulations on education and 
training are similar, the means by which they are achieved 
and implemented can differ considerably. 

 Training is also necessary to achieve high - quality science 
and good animal welfare (Nevalainen  2004 ). University 
science curricula do not usually specifi cally address issues 
relating to animal welfare, good scientifi c practice or associ-
ated ethical subjects. A strong case can be made for referring 
to these topics within the curriculum. Many undergraduates 
who are taking biology - based courses will not progress to 
carry out research involving animals, and therefore do not 
need to gain competences in these areas, but it is important 
that all of those who acquire or use information in a scien-
tifi c or technical way should appreciate how that informa-
tion has been obtained. The value of including such 
information in undergraduate degree courses has been 
explored by assessing student opinions (Carlsson  et al.   2001 ) 
but more needs to be done to determine the most appropri-
ate level and time of presentation.  

  1       http://www.transtechsociety.org/ . 
  2       www.iclas.org/harmonization.htm . 
  3       http://www.europarl.europa.eu/sides/getDoc.do?pubRef=-//EP//

TEXT+TA+P6-TA-2009-0343+0+DOC+XML+V0//EN&language=EN  
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   •      appreciation of the importance of good hygiene and 
biosecurity, and awareness of the procedures necessary 
to maintain these;  

   •      appreciation of health and safety issues which may 
arise in the animal facility and awareness of how these 
should be addressed;  

   •      understanding the importance of maintaining accurate 
records and aptitude in record maintenance.    

 Additionally, specifi c competencies may be developed relat-
ing to the ability to administer compounds, withdraw bio-
logical samples, carry out specifi c observations or make 
measurements using validated equipment, as directed by a 
scientist or other person, appropriately authorised and 
subject to compliance with local and legal requirements. 
Those with aptitude may develop competencies such as 
managing staff, overseeing facilities or the provision of spe-
cialist services. 

 A distinction can be made between basic competences 
relating to the ability to perform relatively routine tasks 
effi ciently and effectively, following detailed instructions, 
where relevant, and more advanced competences in which 
individuals vary their behaviour when necessary, but 
always in an appropriate way. Highly competent people 
react almost intuitively by assessing the situation in its 
context, drawing from a repertoire of possible actions, deter-
mining which of these is most appropriate, monitoring the 
consequences of that action and adjusting their actions as 
appropriate. Highly competent people require experience 
and the ability to monitor outcomes and adapt actions 
according to the consequences. Such behaviour involves a 
continuous process of acting and refl ecting. Basic and 
advanced competence can be developed by training. Both 
require an understanding of regulatory and other con-
straints on actions, and the ability to ensure that appropriate 
authority is obtained where necessary. 

 Development of competency involves a complex mix of 
education and teaching. Education is the process by which 
knowledge is accumulated, whereas teaching can be defi ned 
as the promotion and facilitation of learning. Of itself, teach-
ing imparts neither knowledge nor skill  –  it simply helps the 
learner to acquire, understand and interpret information 
effi ciently and effectively. The term training has been used 
to describe the facilitation of skills development. From the 
perspective of competence, teaching involves instruction 
and practice, which develop and enhance performance so as 
to help learners to carry out their responsibilities. The devel-
opment of appropriate attitudes is a much more compli-
cated issue, and depends partly upon the previous experience 
of the learner, organisational attitudes within the workplace 
and the professionalism and enthusiasm of those responsi-
ble for delivering training and education. The extent to 
which inherent attitudes can be modifi ed by training is the 
subject of considerable debate, but there is no doubt that 
both the attitude of teachers and relationships with peers 
have an important infl uence.  

  Oversight of  t raining 

 As noted earlier competence is  ‘  the ability of an individual to 
properly perform specifi c tasks  ’ . This ability requires possession 

and at the end of that time extensions shall be granted only 
on the basis of evidence of continuing competency. 

 There is very little agreement about the meaning of the 
word  ‘ competence ’ , although most people agree that it 
refers to the ability to perform a task or perhaps the skill 
with which it is performed. However, the word is more 
frequently used in a broader way, to refer to a person ’ s 
overall ability to carry out a role satisfactorily, rather than 
just certain elements of it. It is also sometimes used to 
describe the detailed aspects of an individual ’ s job perform-
ance, for example;  ‘  this technician had demonstrated competency 
in sexing day - old mice  ’ . The EU Knowledge System for 
Lifelong Learning defi nes competence as  ‘  an ability that 
extends beyond the possession of knowledge and skills. It includes 
cognitive competence, functional competence, personal compe-
tence and ethical competence  ’  4 . 

 For the purpose of this chapter, competence will be 
regarded as the ability of an individual to properly perform 
specifi c tasks that fall within their job remit. The term encom-
passes a combination of knowledge, skills and attitudes, 
which are applied to tasks being undertaken and which 
ensure that these are carried out effi ciently and effectively. In 
the case of laboratory animal science, the relevant attitudes 
encompass recognition and application of the Three Rs at 
every opportunity, a high level of skill and empathy with 
animals for which the individual is responsible, openness 
and willingness to seek assistance and guidance whenever 
appropriate, and the ability to effectively communicate con-
cerns if issues relating to animal welfare arise. 

 In the case of animal care staff, the range of skills that a 
competent person should possess would include the 
following: 

   •      appreciation of the ethical issues associated with the 
scientifi c use of animals and the application of the Three 
Rs;  

   •      working knowledge of national and local legislation and 
regulations; insofar as these relate to the sourcing, care 
and use of the species concerned, including any require-
ments of local ethical or care and use committees;  

   •      ability to recognise departures from good health and 
knowledge of actions to take where this is detected;  

   •      knowledge and skill in the handling and caring of 
animals including breeding stock and animals undergo-
ing experiments;  

   •      awareness of normal behaviour, and ability to recognise 
the causes and signs of pain, discomfort or distress and 
awareness of how to minimise these;  

   •      skill in the administration of medicines (where pre-
scribed by a veterinarian), basic husbandry procedures 
such as identifi cation methods, breeding and checking 
for physical signs of good health;  

   •      dexterity in animal handling, skill in selecting a suitable 
method and carrying out euthanasia if necessary and 
awareness of how to dispose of carcases;  

   •      ability to communicate effectively with other care staff, 
including supervisors, and with scientists who may be 
carrying out experiments on animals being cared for;  

  4       http://www.gramlinger.net/f_arbeit/LLL/glossary.pdf . 
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   •      Increased productivity in terms of scientifi c output and 
the quality of publications generated by skilled and 
motivated people who work more effectively.  

   •      Improved motivation and greater understanding of the 
role of staff within the workplace. Improved personal 
development and recognition of achievements. This 
enhances morale, reduces staff turnover and absentee-
ism, and creates a climate in which change is more 
readily embraced. Motivation also encourages team-
work in the conduct of scientifi c investigations, with 
closer liaison between animal care staff scientists and 
those overseeing projects.  

   •      Reduced costs and wastage, because skilled and moti-
vated people work more effectively and consistently, 
delivering higher - quality scientifi c outputs.  

   •      Recognition that the facility is comprised of effective 
and well trained individuals. This together with 
improved quality of programmes makes it easier to 
attract grants or commissions, or to identify promising 
research leads and lines. At academic establishments in 
many European countries, there is increased emphasis 
on the consistency and quality of scientifi c work.    

 The development of a training programme provides an 
opportunity to review current policies and practices and to 
identify areas where improvement is possible. It also pro-
vides a framework for planning future strategy and devel-
oping actions, and enables the creation of a structured 
system to enhance the effectiveness of training and develop-
ment activities. Critical to this stage is the identifi cation of 
priorities for education and training (Conarello  &  Shepherd 
 2007 ). The programme should take account of the size and 
type of establishment, the current knowledge and skills of 
staff, the complexity of the work, the rate of staff turnover 
and the level of support and advice available within the 
workplace. The framework provided by the four Federation 
of European Laboratory Animal Science Associations 
(FELASA) categories is often a convenient starting point. 
One strategy is to benchmark the provision of education and 
training against that of similar establishments undertaking 
similar work, and to adopt similar performance standards. 
Alternatively, views may be sought of key individuals such 
as line managers, veterinarians, senior scientists or their rep-
resentatives, a member of the ethical review process and 
perhaps other key individuals such as client representatives 
or offi cials concerned with regulatory compliance. Often 
such a body already exists in the form of an animal care and 
use committee or similar, and in such cases this is likely to 
be the most effective tool. The training plan must identify 
clear targets based on the Three Rs, quality of science and 
the business or academic objectives of the organisation. The 
process should take account of perceived future skills 
requirements resulting from the introduction of new equip-
ment or new technologies. While the training programme is 
being developed, there must be wide consultation with staff, 
particularly in large organisations or where staff work in 
distinct teams in different parts of a single organisation, for 
example where biosecurity arrangements preclude frequent 
mixing. 

 Mention has been made earlier of the importance of devel-
oping a culture of care within the establishment. Staff 

of appropriate manual skills, but without an appreciation of 
the principles that underlie the task, performance becomes 
automatic and unresponsive to any variation in demands, 
such as might arise from an unexpected event or a signifi cant 
observation, this should not be regarded as competence. 

 A distinction also needs to be made between knowledge 
and understanding (Foshay  &  Tinkey  2007 ). The former refers 
to information which can be recalled to mind, but the latter 
requires that the facts can be assembled and used to enable 
concepts and principles to be developed and assessed and so 
contributes to fl exibility of actions. Whilst knowledge of facts 
may be necessary to underpin understanding, additional 
processing is necessary to use them in a meaningful way. 

 Basic technical procedures can be learnt by following a 
series of steps without understanding why they are taken or 
the consequences of performing them; this is knowledge 
without understanding and an example might be close 
adherence to a standard operating procedure (SOP). 
However, when something is meaningfully understood, it 
is remembered much longer, provides the basis for develop-
ing further understanding and can be adapted to deal with 
emergencies or novel and perhaps more complex situations. 
For factual knowledge to become meaningful knowledge, it 
needs to be linked to a broader, previously learned, closely 
related context; a process known as assimilation. The weaker 
the association with that context, the less coherent is the 
resultant understanding and it may become necessary to 
substantially revise that context in order to enable confl icts 
to be resolved. The education, training and development of 
persons working with laboratory animals requires the learn-
ing of skills, the presentation and assimilation of knowledge 
and the incorporation of all these into a framework of under-
standing and responsiveness. 

 Although all individuals are ultimately responsible for 
developing their own knowledge and competence, legisla-
tion usually places additional responsibilities on those over-
seeing animal facilities. This responsibility often resides in a 
committee, such as an institutional animal care and use com-
mittee (IACUC) or ethical review committee, or an individual 
who has been granted a licence authorising specifi c animal 
experimentation at the establishment. Whatever the details of 
the arrangement, it is important that management should 
provide opportunities for individuals to acquire knowledge 
and skills, and establish mechanisms to ensure satisfactory 
standards of performance. Each establishment should estab-
lish a fl exible framework to identify training needs and 
provide a mechanism for the promotion of learning, for 
example by delivering formal or informal training. The remit 
should include both primary training and lifelong learning, 
also known as continuing professional development (CPD). 
There are three key stages in such a framework: 

  1.     planning and developing strategies to meet shortfalls 
and improve performance of the research programme;  

  2.     taking action to maximise the performance of staff in 
the workplace;  

  3.     evaluating the impact of training and development on 
the performance of individuals and the research output 
of establishment.    

 Many practical benefi ts result from a logically structured 
training programme including: 
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and watering, check animals for their well - being, operate and 
maintain cleaning and sterilisation equipment and monitor 
and record animal environmental conditions. 

 Level 2 persons have more experience and are able to 
work more independently. They are expected to have greater 
knowledge and practical skills than Level 1 staff and may 
work within specialised animal facilities involving special 
biocontainment measures or complex care routines and may 
assist in training Level 1 animal care staff. They are likely to 
be responsible for daily routines, breeding programmes and 
specialist husbandry procedures such as post - surgical care 
and monitoring. 

 Level 3 persons may hold supervisory or managerial 
posts and be regularly involved in training and developing 
animal care staff and overseeing their activities. They are 
also responsible for more complex activities such as alloca-
tion of resources, oversight of breeding programmes, moni-
toring heath and safety issues, preparing reports and liaising 
with researchers. 

 Level 4 persons are familiar with theoretical and practical 
aspects of laboratory animal science and may occupy senior 
managerial positions within complex animal facilities or 
possess other specialised skills relevant to their organisa-
tion. Some personnel at this level may have responsibilities 
resembling those of FELASA Category D laboratory animal 
specialists. Category A Level 4 staff may not be present in 
small - scale animal facilities. 

 At the time of writing, FELASA is revising its Category 
A training guidelines and is likely to recommend fewer 
levels.  

   FELASA  Category  B   p ersons 

 These are scientists who carry out experiments on animals 
(FELASA  2000 ). Article 26 of the Council of Europe 
Convention (Council of Europe  1986 ) requires that such 
persons shall be appropriately educated and trained. The 
competencies identifi ed by FELASA for those working at 
Category B level include awareness of the ethical framework 
within which animal experiments are conducted and 
national and European legislation and regulations which 
have arisen from these. They should be skilled in perform-
ing the techniques they will use, be able to handle animals 
of the relevant species without stressing them, be able to 
recognise departures from good welfare and to take appro-
priate action to avoid or at least minimise these when they 
occur. Within Europe, there remain considerable differences 
between national requirements for training and develop-
ment, although there is a proposal in the draft new Directive, 
to urge member states to work towards common standards. 
Similarly, the European Science Foundation has called on 
member organisations to develop and organise accredited 
courses on laboratory animal science, including information 
on animal alternatives, welfare and ethics with a view to 
establishing more uniform standards 5 .  

involved in animal experimentation should be trained to 
understand and appreciate what is required of them and to 
know how to perform effectively (Romick  et al .  2006 ). Staff 
should be equipped with the necessary training, information 
tools and materials to perform effectively alongside others, 
and should be well acquainted with actions to be taken when 
problems arise. This information can be communicated by a 
variety of means, including: team briefi ngs, focused semi-
nars dealing with the technical and scientifi c progress of 
specifi c projects, circulation of newsletters, staff meetings 
and performance reviews. Whichever method is used, 
regular fl ow of information is important to ensure that all 
staff are acquainted with the activities of the organisation.  

  Job  c ategories 

 Within Europe, appropriate education and training of all 
those engaged in the use of live vertebrate animals for sci-
entifi c purposes are required by both the Council of Europe 
(Convention ETS 123, Article 26, Council of Europe  1986 ) 
and the European Union (Council Directive 86/609/EEC, 
Article 14, European Council  1986 ). In 1993, the parties of 
the European Convention ETS 123, issued a resolution to 
promote the development and uptake of training and edu-
cational programmes to meet the competency requirements 
set out in the Convention. The resolution acknowledged 
FELASA proposals, which identifi ed four different catego-
ries of persons working with experimental animals: 

   •      Category A:     persons taking care of animals;  
   •      Category B:     persons carrying out experimental 

procedures;  
   •      Category C:     persons responsible for directing or 

designing experiments;  
   •      Category D:     laboratory animal science specialists.    

 FELASA subsequently published further clarifi cation of 
these requirements basing its recommendations on functions 
common to the different categories, rather than on nomencla-
ture, which may vary from country to country (FELASA 
 1995 , FELASA  1999 , FELASA  2000 ). Recommendations for 
practical, theoretical and ethical aspects were applicable for 
all categories and included implementation of the Three Rs, 
and the teaching syllabus for Category C persons is coming 
to be accepted more widely as providing a basis for training 
staff working in a range of different areas. 

   FELASA  Category  A  Persons 

 These are sometimes known as animal care staff or, when 
their duties are principally related to routine animal hus-
bandry and care, as animal caretakers. Four levels of com-
plexity of job function are identifi ed within this category. 

 Level 1 relates to persons who provide basic laboratory 
animal care, working in accordance with verbal or written 
instructions and under close supervision by an experienced 
member of staff. Such staff should appreciate the needs of the 
animals they work with and understand the legal and ethical 
principles associated with their care and use. Amongst other 
things, Level 1 staff may carry out routine cleaning, feeding 

  5      European Science Foundation Policy Briefi ng 15 (August 2001  –  
second edition). Use of animals in research  http://www.esf.org/
publications/policy-briefi ngs.html  
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of legislation relating to the care and uses of laboratory 
animals and an awareness of safety issues in the animal 
facility, including safe working practices. During this period, 
care staff should acquire an understanding of the biology 
and husbandry requirements of a range of different species, 
including their nutritional requirements and relevant 
feeding practices, and the principles and practices underly-
ing management of breeding colonies. They should under-
stand the impact of ill - health on animal colonies and be 
competent to assess, record and report the health status of 
species for which they are responsible. Care staff are 
expected to develop competence in handling a range of less 
common species of animals, to understand the different 
methods of euthanasia and know how to choose between 
them. The syllabus also requires an understanding of the 
commoner scientifi c and technical procedures that might be 
carried out on laboratory animals. 

 Level 3 builds on the experience gained at Level 2 and at 
least 3 years of relevant work experience at Level 2 is recom-
mended. Level 3 training prepares personnel for manage-
ment responsibilities, and includes study of theoretical and 
practical aspects of managing an animal facility, including 
budgetary controls, resources allocation and oversight of 
staffi ng. Staff at this level are expected to have a good 
working knowledge of legislation. They should understand 
the principles of designing animal facilities and the practi-
calities of environmental monitoring (including the need for 
and the use of measuring equipment). The syllabus includes 
more detailed study of the care requirements of a range of 
different species, a working knowledge of how to recognise 
and alleviate pain, suffering and distress. It also requires an 
understanding of the management of conventional and spe-
cialised breeding and non - breeding colonies, including a 
more detailed understanding of their nutritional require-
ments and the way these should be met. It is also expected 
that personnel at this level should understand the principles 
of study design and the conduct of experimental proce-
dures, including anaesthesia, surgery, post - operative care, 
etc.  

  Implementation of  t raining  s chemes for  a nimal 
 c are  s taff  t raining  s chemes 

 Several national training schemes have been established for 
animal care staff and some of these are recognised world-
wide. Three of these will be considered in outline here: those 
organised by the American Association for Laboratory 
Animal Science (AALAS), the Institute of Animal Technology 
(IAT) and the Canadian Association for Laboratory Animal 
Science (CALAS). In general, the syllabus does not differ 
greatly from that recommended by FELASA. 

 Each scheme recognises three levels of competence, sum-
marised in Table  15.1 . The lowest level in each case is appro-
priate for trainee technicians who have relatively recently 
entered the fi eld and the experience required is relatively 
basic. AALAS requires those seeking this qualifi cation to 
have at least 6 months ’  experience of laboratory animal 
science, depending upon their academic qualifi cations at the 
time the work commences. IAT does not lay down specifi c 
requirements; CALAS expects applicants to have a high 

   FELASA  Category  C   p ersons 

 These persons design and oversee experiments on living 
animals (FELASA  1995 ). They should possess a university 
degree or equivalent in a biomedical discipline at the level 
of Bachelor or Master, and have completed a basic training 
programme equivalent to 80   h. In addition, where it is 
intended to use specialised techniques, such as surgery, or 
to work with different species, such as non - human primates, 
dogs or cats, additional expertise should be obtained by col-
laborating with experienced investigators and animal care 
staff, or by attending specialised courses. Category C persons 
must: appreciate the basic needs and care of animals and the 
importance of maintaining them in good health; have famili-
arity with methods of alleviating pain, including correct use 
of anaesthetic and analgesic regimes; and understand the 
need for safe working practices. Because they may be 
involved in designing experiments, they must also be aware 
of the importance of implementing the Three Rs.  

   FELASA  Category  D  Persons 

 These are specialists in laboratory animal science (FELASA 
 1999 ). The category may include veterinarians, some 
Category A staff at Level 4, nutritionists, geneticists, archi-
tects designing and supervising construction of facilities, 
pathologists working in diagnostic laboratories etc. Most 
specialists are university graduates who have acquired par-
ticular expertise and experience relevant to laboratory 
animal science. In addition, they should be aware of all key 
aspects of the care and uses of laboratory animals. Category 
D persons should be capable of managing animal, human 
and physical resources in a laboratory animal facility, secur-
ing the health and welfare of animals, providing support to 
investigators, ensuring compliance with all relevant laws, 
regulations and guidelines, ensuring the availability of edu-
cation and training in the humane care and use of laboratory 
animals and making personal contributions to the humane 
care and use of laboratory animals by carrying out research 
in laboratory animal science.   

   FELASA   r ecommendations for the  s yllabus for 
Category  A   p ersons 

 FELASA proposed that Category A persons preparing for a 
career in animal care, should initially study for Level 1 
examinations (FELASA  1995 ). These involve learning to 
handle the commoner species of laboratory animals  –  the 
rat, mouse, guinea pig, hamster and rabbit. They should also 
learn the different techniques and demonstrate competence 
in handling them and carrying out euthanasia. Trainees are 
also expected to understand relevant legislation and ethics, 
and to know how to meet the basic needs of animals includ-
ing their care and husbandry, as well as learning about 
routines in animal houses, including health checks, etc. 

 After a period of approximately 2 years gaining relevant 
experience by working in animal facilities, FELASA envis-
aged Category A persons commencing studies towards 
Level 2. They are expected to develop a deeper appreciation 
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the establishment (Pritt  &  Duffee  2007 ). The fi rst few days 
are important in setting ground rules for the new position, 
but also in shaping the attitude of a new colleague and 
integrating him or her into the workforce. Orientation is best 
done by the immediate line manager, who understands the 
role of the new employee but is not so senior as to appear 
remote from the work to be done; although it is helpful to 
briefl y introduce the recruit to senior management at an 
early stage (Silverman  2002 ). Make sure that suffi cient time 
is made available for the person to fully understand the key 
aspects of their role. If it is not the immediate supervisor 
who is providing the orientation, new employees should be 
introduced to that person as soon as possible. 

 Right at the beginning of employment, the line manager 
should ensure that immediate work details such as the 
employment contract, pay roll, medical tests etc are dealt 
with; it may also be necessary for recruits to attend courses 
or be briefed about responses to emergencies, such as fi re 
procedures and what to do in case of accidents. On a new 
employee ’ s fi rst day it makes good managerial sense also to 
sit down and discuss the function of the organisation and 
the facility within which the employee will be working, the 
staffi ng structure and the organisational culture, including 
responsibilities, humane treatment of animals, sources of 
advice, whistle - blowing policies, etc. A clear, alternative 
channel of communication should be established wherever 
possible, although not for regular use. Where the organisa-
tion has a clear mission statement this should be presented 
and placed in context. Inform the new person about the 
management style of the organisation and the department, 
how the role of each individual relates to the organisation 
and what is expected of them. This personal touch demon-
strates the manager ’ s awareness of the activities of the 
department and informs the recruit about the context of the 
role so that it is easier for them to come back with questions 
subsequently should that be necessary. The training expec-
tations and opportunities and the routes for promotion 
should also be explained. Where it is anticipated that close 
supervision will be needed for some time this should be 
indicated clearly. 

 It is a good idea to accompany new employees to the fi rst 
rest break of the day, and at this to introduce him or her or 
to other staff. This provides a relatively stress - free way of 
introducing the employee to colleagues and vice versa. 

 If possible, a check list should be developed for orientat-
ing new employees. This should identify what information 
needs to be given up front, and what new arrivals should 
work out for themselves. Examples of the former may 

school diploma or have worked in animal facility full - time 
for at least 3 years and to have already successfully com-
pleted three basic study modules. In each case, assessment 
is based on written examinations. IAT and CALAS also 
stipulate an oral examination and, in the case of the latter, a 
formal practical examination.   

 For all three organisations the intermediate level qualifi -
cation is the basic qualifi cation for experienced laboratory 
animal technicians. Entry requirements are rather more 
diverse. The stipulation by AALAS is similar to that for the 
entry level  –  at least 6 months work - experience, possibly 
extending up to 3 years, depending on previous formal edu-
cational experience. In the case of the IAT, a candidate 
would normally hold the First Certifi cate in Animal 
Husbandry, although this is not mandatory and some 
exemptions are available for previous educational experi-
ence. CALAS is more prescriptive and requires 5 years of 
experience after successful completion of the basic 
qualifi cation. 

 The most advanced level of qualifi cation is intended for 
individuals entering senior management positions within 
animal care facilities. Entry requirements are generally more 
rigorous, and in the case of CALAS include completion of 
the intermediate qualifi cation and 5 years of additional con-
tinued employment in the fi eld of laboratory animal science. 

 All organisations encourage involvement with continuing 
educational programmes, and contribute to the provision of 
these, but CALAS is the only one requiring all persons 
holding registered qualifi cations to meet annual require-
ments in order to maintain their status. 

 By contrast, in Australia a national scheme for training 
animal care staff has been established by the National 
Training Information Service, and is delivered by a number 
of local providers at Certifi cate and Diploma levels over a 
period of 2 years. The process is competency - based and 
recognises three levels, corresponding to those who perform 
care tasks, those who manage them and persons who evalu-
ate and revise practices 6 .  

  Orientating the  n ew  e mployee 

 Recruitment of new employees is often regarded as a means 
of addressing a particular task within the department, but 
it should also be seen in the context of developing future 
talent and contributing to the overall culture of care within 

  Table 15.1    Levels of competence recognised by three major care - staff associations. 

   Organisation     Qualifi cation  

   Basic     Intermediate     Advanced  

   AALAS     Assistant laboratory animal technician    Laboratory animal technician    Laboratory animal technologist  

   IAT     First Certifi cate in Animal Husbandry    First Diploma in Animal 
Technology  

  National Certifi cate in Animal 
Technology  

   CALAS     Associate registered laboratory animal 
technician  

  Registered laboratory animal 
technician  

  Registered master laboratory 
animal technician  

  6       http://www.ntis.gov.au  
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and is properly assessed. However, it must also be made 
clear that this basic training is only the fi rst stage of a life-
long process of learning and development, during which 
time practices and procedures are likely to change. 

 Animal care staff can generally devote considerable time 
to developing expertise and competence, but throughout 
this process they should be supported and mentored by 
experienced colleagues. It is particularly important that new 
employees are made to feel part of a team and that the con-
tribution of their work to the team and the animals for which 
they care is acknowledged. It is during this early period of 
training that a good working relationship with more expe-
rienced care staff is developed. 

 If it is proposed to use live animals, the instructor should 
judge whether this is essential for development of the rele-
vant skills, students must be made aware of their ethical and 
legal responsibilities and it may be necessary to consult with 
the ethical review process before commencing. Animals 
should never be subjected to unnecessary pain, suffering or 
harm, although the use of animals to teach techniques such 
as handling, restraint, sexing and basic technical procedures, 
can cause distress to na ï ve animals. One way of dealing with 
this diffi culty is to maintain a small stock of animals that 
have been accustomed to being handled, and are used prin-
cipally for training purposes. Such animals become compli-
ant, their behaviour is more predictable and they are less 
likely to be perceived as threatening. Animals used for 
teaching practical skills should be in good health. 

 If possible, lessons should be organised to be species -  or 
technique - specifi c, and learner groups kept as small as pos-
sible; one - to - one training is best. In addition, only the small-
est number of animals necessary to develop appropriate 
skills should be used and there must be adequate technical 
oversight so that each student can be closely supervised 
during the learning period, and given assistance if neces-
sary. Learners should be allowed to progress at their own 
pace, to ask questions, receive accurate and supportive feed-
back and helped promptly to rectify faults. If a formal lesson 
is involved, it must allow suffi cient time for a concluding 
question and answer session. This allows learners and 
teacher to critically assess progress and performance. In 
addition tutors should subsequently assess how well the 
session went. 

 Before initiating lessons involving the handling of animals, 
it is a good idea to explain the techniques with the help of 
video presentations, practise with surrogate models and 
then to progress to non - sentient models, which are made as 
realistic as possible. Sometimes it may be appropriate to 
carry out a technique on a recently killed animal or possibly 
one that has been anaesthetised or sedated. These tech-
niques allow tasks to be paused during their performance 
thereby allowing discussion of key aspects, which would 
not be possible using conscious animals. When this stage has 
been completed, or where sentient animals are not involved, 
teaching usually proceeds with the demonstrator carrying 
out the practical task, with a commentary explaining its 
purpose and importance, indicating possible health and 
safety issues and emphasising possible refi nement and 
reduction methods, safe working practices etc. Skilled per-
formance of a task is characterised by speed and dexterity. 
Indeed some tasks are diffi cult to conduct at slow speed; 

include matters bearing on health and safety, current 
working routines (such as working hours, lunch and rest 
breaks), holiday entitlements etc and key contacts both for 
gaining advice and seeking assistance when necessary; it is 
a good idea to have this laid out in a staff handbook or 
similar so that misunderstandings can be avoided. The 
nature of material which new employees should work out 
for themselves depends upon the level of employment, and 
may be relatively basic, or may relate to much more complex 
issues, for example staffi ng roles, workloads and procedures 
and practices. It is also helpful to have available written 
briefi ng materials appropriate to the role of the employee. 
Such materials may include information about staffi ng 
numbers, grades and competences, animal health records, 
SOPs, minutes of committee meetings etc; again, a check list 
is helpful.  

  Developing  p ractical  s kills 

 The most effective method of delivering training depends 
upon the topic to be addressed, the learner ’ s background 
and preferred way of learning, the trainer ’ s skills and prefer-
ences and the facilities available. Wherever possible, a mix 
of teachers and teaching styles is preferable to a continuous 
series of lectures, practical classes or seminars. Formal lec-
tures should be restricted to between 45 minutes and an 
hour, followed by a short break (or a question and answer 
session) during which students can assimilate what they 
have been told. Whatever method of training is adopted, 
students should be encouraged to actively use the informa-
tion by encouraging participative learning, which is a pow-
erful way of reinforcing learning and relating it to real - life 
issues. 

 Competence in the care of animals depends crucially on 
practical skills, the development of which is an essential part 
of training in laboratory animal science and requires careful 
consideration. Hands - on exercises provide a means of relat-
ing theoretical understanding (taught alongside or previ-
ously) to hands - on skills. Despite this, the teaching of 
practical skills often receives less attention than that 
given to knowledge and understanding, probably because 
it involves a more demanding learning environment and 
it is more diffi cult to assess and record levels of 
performance. These obstacles are easier to overcome than is 
often assumed. 

 No course can teach all of the practical skills required by 
someone working in laboratory animal science, so the objec-
tive is to equip students with suffi cient theoretical under-
standing and practical skill to enable them to address 
practical issues in a safe, ethical and systematic way and to 
know when to seek help and from whom. Practical skills 
may be developed as part of formal training courses, subse-
quently under supervision or, ideally, both. Whichever 
route is chosen, learning should be supported by enthusias-
tic, experienced staff. This helps to develop a commitment 
to achieving and sustaining practical competence in prepa-
ration for working independently. In order to ensure the 
quality of the process, it is important that learning takes 
place within a structured framework, is overtly linked to 
underlying theoretical principles, is formally documented 
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  Records of  c ompetence 

 In order for an establishment to provide evidence that meas-
ures have been taken to ensure that staff working with labo-
ratory animals are competent, it is important that appropriate 
records are maintained (Pritt  et al.    2 004 ). Records should 
include all staff, including researchers, animal care staff, 
long - term visitors and students, maintenance, quality assur-
ance and other technical staff whose work may have a direct 
or indirect effect on the well - being of laboratory animals. At 
regular intervals line managers should review progress with 
each employee to ensure that appropriate competences are 
either proven, or being addressed; this can take place at 
periodic staff appraisals or performance reviews. 

 An induction checklist similar to that recommended for 
the orientation of new employees, can be used for those 
whose work involves only a very limited range of issues. 

 Records of training and competence have a number of 
functions: 

   •      They enable each staff member to be able to demon-
strate that they have taken measures to develop appro-
priate competences.  

   •      They provide staff members with an overall training 
structure, which over time they will expect to complete. 
They also demonstrate progress.  

   •      They enable supervisors and managers to gain an over-
view of the training and development currently under-
taken, the resources required to meet this and future 
demands.  

   •      They demonstrate compliance with the requirements of 
the Directive and national legislation.  

   •      They save time by ensuring that staff and their supervi-
sors can fi nd relevant information easily.  

   •      They provide a means of analysing areas where a par-
ticular focus on training is appropriate, in order to 
ensure that all staff are bought up to a satisfactory level 
of competence.  

   •      They may be useful in allocating scientifi c and technical 
staff to particular projects, for which they have demon-
strated competence.    

 A distinction should be made between records of compe-
tence and records of training, which are less immediate 
measures of performance. The record should establish when 
employees started to learn about each task which they are 
expected to perform, when and by whom competence was 
deemed to have been achieved, evidence of periodic updat-
ing and, where appropriate, the level of that competence. 
For example, an employee may be deemed competent to 
perform a task under supervision, unsupervised or to train 
others to do it. As competences progress, the trainer or line 
manager should sign off each task for each student. Personnel 
who attend external training sessions should maintain cer-
tifi cates of attendance with the remainder of the fi le, in a 
scanned electronic format when this is necessary. 

 Records may be kept as a hard copy fi les such as a loose -
 leaf folder. This is a relatively simple process, is easily 
understood, robust, in so far as only one copy exists and it 
therefore contains all relevant documents and can be made 
the responsibility of each employee. The disadvantage is 
that they are available only to the person who holds them, 

examples include: capturing an animal in a large cage, 
opening the mouth of a rabbit or rat to examine its teeth or 
performing euthanasia. 

 After demonstrating the task, each student should be 
asked to repeat it several times, and whilst doing so to 
provide a commentary. Putting the process into words helps 
learners to remember the different stages or steps involved. 
In addition, requiring students to demonstrate a technique 
immediately after it has been shown to them is a useful way 
of identifying defi ciencies or problems that exist in the com-
pletion of that skill and enabling these to be corrected before 
they become assimilated. 

 As with teaching theoretical knowledge, a list of practical 
skills, which a student is required to learn, should be shown 
to students at the beginning of their training. Also, each class 
should be logically structured, and one way of achieving 
this is to prepare a worksheet, which lists the stages and 
competencies expected. An assessment schedule should be 
prepared, based on those key points and the assessment 
process itself should be clearly separated from the process 
of learning. It is good practice to ask whether the trainee is 
ready for the assessment to begin or whether he or she 
would prefer to defer it to later. The profi ciency with which 
the task is performed should be judged using a formal check 
sheet which lists the key elements which make it up; for 
example such a list might include having minimal impact 
on the animal ’ s well - being, successfully achieving the 
required effect, speed, precision, safe working practices, 
understanding the underlying rationale etc. Wherever pos-
sible a means should also be found of allowing the trainee 
to comment on the learning process and diffi culties which 
he or she may have experienced, so that future learning ses-
sions can take account of these perceptions. 

 When training personnel who are already working with 
laboratory animals at a different establishment, learning 
may be enhanced by adopting a bidirectional process, in 
which the instructor asks how the procedure is done at the 
learner ’ s home institution followed by a discussion about 
the strengths and weaknesses of various aspects of the 
method.  

  Evaluating  c ompetence 

 It is important that supervisors should be able to assess the 
competence of those for whom they are responsible. This 
presupposes that competency can be demonstrated by 
measurable actions and that the effectiveness with which 
these are performed can be assessed. Competence cannot 
easily be measured by setting written examinations or for-
mally structured practical examinations. In particular, it is 
diffi cult to assess the attitudes of individuals or their 
ability to respond promptly and effectively to the unex-
pected, and in such matters the quality of supervision and 
workplace support is paramount. Fortunately, in the case of 
animal care staff, basic competence can usually be judged 
by observing the performance of individuals in the work-
place, the way they handle and respond to the needs of 
animals, their ability to identify signs of distress or distur-
bance and their appreciation of the biological requirements 
of an animal.  
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als working with laboratory animals, and at the time of 
writing FELASA has engaged with this task by setting up a 
working group to consider a number of proposals. 

 The existing and future systems of life - long learning rely 
on: supplementary courses, such as those described for 
experimental design (Howard  et al.   2009 ); seminars which 
are organised by several commercial companies; scientifi c 
meetings; workshops; and electronic course offerings. It is 
also likely that more training and education opportunities 
suitable for life - long learning will appear in the near future. 
The importance of supervision and CPD training in achiev-
ing and maintaining competence and in contributing to 
good science and welfare needs to be more widely recog-
nised within the research community, both locally within 
research establishments and by those funding research 9 . 

 In all training and education there are some items which 
one is required to master, some with which one should be 
familiar and fi nally those which may be nice to know. 
Allocation of learning should be weighted accordingly with 
required items fi lling a majority (about 80%) of the allocated 
time, while the  ‘ nice to know ’  pieces may only need a 5% 
timeslot.  

  Quality  s chemes 

 The delivery of training is a long - term process usually 
involving inputs from a number of different individuals. In 
view of this, it is most important that there is a mechanism 
in place to ensure high - quality delivery at an appropriate 
level and time, and that it is effective and within budget. 
Wherever possible, the assurance of quality should involve 
a mechanism quite independent of the training process, so 
as to avoid any confl ict of interest. At its simplest, this may 
involve scrutiny of the results of assessment but a more 
thorough approach is to also consider the experience of 
those who have been trained, the quality of their work 
before and after training and their productivity. 

 People need to be competent in all aspects of animal care 
and use with which they will be involved. There are various 
ways of assessing competence and various problems that 
need to be overcome in order to do so. Practical skills cannot 
usually be taught in a short course so there need to be ways 
of assessing people over the requisite period. Most guide-

they could be misplaced, it is time consuming to compare 
training and competencies of a number of employees and 
they are geographically restricted to one area of the organi-
sation and therefore unavailable to others who may wish to 
make use of them. 

 There are several benefi ts to maintaining records of com-
petence on relational databases. They can be set up to 
actively notify staff, supervisors and managers of the current 
status of training and additional requirements; they may 
also facilitate evaluation of courses attended by summaris-
ing assessment outcomes, course or course provider evalu-
ations and assessments and comments. Electronic records 
are easily backed up and retrieved and may be distributed 
by e - mail or printed out when necessary. However, it is 
important to ensure that electronic records are fi led securely, 
that they are accurate and kept up to date and can only be 
accessed by authorised personnel.  

  Life -  l ong  l earning or  c ontinuing 
 p rofessional  d evelopment 

 The necessity of life - long learning, also called continuing 
professional development (CPD), cannot be overempha-
sised. Training and education in laboratory animal science 
must be seen as a continuum starting immediately after 
completion of entry or formal training and proceeding 
throughout an individual ’ s career; this is illustrated in 
Figure  15.1 . During this process, there are various quality 
assurance elements (eg, accreditation of entry education 
programmes, certifi cation of individuals, speciality exami-
nations and assessment of competence).   

 It is anticipated that in Europe revision of the Directive 
(86/609/EEC) will extend the requirement for education 
and training to include maintenance of competence in all 
categories. In Europe, the speciality board for veterinarians 
 –  ECLAM (European College of Laboratory Animal 
Veterinarians)  –  and in the US, ACLAM (American College 
of Laboratory Animal Medicine), have both introduced 
systems of life - long learning 7  ,  8 . In the US, AALAS also has 
a Registry Program for all levels of animal care technicians 
where documented CPD is required. There is an urgent and 
compelling need to establish additional systematic frame-
works for life - long learning for all the categories of individu-

Continuing
professional
development
(CPD)

Verification of
speciality/
competence

Entry education
to laboratory
animal science

Working career with laboratory animals

Accreditation/quality
assurance

Primary
training

     Figure 15.1     Schematic representation of life - long 
education in laboratory animal science.  

  7       http://www.eclam.org/index.php?id=3  
  8       http://www.aclam.org/education/training/index.html . 

  9       http://www.apc.gov.uk/reference/2006%2012%2013%20Home%20
Offi ce%20response%20on%20Mod%20training.pdf . 
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CPD, although this may be added in the future. Course 
organisers wishing to apply for accreditation submit details 
of the curriculum, describe the methodology and materials 
used in teaching and course frequency and size. The board 
also requests sight of assessment results, evaluations of the 
course by students and information about the background 
of teaching staff; clarifi cation or further information may be 
requested if necessary. Members of the board visit each 
course and prepare a report which is considered by the full 
board and also sent to the course organiser. Courses organis-
ers submit an annual, or for courses lasting more than 1 year, 
biennial report. The accreditation process is conducted and 
maintained in strict confi dence.                

  References 

    Conarello ,  S.L.   and   Shepherd ,  M.J.   ( 2007 )  Training strategies 
for research investigators and technicians .  ILAR Journal ,  48 , 
 120  –  130   

   Council of Europe  ( 1986 )  Convention for the Protection of Vertebrate 
Animals used for Experimental and other Scientifi c Purposes  (ETS 123). 
Strasbourg.  http://conventions.coe.int/treaty/en/Treaties/
Html/123.htm  (accessed 27 April 2008)  

    Duffee ,  N.  ,   Nevalainen ,  T.   and   Hau ,  J.   ( 2003 )  Education and train-
ing . In:  Handbook of Laboratory Animal Science, Vol I. Essential 
Principles and Practice ,  2nd edn . Eds   Hau   J.   and   van   Hoosier ,  G.L.  
 Jr  , pp.  63  –  75 .  CRC Press ,  Boca Raton   

    Carlsson ,  H.E.  ,   Hagelin ,  J.  ,   H ö glund ,  A.U.    et al . ( 2001 )  Undergraduate 
and postgraduate students ’  responses to mandatory courses 
(FELASA category C) in Laboratory Animal Science .  Laboratory 
Animals ,  35 ,  188  –  193   

   European Council  ( 1986  )   Council Directive 86/609/EEC of 
24 November 1986 on the approximation of laws, regulations 
and administrative provisions of the Member States regarding 
the protection of animals used for experimental and other 
scientifi c purposes .  Off J Eur Comm L ,  358 ,  1  –  29 . Brussels. 

  http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=
CELEX:31986L0609:EN:NOT  (accessed 27 April 2008)  

   Federation of European Laboratory Animal Science Associations  
( 1995 )  FELASA recommendations on the education and training 
of persons working with laboratory animals: Categories A and C . 
 Laboratory Animals ,  29 ,  121  –  131   

   Federation of European Laboratory Animal Science Associations  
( 1999 )  FELASA guidelines for education of specialists in 
laboratory animal science (Category D) .  Laboratory Animals ,  29 , 
 1  –  15   

   Federation of European Laboratory Animal Science Associations  
( 2000 )  FELASA recommendations for the education and training 
of persons carrying out animal experiments (Category B) . 
 Laboratory Animals ,  34 ,  229  –  235   

   Federation of European Laboratory Animal Science Associations  
( 2002 )  FELASA recommendations for the accreditation of labora-
tory animal science education and training .  Laboratory Animals , 
 36 ,  373  –  377   

    Foshay ,  W.R.   and   Tinkey ,  P.R.   ( 2007 )  Evaluating the effectiveness 
of training strategies: performance goals and testing .  ILAR Journal , 
 48 ,  156  –  162   

    Howard ,  B.  ,   Hudson ,  M.   and   Preziosi ,  R.   ( 2009 )  More is less: reduc-
ing animal use by raising awareness of the principles of effi cient 
study design and analysis .  ATLA ,  37 ,  33  –  42   

    Nevalainen ,  T.   ( 2004 )  Training for reduction in laboratory animal 
use .  ATLA ,  32  ( Suppl 2 ),  65  –  67   

    Pritt ,  S.  ,   Samalonis ,  P.  ,   Bindley ,  L.    et al . ( 2004 )  Creating a compre-
hensive training documentation program .  Lab Animal ,  33 ,  38  –  41   

lines and recommendations in laboratory animal science 
require an examination at the end, and sometimes also 
during the training period. The aim of the examination 
should be to assess how the student would deal with real -
 life situations. It is good practice for instructors to combine 
various taught elements in order to check comprehension. 
A good examination tests students ’  understanding by 
requiring them to retrieve, evaluate, weigh and apply their 
knowledge and to demonstrate learnt skills. 

 Irrespective of the training method, feedback from the 
trainees is a crucial part of the process. This may be done at 
the end of the educational experience as well as at interme-
diate time points. Common approaches are by use of an 
anonymous form or by verbal communication. Questionnaires 
are increasingly being used on the internet, and quite often 
a standard format is adopted within an institution, which 
allows comparisons with other courses. 
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 As indicated above, some countries have established 
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science, provided they lead to the development of compara-
ble competences. Currently, the scheme does not extend to 

  10       http://www.sciencedirect.com/science?_ob=ArticleURL&_
udi=B7GJ4-4S9NG6T-3&_user=10&_rdoc=1&_fmt=&_orig=search&_
sort=d&view=c&_acct=C000050221&_version=1&_urlVersion=0&_user
id=10&md5=4bc1b154ca5a32720e84b38bc119b635 . 



Competence in the care of animals 205

    Pritt ,  S.   and   Duffee ,  N.   ( 2007 )  Training strategies for animal care 
technicians and veterinary technical staff .  ILAR Journal ,  48 , 
 109  –  119   

    Romick ,  M.L.  ,   Chavez ,  J.   and   Bishop ,  B.   ( 2006 )  An interdisciplinary 
performance - based approach to training laboratory animal tech-
nicians .  Lab Animal ,  35 ,  35  –  39   

    Russell ,  W.   and   Burch ,  R.   ( 1959 )  The Principles of Humane Experimental 
Technique .  Methuen ,  London . ( 2nd edn  1992 UFAW)  http://
altweb.jhsph.edu/publications/humane_exp/het-toc.htm  
accessed September 2007 (accessed 27 April 2008)  

    Silverman ,  J.   ( 2002 )  Managing the Laboratory Animal Facility .  CRC 
Press ,  Boca Raton       



 Positive  r einforcement  t raining for 
 l aboratory  a nimals  
  Gail   Laule       
 

16
  Introduction 

 Every animal kept in captivity deserves high standards of 
animal care. Laboratory animals are no exception; nonethe-
less, animals housed and managed in a laboratory setting 
do provide unique challenges. Issues of particular welfare 
importance, and of relevance to this chapter, are that they 
may be handled more frequently and subjected to a wider 
range of more invasive husbandry and medical procedures 
than most other captive animals. 

 To maximise the welfare of laboratory animals, it is most 
desirable to perform these procedures with as little stress for 
the animals as possible. Less stressed animals make better 
research models and produce the most reliable research 
results (Bloomsmith  1992 ; Reinhardt  1997a, 1997b ; Lambeth 
 et al.   2006 ). There are, therefore, dual incentives to protect 
and enhance the well - being of the animals and mitigate the 
special conditions of the laboratory setting. 

 In day - to - day management activities, animals are being 
trained all the time, whether the staff realise it or not. Every 
time anyone interacts with an animal, there is some train-
ing/communication occurring. The more frequent the inter-
action, the more established the resultant behaviours 
become. Animal care staff such as veterinarians, researchers 
and technicians can produce changes in the animals ’  behav-
iour even though they may be unaware that they are effec-
tively training the animal. When a member of animal care 
staff places a desirable food item in a cage, opens the door 
and the animal moves into that cage, training has occurred 
because behaviour has been impacted which can be 
explained in operant conditioning terms. Nonetheless, much 
better results can be attained by consciously and deliber-
ately implementing the training process. 

 The specifi c terms and techniques of operant conditioning 
have changed little since B.F. Skinner conducted his original 
research and presented his results in his book,  The Behavior 
of Organisms,  in 1938. What has evolved, however, has been 
the increasing use of these techniques in the care and man-
agement of captive animals. There has also been a corre-
sponding development of interest in measuring the effects 
of training through objective and scientifi c studies. Therefore, 
this chapter provides a review of basic training methods, 
practical suggestions for integrating a positive reinforce-
ment training approach into the management of animals in 
the laboratory setting, as well as examples of new applica-
tions and assessments of training. 

 Most of the applications of training for management, hus-
bandry and medical purposes in the biomedical fi eld have 
focused on non - human primates and dogs. As a domestic 
species and common household pet, laboratory dogs are 
usually managed differently to other animals, with direct 
contact in the form of petting, playing, walking on a leash 
and manual restraint for simple procedures. Training is 
used to augment an inherently positive human – animal rela-
tionship where simple verbal praise has signifi cant value to 
many individual animals. There are many good resources 
on the training of dogs within the laboratory setting (Joint 
Working Group on Refi nement (JWGR)  2004 ; Lindsay  2005 ; 
Meunier  2006 ) and many others on general dog training that 
present positive training techniques that can be applied 
to the laboratory setting (Donaldson  1996 ; Pryor  1999 ; 
McConnell  2002 ; Colfl esh  2004 ) so this area will not be 
covered in depth in this chapter. 

 On the other hand, non - human primates are wild animals 
and do not have an inherent affi liation to humans, in fact, 
often quite the opposite. The variety of species and numbers 
of individual animals in laboratories make them prime sub-
jects for a detailed discussion on methods to most effectively 
and humanely manage and maintain primates in the labora-
tory setting. The use of training techniques with primates is 
focused on developing a positive human – animal relation-
ship, gaining safe access to individuals whether singly 
housed or in a group setting, and gaining an animal ’ s vol-
untary co - operation in husbandry and medical procedures 
so that more negative forms of restraint and coercion can be 
reduced or eliminated. 

 Farm animals used in research are also prime candidates 
for training, especially swine. As another group of domesti-
cated animals, the emphasis is on developing a positive 
human – animal relationship and using positive handling 
techniques to minimise stress during restraint and to gain 
voluntary co - operation to the extent of their cognitive abili-
ties, with swine being more amenable to more complex 
training objectives. 

 Finally, rodents, rabbits and birds, which make up the 
vast majority of animals used in research, raise different 
issues, as they are small enough to be easily handled and 
restrained for most procedures. Although rodents are 
capable of learning a wide range of tasks as evidenced by 
numerous experiments by Skinner and others (Skinner  1938 ; 
Ferster  1953 ; Skinner  &  Ferster  1970 ; Hernstein  1997 ), 
in most cases training will be fairly basic, with a focus 
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unpleasant stimuli like authoritative or loud voices and 
physical threats, up to and including chasing of animals (ie, 
primates in large corral situations, livestock in pens) by 
animal care staff. 

 Although negative reinforcement works, it could be 
argued that there is an inherent cost to the animal ’ s overall 
welfare by being forced to co - operate through the threat of 
a negative event or experience that elicits fear or anxiety 
(Reinhardt  1992 ; Laule  &  Desmond  1997 ; Pryor  1999 ). 
Studies with farm animals have shown a high degree of fear 
response associated with negative handling methods, which 
is surprising since these are domesticated species. In one 
study on the handling of heifers, using negative methods 
that included hits and slaps, remote blood sampling through 
indwelling jugular catheters showed both acute and chronic 
stress responses in fearful animals (Breuer  et al.   1998 ). 
Negative handling methods with chickens often lead to 
escape reactions with associated injury, decreased breeding 
behaviour and greater inter - fl ock aggression (Jones  1997 ). 

 A study on dog training methods found that dogs trained 
exclusively using reward - based methods were reported to 
be signifi cantly more obedient and to exhibit fewer problem 
behaviours, such as food stealing and over - excitement, than 
dogs trained using negative methods (including punish-
ment), or even a combination of positive and negative 
methods (Hiby  et al.   2004 ). 

 Smith and Swindle ( 2006 , p. 62) note that swine are highly 
intelligent and have excellent memories. Therefore, much 
more effort is necessary to overcome the effects of negative 
handling experiences compared with the effort expended in 
using positive reinforcement for training (Smith  &  Swindle 
 2006 ).  

  Benefi ts of  p ositive  r einforcement  t raining 

 In contrast to the costs to animal welfare associated with the 
use of negative reinforcement, positive reinforcement can 
achieve similar results with minimal costs and signifi cant 
benefi ts. Positive reinforcement training (PRT) can be used 
to enhance the care, management and welfare of laboratory 
animals in a number of ways (Kirkwood  et al.   1989 ; Reinhardt 
 1997b ; Laule  et al.   2003 ). From an animal welfare perspec-
tive, PRT may provide animals with greater choice and 
control and a chance to work for their food (Neuringer  1969 ; 
Anderson  &  Chamove  1984 ; Sackett  1991 ; Laule  &  Desmond 
 1997 ), both factors that have been associated with enhanced 
psychological well - being (Hanson  et al.   1976 ; Markowitz 
 1982 ; Mineka  et al.   1986 ). 

 For example, consider the animal receiving an injection 
for a research protocol. Without training, the animal has no 
choice as to how that event occurs. If escape/avoidance 
training is used, the threat of a negative stimulus is neces-
sary to achieve the desired behaviour in which the animal 
presents a leg for the injection, thus exposing the animal to 
stress from both the injection and the threat. Using a positive 
reinforcement approach, the animal is trained through 
shaping and rewards to voluntarily present a leg for an 
injection, and concurrently desensitised to the procedure to 
reduce the associated fear or anxiety. (The processes of 
shaping and desensitisation are described in detail later in 

primarily on developing a positive human – animal context 
based on patience and empathy, and a calm, gentle handling 
style. A culture of training animals to cooperate also encour-
ages a proactive approach to fi nding the most positive, least 
invasive method of achieving research objectives. 

 Despite the differences in training objectives between 
species, the techniques discussed in this chapter are univer-
sal and applicable to all species and individuals to varying 
degrees. An array of benefi ts is possible for all laboratory 
animals, and therefore these techniques should be consid-
ered and applied whenever it is reasonable and feasible to 
do so.  

  Positive  r einforcement  t raining 

 Operant conditioning offers two basic options for managing 
behaviour: positive reinforcement and negative reinforce-
ment or escape/avoidance. The training discussed and rec-
ommended in this chapter is based on the use of positive 
reinforcement. In a positive reinforcement - based system, 
animals are rewarded with something they like for respond-
ing appropriately to the animal care staff ’ s cues or com-
mands (Pryor  1999 ). Animals gain the opportunity to 
voluntarily co - operate in procedures, rather than being 
forced to do so. Positive reinforcement training does not 
require food or water deprivation. Animals are always pro-
vided their daily allotment of food and water and training 
rewards are often the more preferred diet items, or special 
treats reserved for training alone. 

 This differs from negative reinforcement training, where 
the animal performs the correct behaviour in order to escape 
or avoid something it does not like. This  ‘ something ’  can be 
as simple as being physically handled or lightly restrained. 
Operationally, it may not be feasible to use positive rein-
forcement exclusively; however, the positive alternatives 
should be exhausted before any kind of negative reinforce-
ment is employed. If an escape/avoidance technique is nec-
essary, its use should be kept to a minimum and balanced 
by positive reinforcement. For example, restraining an 
animal in a squeeze cage can be immediately followed by 
offering the animal a preferred food treat.  

  Negative  r einforcement 

 The use of negative reinforcement to modify and control 
behaviour is achieved by pairing pain, discomfort or an 
unpleasant experience with a particular object or behaviour 
(Pryor  1999 ). Fear of the discomfort triggers an escape/
avoidance response, which leads to performance of the 
desired behaviour. Unfortunately, captive animal manage-
ment practices have traditionally included a large measure 
of negative reinforcement. The most commonly used nega-
tive reinforcers in the laboratory include equipment like 
nets, gloves or crowding boards used to coerce animals into 
squeeze cages and other restraint devices. In most facilities, 
devices like squeeze backs are used as a routine means of 
encouraging and/or forcing animals to the front of the cage 
for access and manipulation. Unfortunately, the use of 
tactics like these is sometimes accompanied by other 
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draw, injections, urine collection, enter restraint cage, 
blood pressure measurement, topical treatment, oral 
dosing, etc);  

   •      reduce fear and discomfort;  
   •      decrease abnormal or stereotypic behaviour;  
   •      reduce or eliminate aggressive behaviour toward con-

specifi cs and/or animal care staff;  
   •      facilitate introductions and socialisation with 

conspecifi cs.     

  Training  m ethods 

 To achieve all the benefi ts that PRT offers requires skilful 
and effective implementation. It is beyond the scope of this 
manual to provide a step - by - step guide to the training of 
laboratory animals. However, throughout this chapter some 
sample training protocols for specifi c behaviours have been 
provided. The following is a brief discussion of the basic 
tools and techniques of PRT, and suggested steps to be taken 
in the training process. Although these are used most often 
with primates, the basics of PRT, i.e. giving an animal some-
thing they like for responding correctly, applies to the man-
agement of any animal. 

  Positive  r einforcer 

 A positive reinforcer is anything that the animal likes. Food, 
tactile contact, verbal praise, a favoured enrichment item, 
access to conspecifi cs and play are all potential reinforcers. 
Food, which is the most often used reinforcer, can be part 
of the normal diet, enrichment allotment or an extra treat. It 
is always desirable to have a variety of reinforcers to choose 
from.  

  Conditioned  r einforcer ( b ridge) 

 A conditioned reinforcer is an initially meaningless signal 
that, when repeatedly associated with primary reinforcers 
such as food, becomes a reinforcer, in and of itself. 
The animal learns that every time it hears the signal, a 
reward will follow. The most commonly used conditioned 
reinforcers in animal training are a spoken word, such 
as  ‘ good ’ , a hand - held clicker or a dog whistle. The use 
of a conditioned reinforcer, particularly a clicker, is 
highly recommended for training laboratory animals. It is a 
way of saying,  ‘ Good, that is what I want! ’  It provides 
precise information that tells the animal exactly what you ’ re 
looking for. Immediately following the response, the actual 
reward or positive reinforcement is delivered. The whistle 
or clicker is called a  ‘ bridge ’  because it bridges the gap 
between the behaviour occurring and the food reward being 
delivered.  

  Stationing 

 In order to train any behaviour, you must have the animal ’ s 
attention. This requires reinforcing the animal for remaining 

this chapter.) It would seem logical to argue that having a 
clearer choice as to how events such as injections happen, 
and being less fearful of them, will contribute to an animal ’ s 
psychological well - being. 

 PRT provides the tools to improve husbandry and veteri-
nary care (Reichard  &  Shellabarger  1992 ; Laule  &  Desmond 
 1994 ; Bassett  et al.   2003 ; Schapiro  et al.   2005   ; Coleman  et al.  
 2008 ), enhance co - operation in collection of urine, semen 
and blood samples (Phillipi - Falkenstein  &  Clarke  1992 ; 
VandeVoort  et al.   1993 ; Stone  et al.   1994 ; Laule  et al.   1996 ; 
Reinhardt  1997b ; McKinley  et al.   2003 ; Smith  et al.   2004 ), 
reduce abnormal and/or stereotypic behaviour (Laule  1993 ; 
Bloomsmith  et al.   2007 ; Bourgeois  et al.   2007 ), reduce aggres-
sion (Bloomsmith  et al.   1994 ), improve socialisation 
(Desmond  et al.   1987 ; Desmond and Laule  1994 ; Bloomsmith 
 et al.   1997 ; Baker  2004 ), enhance enrichment programmes 
(Bloomsmith  et al.   1997 ; Laule  &  Desmond  1997 ) and increase 
the safety of the attending personnel (Bloomsmith  1994 ). A 
summary of literature on training primates is provided by 
Prescott  et al.   (2005) , together with a clear step - by - step guide 
for a transport box training protocol. 

 PRT provides the opportunity for subjects to be desensi-
tised to frightening or painful events, so the events become 
less frightening and less stressful (Reinhardt  et al.   1990 ; 
Turkkan  et al.   1990 ; Perlman  et al.   2004 ; Videan  et al.   2005 ; 
Lambeth  et al.   2006 ). Many husbandry and veterinary pro-
cedures can be implemented with less disruption to all 
animals, by reducing the need to separate animals from their 
social groups for many procedures (Schapiro  et al.   2003 ; 
Laule  &  Whittaker  2007 ). With greater accessibility to more 
co - operative animals comes a reduction in the use of restraint 
and anaesthesia (Bloomsmith  1992 ; Reinhardt  et al.   1995 ; 
McKinley  et al.   2003 ). 

 Experience has shown that trained animals maintain a 
high degree of reliability in participating in these proce-
dures and are less stressed while doing so (Reinhardt  et al.  
 1990 ; Turkkan  et al.   1990 ; Lambeth  et al.   2006 ). Evidence for 
this includes reports from a number of investigators of 
reductions in cortisol levels, stress - related abortions, physi-
cal resistance to handling and fear responses such as fear -
 grinning, screaming and acute diarrhoea in a variety of 
primate species (Moseley  &  Davis  1989 ; Vertein  &  Reinhardt 
 1989 ; Reinhardt  et al.   1990 ). 

 One area of great interest and concern is the reduction 
of self - injurious behaviours (SIBs) in captive primates. 
Bloomsmith  et al.  ( 2007 , p. 211) reviewed a number of 
recent studies that,  ‘  …   although preliminarily in nature, 
indicate that stereotyped behaviour and SIB in nonhuman 
primates can be modifi ed through the use of operant conditioning.  ’  
No studies achieved complete elimination of the 
problematic behaviour, but signifi cant reductions were 
documented.  

  Training  o bjectives 

 The following are examples of training objectives relevant 
to the laboratory setting: 

   •      achieve voluntary co - operation by animals in hus-
bandry, medical and research procedures (ie, blood 
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   •      Bridge and reinforce any exploratory behaviour such as 
sniffi ng the squeeze cage, looking inside, touching it 
with nose or foot.  

   •      Bridge and reinforce any forward movement into the 
squeeze cage; a target can be attached to the inside back 
of the squeeze cage and the animal reinforced for 
moving towards it.  

   •      Use verbal cue  ‘ inside ’  whenever the animal initiates 
movement towards the squeeze cage or trainer encour-
ages movement towards or into the squeeze cage.  

   •      Once the animal is entering the squeeze cage, send the 
animal in and out of the squeeze cage (reinforcing 
movement in both directions) to fi rmly establish the cue 
and strengthen the desired behaviour.  

   •      Reinforce the animal for remaining in the squeeze cage 
for progressively longer periods of time.  

   •      Begin to move the door, a small amount at a time for 
short periods of time, bridging and reinforcing each 
approximation, and slowly increase both until the pig 
will remain inside while the door closes.  

   •      Slowly increase the amount of time the door is closed.  
   •      When the pig is comfortable in the squeeze cage with 

the door closed, begin to repeat the last two steps with 
the squeeze back until the pig will stand calmly when 
completely restrained by the squeeze back.    

 The key to successful shaping is the ability to identify appro-
priate - sized steps. Steps that are too big can create confusion 
and frustration in the animal. Too small steps can lead 
to loss of motivation and boredom. Generally speaking, 
the most common mistake made by new trainers is to 
expect too much from the animal and attempt steps that are 
too big. The aim should always be to end each training 
session on a positive note, no matter how small the step 
achieved.  

  Time  o ut 

 Punishment, by defi nition, is designed to eliminate behav-
iour and occurs after the behavioural response. (Note: The 
term  ‘ punishment ’  is often confused with  ‘ negative rein-
forcement ’  which has the opposite effect and signifi cantly 
different timing. Negative reinforcement is designed to 
increase the likelihood of a behaviour occurring and is used 
at the same time the behaviour occurs.) In positive reinforce-
ment training, the only acceptable punisher is a time out. 
Physical punishment is not appropriate except in a life -
 threatening situation for person or animal. A time out is a 
very mild form of punishment in which reinforcement is 
withheld for a brief period of time immediately following 
an inappropriate response. A time out can vary in quality 
and length, from the trainer breaking eye contact for several 
seconds, to walking away for a couple of moments at the 
most. A time out is a very simple, powerful response to 
misbehaviour, with two basic rules: 

   •      Do not use a time out too often, or it will lose its 
effectiveness.  

   •      Always follow a time out by giving the animal another 
chance. Even if you leave the area altogether, come back 
and start fresh with no grudges.     

in one place and looking at you. Stationing requires periodic 
reinforcement on an ongoing basis.  

  Target 

 A target is an object the animal is trained to move towards 
and to touch. Commonly used targets include a ball on the 
end of a stick, a plastic bottle, a wooden dowel or any object 
that can be easily held by the trainer or attached to the 
enclosure. Primates are normally trained to touch their hand 
to the target. With other species, such as dogs, cats, rodents, 
cattle and pigs, the animal is taught to touch the target with 
the nose. This usually occurs spontaneously as most animals 
are curious to touch or sniff something new. However, if 
necessary, the behaviour can be taught by moving the object 
towards the animal ’ s hand or nose a little bit at a time and 
reinforcing each time it gets closer. At the same time, the 
trainer should reinforce any forward movement the animal 
makes towards the target, until contact is made. 

 A target is useful in several ways. First, the trainer can 
control gross movement, by rewarding the animal for 
coming to the target when presented or for going to a target 
pre - placed elsewhere in the cage. Second, the animal can be 
trained to stay at the target to achieve or extend stationing. 
Once this behaviour is established, socially housed animals 
can be trained to each remain at their own individual target, 
allowing the trainer to access individual animals within the 
group. Finally, the target can be used to more safely access 
body parts, by training the animal to move a foot, paw, arm, 
leg, chest, back, side, etc to the target.  

  Shaping or  s uccessive  a pproximation 

 The primary method for training behaviour is shaping, 
which is the process of breaking a behaviour into small, 
individual steps that build upon each other, eventually 
leading to the completed behaviour. Teaching an animal to 
touch a target by moving it incrementally closer and closer 
and reinforcing any movement the animal makes towards 
it, no matter how small or tentative, is a simple example of 
shaping. In most cases, shaping starts with reinforcing a 
naturally occurring behaviour. For example, to train a dog 
to open its mouth, the fi rst step may be to hold a food treat 
up for it to see. When the mouth opens in anticipation, a 
quick  ‘ Good ’  followed by the delivery of the treat is the fi rst 
step in the shaping process. The following training protocol 
illustrates the potential approximations in training a pig to 
enter a squeeze cage which might be necessary for certain 
procedures. 

   •      Choose a verbal and/or hand cue for the behaviour, 
such as  ‘ inside ’ ; use a hand - held clicker as a bridge.  

   •      Place the squeeze cage in the enclosure, or attach to the 
door of the home cage, and bridge and reinforce when 
pig looks at the squeeze cage.  

   •      Bridge and reinforce any movement towards the 
squeeze cage.  

   •      A target can be used to direct the animal to the squeeze 
cage.  
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larly invasive ones such as blood draws, dosing of medica-
tions, injections and administration of topical drugs. 
Similarly, restraint procedures such as the use of a squeeze 
cage, tether, gloves, pole and collar, restraint chair, sling and 
restraint board trigger varying degrees of fear, discomfort 
and stress in most animals. 

 More and more studies have shown that routine proce-
dures traditionally viewed as neutral events can be quite 
stressful to a laboratory animal. Studies on primates in labo-
ratories, conducted nearly 20 years ago by Line and 
Markowitz and their colleagues (Line  et al.   1987, 1989 ) found 
prolonged alterations in heart rates and cortisol levels after 
routine procedures such as cage cleaning. Increases in glu-
cocorticoid concentrations, weight loss and suppressed 
immune system response have been reported in rodents 
(Obernier  &  Baldwin  2006 ), rabbits (Toth  &  January  1990 ) 
and dogs (Bergeron  et al.   2002 ) when they are moved, even 
if it is just to a new cage in the same facility. Whary and 
colleagues (1993, p. 331) report that in rodent stress 
studies  ‘  …   the most important stress - inducing factor is a sudden 
change in housing method rather than the method itself  ’ .  Other 
common procedures that can elicit fear or anxiety in 
laboratory dogs include change in routine, separation from 
a stable social group, wearing equipment such as jackets and 
introduction to new people or conspecifi cs (Beerda  et al.  
 1999 ). 

 When ongoing fear is unresolved, the animal can 
remain in a chronic stress response or state of distress 
(Moberg  1985 ; Toates  1995 ). This state has signifi cant and 
detrimental physiological effects including slower growth, 
lower reproductive success and immunosupression (Selye 
 1976 ; Broom  &  Johnson  1993 ; Wielebnowski  2002 ). It can 
also lead to an array of abnormal behaviors (Meyer -
 Holzapfel  1968 ; Erwin  &  Deni  1979   ; Anderson  &  Chamove 
 1980 ). 

 Non - human primates are particularly prone to stereo-
typed behaviours when housed currently (or previously) in 
sub - optimal or inappropriate environments. These include 
pacing and repetitive somersaulting, headnodding, self 
clasping and rocking (Bellanca  &  Crockett  2002 ; Lutz  et al.  
 2003 ; Bourgeois  &  Brent  2005 ); abnormal appetitive behav-
iours such as coprophagy and regurgitation and reingestion 
(Bellanca  &  Crockett  2002 ; Struck  et al.   2007 ); over - grooming 
and resultant alopecia (Honess  et al.   2005 ); and self - injurious 
behaviours with and without wounding (Tiefenbacher  et al.  
 2004   ; Bloomsmith  et al.   2007 ; Bourgeois  et al.   2007 ). Rodents 
display repetitive backfl ipping (Callard  et al.   2000 ), stereo-
typic digging (Wiedenmayer  1997 ), barbering (DeLuca  1997 ) 
and bar -  and wire - biting (Orok - Edem  &  Key  1994 ; W ü rbel 
 et al.   1998 ). Rabbits exhibit excessive grooming and bar -
 gnawing (Hansen  &  Berthelsen  2000 ). Dogs and cats engage 
in self - injurious biting (Laboratory Animal Refi nement and 
Enrichment Forum (LAREF)  2007 ); and pigs engage in bar -
 biting and excessive rooting and rubbing (Smith  &  Swindle 
 2006 ). 

 From a practical perspective, it will be diffi cult to gain the 
voluntary co - operation of an animal in any husbandry or 
research procedure if that animal is overwhelmed by fear. 
The animal must be able to tolerate the stimulus to the 
degree that a food reward is accepted and learning is pos-
sible. Therefore, it is important to: 

  Extinction 

 Extinction is a very useful method of reducing or eliminat-
ing a problem behaviour by no longer reinforcing it. The 
trainer must determine what exactly the reinforcement is 
(food, attention, etc) and then ensure that it is consistently 
withheld whenever the behaviour occurs. Extinction is most 
effective when paired with reinforcement of a more desira-
ble alternative behaviour. For example, a macaque has been 
inadvertently reinforced with attention for reaching out to 
grab people with her hand. The remedy is to ensure that all 
staff stop giving her attention whenever she reaches out 
and, simultaneously, that the animal is given attention every 
time she keeps her hand inside the cage.  

  Regression 

 Training and learning are complex processes and progress 
is not linear. In fact, it occurs in steps forwards and back-
wards. Progress the animal makes one day, seems to be 
forgotten by the next. Then suddenly learning accelerates, 
and the animal moves two steps forwards. Each of those 
steps backwards is called regression, and it is a normal part 
of training.   

  Addressing  f ear 

 Animals in laboratory environments are faced with a wide 
array of fearful stimuli and experiences. Hediger  (1950)  
warned of the potential of an enemy – prey relationship 
developing between humans and captive animals. Animal 
care staff are in the position of power  –  controlling food, 
water, access to physical spaces, choice of conspecifi cs, 
movement patterns, daily routines, implementation of 
research protocols and so on (Caine  1992 ; Laule  2003 ). The 
more negative events the animal experiences in relation to 
humans, the stronger the link between the stimuli (humans) 
and the fear response (Hemsworth  &  Coleman  1998 ). Studies 
have shown repeatedly that routine procedures by familiar 
personnel may result in persistent stress responses (Malinow 
 et al.   1974 ; Manuck  et al.   1983 ; Line  et al.   1989 ). Increased 
fi ghting and wounding in chimpanzees is seen at times 
of greater human activity (Maki  et al.   1987 ; Lambeth  et al.  
 1997 ). 

 The fi rst strategy employed by animals when feeling 
threatened and/or fearful is normally escape or fl ight. 
However, laboratory animals often cannot escape the fearful 
stimuli (humans) nor, in most cases, can they even get out 
of visual range of humans. When an animal cannot escape 
from a threat, this tends to lead to either the fi ght response, 
which we label as aggression (Hediger  1950 ), or an avoid-
ance behaviour (Boissy  1995   ). Avoidance is often seen as the 
rodent who runs from the human hand, the dog that cowers 
in the corner of the kennel, the pig who emits a loud vocali-
sation or squeal when approached, or the primate who is 
pressed against the back of the cage and refuses to approach, 
even for a food treat. 

 Laboratory animals will show fearful responses when 
subjected to a wide array of medical procedures, particu-
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 –  gaining the voluntary co - operation of the animal and 
rewarding behavioural performance with something the 
animal likes  –  enhances both the behaviour and the motiva-
tion to perform it, and all within the context of a positive 
interaction. Furthermore, specifi c training techniques that 
are directed at reducing fear can serve the dual purpose of 
achieving a positive human – animal relationship while 
reducing stress on the animal.  

  Desensitisation 

 Desensitisation is a process designed to  ‘ train out ’ , or over-
come, fear. By pairing positive rewards with any action, 
object or event that causes fear, that fearful entity slowly 
becomes less negative, less frightening and less stressful. 
The effectiveness of desensitisation can be assessed in two 
ways. Is there a positive change in the animal ’ s willingness 
to voluntarily co - operate in the event? And are there changes 
in the animal ’ s behaviour in relation to the fearful entity that 
indicate reduced stress or fear? Through desensitisation, 
animals learn to tolerate and eventually accept a wide array 
of frightening or uncomfortable stimuli. Effective desensiti-
sation relies on two elements: precise reinforcement and 
good judgement in determining where the process should 
start and how fast to move through the steps to the com-
pleted behaviour. 

 Precise reinforcement means catching the exact moment 
the animal experiences the stimulus. For example, when 
training an animal to accept an injection, or to tolerate a blood 
draw, the feeling of a needle piercing the skin is a potentially 
frightening and painful experience. Effective desensitisation 
requires pairing many positive rewards directly with that 
experience, or with a similar experience. Training may 
include pairing positive rewards with the experience of being 
touched with a progression of items, starting with the train-
er ’ s fi nger or a wooden dowel, then a capped syringe, then a 
needle with the end cut off so it is blunted and fi nally the real 
needle. In each case, the bridge (such as verbal  ‘ good ’  or click-
ing sound) must occur at the exact moment the animal feels 
the object touch the skin. The bridge is then immediately fol-
lowed by a reward. The animal must experience this over and 
over again, with the touch slowly moving from very light to 
the fi nal experience of actually piercing the skin. If desensiti-
zation is done well, the animal will voluntarily accept the 
injection, or allow the blood draw, and recognisable signs of 
stress and fear will be diminished or absent. 

 The second key to effective desensitisation is determining 
the starting point and how fast to progress. If fear of the 
syringe is so great that the animal cannot accept a food 
reward in its presence, then learning cannot occur. In that 
case, the fi rst step may be to offer the animal a brief glimpse 
of the syringe, or increase the distance between the syringe 
and the animal, pairing these experiences with the bridge 
and food reward. The next step may be moving the syringe 
towards the animal in small increments, each one paired 
with the bridge and reward. How quickly progress occurs 
and how big each step is depend on how the animal reacts 
to each approximation. 

 Desensitisation can be used in many situations. Animals 
can be desensitised to husbandry and research procedures, 

  1.     recognize fear;  
  2.     acknowledge its effects;  
  3.     adjust behavioural criteria and expectations 

accordingly;  
  4.     develop and implement strategies to reduce fear.    

 Positive reinforcement training provides animal care staff 
with the techniques to adopt a proactive approach to dimin-
ish the level of fear and thus the accompanying stress that 
an animal experiences. Doing so can directly enhance 
welfare, reduce resultant abnormal behaviour and increase 
the likelihood of achieving a greater degree of co - operation 
by the animal in behavioural objectives. 

  Improving the  h uman –  a nimal  r elationship 

 An appreciation of the human – animal relationship is impor-
tant. A patient, empathetic handler will contribute much 
towards the well - being of an animal, no matter what the 
circumstance or the species. Whether handling a rat, restrain-
ing a dog or reassuring a primate, a gentle hand, quiet voice 
and measured approach can create a more positive experi-
ence for the animal. 

 Smith and Swindle  (2006)  emphasise the importance of 
the infl uence of animal care staff on pig behaviour in the 
laboratory. With gentle handling and positive reinforcement 
techniques pigs can be readily trained to tolerate a simple 
physical examination, to walk out of their cages to another 
location and to accept restraint, including manual, mechani-
cal (i.e. a sling) and chemical. 

 One of the most effective ways to establish a positive 
relationship with captive animals is to have some positive 
interaction with them on a daily basis. Bayne  et al.   (1993)  
found that 3 – 5 minutes of daily positive interactions and 
treat provisioning for singly housed rhesus macaques 
(Macaca mulatta) resulted in decreased abnormal behaviour 
and overall fear. Similarly, Baker  et al.   (2003)  found that PRT, 
used as an enrichment strategy for primates, resulted in 
reduction of abnormal behaviour and anxiety - related behav-
iour. Studies have shown that petting a dog can have a 
calming effect and decrease heart and respiratory rates 
(Gantt  et al.   1966 ) and may be effective in reducing cortisol 
responses to aversive situations, such as physical examina-
tions, injections and blood sampling (Hennessy  et al.   1998 ). 
Ferrets that are handled regularly become less troublesome 
to handle and less fearful (Ball  2006 ). Numerous studies 
demonstrate the benefi cial effects of frequently handling 
research animals in a patient and calm manner before initia-
tion of study protocols (Meaney  et al.   1991 ; Chapillon  et al.  
 2002 ; Conour  et al.   2006 ). 

 Tuli  et al.  ( 1995 , p. 132) suggest that  ‘ animals habituated 
to a handler or animals that are gentled in early life show 
less handling stress in later life ’ . Davis  (2002)  documented 
the ability of a variety of species to discriminate between 
handlers that were either simply familiar or those that had 
been associated with a positive experience. Finally, Wolfl e 
( 1985 , p. 450) argues,    ‘ It is not an overstatement to say that the 
right animal technician instils qualities in the animals that make 
them better and more reliable research subjects. ’ 

  PRT is a powerful vehicle for creating a positive bond 
between human and animal. The very nature of the process 
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sented an arm or leg for the injection, or were given the 
injection involuntarily, through coercion or the use of a dart 
gun. The training process used a combination of shaping 
and desensitisation. Haematological and serum chemistry 
values indicative of acute stress in chimpanzees (ie, total 
white blood cell (WBC) counts, absolute segmented neu-
trophils (SEG), glucose (GLU) levels and haematocrit (HCT) 
levels) were analysed in both conditions. Results showed 
that total WBC counts, blood GLU levels and SEG levels 
were signifi cantly lower in animals that voluntarily pre-
sented than in animals that received an injection involuntar-
ily. Perhaps the most noteworthy results came from 
within - subject conditions showing that individuals had sig-
nifi cantly lower WBC and GLU levels when they voluntarily 
presented for the injection than when they did not. 

 Therefore, whenever possible, it is worth the time and 
effort to desensitise animals to uncomfortable or frightening 
events, rather than by simply habituating them to it. 
However, habituation can be quite useful as a preliminary 
step before formal desensitisation. For, example, in the 
sample training protocol for training a pig to enter a squeeze 
cage, the fi rst step might be to attach the squeeze cage to the 
pig ’ s enclosure and allow free access to it for a couple days. 
Adding some food inside may make exploration of the cage 
more likely. This process of habituation, implemented 
before actual PRT begins, may shorten the time required for 
training and desensitisation. Furthermore, if habituation is 
the only method employed, animal care staff should at the 
very least provide some positive reinforcements, i.e. food 
rewards, in conjunction with the experience as frequently 
and as generously as possible.   

  Socialisation  t raining 

 With the growing requirement to house social primates in 
pairs or small groups, it is necessary to have the ability to 
facilitate introductions and increase the likelihood of main-
taining stable groupings of animals. One PRT method has 
been used successfully with a wide range of species to 
address these objectives (Desmond  &  Laule  1994 ; Laule  &  
Whittaker  2007 ). 

  Co -  o perative  f eeding 

 Co - operative feeding is a technique used to enhance positive 
social behaviour and reduce agonistic behaviour (Bloomsmith 
 1992 ; Bloomsmith  et al.   1994 ; Cox  1987 ; Desmond  et al.   1987 ; 
Laule  &  Whittaker  2007 ). It is of particular value in managing 
socially housed primates in laboratories. Many staff caring 
for captive animals have used subterfuge and distraction 
when attempting to provide subordinate animals with food, 
enrichment or other desirable resources. However, these 
techniques actually exacerbate aggression, causing domi-
nant animals to become more vigilant in order to maintain 
control of the desirable resources. In captivity, aggressive 
interactions can have serious consequences if group members 
or cage mates are unable to escape the aggressors. 

 Co - operative feeding conforms to operant conditioning 
theory, which states that the consequences of a behaviour 

new enclosures, unfamiliar people, specifi c people like the 
veterinarian, novel objects, strange noises and other possible 
aversive stimuli.  

  Habituation or  a cclimatision 

 Habituation refers to the process of gradually getting an 
animal used to a situation which it normally avoids, by 
prolonged exposure. It differs from desensitisation in that 
there is no direct pairing of a positive reinforcer with the 
stimulus, or with the experience of fear or anxiety in relation 
to the stimulus. The animal simply experiences the event 
repeatedly until it no longer displays the behavioural signs 
of fear or stress. At that point it is assumed to have habitu-
ated to it. This is a widely accepted approach to managing 
laboratory animals and their fearful, painful or stressful 
experiences (Ruys  et al.   2004 ). The reliance on habituation, 
rather than desensitisation, is one of practicality. Time con-
straints and limited staff place pressures on animal care staff 
to get the necessary behaviour in the easiest and quickest 
way possible. 

 For example, habituation is often used to accustom pri-
mates to chair restraint. It is readily acknowledged that 
forced restraint is stressful for an animal. Behavioural signs 
include physical resistance and struggling, heightened agi-
tation, alarm vocalisations and facial expressions of fear and 
defensive threats (Reinhardt  et al.   1995 ). Physiological 
changes include increased respiration and heart rate, activa-
tion of the hypothalamic – pituitary – adrenal (HPA) axis and 
the secretion of glucocorticoids in proportion to the intensity 
of the perceived threat. 

 With repeated exposure to the restraint, behavioural and 
physiological responses diminish, which is cited as evidence 
that the animal has become habituated to the experience. 
However, as one study by Ruys  et al.   (2004)  showed, this 
may not be indicative of actual habituation to the event. 
Changes in behaviour may be simply an effective coping 
strategy as the animal learns that attempts to escape are 
futile and therefore submits. Study results showed that after 
repeated chairing of rhesus macaques (Macaca mulatta), 
although expected behavioural changes occurred, there 
was still an HPA response, albeit diminished, and increased 
cortisol levels, especially in the initial period of restraint. 
Their conclusion was that   ‘  …  the pattern of results that 
we found suggests that rhesus macaques habituate behaviourally 
but not physiologically to their chair restraint ’   (Ruys  et al.   2004 , 
p. 212). 

 This study is referenced because it is a good reminder that 
compliance on the part of the animal may not be indicative 
of the level of stress the individual is experiencing. The 
handling and training methods used should increase behav-
ioural compliance and at the same time reduce stress and 
fear. Simply providing repeated exposure to an uncomfort-
able event may not be enough. A better approach is to 
reverse the process through the use of desensitisation tech-
niques. As the animal becomes less fearful, behavioural 
compliance increases. 

 This was demonstrated in a study by Lambeth  et al.   (2006)  
where researchers examined records of 575 anaesthesia 
events for 128 chimpanzees. Animals either voluntarily pre-
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and effectively apply PRT techniques. Training is a skill that 
takes time and practice to develop. Poorly planned and 
implemented training will yield minimal benefi ts at best. 
Second, the commitment and motivation of personnel will 
have an enormous impact on the quality of the training 
experience and the results achieved. Third, consistency in 
handling and training techniques between all staff who 
work with the animals is critical. Positive reinforcement 
methods should be applied to the daily husbandry and 
cleaning routine as well as to the training of specifi c behav-
iours for research protocols. Fourth, learning occurs through 
repetition. Therefore, the more opportunity the animal has 
to practise the behaviour, the quicker results will be 
realised. 

 It is important that every institution recognises the need 
to invest resources in training staff in PRT techniques. By 
developing staff that are familiar with these techniques and 
have some degree of competence in using them, the quality 
of care of laboratory animals can be greatly improved. 
Although it may not be feasible to develop equal training 
skills in all animal care personnel, one approach that is effec-
tive is to develop multiple levels of skills in staff. For 
example, everyone who works with the animals should 
have a basic understanding of operant conditioning tech-
niques and be capable of using and maintaining trained 
behaviour once it is complete. They should also be capable 
of implementing simple training protocols, for example, 
incorporating reinforcement into interactions with animals 
when they comply with husbandry and medical procedures. 
A smaller subset of staff should have training skills that 
allow them to design training protocols and train new 
behaviour. These individuals can then plan and implement 
PRT to improve daily handling and husbandry procedures 
and better prepare animals for research protocols. Finally, 
at least one individual on site should have suffi cient training 
skills to resolve diffi cult situations as they arise, as well as 
coordinate and oversee PRT activities. 

 Despite the complexity of this process, if viewed in the 
long term, the apparent costs of implementing a positive 
reinforcement training programme can be turned into real 
benefi ts for the staff, animals and the institution. Training 
sessions provide a context where person and animal can 
have a mutually positive interaction and positive interac-
tions ultimately strengthen the human – animal bond, 
enhancing the quality of life for laboratory animals. Finally, 
in a pragmatic sense, training success can reduce the use of 
restraint and anaesthesia and save time, labour and money 
over the long term (Bloomsmith  1992 ; Luttrell  et al.   1994 ; 
McKinley  et al.   2003 ). 

  Practical  a pproach to  t raining  l aboratory  a nimals 

 The reality of life in the laboratory may not always be ideally 
suited to a formal PRT programme. For example, care staff 
are normally responsible for large numbers of animals, lim-
iting the amount of time they can spend with individual 
animals. Housing conditions vary from small caging, that 
severely restricts the animal ’ s range of physical movement, 
to big corrals with large numbers of animals, that are diffi -
cult to access on an individual basis. Research protocols 

determine whether or not it will recur (Pryor  1999 ). During 
co - operative feeding, the dominant animal receives rein-
forcement, in the form of desirable foods, whenever the 
subordinate animal receives these resources. This technique 
reinforces the dominant animal for behaviour that is co -
 operative rather than aggressive, thus strengthening co -
 operative behaviours. When consistently and skilfully 
applied, co - operative feeding has two positive outcomes: (1) 
the dominant animal becomes less aggressive and more tol-
erant, and (2) the subordinate animal becomes less fearful 
and more willing to accept rewards in the presence of the 
dominant animal. 

 Co - operative feeding can be used to enhance introduc-
tions of animals, prior to and after they are given physical 
access to each other. Initial training can be done with animals 
separated in adjacent cages. However, they must have visual 
access to each other so the dominant animal can see what 
s/he is being reinforced for. A housing situation with mul-
tiple animals may require more than one trainer in the initial 
stages. If so, one trainer should control the dominant animal 
and the other trainer feed the rest of the animals, following 
the protocol so the dominant animal is being reinforced 
specifi cally for the other animals being fed. The training 
should progress so that eventually one person feeds the 
animals. 

 The following is a sample protocol for applying co - 
operative feeding to two pair - housed primates. Tools 
include a clicker and food, including some special food 
items for the dominant (target) animal. 

   •      Cue the target animal to sit, then reinforce.  
   •      Give the second animal a piece of food and as he takes 

it, bridge and reinforce the target animal with two to 
three pieces of food for sitting and staying without 
interfering (if necessary, cut the food smaller to keep 
volume down).  

   •      Provide verbal and visual information to the target 
animal  –  look at him and say  ‘ Good! ’  as you feed the 
other animal, say  ‘ No ’  if he breaks position and imme-
diately ask him to sit again.  

   •      Ignore minor interferences (head bob, reaching for 
food, etc) as long as the second animal is successful in 
taking food.  

   •      If the target animal is aggressive towards or intimidates 
the second animal so he won ’ t take food, bring the 
target animal back to sit/stay, then resume the feed.  

   •      Use a high rate of continuous reinforcement at fi rst (one 
piece for second animal, two to three pieces for the 
target animal) then as progress is made, the amount and 
frequency of reinforcement for the target animal can be 
slowly reduced.  

   •      Give the target animal a special treat at the end of every 
successful session.      

  Training  p rogramme  d evelopment 

 The success of a positive reinforcement - based animal train-
ing programme in the laboratory environment depends on 
many factors. Primary among them is the ability of the per-
sonnel to understand the principles of operant conditioning 
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  3.     Always give the animal a reasonable opportunity to 
co - operate in the desired behaviour. Time constraints 
may be an issue, and numbers of animals that require 
training may be high, but every animal deserves a 
measure of patience on the part of the human. For 
example, if a primate must be restrained in a squeeze 
cage, rather than immediately moving the cage wall all 
the way forward, the wall should be moved in incre-
ments, offering the animal the chance to co - operate by 
moving to the front of the cage after each increment. 
When it complies, a reward is given. Total co - operation 
will not be immediate, but over time the animal will 
learn what is expected and will probably co - operate 
without having to be fully restrained. In the same way, 
when it is necessary to handle or restrain a rodent or 
rabbit, a patient, gentle hand and a treat following the 
procedure is the most humane and positive way to 
carry out the task and gain greater co - operation.  

  4.     Always look for and employ the least invasive methods 
to achieve objectives. Research protocols put great 
demands on animals and animal care staff. Results are 
dependent upon consistent means of collecting samples, 
administering oral medications, applying topical appli-
cations and so on. However, it is often possible to meet 
the specifi c study requirements in a less invasive or 
stressful way. For example, collecting urine samples 
from group - housed callitrichids through training 
animals to urinate quickly and reliably into a vial 
(McKinley  et al.   2003 ) or on a clean platform inside the 
cage (Smith  et al.   2004 ) yields the same results, ie, the 
individual urine sample, as separating animals for 
extended periods of time until they urinate. In two 
studies, one with rats (Huang - Brown  &  Guhad  2002 ) 
and another with rabbits (Marr  et al.   1993 ), animals 
were trained to take their oral doses of medication in 
chocolate and a sucrose solution respectively. In both 
cases, drug absorption and serum levels were appropri-
ate. This allowed the animals to avoid a very stressful 
experience of gastric gavage, while meeting the study 
needs.  

  5.     Plan ahead: prepare for research protocols by identify-
ing which animals will be involved, what behaviours 
are needed, what equipment will be used, how long the 
procedure will take, how often it will occur and other 
relevant factors. Then focus some effort on a daily basis 
towards preparing the animals for the protocol. There 
are two fundamental objectives of this work. First, to 
desensitise each animal to components of the process 
that may be new, frightening or uncomfortable such as 
medical equipment, the feel of a needle prick, the expe-
rience of being restrained and so on. The second is to 
gain the voluntary co - operation of the animal in as 
much of the research protocol as possible.  

  6.     Find ways to train regularly and frequently  –  animals, 
like humans, learn through repetition. Ideally, PRT ses-
sions should be conducted on a daily basis with each of 
the animals. For best results, it is advisable to limit the 
number of individuals conducting new training. During 
this phase, consistency between sessions is a critical 
factor in the effectiveness of the training and how 
quickly new behaviours are completed. Consistency 

often dictate or restrict the amount and type of food animals 
can receive, the type of physical activity they can engage in 
and acceptable enrichment options. Finally, staff are often 
given only short periods of time to prepare animals for 
research procedures. 

 In many cases, PRT, in its purest form, may not be feasible 
in this setting. Limitations in the training skills of staff and 
time constraints may not allow for the step - by - step shaping 
process of a behaviour using totally positive reinforcement. 
The cognitive abilities of different animals, as well as the 
complexity of the behavioural requirements, will also vary. 
Although the techniques of PRT are universal, species and 
individuals within species will have their own unique tem-
perament. A signifi cant element of skilful training is the 
ability to be sensitive and responsive to these often subtle 
differences, and to adapt and respond appropriately. 
However, even with basic skills, it is feasible to integrate 
positive reinforcement techniques into existing manage-
ment procedures for most species. In order to develop such 
a system, the following actions are recommended and 
ideally should be integrated into existing operational 
procedures. 

  1.     Use the basic principles of positive reinforcement train-
ing to improve the human – animal relationship. For 
example, in a primate colony, moving through a room 
with multiple cages and stopping for even a few seconds 
to say some kind words and deliver a food treat to each 
animal can contribute greatly to a positive human – 
animal relationship. It may reduce the animal ’ s fear of 
humans and create the context for more co - operation 
on the part of the animal in future procedures. Therefore, 
it is most benefi cial to incorporate this simple condition-
ing into care routines at breeding centres and import/
quarantine facilities. Whenever possible, hand feeding 
and rewarding can evolve into training of simple cues 
and responses such as coming to the front of the cage 
and remaining there, sitting, climbing on the cage front, 
presenting a hand or arm and so on. This is also a great 
opportunity to start the training process with young 
animals, which are generally quite responsive to PRT. 
The sooner this process is begun, the greater the bene-
fi ts in the long term.  

  2.     Provide animals with the opportunity and motivation 
to co - operate voluntarily in activities and procedures by 
incorporating two basic positive reinforcement training 
techniques into interactions. First, provide a cue or a 
signal that clearly tells the animal what he is being 
asked to do. If the animal can perceive and understand 
the signal, it can then respond with the correct behav-
iour. Second, if the animal responds appropriately, 
provide a reward. Even if the animal care staff must 
resort to negative reinforcement (ie, moving a cage back 
to restrict space, or showing the animal a net) to gain 
compliance, when the behaviour occurs, the treat is 
given. Over time, the use of negative reinforcement is 
steadily decreased until it is no longer necessary. With 
a clear signal and regular reinforcement, the animal 
now has the information necessary to co - operate and 
the motivation to do so. It is surprising how often those 
two elements are overlooked.  
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techniques like desensitisation, the fear and stress associated 
with these procedures can be signifi cantly reduced. PRT can 
be applied in a wide array of situations with a wide variety 
of species. When appropriately and skilfully applied, posi-
tive reinforcement techniques represent a viable option to 
the traditional approach to the management of laboratory 
animals. By making the shift to a more positive reinforce-
ment - based system, the welfare of the animals is signifi -
cantly enhanced while providing better research models for 
the biomedical community.  
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can be achieved in a couple of ways. Individual animal 
care staff can be assigned to individual animals, 
training them for all new behaviours related to the pro-
tocol. It is also possible to assign a back - up trainer to 
work on the behaviours during the primary trainer ’ s 
days off, as long as good communication is maintained 
between those individuals. This allows for a 7 days a 
week training regimen, providing opportunities for 
daily practice and repetition. Another option is to 
divide up responsibility for training new behaviour so 
that several individuals work with each animal, but 
each person only works on his or her assigned 
behaviour.  

  7.     Incorporate PRT into the daily routine. If regular train-
ing sessions are not possible, then training should be 
incorporated into the daily routine. For example, every 
time animal care staff interact with the animals during 
cleaning, feeding, visual inspections etc, they carry with 
them an instrument or apparatus that will be used in 
the procedure and give each of the animals a treat. If 
possible, when some large piece of equipment is to be 
used, it should be brought into the room and the 
animals given a treat while it is present. A simple 
process like this, done regularly, can dramatically 
reduce the fear response to the item. Similarly, training 
for voluntary co - operation in the research procedure 
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behavioural responses each day can have a benefi cial 
impact. For example, a member of animal care staff can 
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he or she can: carry a syringe and just show it to each 
animal prior to giving the enrichment; or hold the dog 
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is a greater likelihood that the animal will be more co -
 operative and less fearful when the actual procedure is 
implemented.  
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the animal has the opportunity to comply and feel less 
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  Concluding  r emarks 

 The use of positive reinforcement training as an animal care 
and management tool offers many benefi ts to biomedical 
facilities and to their animals, staff and researchers. Primary 
among these is the ability to gain the voluntary co - operation 
of animals in husbandry and research procedures. Through 
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 Euthanasia and  o ther  f ates for 
 l aboratory  a nimals  
  Sarah   Wolfensohn       

17
          To be or not to be: that is the question:  
  Whether  ‘ tis nobler in the mind to suffer  
  The slings and arrows of outrageous fortune,  
  Or to take arms against a sea of troubles,  
  And by opposing end them? To die.  …   

  Shakespeare: Hamlet (1601) Act 3 Scene 1      

 Is it is better to be dead, or better to be alive and suffering? 
Does being a laboratory animal count as an  ‘ outrageous 
fortune ’ ? Is that any worse or better than being a farm 
animal or a pet or a wild animal (Wolfensohn  &  Honess 
 2007 )? These are diffi cult questions with no simple answers, 
as ethicists, philosophers and even great playwrights have 
found. Many hours, days or even careers have been spent 
debating this question down the centuries. But endless 
debate does not help the welfare of a laboratory animal 
whose fate a scientist, a vet, an animal care technician or an 
ethical review committee is trying to decide. Decisions on 
euthanasia must be reached swiftly and appropriate actions 
taken promptly if suffering is to be prevented. Euthanasia 
is defi ned as the bringing about of a gentle and easy death 
(Oxford English Dictionary); so should not, itself, cause pain 
or suffering. 

 The optimum time at which to kill an animal in the labora-
tory will be affected by a range of parameters, and the com-
bination of the factors that lead to a decision as to precisely 
when to carry out euthanasia has evolved into the concept 
of the humane endpoint (Hendriksen  &  Morton  1998 ). The 
idea behind the humane endpoint is to defi ne a set interven-
tion point which allows the collection of quality scientifi c 
data but limits the amount of suffering, either contingent or 
direct (Russell  &  Burch  1959 ), to which the animal may be 
subjected. The endpoint may be purely temporal; for 
example, the animal will be killed x hours/days/weeks 
after a particular technique is carried out when the adverse 
effects are not expected to increase but a time limit is set 
nonetheless, thus reducing the potential for contingent suf-
fering. Or there may be a defi ned measurable point relating 
to a physiological parameter; for example, when the blood 
glucose level reaches x mmol/l which indicates that the 
animal is in the required physiological state to gather the 
data, but not yet experiencing deteriorating clinical signs. 
Or, in some cases, the defi ned intervention point may be 
based on a collection of scores cumulatively measured, 
sometimes with weightings for more challenging clinical 
conditions, to ensure that any potential suffering is limited 

to the minimum consistent with obtaining satisfactory data. 
The collection of usable data is essential since, without that, 
any suffering caused would be pointless and unethical, as 
the animal would have been used without purpose or sci-
entifi c output. Well designed experiments detect early signs 
of distress, allowing the defi nition of a point at which ade-
quate data can be obtained, but the suffering of the animals 
is kept to a minimum. The precise time at which to kill the 
animal must be based on appropriate and accurate clinical 
judgement, assessing the degree of suffering and the poten-
tial loss of data. Ideally, the maximum achievable informa-
tion should be obtained from each animal while keeping 
suffering and distress to the minimum. Using this concept 
of the humane endpoint will refi ne the procedure and 
reduce the costs to the animals, improving the justifi cation 
and the cost – benefi t equation for the experiment. It is 
unusual for laboratory animals to reach death in a labora-
tory as an expected consequence of a procedure without the 
intervention of euthanasia. For further detail on humane 
endpoints see Chapter  2 . 

 Someone in the laboratory will have to carry out the pro-
cedure of euthanasia and actively kill the animal rather than 
leaving it to die, and this in itself generates a particular set 
of problems. Euthanasia is not necessarily the most diffi cult 
part of the procedure for the animal, indeed if carried out 
competently it may be easier for the animal than those parts 
of the procedure that may have caused pain, suffering or 
distress. On the other hand, the carrying out of euthanasia 
can be the most diffi cult part for the researcher. 

 For a doctor, euthanasia is illegal in most countries. For 
medical practitioners, treatment is aimed at palliative care, 
analgesia and supportive therapy, a quality death, but one 
that occurs naturally and is not actively brought about. 
Conversely, for veterinary practitioners, euthanasia is part 
of everyday life in the surgery. The majority of domesticated 
animals end their lives at the hand of man: millions of food 
animals are slaughtered in the UK each year (see Table  17.1 ), 
production animals are killed once they cease to be viable 
economic units and pet animals are often subjected to eutha-
nasia once a decline to inevitable death begins to be appar-
ent. The reasons for requesting pet animal euthanasia are 
many, some of which refl ect concern for the animal ’ s well -
 being; but some are a mixture of concern for the animal and 
concern for the owner ’ s feelings and their own ability to 
cope with death, and some are a refl ection of the brutal 
fi nancial facts of animal care and death. Phrases such as  ‘ I 
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 An animal is regarded as continuing to live until the per-
manent cessation of the circulation or the destruction of the 
brain, therefore any method of killing used must ensure that 
one or both of these criteria is met. As with any scientifi c 
procedure, humane killing requires a certain amount of 
preparation. Points that should be considered include: 

   •      Training.     The person carrying out the killing must be 
able to do so without causing distress to the animals 
involved. Any method of killing can cause distress if 
badly performed, so staff must be suitably trained and 
competent in the methods and with the equipment they 
will be using.  

   •      Handling.     Animals must be handled carefully and 
competently without causing them distress. Animals 
will often be calmer if held by a person with whom they 
are familiar. Staff must be competent to hold animals 
properly and securely. Some methods of killing may 
require two or more people to hold the animal; there 
must be suffi cient trained people available to do the job 
properly.  

   •      Location.     If an animal is frightened but conscious it 
may show behavioural responses such as vocalisation, 
struggling, urination and defecation. Any fear or dis-
tress experienced can be communicated by sound or 
smell to other animals causing further distress. Some of 
these responses may be exhibited by unconscious 
animals before death occurs. When killing entire cages 
of animals it is advantageous to kill them in the home 
cage as this causes much less stress (Hackbarth  et al . 
 2000 ) than removing them to an unfamiliar location. In 
the case of rodents, the reactions of conspecifi cs may 
not be apparent when an animal is killed in the same 
room; although for other species it is considered prefer-
able to remove them to another area away from the 
group before they are killed. In any event, in an emer-
gency, it is better to euthanase the animal immediately 
rather than to move it.  

   •      Equipment.     Some methods of killing require equip-
ment such as anaesthetic induction chambers, carbon 
dioxide cylinders, bottles of anaesthetic agents, needles 
and syringes, or fi rearms. It is essential to make sure 
that any equipment is clean, prepared and ready for use 
at the start, cleaned again before subsequent use with 
another animal, and that the operator is fully competent 
to use it.    

 There are several different methods of euthanasia 
available. There is a variety of guidelines that can provide 
assistance with the considerations relating to the carrying 
out of euthanasia (Canadian Council on Animal Care 
(CCAC)  1980 ; Close  et al.   1996, 1997 ; American Veterinary 
Medical Association (AVMA)  2001, 2007 ; Reilly  2001 ; 
American Association of Zoo Veterinarians (AAZV)  2006 ; 
Offi ce International des Epizooties (OIE)  2007 ). The follow-
ing points should be considered when choosing a method 
of humane killing (Wolfensohn  &  Lloyd  2003 ; Carbone  et al.  
 2004 ): 

   •      death must occur without producing pain;  
   •      the time required to produce loss of consciousness must 

be as short as possible;  

wouldn ’ t want him to suffer ’ ,  ‘ I don ’ t want to see him 
suffer ’ ,  ‘ I want to be able to remember him as happy ’ ,  ‘ I 
don ’ t want the children to see him die ’ ,  ‘ I don ’ t want to pay 
for treatment ’  are regularly heard in veterinary consulting 
rooms and refl ect the complex interactions of factors that 
lead to the decision of when, or if, to carry out euthanasia.   

 For the veterinary surgeons themselves, carrying out 
euthanasia can give rise to a mixture of emotions depending 
on the individual circumstances. They are in a unique posi-
tion of being able to offer a quiet and painless death to 
animals under their care (Bowlt  2007 ), but in some cases it 
may be interpreted by the pet owner or by the veterinary 
surgeon himself, as a failure on the part of the veterinary 
surgeon to effect a satisfactory cure (BVA Ethics and Welfare 
Group  2007 ). Depression is common among veterinary sur-
geons and as a demographic group they have one of the 
highest suicide rates, possibly due to stigmatism of mental 
health disorders and a reluctance to seek medical help, pro-
fessional and social isolation and ease of access to lethal 
drugs. Combined with the acceptance of killing as an act, a 
proven ability to carry it out effi ciently and a high level of 
stress in the working environment, the proportional mortal-
ity ratio for veterinarians is signifi cantly higher than for 
medical or dental practitioners, farmers or pharmacists 
(Mellanby  2005 ; Bartram  &  Boniwell  2007 ). Coping with 
death of research animals can also take its toll on the emo-
tions of those involved (Pekow  1994 ; Halpern - Lewis  1996 ). 

 All of these factors play their part in the way that eutha-
nasia is viewed in the context of a laboratory animal envi-
ronment; sometimes making the researcher more and 
sometimes less willing to carry out euthanasia. Individual 
psychological state is important and must be handled care-
fully by all those involved, but must not be allowed to affect 
the welfare of the animal under study. 

 Experimental animals may need to be killed for a variety 
of reasons but virtually all will be killed long before their 
natural life expectancy comes to an end. It may simply be 
that the end of the experiment has been reached and all the 
necessary data have been collected. Animals may also be 
killed if their health gives cause for concern, if they have 
reached the end of their breeding life, if they are unwanted 
stock, or if tissues and blood are required for  in vitro  studies. 
Article 8 of Council Directive no. 86/609/EEC states that the 
animal should not be subjected to severe pain, distress or 
suffering and that if it is not possible to treat it with pain -
 relieving means it shall be immediately killed by a humane 
method. Killing an animal is never a pleasant task for the 
person carrying it out; but it does not have to be unpleasant 
for the animal, provided it is carried out competently, 
swiftly and humanely. 

  Table 17.1    Number of agricultural animals slaughtered in the  UK  
in 2006 (MLC  2007 ). 

   Species     Number of animals slaughtered  

  Cattle    2   643   000  
  Sheep    16   414   000  
  Pigs    9   096   000  
  Broilers    807   200   000  
  Turkeys    17   300   000  
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Hawkins  et al.   2006 ). One of the principal advantages is that 
it can be carried out leaving the animal in its home cage and 
placing the entire cage in a carbon dioxide cabinet. The 
animal is not handled and the operator is able to remain 
detached from the process of killing. A controllable source 
of carbon dioxide should be used, it is not acceptable to use 
dry ice; preferably there should be a thermostatic mecha-
nism to ensure that the gas reaching the animal from the 
cylinder is not uncomfortably cold. 

 Neonatal animals and cold - blooded vertebrates are resist-
ant to hypoxia, and diving birds and mammals can hold 
their breath for long periods, so the use of carbon dioxide is 
not recommended in these animals. It is now established 
that rats and mice fi nd carbon dioxide aversive (Leach  et al.  
 2002a ) and its use as a euthanasia agent is considered unac-
ceptable by many (Leach  et al.   2004 ). Carbon dioxide expo-
sure causes immediate bradycardia due to nasal nociception 
activation and pain, although Hackbarth  et al.   (2000)  found 
that when rats were exposed to carbon dioxide in the home 
cage without disturbance there were no such aversive signs. 
For humans, carbon dioxide inhalation is painful at 50 – 100% 
exposure concentrations (Danneman  et al.   1997 ). If rodents 
are exposed to a high concentration ( > 50%) of carbon 
dioxide, the time to unconsciousness and therefore the time 
for which the pain has to be endured is at least 10 – 15   s 
(Hawkins  et al.   2006 ). Many guidelines for euthanasia state 
that the concentration of carbon dioxide should be  rising . 
However, if the chamber is fi lled slowly it can take around 
2 minutes to reach unconsciousness at 35% carbon dioxide 
(Golledge  et al.   2005 ). While this avoids the acute pain seen 
with 100% carbon dioxide, there is signifi cant dyspnoea and 
tachypnoea which may be very distressing to the animal 
even if it is not actually painful. In Hawkins  et al.   (2006)  it 
is stated that carbon dioxide aversion in rats starts at 10 – 15% 
concentration and that this aversion is very high, not even 
being overcome by motivation of 24   h of food deprivation. 
In humans, dyspnoea occurs at 7% carbon dioxide, is severe 
at 15 – 20% and said to be very unpleasant. Rats will show 
escape behaviour at 15 – 20% carbon dioxide. The choice with 
carbon dioxide would therefore appear to be between a high 
concentration initially, resulting in a faster more painful 
death; or a lower rising concentration of carbon dioxide, 
resulting in a slower death with less pain but more distress 
from dyspnoea. Neither of these is satisfactory. 

 The question is therefore whether there are any better 
methods that combine the advantages of not having to 
handle the animal and the aesthetic acceptability of being 
remote from the animal at the point of death, but which does 
not cause the animal respiratory distress or pain. 

 The use of carbon dioxide for stunning or for euthanasia 
in farm animals has also been shown to be aversive, whereas 
combination of the carbon dioxide with argon is less so 
(Gregory  et al.   1987 ; Raj  1999  (pigs); Raj  &  Whittington  2003  
(chicks)). The use of argon raises health and safety concerns 
since it is diffi cult to detect and when used in rats and mice 
they still show some aversive behaviour even though this is 
less than with carbon dioxide (Leach  et al.   2002b ). 

 Euthanasia can be carried out by administering an over-
dose of inhalation anaesthetic. The animal is placed in a 
suitable induction chamber with the vapour. It is important 
that the animal is physically separated from the liquid agent 

   •      the time required to produce death must be as short as 
possible;  

   •      the method must be reliable and non - reversible;  
   •      there must be minimal psychological stress on the 

animal;  
   •      there must be minimal psychological stress to the oper-

ators and any observers;  
   •      it must be safe for personnel carrying out the 

procedure;  
   •      it must be compatible with the requirements of the 

experiment;  
   •      it must be compatible with any requirement to carry out 

histology on the tissues;  
   •      any drugs used should be readily available and have 

minimum abuse potential;  
   •      the method should be economically acceptable;  
   •      the method should be simple to carry out with little 

room for error.    

 The different methods are often divided into those using 
physical methods and those using chemicals administered 
by various routes.  

  Chemical  m ethods of  e uthanasia 

  Overdose of  i njectable  a naesthetic  a gent 

 The aim is to cause respiratory depression, leading to 
hypoxia and death. With modern injectable agents used in 
combination to achieve balanced anaesthesia, there is gener-
ally a fairly wide safety margin, and indeed with some 
anaesthetics it is actually quite diffi cult to kill an animal 
using a reasonable injection volume. The drug of choice to 
carry out euthanasia is therefore pentobarbital, which does 
not have a wide safety margin and so has been superseded 
as an agent to provide quality anaesthesia. It is preferable to 
give it intravenously for the most rapid action but in the 
smaller species it is generally administered intraperito-
neally, using a suitably sized needle. The smaller the needle, 
the better, as it will cause less pain on insertion. Pentobarbital 
causes pain on injection and combination with a local anaes-
thetic agent will help to reduce this (Ambrose  et al.   2000 ). In 
larger animals, if it is not possible to locate a vein, the animal 
should be sedated fi rst with an agent administered by an 
easier route. When the sedative has taken effect and the 
animal can be handled more easily, the pentobarbital can be 
administered intravenously to kill it quickly and humanely. 
Pentobarbital must not be given intramuscularly as it is very 
irritant to the tissue and this will cause pain. Intrathoracic 
injections in the conscious animal are also painful, and 
an intracardiac injection of pentobarbital should only 
be attempted after the animal has been rendered 
unconscious.  

  Exposure to  c arbon  d ioxide and  o verdose of 
 a naesthetic by  i nhalation 

 The use of carbon dioxide for euthanasia, while very 
common, is controversial, leading to much debate over the 
most humane method of euthanasia (Conlee  et al.   2005 ; 
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small rodents, rabbits and birds and also for amphibians, 
reptiles and fi shes. Dislocation of the neck causes extensive 
damage to the brainstem and instantaneous unconscious-
ness. Dislocation must be carried out quickly and with con-
fi dence, otherwise there might not be complete separation 
of the cervical vertebrae and the animal may experience 
distress or pain. It may be preferable to sedate or anaesthe-
tise animals prior to cervical dislocation. It may be necessary 
to wrap birds to prevent involuntary fl apping of the wings. 

 Concussing the animal by  s triking the back of the head 
renders the animal unconscious, following which death 
must be ensured by dislocation of the neck or by exsan-
guination. As with dislocation of the neck, confi dence in 
handling the animal and manual dexterity are required to 
carry out this method without causing distress to the animal. 
Support the animal by the hindquarters and swing the body 
downwards such that the back of the head comes sharply 
into contact with a hard surface such as a work bench. 
Considerable training and practice on dead animals is 
required to ensure competence with this method, and it is 
diffi cult to ensure that animals are stunned consistently. For 
amphibia, reptiles and fi shes the brain must be destroyed 
immediately following concussion, as in these species the 
brain is very tolerant to hypoxia, and it cannot otherwise be 
guaranteed that concussion is irreversible or that uncon-
sciousness will last until death. 

 For ungulates the animal may be killed by one of the 
standard methods of slaughter, such as use of a free bullet, 
a captive bolt, or electrical stunning followed by destruction 
of the brain or exsanguination. However these methods are 
controlled by other legislation including control of fi rearms 
and will therefore only be available to those who have been 
appropriately trained and issued with the relevant licences. 

 For foetal, larval and embryonic forms there are other 
methods that can be used which take into account the degree 
of development of the nervous system in the various animals. 
Overdose of injectable anaesthetic may be used as for adult 
animals of all species. Refrigeration, disruption of mem-
branes or maceration can be used for birds and reptiles, but 
the death of the reptile embryo must be ensured by overdose 
of anaesthetic, maceration or immersion in tissue fi xative. 
Cooling of foetuses until movement has stopped followed 
by immersion in cold tissue fi xative is appropriate for 
mouse, rat and rabbit foetuses. Decapitation can be used for 
foetal mammals and birds up to 50   g weight, using a pair of 
sharp scissors. In some jurisdictions decapitation for neona-
tal rodents is considered an appropriate method of 
euthanasia.  

  Other  m ethods of  e uthanasia 

 Other methods of killing may be employed occasionally if 
there is a scientifi c need. Microwaves can be used to fi x brain 
metabolites without losing anatomical integrity (Ikarashi 
 et al.   1984 ; Stavinoha  et al.   1978 ). Specialist apparatus and 
careful technique are required. The microwaves are focused 
on particular areas of the brain, producing death very 
rapidly. Electrical stunning may be used as in routine pre -
 slaughter stunning for ungulates and also for other species 
such as poultry or rabbits. It requires specialist equipment, 

since volatile anaesthetics are very irritant to mucous mem-
branes. While inhalation anaesthetics are less aversive than 
carbon dioxide, they are still not particularly pleasant. 
Halothane has been found to be least aversive for rats and 
enfl urane for mice (Leach  et al.   2002b ), although such agents 
should be used with appropriate scavenging systems to 
ensure compliance with health and safety regulations. It is 
important to ensure that the animal is left in the chamber 
with the inhalation anaesthetic for long enough, and to 
confi rm that it is dead, since it may recover if it is removed 
too soon and allowed to breathe room air. 

 Rodents communicate by pheromones in urine and faeces 
and placing the animals on disposable paper which can be 
replaced each time, is a simple way of controlling this poten-
tial stress factor. Chambers of this type should always be 
used in an extraction cabinet or with a suitable ducting 
system to reduce exposure of staff to the volatile agent. 
Similarly, as for injectable agents, modern inhalational 
anaesthetic agents are developed to have a wide safety 
margin so it can be quite diffi cult to kill an animal with such 
agents. It may therefore be preferable to use them to induce 
unconsciousness and then kill the animal using carbon 
dioxide at 100%. This way the detection of pain from nocic-
eption will be avoided and death from hypoxia is rapid. It 
has therefore been suggested to use halothane (but this agent 
is shortly to be withdrawn from some markets) to induce loss 
of consciousness, then to infuse carbon dioxide to cause 
death. However the change from use of a single agent is not 
currently acceptable in some jurisdictions (Home Offi ce 
 1997 ) and it is not so simple or convenient for the user. It also 
may give rise to a training issue, but these considerations 
should not be used as an excuse not to change if multiple 
agents would be more humane. No doubt the use of carbon 
dioxide versus other methods will be subject to further 
debate in the future. Inhalation methods may be less suitable 
for large animals since they are more diffi cult to restrain.  

  Overdose of  a naesthetic by  i mmersion 

 For fi shes and small amphibia, euthanasia can be achieved 
by percutaneous administration of tricaine methane sulpho-
nate (MS 222), administered by immersion. As for inhalation 
euthanasia in the rodent, care must be taken to ensure that 
the animal is left in the solution for an adequate length of 
time and that death has occurred when it is removed.   

  Physical  m ethods of  e uthanasia 

 Physical methods of euthanasia can be distasteful to have to 
carry out, and this can lead to a tendency to be hesitant. 
However, if carried out properly these methods are often 
less distressing to the animal, since unconsciousness is very 
quickly achieved. Death should be confi rmed by exsanguin-
ation by severing major vessels or by destruction of the 
brain. Manual dexterity and an ability to handle the animal 
confi dently are essential to minimise any apprehension. 
They should be practised fi rst on dead animals, after careful 
observation of the method carried out by a competent and 
experienced person. Physical methods are appropriate for 
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laboratory species including dogs, rabbits and species of 
primates, such as common marmosets, squirrel monkeys, 
capuchins, stump - tailed macaques and chimpanzees, have 
been successfully retired to private homes, zoos, sanctuaries 
or professional collections in the UK, Europe and USA. This 
is reported to be benefi cial for staff morale as well as the 
animals (Laboratory Animal Science Association (LASA) 
 2004 ) and can help further develop a culture of care. 

 Re - homing ex - laboratory animals must be considered 
very carefully since the re - homing facility must be able to 
accommodate the animals properly and there must be ade-
quate resources to care for them in the longer term. Whoever 
will be caring for the animals must have suitable training 
and experience. Depending on the animal ’ s age, state of 
health, previous experiences and the physical and social 
conditions in which they are to be kept, there are potentially 
signifi cant welfare costs to laboratory animals that are re -
 homed. Re - homing should only be considered if it is clear 
that the process will be truly in the best interests of the 
individual animal, that it will not harm its welfare, and that 
the new home offers it a good quality of life. The factors that 
must be considered when re - homing dogs have been 
described in detail in the LASA  (2004)  guidance on re - 
homing and in the Joint Working Group on Refi nement 
(JWGR) report  (2004) . 

 Re - use of animals in further experimental procedures in 
order to avoid euthanasia may result in a decrease in the total 
number of animals used thus applying the principle of 
reduction. However it also presents the specifi c ethical ques-
tion of animal numbers versus animal suffering. The suffer-
ing (both contingent and direct) of an individual animal 
must be weighed against the welfare impact of obtaining, 
housing and preparing (surgically in some cases, or by train-
ing) a different animal. In the European Union re - use is 
subject to legal constraints defi ned in Council Directive no. 
86/609/EEC and it is considered that a reduction in total 
number of animals used does not justify causing a signifi cant 
increase in suffering for the individual animals involved. 

 Intuitively, longevity is an aim of most humans, provided 
that one remains in good health. However, for a laboratory 
animal, longevity may not be in its welfare interests. For a 
start, the laboratory environment may not be the ideal one 
in which to keep some species (Berdoy  2002 ). Limits should 
therefore be set on the length of time for which animals are 
maintained. It is not necessarily easy to defi ne a set of tem-
poral criteria and decisions may have to be made on a case -
 by - case basis. The points that should be considered include: 

   •      The health of the animal. This should include both 
physical and psychological health and welfare and 
should be regularly reviewed by the animal care staff, 
veterinary staff and ethologist (as appropriate). Any 
abnormal behaviours should be noted as well as physi-
ological indicators of poor well - being.  

   •      The adequacy of animal ’ s environment. Whatever the 
housing system there must be good quality and quan-
tity of space, with attention to all three dimensions, and 
provision for social interactions, if appropriate for the 
species.    

 There should be a good reason for maintaining animals kept 
in the laboratory long term other than as subjects in experi-

and death must be confi rmed using another method. Pithing 
may be carried out in unconscious fi sh, amphibia or reptiles. 
A sharp needle is inserted through the foramen magnum 
and agitated to destroy the brain. This requires technical 
skill in order to ensure rapid death, and must not be carried 
out in conscious animals. Rapid freezing using liquid nitro-
gen can be used  in situ  or following decapitation to freeze 
the brain. The animal must be rendered unconscious fi rst, 
as it can take up to 90s to freeze deep structures. Decapitation 
may not be humane in conscious animals, because of the 
length of time it takes for the decapitated head to lose con-
sciousness, particularly in cold - blooded vertebrates. If this 
method is required for scientifi c reasons, there must be par-
ticular justifi cation, and consideration given to sedating or 
anaesthetising the animal fi rst.  

  Confi rmation of  d eath and  d isposal of  c arcases 

 After carrying out any method of euthanasia it is vital to 
check that the animal is really dead before disposing of the 
carcase. Thus the process of killing must be completed by 
one of the following six methods: 

   •      confi rm permanent cessation of the circulation, if pos-
sible by severing the major vessels;  

   •      destruction of the brain with a permanent loss of brain 
function; all signs of refl ex activity must have ceased;  

   •      dislocation of the neck, following concussion or over-
dose of anaesthetic;  

   •      exsanguination;  
   •      onset of rigor mortis;  
   •      mechanical disruption by destruction of the body in a 

macerator.    

 All animal carcases are classed as clinical waste and as such 
must be disposed of correctly either by maceration or in 
clinical waste bags that are then incinerated. There should 
be local rules relating to the method of disposal in each 
animal unit.  

  Alternatives to  e uthanasia 

 For most laboratory animals the carrying out of euthanasia 
is an integral part of the experimental procedure, as tissues 
are collected for examination and generation of critical data. 
However there are some procedures that can be completed 
and all necessary scientifi c data collected without necessitat-
ing the death of the animal. At the end of these procedures, 
some animals are then used as breeders, some are returned 
to stock for use in further procedures, some are moved out 
of being laboratory animals into other sectors such as agri-
culture as farm animals or rehomed as pets. The fi rst critical 
decision is to ensure that the maximum amount of data has 
been generated from each individual, without causing addi-
tional harm, and thus prevent more animals having to be 
used. In the case of surplus ex - breeding or stock animals, it 
may be possible to harvest blood or tissue at euthanasia 
which can then be used in  in vitro  experiments which are 
increasingly being developed as replacement alternatives to 
the use of live animals in research. However a number of 
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tation of parameters including clinical condition, psycho-
logical well - being, behaviour and environmental conditions 
(Wolfensohn  &  Honess  2007 ).  

  Concluding  r emarks 

 There is no doubt that the purposeful killing of animals by 
people, when done badly, can cause extreme suffering 
and it matters not whether the animal is being killed for 
food, for population management or as part of a research 
project. Its capacity to suffer is the same, whatever the 
purpose. There is an ethical obligation and a practical oppor-
tunity to minimise any associated suffering when animals 
are killed and this should be done each and every time 
(Mellor  2000 ). Whatever the answers to these questions 
might be, it is both worthwhile and ethically imperative to 
fi nd scientifi cally based refi nements to minimise suffering 
at euthanasia. 

 An animal ’ s quality of life has been defi ned as being made 
up of three components: its value to itself, its value to science 
and its value to its peer group (Sandoe  &  Christensen  2007 ). 
Alternative views are that the animal has no value at all, has 
a value for that individual only, or that its value exceeds 
what is  ‘ in it ’  for the animal in question. Any domestic 
species, whether farmstock, companion animal or labora-
tory animal is man ’ s product, arguably for man ’ s use and 
would not exist if man had not organised for it to do so 
(Allen  2007 ). The same author continues that since a post -
 weaning animal does not have grieving relatives, the most 
sensible, pragmatic, economic and humane solution whether 
it is sick and suffering, old and debilitated or simply no 
longer wanted for its intended use, is to kill it. However, 
animals, both domestic and wild have varied roles in society 
and their value can be economic, cultural, political, emo-
tional or religious (Gardiner  2007 ). They are also attributed 
an inherent  ‘ animal value ’  that exists by virtue of them being 
sentient beings. Antonites  (2001)  argues that while sentience 
is important it is not a suffi cient condition and it is the dem-
onstration of rational consciousness in animals that leads to 
the ethical and welfare implications. Kirkwood and Hubrecht 
 (2001)  expand on the meaning of consciousness and cogni-
tion and conclude that despite the diversity of opinion it is 
of great relevance to animal welfare. For further discussion 
on the ethics of killing animals which have an inherent value 
either to themselves or to others see Nuffi eld Council on 
Bioethics  (2005) . 

 Each individual ’ s view of this will affect their attitude to 
choices made about treatment, endpoints and euthanasia 
method. Ethically driven scientifi c evaluations are used to 
improve the humaneness of livestock slaughter through 
such organisations as the Humane Slaughter Association 1 . 
Killing used in vertebrate pest control is also under discus-
sion since many of the current methods of rodent control fall 
short of a humane ideal (Universities Federation for Animal 
Welfare (UFAW)  2006 ), but questions remain between the 
objective scientifi c evaluations and their interpretation as to 
how much suffering an animal experiences and the relativi-

ments or as breeders. For example, they may be kept as a 
companion for an experimental animal when using species 
such as sheep, dogs or primates. Additional resources such 
as enrichment, training and exercise will be necessary and 
there should be a written plan for such animals as well as 
for experimental ones. 

 As an example, ex - breeder primates are a particular case 
where there can be a tendency to allow animals to live out 
their natural lifespan but where arguments may be put 
forward for euthanasia once an animal reaches a specifi c age 
or has given birth a specifi ed number of times. Again, deci-
sions should be made on a case - by - case basis. In wild primate 
populations, as in most species, the cessation of breeding is 
frequently determined by the death of the individual (from 
disease, parasites, predation, fi ghting or a basic inability to 
feed suffi ciently) and is quite likely to occur before any bio-
logical reproductive senescence occurs. In harem, or multi-
male systems, males may breed for as long as they retain the 
required social status to maintain reproductive access to 
females, and females may breed for as long as they are able 
to achieve the necessary breeding condition. 

 There is no evidence for the existence of a menopause in 
New World primates and they appear to continue breeding, 
albeit with reduced frequency as they get older, well into 
old age with lifespans of typically 10 – 20 years (higher in 
some species: 40 – 45 in  Cebus  sp. and 30 – 35 in  Ateles  sp.) 
(Hendrickx  &  Dukelow  1995 ). In macaques, the menopause, 
including stopping of the menstrual cycle and ovulation, has 
been determined to be at about 25 – 30 years of age; and it 
may be accompanied by appearance changes, such as 
changes in face colouration and a greying and thinning of 
the hair. In addition to changes in the reproductive physiol-
ogy and anatomy, post - menopausal changes may occur, for 
example to the skeletal and cardiac system (Hendrickx  &  
Dukelow  1995 ). Although an aging individual may have 
ceased to breed frequently, and there may be an increase in 
the number of stillbirths in older females, this does not mean 
that this animal does not perform an extremely valuable 
social role within the group in which it lives. In captive 
populations removing older animals ranging from social 
perturbation (and hence stress) caused by removing a 
socially infl uential older animal to loss of any role they 
might have played in educating younger members of the 
group in parenting skills. This is particularly true of the 
removal of older, high - ranking females in matrilineal 
macaque societies. 

 The periodic change of the resident breeding male occurs 
naturally in macque harem and multimale groups and this 
helps to maintain breeding production; avoiding female 
boredom with their partner. However, the removal (either 
culling or individual housing) of older females from their 
group should be avoided unless there are over - riding animal 
health concerns. In the interests of the animal ’ s health and 
welfare it may be appropriate to embark upon a course of 
contraception for older females that are experiencing prob-
lems such as repeated stillbirths, but it is important for their 
welfare that they be allowed to remain with their social 
group. 

 The use of a welfare assessment grid can be helpful in 
balancing some of the diffi cult decisions about the future of 
an animal. The axis can be use to give a schematic represen-   1       http://www.hsa.org.uk  
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ties of different types of suffering. Specifi cally, how does one 
compare the intensity of suffering versus its duration? Or 
how can two different types of suffering be compared; for 
example Mellor and Litten  (2004)  give the example: is severe 
breathlessness a greater welfare insult than severe and 
unquenchable thirst? Moreover, there is the question of 
quality of life versus quantity of life. It is perhaps inevitable 
that a veterinary surgeon will have a different perspective 
on the value of an animal ’ s life compared to the view of the 
pure scientist. The former has committed his/her profes-
sional life to the welfare of animals committed to his/her 
care, whereas for the latter the animal is a tool to formally 
investigate a hypothesis. But while we may not all agree on 
the value of an animal ’ s life we should all agree on the sig-
nifi cance of animal welfare and strive to maximise it.       
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  Introduction 

 A range of wild mammal species is studied in the laboratory 
or other captive conditions. Many of the principles for 
keeping wild animals (eg, nutrition, climatic requirements) 
are similar to those for domesticated animals of the same 
species but, as emphasised below, it is very important to 
take careful account of behavioural and other differences to 
avoid stress or ill - health. This chapter touches on special 
requirements for a small selection of species kept for research 
in Europe but cannot provide detail on the very wide range 
of species kept worldwide. 

 As noted above, although some wild animals used in 
research are closely related to common laboratory animals, 
for example, the Norway rat ( Rattus norvegicus ), the house 
mouse ( Mus musculus ) and the European wild rabbit 
( Orytolagus cuniculus ), their requirements can be profoundly 
different (see also Chapter  25 ). Applying the standard pro-
tocols and housing conditions developed for laboratory 
strains is likely not only to compromise their welfare, but 
also adversely affect the quality of the data collected. The 
process of domestication in laboratory strains has selected, 
both deliberately and accidentally, for traits such as docility 
and inquisitiveness. In addition, inbreeding has reduced the 
inter - individual variability that characterises natural popu-
lations. This means that laboratory animals are generally 
easier to handle than their wild counterparts, are less 
stressed by standard procedures and the close proximity of 
humans and are more predictable in their responses. 

 Many other wild animals studied in the laboratory have 
no domesticated relatives. Examples include Daubenton ’ s 
bats ( Myotis daubentoni ), red fox ( Vulpes vulpes ), badger 
( Meles meles ) or wild boar ( Sus scrofa ). The lack of relevant 
baseline information on  ‘ normal ’  physiological profi les, 
such as haematological reference ranges, for most species 
presents signifi cant challenges. Similarly, baseline data on 
 ‘ normal ’  behaviour are frequently lacking. It can therefore 
be diffi cult to apply the conventional methods for scoring 
well - being familiar to researchers working with laboratory 
animals, or to defi ne thresholds at which interventions to 
alleviate suffering should be implemented. The onus is 
therefore on researchers to familiarise themselves with rel-
evant literature from a range of sources  –  for example from 
zoo medicine and conservation biology  –  and also to apply 
the precautionary principle when judging whether welfare 
is compromised. 

 It is useful to consider the evolutionary context of an 
animal ’ s response in captivity: for example, for a mouse, 
sleeping in the open would be maladaptive in the wild, and 
this behaviour in the laboratory is more likely to indicate 
exhaustion than relaxation (Mathews  et al .  2004 ). Taking 
evasive action to the threat of predation (such as a human 
entering the room) is an appropriate response, and does not, 
in itself, indicate compromised welfare. However, if efforts 
to escape are thwarted (for example if no hiding places are 
provided); if there is repeated exposure to the stressor; or 
several stressors are experienced simultaneously (such as 
exposure to humans and the provision of new food types) 
then psychological and physiological distress are likely 
(Moberg  2000 ). 

 Wild mammals are usually kept for applied research into: 
(1) methods of population control (eg, Shepherd  &  Inglis 
 1987, 1993 ; Smith  et al.   1994 ); (2) the transmission of diseases 
and parasites (eg, Tesh  &  Arat  1967 ; Crouch  et al.   1995 ); (3) 
environmental protection, where the animals are used to test 
for possible contamination (eg, Beardsley  et al.   1978 ; Barber 
 et al.   2003 ; Thompson  2007 ); and (4) for studies relating to 
conservation or breeding. However, wild mammals have 
also been used for more academic reasons, such as to inves-
tigate various forms of learning (eg, Shumake  et al.   1971 ; 
Powell  1974 ; Cowan  1977 ; Inglis  &  Shepherd  1994 ) and 
behaviour (eg, Odberg  1987 ; Hurst  1990 ; Wurbel  et al.   1998 ; 
Hendrie  et al.   2001 ). 

 For many types of work, there can be good justifi cation 
 –  from the perspective of animal welfare as well as research 
output  –  to undertake it in the laboratory rather than the 
fi eld. In the UK, special dispensation is needed to release 
wild animals back into the wild after a procedure. This 
requires competent and authorised persons to judge that the 
animal is fi t for release and that no long - term adverse impli-
cations are expected from the procedure. In many cases, 
research in the fi eld or re - release to the wild would not be 
appropriate. For example, when testing new rodenticides, 
all subjects need to be monitored and humane endpoints 
applied. However, this is not always the case and, histori-
cally, work has often been conducted in the laboratory for 
reasons of convenience. Advances in methods of tracking, 
remote monitoring, non - invasive sampling (for example, 
using hormone profi les in faecal samples to judge reproduc-
tive status) and fi eld anaesthesia mean that there is now 
much more scope to conduct research on wild animals 
in their natural environment. It is therefore important to 
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been reports of mouse colonies infected with  Leptospira 
ballum  causing illness in personnel (eg, Stoenner  &  Maclean 
 1958 ). The early stages of Weil ’ s disease produce general 
fl u - like symptoms and it is, therefore, important that staff 
inform their doctors that they have contact with wild 
rodents. 

 Rat - bite fever in man is caused by two organisms that 
naturally inhabit the bucconasal cavities of wild rats 
(Somerville  1961 ).  Streptobacillus moniliformis  is pathogenic 
to mice, whereas both rats and mice are the normal host to 
 Spirillum minus . The human diseases lead to local irritation 
followed by generalised febrile illness with a macular rash. 
As its name implies, rat - bite fever is usually contracted from 
a rodent bite. 

  Pasteurella pestis , the plague bacillus (Hudson  et al.   1964 ), 
is transmitted through several species of fl eas that parasitise 
wild mammals. As it is easy to control these insect vectors, 
the danger of human infection from a sanitised colony of 
wild rodents is small.  Pasteurella septica  may be of more 
practical importance. It is found in the respiratory tracts of 
many mammals and is transmitted to humans by bites. 

  Salmonellae  are a common cause of food poisoning. 
 Salmonella typhimurium  and  Salmonella enteriditis  are the two 
types most frequently associated with colonies of wild 
mammals. Newly infected colonies can suffer high losses. 
Chronic infection leads to a prolonged carrier state in which 
the carriers show no symptoms but shed infective agents 
from the alimentary tract. Human infection occurs via the 
oral route and results, within hours or days, in fever and 
gastrointestinal distress. 

 Lymphocytic choriomeningitis is a viral disease of humans 
that in its rarest form may cause a fatal encephalitis. The 
virus is commonly found in house mice but rarely in other 
wild rodents (Maurer  1964 ). Laboratory personnel are 
thought to acquire the virus by ingestion. 

  Toxoplasma gondii , a parasitic protozoan, can be carried by 
many mammal species, (including humans who are  ‘ dead 
end ’  hosts). This causative agent of the disease toxoplasmo-
sis is usually minor and self - limiting but it can have serious, 
or even fatal, effects on a foetus whose mother contacts the 
disease during pregnancy. The life cycle of  T. gondii  has two 
phases. The sexual part of the life cycle takes place only in 
the members of the felidae family, whilst the asexual part of 
the life cycle can take place in any mammal. The early stages 
of toxoplasmosis can produce no symptoms, or mild fever, 
enlarged lymph nodes in the neck and muscle pains. 

 Cryptosporidiosis and giardiasis are protozoan diseases 
affecting the intestines of mammals. The parasites are spread 
by faecal – oral route. Symptoms appear from 2 – 10 days after 
infection and can last for up to 2 weeks. As well as watery 
diarrhoea there are often stomach pains or cramps and a low 
fever but not all individuals have symptoms. Infection can 
be life - threatening in immunocompromised people and 
animals. 

 Rabies is a very dangerous viral disease but one that is 
unlikely to pose a hazard in a well managed animal unit in 
Europe. The virus is geographically distributed in endemic 
pockets, which periodically erupt into neighbouring regions. 
Although carnivores and bats are the usual carriers, all 
mammals are susceptible. The virus enters through skin 
wounds usually caused by bites infl icted by infected animals 
in the virulent stage of the disease. Where wild mammals 

carefully evaluate the welfare costs of conducting the 
research in the laboratory versus the fi eld. In some cases, the 
quality of the research may also be improved by working 
with wild mammals  in situ : for example, captivity is likely 
to infl uence disease dynamics due to the effects of stress, 
alteration of population processes etc, and so fi eld research 
may be preferred (eg, Mathews  et al.   2006 ; Amengual  et al.  
 2007 ; Vaz  2007 ; Beldomenico  et al.   2008 ; see also Chapter  7 ). 

 This chapter discusses only those aspects of maintenance, 
care and handling of wild mammals that differ from the 
techniques usually employed with laboratory strains.  

  Potential  h ealth  h azards to  h umans 

 Working with wild mammals is hazardous. They frequently 
show aggressive behaviour when approached or handled. 
In addition, allergy to laboratory animals (ALA) is common 
particularly when, to avoid disturbance, cages and pens of 
wild mammals are less frequently cleaned than those of 
laboratory strains. The most common symptoms are blocked 
sinuses, sneezing and watering eyes. Particular attention 
must be paid to the potential transmission of zoonotic para-
sites and pathogens from wild animals to humans. It is 
important to recognise that screening of natural populations 
for parasites and pathogens is often somewhat haphazard. 
Screening is largely driven by concern for disease outbreaks 
important to the health of humans or their livestock. There 
has tended to be little proactive screening, and baseline 
information on the prevalence of most pathogens is scant or 
non - existent for many species (Mathews  2009 ). This chapter, 
therefore, is only able to highlight some of the better known 
parasites and pathogens that occur in European wildlife. 
Researchers must be alert to the possibility that other zoon-
oses are likely to be present, and the implications of these 
agents for human health may not be known; for example, 
most emerging infectious diseases appear to be zoonotic in 
origin (Taylor  et al.   2001 ). Parasites and pathogens not only 
threaten the health of staff and of other animals in the facil-
ity, but they may also infl uence the animals ’  responses to 
experimental interventions. Recent evidence suggests that 
animals need not even be in direct contact with infected 
individuals in order to mount immune responses (eg, Curno 
 et al.   2009 ). Particular care should, therefore, be taken when-
ever a new cohort of animals is brought to the laboratory. 

 One of the most serious diseases likely to be carried by 
wild rodents is Weil ’ s disease or leptospirosis, caused by the 
spirochaete  Leptospira icterohaemorrhagiae . Wild rats are the 
most common host but the house mouse (Twigg  et al.   1969 ), 
water vole (pers. obs.) and other mammals including rabbit 
(Chalmers  et al.   2009 ) and hedgehog (Dyachenko  et al.   In 
press ) can also carry the organism. Once the spirochaete is 
contracted, a rat passes through a brief bacteraemic period 
of acute infection, which is not accompanied by obvious 
symptoms of disease. This is then followed by a chronic 
stage when the organism is harboured in the kidneys and is 
excreted in the urine throughout the remaining lifetime of 
the host without clinically affecting its health.  Leptospira ict-
erohaemorrhagiae  enters the human body through abrasion in 
the skin, or via the mucous membranes of the eyes, nose, 
throat or lungs. It is uncertain whether the spirochaete can 
also be transmitted through unabraded skin. There have 
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Care should be taken to ensure that appropriate disin-
fectants are used; many virucides are NOT effective 
against a suffi cient range of pathogens.  

  4.     Non - standard housing such as fl oor pens should be 
vacuumed rather than swept, or doused with water 
fi rst, to reduce the risk of allergy.  

  5.     All cuts, scratches and abrasions, particularly on the 
hands and forearms, must be covered with waterproof 
dressings before entering the animal unit.  

  6.     Hands and forearms need to be thoroughly washed 
with adequate soap before entering areas outside the 
animal room.  

  7.     Gloves should always be worn when cleaning out and 
washing cages, and when handling wild mammals.  

  8.     When conducting experimental procedures with, or 
sexing, wild rodents, safety glasses should be worn in 
order to minimise the risk of urine passing through the 
mucous membranes of the eye.  

  9.     Particularly when working with wild rodents, staff 
must report animal bites; it is essential that medical 
attention is given within 24   h.  

  10.     Risk assessments should be carried out laying down 
basic information on relevant zoonontic diseases (eg, 
Weil ’ s disease). Staff should inform their doctor that 
they work with wild mammals.  

  11.     Staff should undergo a course of anti - tetanus injec-
tions and regularly receive booster injections.  

  12.     Staff should have annual checks carried out to make 
sure they are not developing symptoms of animal 
allergies.     

  Capture of  w ild  a nimals 

 Information on welfare issues relating to the capture and use 
of wild animals is given in Chapter  7 . An important addi-
tional consideration when conducting laboratory research is 
that the animals are removed from the site of capture. Wild 
animals are parts of communities and ecosystems, and the 
removal of individuals therefore has consequences for the 
remaining animals. The effects may range from starvation 
of dependent young, to the removal of a predator or prey -
 base. The Three Rs principles can be applied to help mini-
mise these effects. Reduction in the numbers of animals 
used may be possible through improved study design. 
Alternatively, impacts on the population may be reduced if 
smaller numbers of animals are caught at a greater number 
of sites (this strategy may also help avoid problems of pseu-
doreplication in the study design). Refi nement to the proto-
col might include avoidance of capture during the breeding 
season and possibly (depending on the type of research) 
conducting the work in the fi eld. Replacement could be 
achieved through the use of a related laboratory animal or 
a captive - bred wild - type animal; or, where there are conser-
vation concerns, the use of a more common, related species.  

  Transport of  w ild  a nimals to the  a nimal  u nit 

 Detailed information on the transport of laboratory animals 
is given in Chapter  13 . Animals being transported in the UK 
are protected under the Animal Health Act 1981 (including 

have to be imported from regions with endemic rabies, vac-
cination in conjunction with quarantine should prove effec-
tive against carriers of the virus. European bat lyssavirus II 
(EBL 11) is endemic in Daubenton ’ s bats in the UK (Brookes 
 et al.   2005 ). Although passive surveillance has failed to iden-
tify bat rabies in other British bats caution should still be 
exercised, as a range of European bats is known to be natu-
rally infected with EBL 1 and EBL 11 (Harris  et al.   2006 ). It 
is important to note that infected bats may not exhibit symp-
toms of rabies for a considerable period. All staff working 
with bats must therefore be vaccinated against rabies, and 
appropriate gloves should be worn whenever handling the 
animals. 

 Dermatomycoses are frequently acquired by wild 
mammals. The affected regions on the animal develop bald 
circular patches, which gives the condition its vernacular 
name  ‘ ringworm ’ . The causative agent is usually  Trichophyton 
mentagrophytes  and there can be a much higher proportion 
of carriers than of clinically infected animals, particularly in 
wild mice. 

 Cestode infection is an important hazard (eg, Gibson 
 1967 ). The tapeworm  Hymenolepis nana  is common in wild 
rodents and can infect humans via the oral route.  Hymenolepis 
diminuta  is also found in wild rodents but only rarely in 
humans. 

 Arthropod parasites are usually restricted to a few closely 
related hosts. Some, especially fl eas and  Sarcoptes  mites, do 
attempt to invade humans but the infections are usually 
self - eliminating irritations of a duration that varies with the 
physiological sensitivity of the persons involved, and they 
are easy to control. However, in addition to being a nui-
sance, ectoparasites are potential vectors of disease; as dis-
cussed above, several fl ea species transmit  Pasteurella pestits , 
the plague bacillus.  

  Precautions 

 When working with any wild mammals, as with laboratory 
animals, scrupulous personal hygiene and adherence to all 
safety codes are essential. The following precautions refl ect 
specifi c hazards associated with working with wild 
mammals. 

  1.     Adequate protective clothing should be worn at all 
times (ie, a minimum of laboratory coat or overalls, 
overshoes or boots, masks and gloves) in the animal 
unit and removed before entering non - infective areas. 
If disposable clothing is not worn, provision must be 
made to isolate soiled garments from other laundry.  

  2.     All clothing worn in the animal unit must be dealt with 
as a potential hazard. Even if clothing has not come into 
direct contact with wild mammals there could still be 
allergens present and hence it should not be taken out 
of the unit. Wherever possible, the laundering of pro-
tective clothing should be done within the animal unit.  

  3.     All equipment should be thoroughly washed and dis-
infected or sterilised after use. Disinfectants with low 
odour, which are biodegradable, and are effective 
against a wide range of pathogens and parasites 
should be used. Note that some agents that infect wild 
animals are particularly resistant to disinfection (such 
as  Cryptosporidium parvum  and  Mycobacterium bovis ). 
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possible they must be removed as far as possible from labo-
ratory strains; for example, in a separate isolated corridor. 
There are several key husbandry duties that are essential to 
prevent the spread of disease and parasites: 

  1.     separate and complete sets of equipment must be kept 
for wild and laboratory stocks;  

  2.     wild mammals should never be moved through areas 
containing laboratory strains;  

  3.     it is essential that different personnel care for wild and 
laboratory animals;  

  4.     experimental procedures that involve both laboratory 
and wild animals must be carried out fi rst in the rooms 
containing the laboratory strains;  

  5.     laboratory breeding stock must be health screened at 
least once per year.    

 Upon arrival at the animal facility, it may be necessary to 
treat the animals for ectoparasites and/or endoparasites 
(Tuffery  &  Innes  1963 ). Veterinary advice should be sought 
to develop appropriate preventative medicine programmes 
and procedures for each species kept. Some care should be 
taken in extrapolating treatments from related domesticated 
species as what can be safe for one species may not be for 
another (especially, for example, in the use of live vaccines). 
Whether the removal of the natural parasite burdens is 
required depends on the research question. For example, if 
the work is intended to study dominance or mating behav-
iour and extrapolate to wild populations, then removal of 
parasites could interfere with data interpretation since para-
site loads infl uence social status and mate selection. Where 
parasite removal is desirable, care should be taken to choose 
an agent and method of application that does not harm the 
animal or interfere with experimental results. For example, 
a reliable method to rid wild rodents of ectoparasites is to 
immerse the animal, still inside the cage trap, in a solution 
of Amitraz 251 for a few seconds. The animals will need to 
be dipped again 14 days later. For bats, permethrin - based 
powders should be used and systemic spot - on treatments 
avoided due to their potential toxicity. Alternatively, the 
majority of mites can be removed without chemical treat-
ment by placing the animals on light - coloured cotton cloths 
and changing these daily. In addition, several species will 
require inoculation; for example, wild rabbits should be vac-
cinated against myxomatosis and rabbit viral haemorrhagic 
disease, whilst red foxes in the UK need vaccination proce-
dures against canine distemper, hepatitis, parvovirus, 
parainfl uenza and canine leptospirosis. As noted above, 
vaccination of wild animals should be considered carefully 
as live vaccine strains safe for use in some species may cause 
severe disease in others.  

  Monitoring the  h ealth and  w elfare of 
the  a nimals 

 Health monitoring is a legal requirement in several coun-
tries, including the UK. Monitoring can be carried out in 
three ways: (1) the daily checking of each animal for signs 
of clinical disease; (2) the regular screening of a predeter-
mined number of animals to determine what micro - 
organisms are present and/or to which they have previously 

the Welfare of Animals During Transport Order 1997) and 
the Protection of Animals Acts 1911 – 2000. 

 Specifi c reference is made under the Animal Health Act 
1981 Transit of Animals (General) Order 1973 to the trans-
port of those wild species listed under CITES. Article 11 (2) 
states that:  ‘  No person shall transport an animal to which the 
Convention on International Trade in Endangered Species refers 
except in compliance with the CITES guidelines for transport and 
preparation for shipment of live wild animals or in compliance 
with the standards set by the International Air Transport 
Association ’  . Specifi c reference is also made in the Animal 
Health Act to the transportation of deer in velvet. Article (6) 
states that:  ‘  No person shall transport a deer in velvet unless the 
journey is of 50   km or less and special precautions are taken to 
protect it from injury or unnecessary suffering.  ’  

 Every effort should be made to minimise transport times: 
as a general rule, the amount of stress experienced increases 
with journey length. Because the animals need to be cap-
tured prior to transport, a considerable time may have 
elapsed before arrival at the laboratory, even if the transport 
distance is short (for example, if some animals were trapped 
early in the night): the total amount of time for which the 
animal has lacked control over its environment must there-
fore be evaluated. The cumulative effects of several stressors 
(capture, transport, introduction to laboratory, etc) may 
result in high levels of stress or even distress, with conse-
quences for the animal ’ s psychological state and physiologi-
cal function (Moberg  2000 ). Interventions such as the 
provision of high - energy foods to help prevent exhaustion, 
or the use of chemical sedatives may be necessary. 

 Wild rodents can be transported in the cage traps in which 
they were captured providing that these are covered to give 
the animals darkness and security. Preferably, cages with 
nest boxes should be used. Suffi cient pelleted diet should be 
added to the traps together with a few cut potatoes or apples 
to provide moisture. Small groups of mice captured in the 
same locality may be transported together within large bins; 
as well as food, these bins should contain ample hay or 
straw to reduce the chance of fi ghting during transit. Some 
species that are caught in nets will need to be placed in suit-
able transport cages/bags, eg, bats can be placed in cloth 
bags. To transport some large mammals for very short dis-
tances it may be possible simply to securely fasten a hessian 
sack over the head. The transportation of several species 
requires expert assistance; for example, it is diffi cult to trans-
port deer safely although they may be quietened and 
restrained if their heads and limbs are covered.  

  Arrival of  w ild  m ammals at the  a nimal  u nit 

 Wild animals are likely to have suffered considerable stress 
as a result of capture and transport, even under optimal 
conditions. For example, even short transport distances in 
badgers have important effects on innate immune responses, 
and a period of undisturbed recovery is required for the 
animals to return to normal profi les (McLaren  et al.   2003 ). 

 The introduction of wild mammals into an animal unit 
poses the severe risk of spreading diseases and parasites to 
laboratory stocks. Ideally wild mammals should be housed 
in a separate building from laboratory stocks. If this is not 
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   •      If pain scoring is not possible, determine the analgesic 
protocol based on clinical experience with other surgi-
cal procedures in that, or related, species.  

   •      If possible, use dose rates that have been established 
using studies that have employed pain - scoring systems.  

   •      When data on pain scoring is not available, estimate 
doses from results of analgesiometric studies using 
tonic (longer lasting) nociceptive stimuli (eg, late phase 
formalin test).  

   •      Use pre - emptive analgesia and consider using multi-
modal strategies.  

   •      Attempt to evaluate the effi cacy of the analgesic regimen 
selected, if only by clinical assessment.     

  Housing and  h andling 

  General  c onsiderations 

 In the UK, wild mammals are not included within Schedule 
2 of the Animals (Scientifi c Procedures) Act 1986 as far as 
the provision of light, heat etc is concerned. The housing and 
the animal unit environment for wild mammals should be 
appropriate for each species and, in the UK, professional 
help and advice must be sought from the Named Veterinary 
Offi cer (NVO) and the Named Animal Care and Welfare 
Offi cer (NACWO) of the animal unit. 

 Wild mammals should be kept in conditions that conform 
as far as is possible to their natural habitat. Whilst many of 
the larger mammals (eg, fox, deer) should be held only in 
outdoor facilities (see below), several of the smaller mammals 
can be successfully housed within indoor laboratory facili-
ties (see below). Whilst housing requirements vary widely 
between wild species nevertheless there are some general 
guidelines. 

 The wild animals ’  exposure to humans should be mini-
mised. Refuges should be provided that allow the animals 
to hide from view.  ‘ Look out ’  places where animals can rest 
and spot the approach of humans are also environmental 
features that help to reduce stress. The animals should be 
provided with the materials required to perform natural 
behaviours such as nesting materials and substrates suitable 
for digging. For example, when given the opportunity, cap-
tive - bred bank voles will build straw nests and dig burrows 
in peat substrate. 

 Environmental enrichment must be provided (see Chapter 
 10 ). The form of such enrichment will depend on the species 
but should include not only objects that animals can manip-
ulate but also static features that increase the complexity of 
movement throughout the cage/pen/enclosure. Hiding 
some of the animal ’ s food helps to maintain more normal 
exploratory and foraging behaviour patterns and to prevent 
stereotypic behaviour. Species that are incompatible (for 
example, predator and prey, animals requiring different 
environmental conditions, animals of different health status) 
should not be housed in the same room nor, in some cases, 
within smell or earshot. 

 Standard housing and care regimes established for the 
commonly used laboratory animals are not necessarily suit-
able for wild mammals or for individuals of wild species 
born in captivity. For example, olfactory cues are extremely 

been exposed; and (3)  post - mortem  examination of any 
animal that dies. Routine health screening is rarely carried 
out for wild mammals but should be conducted if health 
concerns arise or if it is important to assess the subclinical 
disease burden. A predetermined number of representative 
animals (preferably a mixture of sexes and ages) is selected 
for a detailed study of the micro - organisms and antibodies 
present. Larger species can be sampled at the institution and 
the resulting samples sent to the analytical laboratory; whilst 
for smaller species the whole body can be sent away for 
analysis. The samples that may be collected for analysis 
include: fresh faeces (or gut contents in small species) for 
signs of protozoa and parasite eggs/segments/larvae; hair 
and skin scrapes for signs of ectoparasites; ear swabs for 
signs of mites; and throat and nasal swabs for signs of bac-
teria and viruses. A clotted blood sample is taken for anti-
bodies to listed micro - organisms and for serum biochemistry. 
It is important to recognise that the parasites and pathogens 
included in routine screening of standard laboratory species 
may not be those of most relevance to wild animals, and 
specifi c tests may therefore need to be requested. 

 There may be interactions between the health status of the 
animal and some aspects of the research work. Some of these 
interactions are obvious; for example, respiratory infection 
may result in high mortality when the animals are anaesthe-
tised. Other interactions are subtler; for example, Sendai 
virus in rats causes immunosuppression and then perma-
nently modulates the animal ’ s immune response, and in mice 
the hepatitis virus also has major effects on immune responses. 

 Staff should be able to spot signs of illness, pain and dis-
tress in those wild mammals for which they are responsible. 
However, this is not always easy because it may be diffi cult 
to see or interpret signs of chronic pain, and indicators of 
chronic pain or distress are usually more insidious in the 
early stages. Although fundamental uncertainty exists when 
assessing subjective experiences such as pain and suffering 
in animals, nevertheless there are some reliable signs. For 
example, an animal may show protective behaviour towards 
an injured part, such as limping after an injury to a leg, 
going off feed because of abdominal injury, or actively 
seeking relief from pain by ingesting both opiate and non -
 opiate analgesics. Careful observation is often required to 
detect those changes in an animal ’ s appearance and behav-
iour which indicate that deterioration has occurred. It must 
also be remembered that, particularly for wild animals in 
captivity, distress caused by fear should be considered as 
important as suffering induced by pain. 

 Although it is clear that animals can experience and suffer 
pain and stress, measuring the intensities of these states is 
very diffi cult. The UK National Centre for the Replacement, 
Refi nement and Reduction of Animals in Research has sug-
gested the following strategy, which is applicable to wild 
animals: 

   •      If methods of pain assessment have been developed for 
the species used, then these should be adapted to the 
requirements of the particular research procedure being 
undertaken.  

   •      If methods of pain assessment are not available, con-
sider devoting resources to developing some form of 
scoring system.  
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example, Daubenton ’ s bats echolocate at 30 – 90   kHz and are 
therefore particularly likely to be disturbed by sounds 
within this range.  

  Specifi c  e xamples 

  Wild  m ice and  v oles ( Mus  m usculus ,  Apodemus 
 s ylvaticus ,  Apodemus  fl  avicollus ,  Clethrionomys 
 g lareolus ,  Microtus  a grestis ) 

 Wild mice and voles can be kept and will breed in most 
types of cage but, as a general rule, the larger the cage area 
the more likely they are to breed. Males show high levels of 
aggression if housed together, unless they were litter mates 
and have been housed together continuously, but females 
provided they have been kept with other females during 
adolescence, are highly social and prefer to nest together. 
Wild adult females brought into the laboratory are highly 
likely to be pregnant, and need careful monitoring. Mice can 
breed extremely rapidly, and therefore need to be separated 
as soon as possible after weaning in order to avoid unwanted 
litters. Adjustment of photoperiod can be used as a method 
of bringing female bank voles into oestrus. 

 A range of bedding material can be used (eg, hay, paper-
wool, shredded paper) and it is important to provide an 
ample supply of bedding because mice like to burrow and 
to cover their young. If possible, opportunities to burrow 
should be provided, for example through the use of peat 
substrate. The authors have successfully used deep polypro-
pylene storage boxes (50   cm    ×    50   cm) fi lled with peat and 
covered with a lid made of wire mesh within a square 
wooden frame. A nest box should also be provided in the 
cage. The cages should not be frequently changed or washed 
because this removes the mouse pheromones that enable the 
animals to recognise their familiar environment, and as a 
result the animals become more stressed. Depending on the 
number of mice housed together, cleaning out should occur 
about once a fortnight, and certainly not more than once a 
week. Environmental enrichment (eg, toilet rolls, sputum 
cups, sticks, blocks of wood) should be provided. Wild mice, 
particularly when stressed, may gnaw continually at the diet 
in the hopper thereby forming a large pile of chewed food 
in the base of their cage. To help stop wastage of diet the 
food hoppers may only be fi lled half way. 

 Wild mice can also be housed in groups within indoor 
arenas that provide free movement within a large area. The 
mouse arenas used by the authors each consist of a wooden 
fl oor, 2   m    ×    3   m, with 1   m high sheet metal walls. The fl oors 
and walls slot together enabling several arenas to be joined 
together to form a larger unit. The wooden fl oor is covered 
with a layer of shavings and/or hay. Food bowls, water 
fonts, nest boxes and enrichment objects are provided. A 
breeding colony is started with one male and two females 
and the authors have found that mice breed freely in such 
arenas. New mice cannot be introduced into an established 
colony, as the group members will kill them. 

 Wild mice are far less tractable than their laboratory rela-
tives and, unfortunately, their small size means that it is not 
practicable to handle them wearing gloves that are strong 
enough to withstand the frequent bites that occur. Although 

important in communication in wild animals, and frequent 
removal of scent marks by cleaning of pens and cages will 
adversely affect the animals ’  welfare. Frequent cleaning will 
also entail the stress of exposure to humans and unfamiliar 
objects such as a holding cage and new bedding. A compro-
mise between the need to prevent disease and the need to 
minimise stress is therefore required. 

 Many wild animals are unable to operate water bottles or 
other dispensing equipment, or require time to acquire the 
skill. Shallow drinking bowls should always be provided in 
the fi rst instance, and removed only if there is evidence that 
the animals are able to use dispensers. Note that some 
species, such as the water vole or beaver, prefer to defecate 
in water, and so the resource should be provided for this 
purpose and refreshed regularly. Wild mammals can have 
diffi culty recognising unfamiliar food (eg, laboratory chow). 
In addition, digestive problems can be produced by sudden 
changes in diet when the animals arrive in the laboratory 
(eg, the change from a grass - based diet to pelleted food in 
rabbits). Mortality can be markedly decreased by initially 
providing familiar foods and introducing novel foods 
slowly. 

 The temperature and humidity of indoor rooms housing 
wild mammals should be as carefully controlled as is the 
practice for laboratory strains of the same species. The 
control of such variables for wild mammals housed in 
outdoor facilities is not possible and it is essential that suit-
able shelter/refuge areas are provided. 

 Avoid high light levels; an intensity of 350 – 400   lux at 
bench level is adequate for routine experimental and labora-
tory activities. When nocturnal mammals are housed 
indoors, light - induced retinal damage can occur if the 
periods of darkness are too short to allow recovery. A daily 
cycle of 12   :   12h is suitable for the majority of mammals 
housed in indoor rooms. For observation and experimental 
purposes nocturnal animals may be housed under  ‘ reverse 
photoperiod ’  conditions (ie, the light and dark periods are 
switched over and a dim red light is substituted for the dark 
period). Red light can also be used to provide appropriate 
 ‘ twilight ’  periods for crepuscular animals. Changes in the 
lighting regime should always be conducted gradually, 
giving the animals time to habituate. 

 The control of noise is important in the care of all animals 
but particularly so for wild mammals. Loud, unexpected 
and unfamiliar sounds are more disruptive than constant 
sounds, regardless of whether the animal is housed inside 
or outside. There is no indication that constant background 
noise, such as that generated by air - conditioning and similar 
equipment, is harmful providing it is not too loud; indeed, 
having a radio playing at low volume for a few hours a day 
may assist the acclimatisation of wild mammals. The general 
background sound level in an empty indoor animal room 
should be kept below about 50dB. Some wild animals, par-
ticularly bats but also shrews and mice, hear and make use 
of ultrasound. Ultrasound is generated by a range of equip-
ment (notably computers, but also burglar alarms, sensors, 
washing machines etc) and is not apparent to humans. It is 
therefore recommended that the range of ultrasound heard 
by the species in question is identifi ed and compared with 
the ultrasound present in the laboratory (which can be 
cheaply monitored using a heterodyne bat detector). For 
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such tunnels and their tails can then be grasped easily and 
the animal transferred within the tunnel. Mice in arenas take 
shelter in nest boxes when disturbed and, if these boxes are 
fi tted with doors that can be fi rmly closed, they can be trans-
ported within the boxes.    

  Wild  r at ( Rattus  n orvegicus ) 

 Wild rats are best kept in groups of related individuals 
within large arenas; they will readily breed under such con-
ditions. Each group of rats is started using a male and female 
that have been trapped on the same local farm and then kept 
in quarantine for at least a month. Figure  18.2  shows one of 
the wild rat arenas used by the authors. These are housed 
within a large, bird - proofed agricultural building with roof 
lights to provide daylight. Each arena measures 10   m 5   m 
with 1.5   m high walls made of zinc - coated steel. For the 
housing of small groups (ie, less than 10) it is possible to 
insert a partition down the centre of each arena, as shown 
in Figure  18.2 . The tops of the walls are angled inwards to 

rubber gloves covered with cotton gloves are not thick 
enough to withstand a bite they do provide some protection 
since the slight gap between the glove and fi nger means that 
bites do not normally penetrate the skin, and they do provide 
protection against excreta, etc. A house mouse may be 
picked up by the base of its tail (although there is evidence 
that this is a stressful procedure) but the tip of the tail should 
not be held because the outer skin can be sloughed off as an 
anti - predator strategy. Make small circular movements 
whilst holding the mouse; this prevents it from climbing up 
its tail to bite you. Wood mice and yellow - necked mice have 
delicate tails, and these should be picked up by scruffi ng 
(holding a large pinch of loose skin from across the shoulder 
blades) which prevents the animal turning around and 
biting the handler, gently cupped in the palms of the hand 
rather than lifted by their tails (Figure  18.1 ). It is preferable 
to transport a wild mammal indirectly if at all possible, and 
short, 5   cm diameter tunnels made of plastic with a remov-
able cap at one end can be used to transport wild mice (J.L. 
Hurst, personal communication). Mice will readily run into 

     Figure 18.1     Handling wood mice.  Courtesy of The Food 
and Environment Research Agency, British Crown 
Copyright, 2009.   

     Figure 18.2     Wild rat arena.  Courtesy of The Food 
and Environment Research Agency, British Crown 
Copyright, 2009.   
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have doors at either end and allow two metal partitions to 
be inserted; the cage can thus be divided into three sections 
should it be necessary to separate the members of the pair. 
Two nest boxes are provided, one at either end of the cage, 
so that male and female can have their own space. As there 
must be minimal human disturbance the male is not removed 
during the breeding programme. The second nest box pro-
vides him with shelter when the female is pregnant, or 
rearing young. Having two nest boxes is also essential when 
the pair are fi rst placed together because there will inevita-
bly be some fi ghting during the fi rst 2 days. The animals 
must be observed closely during this period to ensure that 
they can, if necessary, be separated to prevent serious injury. 
Noises coming from the female ’ s nest box indicates that a 
litter has been born, and after a further 10 days it is possible 
to inspect the inside of the nest box without risking death 
to the litter.   

 Wild rats should never be handled directly without fi rst 
having been anaesthetised. They can bite viciously without 
warning and can carry a number of serious diseases (see 
earlier in this chapter). A safe, indirect way method to 
handle a wild rat involves the use of a strong, black, cloth 
bag which should be large enough to fi t over the end of a 
cage and long enough to allow the rat to move well into the 
bag (at least 75   cm    ×    45   cm). The partition is placed into the 
cage to confi ne the rat to the end opposite the door that will 
be opened. The mouth of a black cloth bag is secured tightly 
over the opening end of the cage so that when the cage door 
is opened it is completely enveloped by the bag (Figure 
 18.4 ). The partition is then removed and the rat will nor-
mally enter the darkness of the bag with little delay. Once 
the rat is well inside the bag one hand is placed across the 
bag to stop the rat moving back towards the cage whilst the 
other hand removes the mouth of the bag from the cage and 
ties it securely. The rat will normally remain suffi ciently 
quiet for a number of tasks, such as weighing, to be carried 
out. To place the rat back into the cage, the bag is placed in 
the cage, the neck of the bag is untied and the door of the 
cage fi rmly held closed. The bag is then carefully pulled 
through a small gap between door and cage (Figure  18.5 ). 
This will force the rat towards the mouth of the bag and into 
the cage. The cage door is then made secure. Cardboard and 

prevent escapes. Wild rats climb extremely well and it is 
crucial that all joins between metal sheeting and wall sur-
faces do not leave vertical gaps. The fl oors are made of 
concrete and a drainage system is required. As well as food 
and water bowls, hay bales containing nest boxes are placed 
in the middle of the arena to provide nesting and harbour-
age. The food bowls can be placed upon the pans of balances 
set into the arena fl oors. A computer program has been 
developed that analyses the changes in weight of the various 
balances such that the amounts of food removed during 
feeding bouts can be measured in real time and assigned to 
individual rats, providing the animals differ suffi ciently in 
their initial body weights. In this manner experimental 
studies have been conducted on undisturbed groups of wild 
rats (eg, Shepherd  &  Inglis  1987 ). As only healthy individu-
als are used to start colonies, the arenas can also be used a 
source of animals for laboratory work. Baited cage traps are 
used to remove animals from the arenas.   

 Wild rats are able to chew through polypropylene and 
wood and it is therefore better if they are to be kept in the 
laboratory that they are housed in metal cages. It is diffi cult 
to clean cages of wild rats, as removing the animal from the 
cage is both hazardous to the operator and very stressful to 
the animal. The cages used by the authors therefore have 
bottoms made of a grid of thick bars with trays underneath 
which can be pulled out for cleaning. The trays lined with 
sawdust are placed under the cages and are changed twice 
a week. In order that the rat does not have to spend all the 
time on the grid fl oor, an area of solid substrate is provided 
by the fl oor of a metal box or hideaway that is clipped onto 
the back of the cage; this hideaway is open towards the back 
of the cage to allow observation. It is also helpful to be able 
to place a metal partition into the cage; for example this can 
be inserted vertically down a slot midway along the top of 
the cage. Thus when placing anything into the cage, such as 
a food pot, the rat can be confi ned in another part of the cage 
by inserting the partition. Shelters need to be provided, such 
as the inners from toilet rolls, or urine bottles, and paper 
strips. 

 If arenas are not available, wild rats can be successfully 
bred in the animal unit. Stainless steel mesh cages (each 
60   cm    ×    35   cm    ×    25   cm) are used (Figure  18.3 ). These cages 

     Figure 18.3     Wild rat cage showing the vertical runners 
down which metal partitions can be slid.  Courtesy of The 
Food and Environment Research Agency, British Crown 
Copyright, 2009.   
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without environmental enrichment, rabbits tend not to use 
empty fl oor space and fail to get suffi cient exercise. 

 Rabbits can be housed in groups/pair/singles. However 
they are social animals, and much better standards of 
welfare are achieved by group housing. This can be achieved 
easily if youngsters, between 4 and 8 weeks of age, or female 
littermates are housed together. Neutering of male rabbits 
is likely to be required if they are to be group - housed suc-
cessfully. Otherwise they will need to be separated at 
puberty in order to avoid fi ghting. It can be diffi cult to 
introduce older unfamiliar rabbits to each other. The intro-
duction needs to be very carefully monitored, and adequate 
shelter and refuges must be provided (see Chapter  28 ). The 
use of a new pen (rather than introducing one animal to 
another ’ s  ‘ home ’  enclosure), prior familiarisation with the 
scent of the new individuals by introducing soiled bedding, 
and neutering, can all help to improve the success rate. 

 Rabbits held in outside accommodation require wooden 
boxes that provide refuge from hot sunshine and protection 
from small predators like stoats and weasels. Groups of 
rabbits can be held outside in grassed paddocks enclosed 
with heavy gauge, small mesh, wire netting fences to prevent 

plastic tubes with one blind end have also been successfully 
used by the authors for rats and water voles. The animals 
readily enter the tube, the end of which can be rapidly 
covered. This method is particularly useful if the animal 
needs to be anaesthetised, as the tube can serve as an induc-
tion chamber.    

  Wild  r abbit ( Oryctolagus  c uniculus ) 

 Wild rabbits should not be housed in plastic/metal cages 
indoors as they tend to injure themselves. Weak backs also 
become a serious problem when wild rabbits are housed in 
cages; this is thought to be due to lack of exercise. If it is nec-
essary to keep wild rabbits indoors, they can be housed in 
fl oor pens (eg, the authors keep individual rabbits fl oor pens 
measuring 1.1   m    ×    1.3   m    ×    1.1   m). The fl oor of the pen should 
be covered with sand or straw; if the fl oor is just a hard sub-
strate like concrete the animals will become stressed. Raised 
platforms or boxes that can be used as  ‘ lookout posts ’  should 
be provided. Environmental enrichment in the form of tubes 
and large cardboard boxes fi lled with paper or straw for bur-
rowing and nesting, should also be provided because, 

     Figure 18.4     Demonstration of how a wild rat is moved 
from the cage into a strong, black, cloth bag.  Courtesy of 
The Food and Environment Research Agency, British 
Crown Copyright, 2009.   

     Figure 18.5     Demonstration of how a wild rat is moved 
from the cloth bag into the cage.  Courtesy of The Food 
and Environment Research Agency, British Crown 
Copyright, 2009.   
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by an ecological study. This exemplifi es the need to consider 
local biosecurity laws and regulations for the containment 
of non - native species. Where containment requirements are 
strict, this may impose constraints on husbandry methods 
that may be in confl ict with health and welfare interests and 
plans will need to be developed to deal with or mitigate this 
situation. 

 Squirrels are less stressed if housed in groups but, if 
required, can be kept singly. A large space with plenty of 
foliage and branches is required to provide the animals with 
shelter and environment enrichment. Figure  18.6  shows 
the enclosures used by the authors. Each enclosure is 
2.5   m    ×    9.8   m    ×    2.8   m, with a substrate of part grass and part 
concrete upon which the food and water bowls are placed. 
Ideally the fl oor should provide some opportunity for 
digging; if not then containers fi lled with soil or shavings 
must be provided. Even though squirrels can share nest 
boxes there should be at least one nest box per squirrel fi xed 
high on the walls of the enclosure.   

 Grey squirrels can give serious bites and the handler 
should wear thick, protective gloves. Upon entering the 
enclosure all the squirrels are likely to retreat into their nest 
boxes. The roof of a nest box is removed and the squirrel is 
gently pinned down with a gloved hand. The handler must 
then feel around the animal ’ s body until he or she can put 
their fi nger and thumb round its neck; the squirrel must be 
held securely above its shoulders in order to prevent it 
biting. Once the handler has a fi rm hold around the squir-
rel ’ s neck with one hand and the other hand is supporting 
the animal ’ s rump, the squirrel can be lifted out of the nest 
box. As well as supporting the rump it is a good idea to 
gently grip the back legs to prevent the squirrel from kicking. 
The squirrel can now be placed into a large cotton bag. 
Before letting go of the squirrel ensure that the bag is closed 
closely around the arm that is gripping the animal ’ s neck. 
The neck can then be released and the arm slowly pulled 
out of the bag whilst ensuring that the squirrel can not 
escape before the bag can be closed.  

entry by rodents, stoats and weasels. The fencing should go 
below ground level to at least 75   cm to stop the rabbits bur-
rowing out. A single strand electric wire can be strung 
between insulators just above the fence to prevent entry by 
foxes. Pairs and single rabbits can be housed in smaller 
grassed pens with a concrete area at one end where wooden 
nest boxes, food and water bowls are placed. 

 Great care is required when handling a wild rabbit because 
violent struggling can result in not only in deep scratches 
for the handler but also the animal breaking its back. The 
technique of handling a wild rabbit is basically the same as 
that used for a laboratory rabbit (see Chapter  28 ). The animal 
must be well supported or it will begin to thrash its hindlegs 
thereby causing serious back injuries. When disturbed, wild 
rabbits will usually retreat to their wooden nest boxes and 
the handler can then close the entrance door of the box and 
gain access to the animal by removing the roof of the box. 
The rabbit should be lifted by grasping over the fl attened 
ears and nape of the neck with one hand whilst the other 
hand is placed around the hindquarters and the animal is 
drawn against the handler ’ s body. The rabbit is then placed 
into a large, cotton, drawstring bag. Rabbits will normally 
rest quietly in these bags and can conveniently be carried in 
them. Many common procedures can also be conducted 
whilst the animal is in the bag (for example, weighing, 
extracting blood from the marginal ear veins) providing that 
care is taken to ensure that only the body part in question 
is out of the bag; the rest of the body, in particular the eyes, 
should remain inside the bag.  

  Grey  s quirrel ( Sciurus  c arolinensis ) 

 In the UK, a licence is required to hold grey squirrels in 
captivity because they are classed as a non - native species. 
In order to obtain the licence you will need to demonstrate 
that the squirrels are unable to escape from captivity. A 
licence is also required if the intention is to release the 
animal back into the wild, as might, for example, be needed 

     Figure 18.6     Squirrel enclosure.  Courtesy of The 
Food and Environment Research Agency, British 
Crown Copyright, 2009.   
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that is emptied periodically. Shelves are placed on the top 
of the concrete walls to enable the fox to lie out (Figure  18.7 ). 
Nest boxes, foliage and other objects are provided for envi-
ronmental enrichment. The pen has a door leading into a 
grassed paddock (completely enclosed by wire mesh) meas-
uring approximately 4.5   m    ×    10   m that also contains foliage 
and enrichment objects.   

 Handling a fox normally requires two people. The animal 
is encouraged into a nest box, the roof of the box removed, 
and the noose from a dog - catcher placed over its head and 
around its neck; the slack in the noose is then gently taken 
up and the noose locked. This will enable the fox to be 
inspected within the nest box or moved.  

  Wild  b oar ( Sus  s crofa ) 

 Wild boar are secretive and largely nocturnal animals that 
will shy away from humans. However, when the sows are 
defending their young they can attack and can be very 
dangerous due to their size (150+ kg), speed, agility and 
aggressive defence of their young. In the UK wild boar are 
listed as dangerous animals under the Dangerous Wild 
Animals Act 1976. Although in captivity boar will, over 
time, become habituated to the presence of people it must 
be remembered that they will never become as docile as the 
domestic pig. The UK Farm Animal Welfare Council 
(FAWC) describes them as  ‘  highly strung nervous animals, 
which can be easily excited or frightened and thus become highly 
aggressive  ’ . 

 The authors keep wild boar within two grassed paddock 
areas, each 27   m    ×    80   m in size, enclosed by a double fence 
consisting of an external 2   m high galvanised wire mesh 
fencing and an internal 8500   V three - tier electric fence 
(Figure  18.8 ). A metal race is used to move boar from one 
paddock to the other, or to restrain one or more boar when 
required. Pig arcs and basic sun shelters are provided. The 
pig arcs need to be capable of housing a sow and the many 
piglets she can have. The arcs have solid sides and provide 
good shelter from the weather but afford little visibility into 

  Stoat ( Mustela  e rminea ) and  w easel ( Mustela  n ivalis ) 

 Weasels and stoats should be housed singly to avoid fi ght-
ing. A wooden and wire mesh cage approximately 
75   cm    ×    105   cm    ×    45   cm is suitable. The authors use a cage 
that has a door at the side to enable cleaning out and a metal 
chute used when feeding the animal. The metal chute is 
placed through the mesh of the top of the cage with approxi-
mately 8   cm protruding above the cage. The chute has a 
shutter at both ends; the bottom shutter (ie, the one inside 
the cage) can be operated from outside the cage by using a 
wire. With the bottom shutter closed, the top shutter is 
opened and food placed within the chute. The top shutter is 
then closed and the bottom shutter opened, thereby allow-
ing the food to drop onto the fl oor of the cage. A nest box 
is also provided with a door that can be operated remotely 
from outside the cage. In this way the stoat or weasel may 
be confi ned within the nest box when the cage is cleaned, 
and the animal can be transported within the nest box if 
required. 

 Thick protective gloves must be worn for handling these 
animals. The live trap or nest box containing the stoat or 
weasel is placed in a deep trough and the animal is released 
into the bottom of the trough. The animal is fi rmly held 
down by placing fi ngers and thumb round its neck; it must 
be held above the shoulders or it will be able to turn and 
bite the handler. The animal is then lifted out of the trough 
by supporting its rump/hindquarters with the other hand.  

  Fox ( Vulpes  v ulpes ) 

 The authors house foxes within enclosures approximately 
4.5   m    ×    6.0   m (Figure  18.7 ). The animals are usually housed 
singly; although foxes from the same litter that were cap-
tured as cubs can be kept together. Each pen has a concrete 
fl oor and 1   m high concrete walls supporting thick wire 
mesh walls and a wire mesh roof. A wooden outer roof 
above the wire mesh roof provides shelter and protection 
from the elements. The concrete fl oor is sloped providing 
good drainage and the drains lead to a separate septic tank 

     Figure 18.7     Fox enclosure.  Courtesy of The Food 
and Environment Research Agency, British Crown 
Copyright, 2009.   
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ponders or  ‘ smart tags ’ , can also be used on wild species (eg, 
Ball  et al.   1991 ). Short - term marks such as clipping the guard 
hairs (fur clipping) may also be used if an enduring mark is 
not necessary. Helpful information is provided by Beausoleil 
 et al.   (2004)  and Mellor  et al.   (2004) .  

  Anaesthesia 

 Small wild mammals are most easily anaesthetised using 
gaseous anaesthetics, especially isofl urane or sevofl urane. 
These must be delivered through a metered system, being 
much too volatile to be used safely with other techniques. 
Larger mammals can be anaesthetised using injectable 
anaesthetics and, since with wild species intravenous injec-
tion is usually not practical, the drugs are delivered intra-
muscularly. To allow maximum control over the depth and 
duration of anaesthesia, anaesthesia induced by an injecta-
ble agent can be maintained by gaseous anaesthetics. If the 
animal is free - ranging, then remote delivery of the sedative 
by dart - gun will be necessary and this, in the UK, requires 
a prohibited weapon licence, which specifi es that the gun 
and ammunition are only to be used for the treatment of 
animals. There are similar arrangements for people who 
need pistols or revolvers to kill animals humanely. Darting 
is a skilled and dangerous business. The size of needle, 
volume and viscosity of the fl uid and the amount of power 
used to project the dart need to be appropriate to the size of 
the muscle mass and thickness of the skin of the target 
species. Obviously, the use of inappropriate equipment and 
materials can cause serious damage to the animal. Darting 
usually requires a drug mixture containing various propor-
tions of medetomidine, butorphanol and ketamine. In larger 
mammals such a drug cocktail may result in too large a 
volume of liquid, and in such cases alternative drugs like 
Tiletamine or Immobilon may have to be used. Specialist 
veterinary advice is needed in the development of protocols 
for chemical capture, sedation and anaesthesia. Information 
on latest methods for such procedures are available from 
specialist veterinary texts and series such as Fowler and 
Miller  (2008) .  

the rest of the paddock. The sun shelters give the boar both 
a place to rest and a good view of the paddocks and the 
other sows and piglets, whilst reducing their exposure to the 
sun. Foliage is also provided within each paddock to enable 
the wild boar to build nests, to lie in or to chew. It is essential 
that an area of the paddock is designated as a wallow; the 
animals lie in the wet mud to protect themselves from 
sunburn and external parasites, and to cool down on hot 
days. Rubbing posts are also placed in various locations 
around the paddock. The only safe way to handle wild boar 
is to sedate and then anaesthetise them.      

  Laboratory  p rocedures 

 Procedures and principles are generally the same for wild 
and conventional laboratory animals, but it is necessary to 
take note of special handling requirements, of the often 
unknown disease and reproductive history, and of specifi c 
differences that there may be in physiology, behaviour and 
responses to drug doses. In the UK, the majority of proce-
dures must be conducted under a Home Offi ce Project 
Licence by suitably qualifi ed staff who hold the necessary 
Personal Licence. Most wild animals of conservation 
concern, for example bats and otters are also covered by 
additional regulations such as, in the UK, The Wildlife and 
Countryside Act 1981 and The Conservation (Natural 
Habitats,  & C) Regulations 1994. This means that all proce-
dures, as well as the removal of animals from the wild, must 
be licensed by the appropriate authority (in England this is 
Natural England), and this procedure is independent of the 
Home Offi ce Licensing system. Because changes in wildlife 
law occur quite frequently, researchers are advised to 
consult the appropriate licensing authorities in their coun-
tries for species - specifi c advice. 

  Marking 

 In general, the range of marking techniques that are avail-
able for laboratory strains, such as implantation of trans-

     Figure 18.8     Wild boar enclosure showing a pig arc and 
the surrounding double fence consisting of a wire mesh 
fence and a three - tier electric fence.  Courtesy of The Food 
and Environment Research Agency, British Crown 
Copyright, 2009.   
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with a small needle (25   mm). Blood drops can then be col-
lected using a heparinised capillary tube. Haemostasis is 
achieved by applying light pressure, and if necessary by the 
application of a clotting agent. The small body size of bats 
places a signifi cant constraint on the volume of blood that 
may be collected. The total volume sampled should not 
exceed 1% of the body weight. For most European species, 
volumes of 50 – 100    μ l are recommended.  

  Collection of  u rine 

 Urine can be a useful biological sample in which to measure 
a range of metabolites as well as some infectious agents (eg, 
 Leptospira ). In most larger mammals ( > 100   g), samples can be 
obtained from anaesthetised animals by using external 
manual palpation of the bladder. Samples can also be col-
lected from small to medium - sized animals by placing the 
animal in a cage with a mesh fl oor. The mesh should be 
small enough to prevent faeces from falling into the collect-
ing chamber below. To minimise the risk of contamination, 
the urine should be removed as soon as possible after it has 
been voided.  

  Euthanasia 

 The primary aim of all methods of euthanasia is to bring 
about death in a rapid and painless manner (see Chapter  17 ). 
Guidelines for euthanasia of non - domesticated animals are 
provided by the American Association of Zoo Veterinarians 
 (2006) . Methods that are inherently humane may neverthe-
less cause suffering if practised by nervous or unskilled 
individuals and not performed with deliberation and 
purpose. Developing the required skill in methods of eutha-
nasia should be obtained by practice on dead animals, where 
possible, after observation of the technique by trained 
personnel. 

 A frequently used method of euthanasia for laboratory 
strains is the administration of an overdose of a general 
anaesthetic, leading to cardiac and respiratory arrest and the 
death of the animal. Intravenous or intraperitoneal injection 
of pentobarbital (100 – 150   mg/kg) is commonly used because 
it is rapidly acting, easy to administer and relatively inex-
pensive. However, in wild animals both of these routes may 
be diffi cult and inhalation anaesthesia is frequently used 
instead. 

 Carbon dioxide is commonly used as an inhalation agent 
for euthanasia. However, the sudden exposure of animals 
to 100% carbon dioxide can induce severe dyspnoea and 
cause distress, and the technique is therefore not recom-
mended (Conlee  et al.   2005 ). Whenever practicable, the 
animal should be exsanguinated, or have its neck dislocated, 
before disposal of the body. 

 When dispatching a large wild animal it is usually neces-
sary to fi rst administer a sedative, often by darting (see 
earlier in this chapter), and then to give a follow - up injection 
of the anaesthetic overdose. (It is important to remember that 
in the UK if an animal is to be sedated before overdosing 
with an anaesthetic this requires specifi c permission on the 
relevant Project and Personal Licences of the operative.)   

  Collection of  b lood 

 General advice on blood sampling is provided in the reoprt 
by the Joint Working Group on Refi nement (JWGR  1993 ). 
Blood is taken from wild small mammals, rats and water 
voles from the coccygeal or tail vein of the anaesthetised 
animal. Although the scales on the tails make it diffi cult to 
see the vein, this technique can be perfected with little dif-
fi culty. A temporary tourniquet and the use a vasodilator 
help to raise the vein. Disposable plastic hypodermic 
syringes with 0.50   mm needles are used for wild rats and 
with 0.25   mm for wild mice. These can be fl ushed with 
sodium citrate solution to prevent clotting. The needle is 
inserted pointing towards the anterior end of the animal. 
With small animals, the suction from a syringe will tend to 
make the vein collapse and so better success may be achieved 
by allowing the blood to drip out into a collecting pot. 
Alternatively, heparinised capillary tubes can be used to 
gather sample volumes of up to 100    μ l. The authors have also 
successfully gathered high - quality samples from water 
voles using the Multivette 600 capillary blood collecting 
system (Sartsedt Inc.), which not only maximises sample 
volumes but reduces the risk of contamination. Sampling 
from the orbital sinus should be avoided because of the high 
risk of adverse sequelae. Similarly, sequential sampling 
from the tail tip (by cutting off the tip of the tail) is contra -
 indicated, and should never be used in rats because the 
vertebrae extend to the tail tip. 

 Anaesthetised squirrels can be bled from the jugular vein. 
However, if the animal is held in a squeeze tube it is pos-
sible, by restraining it on its back and holding its hindlimbs 
apart, to take blood from the medial femoral vein of con-
scious squirrels. Stoats and weasels are diffi cult to blood 
sample and so blood has to be taken from the jugular vein 
under general anaesthetic. Sedated foxes can be blood 
sampled like a dog; the cephalic, jugular and lateral saphen-
ous veins are all easily accessible. Badgers can be bled from 
the jugular vein under anaesthetic. Anaesthetised wild boar 
should have blood samples removed from a superfi cial vein 
of the medial branch of the saphenous vein that is located 
on the medial surface of the leg just proximal and anterior 
to the hock. 

 No anaesthesia is required to collect blood from the mar-
ginal ear vein of the wild rabbit. The rabbit is held in a cotton 
bag with one ear protruding. A patch of fur above the ear 
vein is shaved with a scapel blade and the area wiped with 
cotton wool soaked in 70% ethanol. A small nick is made in 
the peripheral ear vein with the point of a sterile surgical 
blade (no. 11 size) and the drops of blood are collected in a 
hand - held tube. It is rarely necessary but if required, light 
pressure applied to the area with a cotton wool pad will stop 
the bleeding at the end of the procedure. Alternatively, 
blood can be withdrawn from the vein using a needle and 
hypodermic syringe. 

 Blood can be drawn from the veins that run semi - parallel 
to the tail in the interfemoral (tail) membrane of bats. The 
brachial vein near the elbow may also be used, but this 
carries greater risk of muscle damage. Note that the han-
dling of wild - caught bats in the UK requires special authori-
sation from the statutory licensing authority. The vein 
should be raised using light pressure, and an incision made 
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  Biological  o verview 

  General  b iology of  m arsupials 

 The term marsupial derives from the Latin word  marsupium , 
meaning little pouch. However, the word is somewhat 
deceptive because males of most species and even females 
of some species, including  Monodelphis  species, have no 
pouch. 

 Fossil evidence suggests that marsupials originated in 
North America, and dispersed to South America and then 
Australia. However, it has been argued that marsupials may 
have arisen on the ancient Southern continent of Gondwana 
(O ’ Brien  &  Graves  1990 ). In any case, it is generally accepted 
that the Australian forms were separated from the South 
American forms well before Australia split off from 
Antarctica 45 million years ago. 

 Marsupial lineages had disappeared from North America 
by 25 million years ago, as had the single species that 
reached Europe. The Virginia opossum ( Didelphis virgin-
iana ), which is the only indigenous marsupial in North 
America today, is a recent arrival, having come from South 
America only about 4 million years ago. Of the other 291 
extant marsupial species recognised by Nowak  (1999) , 73 are 
indigenous to South and Central America, 217 are indige-
nous to Australia and New Guinea and one (the Tasmanian 
tiger,  Thylacinus cynocephalus ) is probably extinct. 

 The most important feature of marsupials from the stand-
point of unique research opportunities is the early develop-
mental stage at which all marsupials are born. The gross 
anatomy of a neonate resembles that of a mouse at 12.5 days 
of gestation and that of a human at 6 weeks of gestation. 
Each neonate quickly attaches to a teat which swells in the 
mouth. The neonate is unable to release the teat until con-
siderable further development has occurred. This early 
developmental stage at birth is common to all marsupials 
and renders the newborn marsupial, in essence, an extrau-
terine foetus that can be manipulated and observed in ways 
not possible with eutherian mammals. 

 In addition, marsupials have a variety of unique anatomi-
cal characteristics of the jaw, skull, teeth and reproductive 
system (Tyndale - Biscoe  1973 ). The early developmental 
stage of marsupials at birth and their distinctive anatomy 
are interpreted not as refl ecting a more primitive stage in 
evolutionary development than eutherians, but rather as 
alternative strategies for achieving an equally adaptive end-
point. Thus, marsupials are useful for comparative research 

designed to improve understanding of the evolution of 
genetic and physiological mechanisms in mammals. 
 Monodelphis domestica  is a marsupial species that is well 
suited to research and the laboratory environment. 

 There are three orders of American marsupials: 
Didelphimorphia (American opossums) with 15 genera and 
66 species; Paucituberculata (shrew opossums) with two 
genera and seven species; and Microbiotheria with one 
species (the monito del monte) (Nowak  1999 ). Only four 
species, all American opossums, have been used extensively 
as laboratory animals, although the adaptability of many 
others to laboratory conditions has never been explored. 
Two of the four species are large pouched opossums (family 
Didelphidae), and two are small pouchless opossums 
(family Marmosidae).  

  Marsupials in the  l aboratory 

  Didelphis virginiana  has been used extensively as a laboratory 
animal in North America, and its close relative  Didelphis 
marsupialis  has been used in South America. The care, exper-
imental manipulation and use of these species in laboratory 
research were reviewed in detail by Jurgelski  (1987) . 
However,  Didelphis  have limited utility because they are 
relatively large (1.0 – 5.5   kg), are aggressive towards one 
another and are seasonal breeders. Furthermore, reproduc-
tive success is low among captive - born animals, particularly 
males (VandeBerg  1990 ). No one has developed a long - term, 
self - propagating breeding colony of  Didelphis . Therefore, 
experimental animals or breeders needed to produce fi rst -
 generation captive progeny are usually captured from the 
wild. These animals have additional disadvantages in that 
they are of unknown age and health status, and generally 
carry a heavy parasite load. Furthermore, they are a poten-
tial source of pathogens that are causal agents of a variety 
of serious human diseases (Jurgelski  1987 ). Despite the 
shortcomings of these two species, they are likely to con-
tinue to be used as experimental animals for research that 
requires a relatively large marsupial or depends on the 
unique characteristics of these species. 

  Marmosa robinsoni , a small American opossum (40 – 70   g for 
females and 60 – 130   g for males) that appeared to have 
promise as a laboratory marsupial, was bred in captivity for 
several generations during the 1960s and 1970s (Barnes  &  
Barthold  1969 ; Barnes  1977 ). However, fecundity decreased 
with each successive generation, and satisfactory conditions 
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 The 15 species of the genus  Monodelphis  (short - tailed opos-
sums) are distributed from Panama to Argentina. Linnaeus 
in 1758 coined the term  Didelphis  meaning two wombs, 
because it was known that the females of this species have 
an internal uterus like other mammals, as well as a pouch 
in which much of early ( ‘ foetal ’ ) development takes place 
(Tyndale - Biscoe  1973 ). The short - tailed opossums were 
named  Monodelphis  by Burnett in 1830 (Pine  &  Handley 
 2008 ) who recognised them as being closely related to 
 Didelphis  but lacking a pouch. 

 The omnivorous  Monodelphis domestica  is nocturnal and 
individuals are most active during the fi rst few hours of the 
evening (Streilein  1982 ). Under natural conditions, they 
consume insects and other invertebrates, small vertebrates 
and various fruits. They are effi cient predators, particularly 
adept at killing scorpions and cockroaches. They reproduce 
throughout the year in their natural habitat.  

  Size  r ange and  l ifespan 

  Monodelphis domestica  is among the largest of the short - tailed 
opossums. Adult laboratory - reared females typically weigh 
60 – 100   g and males 90 – 150   g, although individuals of some 
stocks tend to be larger, and individuals within many stocks 
may exceed these ranges (VandeBerg  1990 ). Laboratory 
opossums begin to show physical signs of aging at approxi-
mately 3 years of age and generally die during the fourth 
year of life. The oldest individual in the colony maintained 
at the Southwest Foundation for Biomedical Research (San 
Antonio, Texas) reached the age of 4 years and 7.5 months 
(unpublished data). Reproductive and developmental data 
are summarised in Table  19.1 .    

  Social  o rganisation 

 Little is known about the natural social organisation of 
 Monodelphis domestica . Individuals are diffi cult to capture 
because they are solitary and nomadic, and the estimated 
population density is less than four per hectare (2.47 acres) 
in areas where the animals are most common (Streilein 
 1982 ). Furthermore, they are terrestrial and do not congre-
gate at isolated trees where species of semi - arboreal marsu-
pials are more easily found. 

 Fully enclosed nests with an opening just large enough to 
allow entry are built by both males and females in hollow 
logs, fallen tree trunks or among rocks (Nowak  1999 ). Both 
males and females use their slightly prehensile tails to carry 
nesting material to the nest. 

 It has been stated in the literature that the species was 
named  domestica  because it frequently inhabits human 
households and plays a welcome role in controlling insect 
and rodent populations. However, human dwellings are not 
considered to be a frequent habitation site for these animals 
(I. Santos, personal communication).  

  Reproduction 

 In both the wild and captivity,  Monodelphis domestica  is a 
non - seasonal breeder. Female laboratory opossums reach 

for long - term propagation of this species were never 
identifi ed.  

   Monodelphis  d omestica  

 The grey short - tailed opossum ( Monodelphis domestica ) is the 
only American marsupial species that has proven to be suc-
cessful as a self - perpetuating population in captivity. It has 
many characteristics that render it ideally suited as a labora-
tory animal, and it is widely used in North America and 
Europe. Breeding colonies have also been established in 
Australia and Brazil for specifi c experimental applications. 
Some stocks of this species have been produced in captivity 
for as many as 43 generations with no apparent detrimental 
effects on fertility, fecundity or health status. Because of the 
selection that has undoubtedly taken place over these gen-
erations,  Monodelphis domestica  presently in captive colonies 
may be quite different from their wild counterparts. For 
these reasons, laboratory stocks of this species are now 
referred to as the laboratory opossum. Figure  19.1  shows an 
adult female laboratory opossum.   

  Monodelphis domestica  has been inappropriately described 
as the Brazilian opossum or grey opossum in the literature. 
The term Brazilian opossum is incorrect because many 
opossum species are native to Brazil, and  Monodelphis domes-
tica  is also found in Bolivia and Paraguay. The grey opossum 
is also not an appropriate designation for  Monodelphis domes-
tica  because some other opossum species also have grey 
pelage. Appropriate common names for this species are grey 
short - tailed opossum, laboratory opossum (when used in 
reference to laboratory stocks rather than wild animals) and 
 Monodelphis domestica . However, the confusion demonstrates 
the importance of using scientifi c names where appropriate. 
The genus name  Monodelphis  may be used as an abbrevia-
tion without the species name when it is clear that 
 Monodelphis domestica  is implied, much as  Drosophila  is often 
used in reference to  Drosophila melanogaster.  

     Figure 19.1     An adult female laboratory opossum.  
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bands can be observed in the G - banded karyotype (Pathak 
 et al.   1993 ). The X chromosome is much smaller than the 
autosomes, and the Y is much smaller than the X. The karyo-
type is ideally suited for cytogenetic investigations. 

 Early surveys of genetic variants among laboratory opos-
sums revealed 13 polymorphic proteins and two polymor-
phisms at the DNA level (Perelygin  et al.   1996 ; reviewed by 
VandeBerg and Robinson  1997 ). The laboratory populations 
derived from the four founding sites in Brazil had signifi -
cantly different gene frequencies for these early markers, 
and some alleles are specifi c to one population or another 
(van Oorschot  et al.   1992a ).  

  Breeds and  s trains 

 The laboratory opossum, like the Syrian hamster, differs 
from other laboratory animals in that the details of its origins 
are precisely known and well documented (Table  19.2 ) 
(VandeBerg  &  Robinson  1997 ). The fi rst captive animals 
ancestral to the present laboratory population were four 
males and fi ve females captured in 1978 near the town of 
Exu in the state of Pernambuco, Brazil. They were shipped 
to the National Zoological Park in Washington DC, where 
all of them reproduced. Twenty pedigreed fi rst -  and second -
 generation descendants were provided to one of the authors 
(JLV) in 1979. These animals were used to establish the 
initial breeding colony of laboratory opossums at the 
Southwest Foundation for Biomedical Research. Genetic 
material from all nine of the original wild - caught founders 
from Exu is present in the laboratory stock known as 
Purebred Population 1.   

 Table  19.2  summarises the populations present in the 
Southwest Foundation laboratory opossum colony. These 
populations are the source of most, if not all, the other labo-
ratory colonies of  M. domestica  in the world. 

 A single shipment of 40 fully pedigreed laboratory opos-
sums, all derived from the nine original founders from Exu 
(Purebred Population 1), was sent from the Southwest 
Foundation to the Zoological Society of London, Regent ’ s 
Park, London, in 1983. A successful breeding colony was 
established there and became a source of animals for 
European investigators. Several shipments totalling 56 
descendents of the founders of Populations 1 and 2 were 
also made from the Southwest Foundation to German insti-
tutions during the 1980s. It is believed that all populations 
of  Monodelphis domestica  in Europe are derived from these 
shipments to London and Germany. 

 More recently, laboratory opossums were exported from 
the UK to Australia. The Australian animals were descended 
from the 40 individuals sent to London in 1983, and thus all 
trace their ancestry to the original nine founders of Purebred 
Population 1. 

 An additional colony established outside North America 
was initiated in 2007 with 16 descendants of the founders of 
Population 1 shipped from the Southwest Foundation to the 
Federal University of Mato Grosso do Sul in Campo Grande, 
Brazil. Previously, there had been no self - sustaining captive 
colonies of this species in Brazil. 

 Because the number of founders is limited, most labora-
tory opossums are partially inbred. However, several stocks 

sexual maturity by 5 months of age (Stonebrook  &  Harder 
 1992 ) and males achieve sexual maturity 2 – 3 weeks later. 
The youngest female reported to have given birth was 141 
days old, but few females conceive prior to 140 days of age. 
For most females, the prime reproductive period is prior to 
18 months. Not all successful breeders continue to repro-
duce that long, and most females cease to reproduce by 24 
months of age. Males are frequently successful breeders 
until 24 – 30 months of age and sometimes for several months 
more.  

  Standard  b iological  d ata 

 The body temperature of  Monodelphis domestica  is 32.6    ° C 
(Dawson  &  Olson  1988 ), respiratory rate at rest is approxi-
mately 54 breaths per minute, systolic blood pressure is 
approximately 188   mmHg and heart rate is approximately 
345 beats per minute (Kraus  &  Fadem  1987 ). Maximal 
hearing sensitivity is from 8 – 64   kHz (Frost  &  Masterton 
 1994 ). The dental formula for  Monodelphis domestica  follows 
the standard opossum pattern of I 5  4 C 1  1 Pm 3  3 M 4  4  (Reig  et al.  
 1987 ; Macrini  2004 ; van Nievelt and Smith  2005 ).  

  Genetics 

 The karyotype of  Monodelphis domestica  contains 2n   =   18 
chromosomes. The autosomes are large and easily distin-
guished from one another. Two hundred and thirty - three 

  Table 19.1    Laboratory opossum: reproductive and developmental 
data. 

   Parameter     Normal value  

  Weight at birth (mg)     ∼ 100  

  Weight at 2 weeks (mg)     ∼ 840  

  Weight at 8 weeks (g)     ∼ 20  

  Weight of adult female (g)    60 – 100  

  Weight of adult male (g)    90 – 150  

  Dental formula    I 5  4 C 1  1 Pm 3  3 M 4  4   

  Range of litter size    4 – 13  

  Typical litter size    7 – 8  

  Age at weaning (weeks)    8  

  First oestrus (in presence of a male) (days)    140  

  Full sexual maturity (months)    6  

  Time of ovulation after exposure to male 
(days)  

  5 – 10  

  Time of copulation to fertilisation (days)    1  

  Gestation (days)    13.5  

  Minimum interbirth interval (with successful 
weaning) (weeks)  

  11  

  Typical age of reproductive failure, females 
(months)  

  18 – 24  

  Typical age of reproductive failure, males 
(months)  

  24 – 30  

  Typical lifespan (months)    36 – 42  
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 1997 ). The diversity of research topics is too great to allow a 
detailed summary in this chapter, but several major areas of 
research are summarised below. 

 The most obvious distinctive feature of marsupials, the 
birth at such an early stage of development, was a major 
driving force for establishing a laboratory marsupial. The 
features of the newborn laboratory opossum (Figure  19.2 ) 
have been exploited in research on function of the embry-
onic nervous system in long - term cell culture (Stewart  et al.  
 1991 ), healing of the neonatal spinal cord after complete 
transection or crushing (Fry  &  Saunders  2000 ; Mladinic  et al.  
 2005 ; Lane  et al.   2007 ), effects of oestrogen on testicular 
development (Fadem  &  Tesoriero  1986 ), ontogeny of skin 
healing and development of capacity for scarring (Armstrong 
 &  Ferguson  1995 ), and development of neuropeptides, 
steroid receptors, and the visual system (reviewed by Kuehl -
 Kovarik  et al.   1995 ).   

 Research in immunobiology provides an example of the 
use of laboratory opossums in a comparative approach to 
answer questions about function and evolution (Stone  et al.  
 1996 ). Both the cellular (Stone  et al.   1997 ) and humoral (Croix 
 et al.   1989 ; Shearer  et al.   1995 ) immune responses have been 
investigated. Evidence from those early studies suggested 
that the immunobiological characteristics of  Monodelphis  are 

exist that have no shared relatives with Purebred Population 
2 (Table  19.2 ). Therefore, animals with an inbreeding coef-
fi cient of zero can be produced by matings between animals 
from Purebred Population 2 and any animals of Purebred 
Population 1, Admixed Population 3, Admixed Population 
4 or Admixed Population 5.   

  Sources of  s upply ( c onservation  s tatus) 

 The species  Monodelphis domestica  is broadly distributed in 
much of eastern and central Brazil and in Bolivia and 
Paraguay. The natural habitat of  Monodelphis domestica  
encompasses the relatively dry Chaco, Cerrado and Caatinga 
biomes, where they are most frequently found among rock 
outcrops (Streilein  1982 ). The species is not endangered or 
threatened. However, wild - caught animals are diffi cult to 
obtain because their population densities are low, making 
them somewhat diffi cult to trap. 

 The laboratory opossum colony at the Southwest 
Foundation for Biomedical Research is the source popula-
tion for all of the captive colonies of  Monodelphis domestica  
in the world, although a limited number of descendants of 
the nine founders from Exu (Population 1) were distributed 
directly by the National Zoological Park in the late 1970s 
and early 1980s.  

  Uses in the  l aboratory 

 The continuous availability and non - seasonal reproduction 
of laboratory opossums have made possible, for the fi rst time 
in history, the large - scale experimental use of a marsupial 
species. Consequently, the laboratory opossum has become 
by far the most extensively used marsupial in research. A 
total of 895 publications citing  Monodelphis domestica  were 
indexed in BIOSIS Previews (all life science subjects) between 
1978, the year in which the fi rst  Monodelphis domestica  arrived 
in the USA, and 2006 (two in 1978 and 50 in 2006). In com-
parison, the numbers of publications citing other marsupial 
species have remained approximately constant and at a 
much lower level for any one species (VandeBerg  &  Robinson 

  Table 19.2    Laboratory stocks of  Monodelphis domestica.  

   Laboratory 
code for 
wild 
populations  

   Year of 
importation 
to the USA  

   Town of origin     Number of 
founders  

   Purebred 
laboratory 
population (no. of 
founders)  

   Admixed populations  

   Laboratory designation     Proportionate 
genetic contribution 
to each individual  

  1    1978    Exu    9    Yes (9)     –      –   

  2    1984 – 1988    Piraua    14    Yes (7)    Admixed Population 2     ≥ 78% Pop. 2,  ≤ 22% 
Pop. 1  

  3    1990    Joaima    2    No (0)    Admixed Population 3     ≥ 64% Pop. 3,  ≤ 36% 
Pop. 1  

  4    1992    Conselheiro Mota    1    No (0)    Admixed Population 4    50% Pop. 4, 50% 
Pop. 1  

  5    1993    Brecha (Bolivia)    2    No (0)    Admixed Population 5     ≥ 54% Pop. 5,  ≤ 46% 
Pop. 1  

     Figure 19.2     A newborn laboratory opossum.  
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marsupial that could be produced in large numbers for 
research on the marsupial system of sex chromosome dosage 
compensation: paternal X - chromosome inactivation in 
somatic cells of females (VandeBerg  1983 ; VandeBerg  et al.  
 1983 ). It took more than two decades for molecular technolo-
gies to advance to the state where they could be brought to 
bear on understanding the reasons for the difference between 
paternal X inactivation in the opossum model and the 
random inactivation that is characteristic of eutherian 
mammals. However, a fl urry of recently published manu-
scripts has established that marsupials lack the inactivation 
centre that is present on eutherian X chromosomes; these 
reports have provided details about inactivation of the 
X - chromosome in X - bearing spermatozoa prior to fertilisa-
tion (Davidow  et al.   2007 ; Hornecker  et al.   2007 ; Mikkelsen 
 et al.   2007 ; Namekawa  et al.   2007 ; Shevchenko  et al.   2007   ). 
However, since the mechanism by which paternal X inacti-
vation occurs is still not understood, this fi eld of research is 
likely to continue providing new insights into this unusual 
form of regulation of gene expression at the level of the 
whole chromosome. 

  Monodelphis domestica  exhibits a variety of interesting 
genetic and physiological characteristics. For example, 
females exhibit greatly reduced rates of recombination in 
comparison with males (and with eutherian females) (van 
Oorschot  et al.   1992b, 1993 ; Samollow  et al.   2007 );  Monodelphis  
has a photolyase capable of repairing UV - induced DNA 
damage (cyclobutane pyrimidine dimers) (reviewed by Ley 
 et al.   2000 ), whereas eutherian mammals do not; and the 
sperm heads of  Monodelphis  precisely align in pairs during 
passage through the epididymis and possibly achieve 
maximal progressive motility via this adaptation (Taggart  et 
al.   1993 ). Some other marsupial species are known to share 
one or more of these characteristics with  Monodelphis , but 
none provides such a convenient and economical opportu-
nity for further investigation. 

 Cells from  Monodelphis  have been cultured for a variety of 
research purposes under conditions suitable for culture of 
cells from eutherians, but the optimal temperature for cell 
culture is less than 37    ° C. Cell types that have been cultured 
include lymphocytes (Robinson  et al.   1996 ), fi broblasts 
(Merry  et al.   1983 ; Robinson  et al.   1994 ), melanocytes (Dooley 
 et al.   1995 ) and melanoma cells (Robinson  et al.   1994 ). 

 Procedures for long - term (10 - day) culture of the intact 
central nervous system of 2 - day - old pups have been devel-
oped and used to investigate the actions of amines and 
transmitters, and the activation and inactivation of gamma -
 aminobutyric acid (GABA) receptors (Stewart  et al.   1991 ; 
Mollgard  et al.   1994 ). 

 Embryos have been cultured by several groups (Moore  &  
Taggart  1993 ; Johnston  et al.   1994 ; Selwood  et al.   1997 ). 
Embryos cultured at 32.6    ° C, the body temperature of 
 Monodelphis domestica , progress further than those cultured 
at 37    ° C (Selwood  &  VandeBerg  1992 ). Parthenogenic devel-
opment to the two - cell stage occurred in 8% of oocytes cul-
tured at 32.6    ° C. 

 The recent development of high - quality genomic tools 
specifi c to  Monodelphis domestica  (Samollow  2006 ) is certain 
to stimulate an acceleration of research with this species in 
many biological disciplines. These tools include a physically 
anchored genetic linkage map with 150 highly polymorphic 

similar in many respects to those of eutherian mammals. For 
example, skin graft responses are similar to those of euthe-
rian mammals, suggesting considerable polymorphism of 
the MHC class I locus. However,  Monodelphis  exhibits a 
limited mixed lymphocyte culture (MLC) response, suggest-
ing that class II loci may be highly restricted in extent of 
variability (Stone  et al.   1998 ). An additional difference 
between  Monodelphis  and eutherian mammals is that the 
primary humoral response is mediated equally by IgM and 
IgG, as compared with predominantly IgM in eutherian 
mammals. It had been suggested that marsupials may have 
a less complex immune system than eutherian mammals, 
but recent fi ndings have established that the genomic 
regions that specify key elements of the immune system are 
highly similar in the marsupial and eutherian lineages 
(Wong  et al.   2006 ; Belov  et al.   2007 ). 

 The laboratory opossum is also uniquely suited as a 
model for some human diseases. It is the only mammal other 
than humans known to be susceptible to malignant 
melanoma as a consequence of ultraviolet (UV) radiation 
alone; that is, in the absence of chemical promoters (Robinson 
 et al.   1994, 1998 ). It also is susceptible to a form of corneal 
cancer induced by UV radiation, and susceptibility is highly 
heritable (VandeBerg  et al.   1994 ; Kusewitt  et al.   2000 ). 
Although corneal cancer is rare in humans, the high herit-
ability of this disease in laboratory opossums makes it a 
potentially valuable model for investigating genetic mecha-
nisms in carcinogenesis. A third disease for which the labo-
ratory opossum has become a valuable model is 
dietary - induced hypercholesterolaemia. A single recessive 
gene is primarily responsible for determining that some 
individuals are resistant to this condition and others are 
susceptible (Rainwater  et al.   2001 ). Recent work has shown 
that the gene for dietary response affects response to dietary 
cholesterol but not to saturated fat (Kushwaha  et al.   2004a ), 
and that factors associated with different dietary responses 
are absorption of dietary cholesterol, production of apolipo-
protein B and expression of hepatic genes involved in cho-
lesterol homeostasis (Kushwaha  et al.   2004b, 2005 ; Chan 
 et al.   in press ). 

  Monodelphis domestica  displays considerable promise for 
research on allografting and xenografting, the interactions 
between graft and host and the development of tolerance. 
Allogeneic grafts of melanoma cells into opossum pups lead 
to tumour growth and systemic metastasis (Robinson  &  
Dooley  1995 ). Remarkably, even mouse and human cancer 
cells can cause tumours to develop, some of which metasta-
sise when implanted into pups (Fadem  et al.   1988 ; Wang  et 
al.   2003 ). Immunotolerance of xenografts can be induced by 
injecting multiple desensitising doses of cancer cells (Wang 
 &  VandeBerg  2005 ). These fi ndings establish a foundation 
for exploiting  Monodelphis domestica  in research on the 
cascade of interactions between host and tumour cells, and 
the immunobiological mechanisms that are involved. 

 A xenograft model has also been developed for investigat-
ing cell transplant strategies to repair diseased or injured 
retinas (Sakaguchi  et al.   2004 ). This model involves trans-
planting murine brain progenitor cells and retinal progeni-
tor cells into the eyes of 5 – 10 - day - old  Monodelphis  pups. 

 One of the primary reasons for developing  Monodelphis 
domestica  as a laboratory animal was the need for a small 
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loci (Samollow  et al.   2007 ), a cytogenetic BAC map (Duke  et 
al.   2007 ) and a high - quality draft of the genome sequence 
(Mikkelsen  et al.   2007 ). The laboratory opossum was the fi rst 
marsupial selected for genome sequencing by the National 
Human Genome Research Institute. This fi rst marsupial 
gene sequence has been instrumental in revealing the com-
plexities of the marsupial immune system, and a prominent 
role for the evolution non - protein - coding sequences in 
mammalian diversifi cation (Mikkelsen  et al.   2007 ; Lemos 
 2007 ). A genomic tool that is not yet available for  Monodelphis 
domestica  is a species - specifi c microarray. However, cross -
 species applications of mouse and human microarrays have 
been successfully used to profi le gene expression changes 
during melanomagenesis and spinal cord development 
(Wang  et al.   2004 ; Lane  et al.   2007 ).  

  Laboratory  m anagement and  b reeding 

  General  h usbandry 

  Housing 

 Polypropylene and polycarbonate cages (mouse shoebox 
cages) of two standard sizes are generally used: a  ‘ large 
cage ’  sized 43   cm    ×    22   cm    ×    13   cm (l    ×    w    ×    h); and a  ‘ small 
cage ’  sized 27   cm    ×    17   cm    ×    12   cm. Each cage is fi tted with a 
standard stainless steel top used for rodents. However, the 
tops used in breeding colonies must fi t within 0.75   cm of the 
cage edges, and the space between the bars on the top must 
not exceed 0.75   cm. Pre - weanlings can escape through open-
ings as small as 1.0   cm, which is a standard distance between 
bars on some tops sold for use with rodents. Filter covers 
may be used to protect against airborne pathogens, but they 
are not essential in a well managed colony. Multiple cages 
are kept in racks (Figure  19.3 ). There have been no recent 
studies on housing requirements for this species.    

  Environmental  p rovisions and  e nrichment 

 The cage bottom is covered with aspen or pine shavings to 
a depth of approximately 2.5   cm. The animals are hygienic 
and generally choose a single corner of their cage as a toilet 
area. In addition to bedding, each cage is provided with 
paper towelling, cut into 5   mm    ×    18   cm strips by a paper 
shredder, for nesting material. The amount of nesting mate-
rial provided is about 3   g for a single animal, 5 – 6   g for a pair 
or a female with a litter and 10 – 12   g for a group of weanlings 
caged together. The early stage of development at birth, 
incapability of thermoregulation at birth and lack of a mater-
nal pouch make nesting material especially important for 
neonatal survival. 

 Nest boxes are provided in cages that contain breeding 
pairs, a female with a litter or a group of weanlings. Nest 
boxes can be constructed of any material that can be easily 
cleaned and permit a female to be checked for the presence 
of a litter with minimal disruption. Polypropylene or plastic 
food storage boxes with removable lids and an entrance hole 
cut from one side will suffi ce. In the authors ’  colony, alu-
minium nest boxes (18   cm    ×    13   cm    ×    10   cm) are generally 
used which are constructed locally. Each box has a remov-

     Figure 19.3     A rack of large cages, each containing a pair of 
animals and a nest box. The life history record of each animal is 
kept in a spiral notebook affi xed to a clipboard on the front of each 
cage.  

able  ‘ shoe box ’  type lid and an entrance measuring 
5   cm    ×    4.5   cm (w    ×    h). A convenient alternative to a nest box 
is a round glass jar 16.5   cm long, 8.9   cm in diameter, with an 
opening 8.3   cm in diameter. However, it is easier to check 
females for the presence of litters if a nest box with a remov-
able lid is used (Figure  19.4 ).   

 From the perspectives of psychological well - being and 
environmental enrichment, ample nesting material is essen-
tial for all animals whether they are single -  or pair - housed, 
and at least one nest box is essential for pair - housed animals. 
Both males and females may spend many hours per day 
assembling bundles of nesting material, curling their 
semi - prehensile tails around a bundle and carrying it around 
the cage. In some instances, bundles of nesting material 
are woven into elaborate nests, even by animals that are not 
in breeding situations. A nest box is essential for paired 
animals in order to provide a haven in which one member 
of the pair may be able to protect itself from an aggressive 
mate, and for providing seclusion for mothers with litters. 
There have been no recent publications on enrichment for 
this species.  

  Social  g rouping 

 Litters are weaned at 8 weeks of age and under optimal 
conditions the animals are caged individually (a small cage 
is suffi cient). Littermates may be caged communally in a 
large cage containing a nest box, but there is risk of aggres-
sion. If caged communally beyond 4 months of age, many 
animals become aggressive towards one another and severe 
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  Physical  e nvironment and  h ygiene 

 Room temperature is maintained at 23.5 – 26.5    ° C, slightly 
higher than that recommended for rodents. Although no 
controlled experiments have been reported, the neonatal 
survival rate is suspected to be higher at this slightly ele-
vated temperature. 

 Fluorescent lighting is used in a cycle of 14   h light and 10   h 
dark, and humidity is maintained at 55 – 60%. Humidity 
levels below 35% lead to desiccation and necrosis of the ears 
and tails of some individuals. 

 The animal rooms should be kept as quiet as practicable. 
Loud noises such as those that occur during construction 
cause stress that may lead to increased levels of aggression 
and cannibalism. Additionally,  Monodelphis domestica  can 
hear at ultrasound frequencies inaudible to humans and 
sources of high - frequency noise should be minimised. 

 Once a week, all animals are moved to clean cages with 
fresh bedding. Nest boxes and well constructed nests are 
moved to the new cage if they are not soiled. Care is taken 
to disturb as little as possible the nests of mothers with litters 
less than 3 weeks old in order to discourage cannibalism. 
Nest boxes are generally washed in a cage washer every 2 
weeks when litters are not present.   

  Health  m onitoring and  q uarantine 

  Monodelphis  is an exceptionally healthy laboratory animal 
and has required no health monitoring procedures other 
than routine daily observation. 

 Animals captured from wild populations typically carry 
endoparasites and should be kept in quarantine while the 
bedding is changed three times per week to break the life 
cycle of these parasites. Endoparasites are generally elimi-
nated within a few weeks by this procedure. Ectoparasites 
have not been documented on newly captured animals.  

  Transport 

 For general advice on transport see Chapter  13 . Local trans-
portation in a climate - controlled vehicle suited for animal 
transport is safely conducted with the animals in their 
standard cages. Temperature should be maintained as con-
stant as is practical. For trips during which the temperature 
might drop below the normal laboratory range for this 
species (23.5 – 26.5    ° C), the animals should be transported in 
cages with nest boxes and several days after the addition of 
nesting material so that ample nests will have been 
constructed. 

 For shipping by air, animals can be placed in standard 
mouse shipping boxes purchased from commercial mouse 
suppliers, into which plywood partitions have been 
placed (International Air Transport Association  2008 ). 
Each animal must be placed singly within a partitioned 
enclosure to prevent fi ghting en route. Even littermates that 
have been caged together since weaning are likely to be 
aggressive during transport. Care must be taken in 
constructing partitions to ensure that a portion of each com-
partment has open access to at least one ventilation opening. 

injuries or death are likely outcomes. Therefore, individual 
caging is mandatory after 4 months of age.  

  Presentation of  f ood and  w ater 

 Feeders designed for rodents are unsatisfactory for labora-
tory opossums; Rather, food pellets are placed directly on 
the bedding in a clean area of the cage. To ensure  ad libitum  
feeding, a suffi cient quantity of pellets is added three times 
a week. 

 Water is provided in glass, polycarbonate or polypropyl-
ene bottles fi tted with rubber stoppers and stainless steel 
sipper tubes. Automatic waterers are not recommended 
because  Monodelphis  are unable to adapt to any of several 
designs that have been tested.  

  Identifi cation and  s exing 

 Littermates are separated into individual cages by 4 months 
of age and the only contact between animals after that age 
occurs during pairing of females and males. Therefore, after 
the separation of littermates, each individual can be tracked 
by an ID number that is recorded in a record booklet or on 
a cage card that is maintained with each animal as it is 
moved from cage to cage. 

 Ear punching and the shearing of identifi cation patterns 
on the back are practical methods of identifying individuals 
if there is a need to do so with group - housed littermates, 
provided the identifi cation patterns are monitored and 
renewed as needed. Subcutaneous transponders may also 
provide an effi cient means for identifi cation of individual 
 Monodelphis . 

  Monodelphis  can be easily sexed long before weaning 
because the testicles are contained in a pendulous scrotum 
attached to the body by a thin stalk.  

     Figure 19.4     A female with a 4 - week - old litter in a nest box from 
which the lid has been removed. The nest is well formed except 
across the top where the lid contacted the sides of the nest itself.  



The laboratory opossum 253

  Breeding 

  Condition of  a dults 

 Females are biologically capable of rearing up to four litters 
per year, although this level of success is rare. More than 
four litters can be produced by a single female in a year if 
the pups are removed for experimental purposes prior to 
weaning and the female is returned immediately to breed-
ing. One female subjected to this protocol produced 67 
progeny in 1 year. The largest number of progeny weaned 
by a female in the Southwest Foundation colony is 49. 

 A single male can be paired with a different female every 
2 weeks, and could in theory sire up to 26 litters per year. 
The largest number of weaned progeny sired by a male in 
the Southwest Foundation colony is 105. 

 Female laboratory opossums reach sexual maturity by 5 
months of age (Stonebrook  &  Harder  1992 ), 2 – 3 weeks 
earlier than males. Oestrus is induced at any time of the year 
by the presence of a strange male, generally 5 – 10 days after 
the animals are caged together. The induction of oestrus 
occurs even immediately after a litter dies or is removed 
prior to weaning, if a female is provided with a male. This 
characteristic is highly advantageous in comparison to many 
marsupial species that are seasonal breeders. This character-
istic also facilitates timed pregnancies and the collection of 
staged embryos. 

 The only practical strategy for determining if an animal is 
fertile is to pair it with a member of the opposite sex which 
has a recent history of fertility. If an animal does not repro-
duce after four such opportunities, it is judged to be 
infertile.  

  Pairing 

 Monogamous pairings are made to minimise aggressive 
behaviour and to prevent interference with mating. Under 
normal conditions, a mature male and female are placed 
together in a large cage (with a nest box and nesting mate-
rial). Pairing should be done early in the day so that animal 
care staff can be alert for undue aggression for at least a few 
hours after pairing. A low level of aggression is common 
and does not pose a high risk, but occasionally the animals 
must be separated due to aggressive fi ghting. 

 Conceptions are not likely to occur more than 10 – 12 days 
after pairing, so males are typically removed after 2 weeks, 
at which time they may be paired with another female. After 
removal of the male from the cage, the female is kept solitary 
for at least 2 weeks (the gestation period), usually in a small 
cage. If a litter has not been born (or has died or been 
removed), the female may be paired again with the same or 
a different male. If a litter is born, the mother and her nest are 
carefully transferred to a large cage and the nest is placed in 
the nest box if it was not constructed inside the box. 

 The day of mating cannot be precisely ascertained by tech-
niques that are used for rodents. There is no vaginal plug and 
sperm are rarely detected in vaginal smears. Furthermore, 
the time of ovulation is diffi cult to predict from vaginal 
smears because cornifi ed cells from the lateral vaginae may 
infi ltrate the posterior vaginal sinus, masking changes in the 
cytology of the cells that line the posterior vaginal sinus 

The authors typically partition each box into six compart-
ments (Figure  19.5 ), the dimensions of which are 
18   cm    ×    13   cm    ×    18   cm (l    ×    w    ×    h). The box is divided into 
four compartments if fewer than fi ve animals are to be 
transported.   

 The fl oor of each compartment is covered with about 
2.5   cm of shavings and about 15   g of nesting material is pro-
vided for each animal. Two quarters of one orange are 
usually provided at one end of each compartment, and 
apple quarters or pieces of watermelon have also been used 
successfully. Alternatively, water gel packs can be used, 
especially for trips of extended duration. 

 Attempts to ship females with suckling pups have had 
limited success because of cannibalism. However, no prob-
lems have been encountered in shipping pregnant females, 
even in the late stages of pregnancy. 

 Animals should be acclimatised to a new environment in 
solitary cages. Pairings of breeders should not occur less 
than 1 week after arrival to minimise the risk of aggressive 
behaviour.  

     Figure 19.5     Top: a shipping box ready for six animals to be 
placed inside. Note the nesting material on top of the wood 
shavings and the two orange quarters in each. Bottom: a plywood 
cover with holes for air exchange is placed inside the box before 
closing the cardboard top to ensure that animals cannot gain access 
to an adjacent compartment and to facilitate putting individual 
animals into, and retrieving them from, the compartments.  
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rial, a nest box and fresh feed and water (Figure  19.6 ). Both 
males and females build nests.   

 Birth occurs approximately 14.5 days after copulation and 
13.5 days after ovulation and fertilisation (Mate  et al.   1994 ). 
Under normal circumstances, birth probably occurs in the 
seclusion of the nest and nesting material should be pro-
vided to allow for this behaviour. Pregnant females may be 
observed or fi lmed giving birth if deprived of nests. 

 Females may become more active for a few minutes before 
birth. At the moment of birth, the female places one side of 
the dorsal surface of her rump on the fl oor, with hindfeet in 
the air; props the anterior part of her body by placing a 
forepaw on the fl oor; and curves her spine so her head is 
near the urogenital opening, which is raised to extrude the 
neonates on to the mammary area. 

 As many as 15 neonates have been observed in a newborn 
litter. However, the maximum number of newborns that are 
capable of surviving is equal to the number of teats of the 
mother; that number is 13 in most individuals, but may be 
only 11 or 12 (Robinson  et al.   1991 ). Typical litter size (deter-
mined after attachment to the nipples) varies among stocks, 
but 7 – 8 is common for many stocks, and 9 – 12 is not unusual. 
Occasionally, a litter of 13 is reared to weaning. 

 The neonates are light grey at birth and are licked vigor-
ously by the mother while they fl ail from side to side in 
worm - like movements. Attachment to the nipples generally 
occurs within seconds, or a few minutes at most, and the 
colour of the skin turns to a bright pink shortly thereafter. 
Neonates that do not fi nd a teat continue crawling, generally 
in an upward direction and remain light grey. After the 
unattached neonates reach the dorsal side of the mother, 
they are cannibalised.  

  The  y oung 

 Litter survival is highly variable, depending on the breeding 
stock, the age and reproductive experience of the dam and 
the size of the litter. In general it exceeds 50%, but survival 
is reduced in highly inbred litters and in litters born to older 

(Fadem  &  Rayve  1985 ). Therefore, several laboratories have 
adapted video systems to determine the precise timing of 
mating (Baggott  &  Moore  1990 ; Mate  et al.   1994 ; Kuehl -
 Kovarik  et al.   1995 ). Generally, a group of cages is fi lmed 
under red light during the dark phase when most matings 
occur. The fi lm can be fast forwarded for examination each 
day to identify the exact time of copulations. Another strat-
egy has been to keep the paired animals separated by a per-
forated plexiglass partition except for 1 – 2   h at the end of the 
light period and at 12   h intervals after that until mating 
occurs (Kuehl - Kovarik  et al.   1995 ). Mating usually takes 
place within 20 minutes of removal of the partition. 

 Generally, no harm arises from leaving a male paired with 
a female longer than 2 weeks, provided he is removed 
within the fi rst 2 weeks after a litter is born to prevent him 
from eating the pups when they are left alone by the mother. 
However, there is little chance of conception from a pro-
longed pairing and there is always risk of aggression.  

  Fertility  d ecline and  a ggression 

 Risk of aggression is especially high among older animals, 
particularly females. For most females, the prime reproduc-
tive age is up to 18 months, and most cease to reproduce by 
24 months of age. Cessation of reproductive success is often 
accompanied by aggressive behaviour toward prospective 
mates. Females in the authors ’  colony are routinely removed 
from the breeding programme at between 18 and 24 months 
of age depending on their reproductive history, history of 
aggression towards potential mates and importance of the 
particular animal to its breeding programme. However, the 
oldest female that produced a litter in the authors ’  colony 
was 34 months old at the time of conception and she suc-
ceeded in rearing the litter to weaning. 

 Some elderly males become aggressive to their potential 
mates, so a judgement is made as to which males are allowed 
to continue as studs beyond 2 years of age. The oldest male 
that sired a litter in the authors ’  colony was 40 months old 
at the time the litter was conceived.  

  Embryonic  d evelopment 

 The embryonic development of  Monodelphis  has been 
described in detail (Baggott  &  Moore  1990 ; Mate  et al.   1994 ; 
Selwood  et al.   1997 ). According to Mate  et al.   (1994) , ovula-
tion and fertilisation occur about 24   h after mating. Between 
2 and 3 days later (days 3 and 4 after mating), most embryos 
are at the four - cell stage, and on day 5 most are at the 16 – 
32 - cell stage. Complete unilaminar blastocysts are present 
on day 7 and bilaminar blastocysts on day 8. The fi rst 
somites are formed in the primitive streak by day 10, the 
heart and blood vessels by day 11 and paddle - shaped fore-
limbs by day 12. By day 14, the forearm is well developed 
with claws on the digits, and birth occurs on day 15. Thus, 
development from the bilaminar blastocyst stage to birth 
takes place in a mere 7 days.  

  Production 

 At the time of pairing, a male and a female are placed 
together in a large cage containing bedding, nesting mate-

     Figure 19.6     A large cage ready for a pair of animals. Fox chow is 
placed on the bedding near the front of the cage. Nesting material 
is divided into two portions to limit competition for it. Typically, 
one animal builds a nest inside the nesting box and the other builds 
a nest outside.  
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an inbreeding coeffi cient (F) of 0.911 (equivalent to just over 
11 generations of full sibling matings) before it was lost 
(VandeBerg  &  Robinson  1997 ). 

 More recently, a series of partially inbred stocks has been 
developed by matings involving full siblings interspersed 
with matings between relatives less closely related than full 
siblings (VandeBerg  &  Robinson  1997 ). Six of these stocks 
currently have inbreeding coeffi cients in excess of 0.90. 
Selective breeding practices are being employed to increase 
the inbreeding coeffi cients gradually while maintaining sat-
isfactory levels of fecundity and litter survival rates, and two 
stocks have inbreeding coeffi cients in the range of 0.95 – 0.96 
(equivalent to 14 – 15 generations of full sibling matings). 

 The partially inbred stocks have been derived from 
Purebred Population 1 and Admixed Population 2. Despite 
not having achieved the status of fully inbred strains 
(F   =   0.986, equivalent to 20 generations of full sibling 
matings), these partially inbred stocks are useful for research 
where uniform experimental subjects are desired, for 
research on histocompatibility and for intercross and back-
cross mating strategies for gene mapping and other genetic 
objectives.   

  Feeding 

  Natural and  l aboratory  d iets 

 In captivity,  Monodelphis  will consume virtually any small 
animal, such as cockroaches, crickets, earth worms, scorpi-
ons, mice, lizards, snakes and  Tenebrio  larvae. They will also 
eat most fruits. However, the recommended diet is a repro-
duction grade of dried pelleted fox chow (reviewed by 
VandeBerg  1990 ) for which no supplements are required.  

  Dietary  r equirements 

 Dietary experiments have been conducted with commer-
cially prepared foods for cats, dogs, marmosets, mink and 
foxes, as well as more natural diets containing meat, insects, 
eggs, milk, infant mice and fruit. The optimal diet of those 
that have been rigorously tested experimentally was found to 
be the reproductive grade of fox chow as noted above 
(VandeBerg  1990 ). The diet currently used at Southwest 
Foundation for Biomedical Research contains not less than 
35% crude protein 13% crude fat and 4.5% crude fi bre (dry 
weight). Specifi c dietary requirements have not been defi ned.  

  Water 

 All animals should have access to fresh water  ad libitum . At 
the authors ’  facility, tap water is provided in bottles that 
were sanitised on the same day. A freshly sanitised bottle of 
water is provided weekly when the cage is changed.    

  Laboratory  p rocedures 

  Handling 

  Monodelphis domestica  is a most gentle and docile wild 
mammal in response to human handling. Even individuals 

females (approaching 2 years of age and beyond). Small 
litters tend to be lost more frequently than large litters; litters 
of three or less rarely survive to weaning, so, if it is necessary 
to return the female immediately to breeding, the litter has 
to be euthanased. It is important that extraneous noise be 
kept to a minimum in breeding colonies to reduce the risk 
of cannibalism of litters by their mothers. 

 The newborn marsupial has an embryonic two - layered 
forebrain, no cerebellum, embryonic eyes, no ears and hind-
limbs at the paddle stage of development. Anatomically, it 
resembles a mouse at 12.5 days of gestation. The newborn 
 Monodelphis  weights about 100   mg and is approximately 
1   cm in length. It attaches to a teat within seconds or minutes 
of birth. Each newborn remains attached to the same nipple 
for at least the fi rst week of life. At 2 weeks of age, each pup 
weighs about 840   mg (VandeBerg  1990 ) and may be left 
alone in the nest, although pups are frequently present on 
the nipples during the third week of life both when the 
mother is resting and when she is active. The pups begin to 
grow fur during the third week of life and their eyes open 
about 1 month postnatally. 

 Laboratory opossums are routinely weaned at 8 weeks of 
age, when they weigh about 20   g. Occasionally, when the size 
of the young is judged to be smaller than normal at that age, 
they are left with the mother until 9 – 11 weeks postpartum, 
when lactation usually ceases. Weaning is accomplished 
simply by placing littermates in a large cage by themselves or 
by placing each one in a small cage. The weanlings continue 
to grow rapidly for 200 – 250 days, after which growth pla-
teaus (see growth curves in Cothran  et al.   1985 ). Growth of 
females and onset of puberty may be stimulated if they are 
paired with males prior to 6 months of age (Stonebrook  &  
Harder  1992 ). Conversely, females exhibit pronounced 
growth retardation if they are deprived of mates after about 
6 months of age (Cothran  et al.   1985 ; VandeBerg  1990 ).  

  Breeding  s ystems 

 Most aspects of breeding systems are similar to those for 
mice and rats, with the exception of inbreeding. 

 For stocks where the number of animals and reproductive 
success are especially limited, a useful practice is to pair 
proven breeders with animals that are virgin or have failed 
to reproduce. This practice helps to ensure that animals 
capable of reproduction are provided the best opportunity 
for success before they are culled on the basis of reproduc-
tive performance. 

 At the Southwest Foundation for Biomedical Research, 
more than 95   000 laboratory opossums have been produced 
and weaned. Pedigree data are maintained for each indi-
vidual in a computerised database, and the inbreeding coef-
fi cient of each individual is calculated using software 
developed at the institution (Dyke  1989 ). Because the 
number of founders was small, all individuals are partially 
inbred except those that can be produced by intercrosses 
between several stocks (as discussed under Breeds, strains 
and genetics). 

 Initial attempts were made to develop inbred strains by 
full sibling matings, but all lines were eventually lost as a 
consequence of reduced fecundity, as well as high mortality 
of litters within the fi rst 2 weeks of life. One line achieved 
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  Physiological  m onitoring 

 Body temperature can be assessed by thermocouples as a 
deep colonic measure at an insertion depth of 3 – 4   cm 
(Dawson  &  Olson  1988 ). A temperature - sensitive microchip 
transponder also could be used. 

 General advice on refi nement of blood collection, within 
the Three Rs framework, is provided by the Joint Working 
Group on Refi nement (JWGR)  (1993) . Blood can be collected 
easily and routinely by cardiac puncture of animals anaes-
thetised with isofl urane. A 1.27   cm, 27G (0.406   mm nominal 
outside diameter) needle on a 1   ml tuberculin syringe is typi-
cally used, although a larger syringe may be used for col-
lecting larger volumes of blood. Experienced technical staff 
collecting blood routinely are able to obtain 0.8 – 1.0   ml of 
blood in 95% of attempts, with no obvious adverse impact 
on health (Robinson  &  VandeBerg  1994 ). 

 Cardiac puncture, under anaesthetic, has been conducted 
repeatedly over time on an animal without apparent ill 
effects. In an investigation of the effects of chronic blood 
loss, 2   ml of blood was removed weekly from each of 20 
animals for 13 weeks (Manis  et al.   1992 ). No apparent 
changes in health status occurred, although haematopoietic 
characteristics were altered. 

 Another procedure for collecting blood is to make an inci-
sion through the ventral tail artery of an anaesthetised animal 
after a heat lamp has been placed above it to dilate the blood 
vessels (Kraus  &  Fadem  1987 ). This procedure can yield 
1 – 2   ml of blood. The wound is cauterised upon completion of 
the procedure and sealed with fl exible collodion. 

 Large volumes of blood can be collected by exsanguina-
tion using the cardiac puncture method. Experienced per-
sonnel can routinely collect at least 5   ml and often as much 
as 6 – 7   ml from each animal that weighs 100   g or more 
(Robinson  &  VandeBerg  1994 ). 

 Urine may be collected by putting individual animals in 
cages with wire mesh bottoms placed over collection pans 

captured from wild populations can be picked up by expe-
rienced handlers with little risk of being bitten. At the 
Southwest Foundation facility, the only hand coverings 
used are latex disposable gloves. Under most circumstances 
the animal is picked up by the tail, as is typically done with 
laboratory mice (Figure  19.7 ). Animals may also be picked 
up by placing the fi ngers under the midsection and the 
thumb over the back, just behind the front legs of the animal, 
as shown in Figure  19.8 .   

 If a  Monodelphis  is not handled properly, it is likely to bite. 
The animals have sharp, needle - like teeth, and most adults, 
particularly the larger males, are capable of puncturing 
human skin. Inexperienced or careless handlers are gener-
ally bitten under either of two circumstances. One is when 
they move their hand too fast in attempting to capture an 
animal.  Monodelphis  has an extremely fast refl ex to bite any-
thing that moves rapidly, whether it be prey (presumably a 
hunting adaptation) or a human hand. The biting refl ex is 
often quicker than the initial movement of the human hand 
to grab the tail (or animal). In contrast, moving the hand 
slowly to the animal and picking the animal up slowly will 
almost never elicit a bite, even though some animals back 
into the corner of the cage hissing with an open mouth and 
displaying their teeth. The second circumstance in which an 
inexperienced or careless handler is likely to be bitten is 
when an attempt is made to restrain any part of the body of 
the animal. If the body of an unanaesthetised animal must 
be restrained, light leather gloves, such as golf gloves, 
should be used.  

     Figure 19.7     Picking up an animal by the tail. This female has a 
newborn litter.  

     Figure 19.8     Picking up an animal by placing the fi ngers under the 
midsection with thumb and index fi nger just behind the front legs 
of the animals.  
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pram hydrochloride (20   mg/ml) on the tongue of the animal. 
If respiration does not commence within a few seconds, one 
end of a 20   cm length of plastic tubing is placed over the 
animal ’ s nostrils and snout, fi rmly against the skin, and the 
person conducting the procedure blows into the other end 
at intervals of 1 – 2   s so that that the animal ’ s lungs infl ate on 
each occasion. The tubing has an external diameter of 15   mm 
and an inside diameter of 11   mm. 

 For recovery from anaesthesia, an animal is placed into an 
acrylic chamber on its ventral surface on a heating pad 
covered with absorbent paper and maintained at 30    ° C. If 
there is any sign of respiratory distress, the procedures for 
resuscitation are immediately performed. Most animals are 
fully recovered and able to walk without losing balance 
within 10 – 30 minutes, when they are returned to their cages. 

 For inducing deep anaesthesia for a prolonged period of 
time, a combination of inhalation and injection anaesthesia 
was developed in the early 1990s (Robinson  &  VandeBerg 
 1994 ). In this protocol, the animal was lightly anaesthetised 
with isofl urane and then injected subcutaneously with 
0.0025   ml (= 50    μ g) per gram of body weight of sodium 
pentobarbitone (pentobarbital) (20   mg/ml) followed by an 
intramuscular injection of 0.0054   ml (= 2    μ g atropine and 
40    μ g ketamine) per gram of body weight of an atropine/
ketamine mixture (1.25   ml atropine (0.4   mg/ml)   +   0.1   ml 
ketamine HCl (100   mg/ml)). Occasionally during prolonged 
anaesthesia, one or two additional injections of sodium 
pentobarbitone (pentobarbital) were required to maintain 
deep anaesthesia. The authors have not used this protocol 
in their laboratory for many years, but would recommend 
now that isofl urane replace halothane, and that a more 
advanced injectable anaesthetic be considered as a replace-
ment for sodium pentobarbital. Telazol (30   mg/kg) or a 
mixture of medetomidine (100    μ g/kg), butorphanol (0.2   mg/
kg) and ketamine HCl (10   mg/kg) have been used to immo-
bilise Virginia opossums ( Didelphis virginiana)  for short 
periods of time (Stoskopf  et al.   1999 ), suggesting possible 
replacements of sodium pentobarbital. More research is 
required to establish an up - to - date protocol for long - term 
anaesthesia of laboratory opossums. 

 Light anaesthesia of dams and litters with halothane or 
isofl urane has been used for procedures that can be com-
pleted quickly. However, litter loss is unacceptably high 
when dams with litters are subjected to deep anaesthesia 
with isofl urane. Deep and prolonged anaesthesia with the 
combination inhalation and injection anaesthesia protocol 
causes minimal loss of litters (E.S. Robinson, personal com-
munication). Halothane/nitrous oxide anaesthesia has also 
been used successfully to anaesthetise dams and pups for 
the conduct of neonatal surgery (Armstrong  &  Ferguson 
 1995 ). It has been reported that feeding a mother mealworms 
immediately after recovery from anaesthesia may reduce 
the incidence of cannibalism (Saunders  et al.   1995 ). 

 Another approach to anaesthesia of a mother with attached 
pups is to anaesthetise it lightly using a 50   ml conical tube 
delivering the regulated anaesthetic mixture over the head 
of the mother (Wang  &  VandeBerg  2003 ). This procedure 
enables anaesthesia of the dam without affecting the pups, 
greatly reducing the risk of losing the litter. 

 Anaesthesia of sucklings within the fi rst 2 weeks of life 
has been accomplished by cooling them with ice (Morykwas 

as described by Christian  (1983) . The collection pans should 
contain a layer of mineral oil to prevent evaporation of urine 
and faeces. 

 For milk collection within 2 weeks postpartum, the suck-
lings must be pulled off the teats and euthanased. For older 
litters, the mothers can simply be separated from their litters 
temporarily. Two hours after the separation of mothers from 
their litters, dams are anaesthetised with isofl urane and 
injected intramuscularly with 0.75   ml oxytocin (Samples  et 
al.   1986 ). Milk droplets are exuded by manually squeezing 
the mammary glands, and they are collected in capillary 
tubes. Between 5 and 10    μ l of milk can be collected during 
the fi rst few days of lactation, and up to 80    μ l during the later 
stages (Crisp  et al.   1989 ).  

  Administration of  m edicines 

 General advice on refi nement of the administration of medi-
cines or test substances can be found in JWGR  (2001) . 

  Anaesthesia and  a nalgesia 

 Light anaesthesia by inhalation is recommended for all 
injections because it is diffi cult to restrain  Monodelphis . The 
procedures for injections of  Monodelphis  are the same as 
those for rodents. Subcutaneous injections are generally 
given in the shoulder area, intramuscular injections in the 
hindleg area and intraperitoneal injections in the caudal 
abdomen. 

 Detailed procedures for anaesthesia were described by 
Robinson and VandeBerg  (1994) . However, procedures for 
anaesthesia by inhalation have been further optimised in 
recent years. 

 The most satisfactory inhaled anaesthetic in the authors ’  
experience is isofl urane. Although considerable care must 
be taken to maintain depth of anaesthesia without killing 
the animal, isofl urane is relatively safe in the hands of expe-
rienced personnel for short - term anaesthesia (up to 1   h). 
Animals are provided with water but no food overnight 
prior to anaesthesia, in order to minimise the risk of vomit-
ing and aspirating stomach contents during or after seda-
tion. In the authors ’  laboratory, animals are placed in a 
chamber with six individual compartments lined with paper 
towels. The chamber is fl ooded with a mixture of isofl u-
rane/oxygen delivered from an anaesthesia machine. The 
oxygen fl ow rate is set at 0.8   l/min and the isofl urane level 
is set at 4% V/V. The animals can be monitored through the 
clear acrylic sides of the chamber. The length of time required 
to sedate the animals is variable, but most animals are thor-
oughly sedated within 5 minutes. Animals are removed 
from the chamber based on their appearance. 

 Depth of anaesthesia can best be judged by toe pinching 
and respiratory rate. Deep anaesthesia suffi cient for cardiac 
puncture or surgical procedures is indicated by failure to 
withdraw a foot in response to a pinch. Respiratory rate 
should be watched continuously during the procedure and 
during the recovery period; a sudden reduction in rate of 
breathing or sporadic breathing indicates that an animal is 
at high risk of death. If respiration ceases, an animal can 
often be resuscitated by placing one or two drops of doxa-



258 The laboratory opossum

being infected, and conducting a complete pathological and 
microbiological evaluation. Appropriate prevention meas-
ures can be implemented on the basis of the results. 
Comprehensive texts on wild animal medicine are available 
(eg, Holz  2003 ). 

  Prophylaxis 

 Infectious diseases are virtually non - existent in animals that 
are properly managed and fed a nutritionally adequate diet. 
However, some of the animals involved in early dietary 
trials were prone to opportunistic respiratory infections. The 
affected animals were restricted to groups receiving diets 
that turned out to be nutritionally suboptimal.  

  Signs of  d isease 

 Common clinical signs of disease include rapid breathing, 
poor coat condition and loss of body weight. If an animal 
suspected of having an infectious disease is discovered in 
a colony, it should be necropsied by a veterinary patholo-
gist, and all husbandry procedures and conditions, includ-
ing nutritional adequacy of the diet, should be carefully 
assessed. 

 Loss of hair near the tail on the rump occurs commonly 
in females, especially when they are lactating, and rarely in 
males. There is no apparent detriment to health from hair 
loss which is thought to be due to hormonal changes. 

 Haematological and serum chemical values have been 
determined for healthy laboratory opossums maintained 
under standard conditions (VandeBerg  et al.   1986 ; Cothran 
 et al.   1990 ). These values may be useful as reference values 
in instances where health problems are suspected.  

  Common  d iseases 

 Wild - caught animals may harbour a variety of endopara-
sites, including  Capillaria ,  Trichuris ,  Cruzia ,  Strongylus  and 
fl uke - like and  Hymenolepis -  like species, although no disease 
states induced by these parasites have been observed 
(Hubbard  et al.   1997 ). There have been no reports of ectopar-
asites in wild or captive populations of  Monodelphis 
domestica . 

 Based on 150 necropsies of  Monodelphis  that became ill or 
died spontaneously at the Southwest Foundation for 
Biomedical Research, the most prevalent pathological 
changes were in the digestive (38%), urogenital (19%), car-
diovascular (12%) and respiratory (19%) systems (Hubbard 
 et al.   1997 ). The primary disease problems were rectal pro-
lapse, congestive heart failure and dermatitis. Rectal pro-
lapse was a common problem in laboratory opossum females 
in earlier years (Cothran  et al.   1985 ), but for unknown 
reasons this condition has become rare. It is likely that 
animals resistant to this condition under laboratory condi-
tions have been highly favoured by selection. 

 The most common neoplasia is pituitary adenoma, fol-
lowed by uterine lesions and cutaneous lipomas (Kuehl -
 Kovarik  et al.   1994 ; Hubbard  et al.   1997 ). 

 No zoonoses have been identifi ed and, as far as the 
authors are aware, abnormal behaviours related to housing 
conditions have not been reported.   

 et al.   1991 ; Stewart  et al.   1991 ) or by using a series of puffs 
of dry ice dust (Taylor  &  Guillery  1995 ). The methods are 
effective because the neonates are not capable of thermoreg-
ulation; furthermore, the nervous system is poorly devel-
oped with an embryonic forebrain and no cerebellum. 
Because neurones in mammals cease to function when body 
temperature is reduced to 20    ° C, as compared with 0 – 4    ° C in 
poikilotherms, cooling is an effective form of anaesthesia for 
altricial mammalian neonates which are incapable of ther-
moregulation. Hypothermia is recommended for surgical 
procedures on altricial neonates by the Institute of Laboratory 
Animal Research (ILAR)  (1992)  and the Canadian Council 
on Animal Care  (1993) , and the subject was reviewed by 
Martin in  1995 . 

 Procedures for ovariectomy, castration, partial hepatec-
tomy, unilateral hysterectomy, vasectomy and embryo 
transfer have been described in detail (Kraus  &  Fadem  1987 ; 
Robinson  &  VandeBerg  1994 ). In addition, procedures have 
been developed for tail amputations and eye removals, 
which are sometimes necessary following trauma (usually 
fi ghting) or infection (Robinson  et al.   1994 ). The procedure 
for anaesthesia by inhalation and injection is generally used 
for major surgery, but simple procedures can be conducted 
under isofl urane anaesthesia alone. Techniques are similar 
to those used for rodent surgery. However, incisions must 
be closed with sutures rather than surgical clips, because the 
animals are adept at removing the clips. 

 Buprenorphine is used as a post - surgical analgesic. 
Immediately after surgery, 0.1   mg/kg is injected subcutane-
ously along the lateral abdomen. For the next 2 days, 
buprenorphine is administered orally at 0.18   mg/kg twice a 
day. If the animal appears to be experiencing discomfort, the 
dose is increased to 0.25   mg/kg.  

  Euthanasia 

 Euthanasia is most easily accomplished by inhalation 
because the animals are diffi cult to restrain for physical 
methods of euthanasia. Carbon dioxide or isofl urane are 
suitable inhalants for the purpose of euthanasia (see also 
Chapter  17 ). After the animal has ceased to breathe, cervical 
dislocation is performed to ensure that it is dead. 
Alternatively, after induction of anaesthesia using injectable 
agents (eg, tiletamine/zolazepam mixture), animals can be 
euthanased with an overdose of intravenous or intracardiac 
barbiturates (Pye  2006 ). 

 Young animals within the fi rst 2 weeks of life are resistant 
to carbon dioxide and isofl urane, and are easy to restrain. 
Therefore, decapitation is an appropriate form of euthanasia 
for this age group.    

  Common  w elfare  p roblems 

  Disease 

 Laboratory opossums are relatively free of infectious disease 
so little is known about appropriate treatments or medi-
cines. As is standard procedure with other small readily 
available laboratory animals, a colony can be protected from 
transmissible diseases by euthanasing animals suspected of 
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  Reproductive  p roblems 

 In addition to those animals that fail to reproduce (see 
Breeding), some females that readily produce litters rou-
tinely lose them during the fi rst 2 weeks after parturition. In 
the authors ’  colony, females that fail to wean three consecu-
tive litters are generally culled. 

 When the mother of a valuable litter dies, fostering can be 
employed to rear the litter to weaning if the pups are old 
enough to release the teat. However, milk production may 
not be suffi cient for survival of members of an existing litter 
in addition to foster pups. Therefore, fostering is generally 
practised only when the mother of an especially valuable 
litter dies. In that case, a foster mother is required whose 
pups are at the same age as the orphaned litter, and whose 
litter size is at least as large as the litter to be fostered. The 
foster mother ’ s pups are euthanased and replaced in the 
nest by the foster pups. 

 Fostering has been successful for litters between 2 and 4 
weeks of age. Beyond that age, orphaned litters can be 
reared by feeding fox chow liquefi ed with tap water; it is fed 
via an eye dropper three to four times per day. In addition, 
half - and - half cow ’ s milk is provided in a shallow dish, such 
as a Petri dish. As the animals mature, the amount of water 
added to the fox chow is gradually reduced until it has a 
pasty consistency by the time the animals are 6 weeks old. 
By 6 – 7 weeks of age, the animals can eat moistened fox chow 
in a shallow dish. By 7 – 8 weeks, they are able to consume 
fox chow pellets.   
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  Biological  o verview 

  General  b iology 

 The fi rst report of tree shrews dates back to 1780. The 
description and an accompanying sketch were from William 
Ellis who maintained a naturalist ’ s journal during 
Captain ’ s Cook ’ s third Pacifi c voyage of the ship  Discovery . 
Uncertainties concerning the taxonomic affi nities of tree 
shrews originated with this description in which tree shrews 
were designated  ‘ squirrels ’ , a confusion that still occasion-
ally persists today. About 80 years ago, a variety of reports 
described similarities between tree shrews and primates, 
and the conclusion that there was a direct phylogenetic rela-
tionship between modern tree shrews and primates was 
predominantly made by Le Gros Clark  (1924) , largely on the 
basis of brain anatomy. His view was endorsed in G.G. 
Simpson ’ s classifi cation of the mammals (Simpson  1945 ). In 
the following years, several authorities (see eg, Luckett  1980 ) 
had doubts about this phylogenetic link and, as a result, 
excluded tree shrews from primates. An intensive discus-
sion of tree shrews and their phylogenetic relationships is 
provided in Luckett  (1980) , Martin  (1990)  and Emmons 
 (2000) . Today, tree shrews are placed in their own order, 
Scandentia, and according to very recent molecular phylo-
genetic studies they are placed together with primates and 
dermoptera within the clade Euarchonta (Kriegs  et al.   2007 ). 
Currently the tree shrew genome is being cloned as part of 
the Mammalian Genome Project, funded by the National 
Institutes of Health (NIH). 

 Tree shrews (family Tupaiidae) are subdivided in two 
subfamilies: the diurnal subfamily Tupaiinae containing fi ve 
genera ( Tupaia ,  Anathana ,  Dendrogale ,  Lyonogale ,  Urogale ) and 
the nocturnal subfamily Ptilocercinae, with a single genus, 
the pen - tailed tree shrew  Ptilocercus . The geographic distri-
bution of the Tupaiidae extends from India to the Philippines, 
and from Southern China to Java, Borneo, Sumatra and Bali. 
Natural habitats are tropical forests and plantation areas 
(Table  20.1 ).   

 In general, tree shrews are similar to squirrels in their 
external appearance and habits and the Malay word  ‘ tupai ’  
(from which the name  Tupaia  is derived) is used for both 
tree shrews and squirrels, whereas the Malay word  ‘ tana ’  
(found in the species  Lyonogale tana ) is used only for tree 
shrews. Despite their name, tree shrews have nothing to do 
with real shrews and most species of tree shrews are much 

more active on the ground than in trees. Although there are 
clear differences between tree shrew species, they share a 
basic common pattern that can be described with reference 
to the relatively well known Belanger ’ s tree shrew  Tupaia 
belangeri  (Figure  20.1 ). All are relatively small, agile and, in 
general, omnivorous with a preference for small fruits and 
invertebrates, especially arthropods. Tree shrews range 
from the predominantly arboreal ( Dendrogale ,  Tupaia minor , 
 Ptilocercus ) to the predominantly terrestrial ( Lyonogale , 
 Urogale ), but most tree shrew species are semi - arboreal and 
usually forage on the ground. The terrestrial tree shrews 
have a long snout and sharp claws both of which are used 
to obtain food by rooting through the leaf litter on the forest 
fl oor. Species which are more arboreal are smaller than the 
terrestrial species. They have shorter snouts, smaller or 
poorly developed claws, long tails and more forward - facing 
eyes. When eating, all species will hold food between the 
front paws. In general, tree shrews have a well developed 
visual system and, for some species, colour vision has been 
documented. The vocal repertoire of  Tupaia belangeri  con-
sists of eight distinct sounds. Within this repertoire, four 
basic acoustic structures can be distinguished which can be 
associated with functional categories such as alarm, atten-
tion contact and defence (Binz  &  Zimmermann  1989 ). No 
ultrasonic vocalisations could be found in  Tupaia belangeri  
(Kirchhof  et al.   2001 ). The same authors report that during 
agonistic encounters, adult males elicit fi ve distinct call 
types, partially with graded variants. The calls show har-
monic or noisy spectra ranging from 0.4 – 20   kHz. The call 
structure depends on the dominant status and the motiva-
tion of the individuals. Increasing pitch indicates increasing 
fear, while decreasing pitch and larger frequency range indi-
cate increasing aggression (Kirchhof  et al.   2001 ).   

 All tree shrews seem to use nests both for sleeping and 
rearing of offspring. Nests may be located in trees or on the 
ground level. Even tree shrews, which spend most of their 
time in trees, avoid climbing on fi ne branches and do not 
leap within or between trees. Typically, they use broad 
branches as support and trees as a vertical extension of the 
terrestrial substrate (Martin  1990 ).  

  Size  r ange and  l ifespan 

 Depending on the species, the body weight of tree shrews 
ranges between 45 and 350   g (see Table  20.1 ) with adult 
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information concerning the identity and physiological state 
of the individual. Laboratory experiments have shown that 
in males, both the production of the scent substances and 
the marking behaviour are controlled by androgens (von 
Holst  &  Buergel - Goodwin  1975 ; von Holst  &  Eichmann 
 1998 ; Eichmann  &  von Holst  1999 ).   

  Standard  b iological  d ata 

 The dental formula of the Tupaiidae is: I 2  3 C 1  1 Pm 3  3 M 3  3  (Butler 
 1980 ). Core body temperature and its circadian rhythm have 
been studied by telemetry in  Tupaia belangeri . Minimal body 
temperature during the night was about 35    ° C while during 
day time the core temperature increased to a maximum of 
about 40    ° C (Refi netti  &  Menaker  1992  and own observa-
tions). This day/night difference of about 5    ° C is much 
larger than that of most endotherms. Since body tempera-
ture rhythm is synchronised with the rhythm of locomotor 
activity, the diurnal temperature curve shows a bimodal 
shape which clearly differs from the cosine waveform that 
characterises the temperature rhythms of other species 
(Figure  20.2 ).   

 Systolic blood pressure recorded using the tail - cuff 
method similar to that often used in rats yielded a mean 
systolic blood pressure of 125   mmHg (Fuchs  et al.   1993 ). 
When using this technique it is not necessary, as is the 

males being usually heavier than adult females (own obser-
vation). Their lifespan in the wild is still unknown but in 
captivity,  Tupaia glis  (Bever  &  Sprankel  1986 ) and  Tupaia 
belangeri  (own observations) can live 10 years or more.  

  Social  o rganisation 

 Despite extensive morphological description and behav-
ioural studies in the laboratory, remarkably little is known 
about the behaviour and the ecological roles of tree shrews 
in the wild (Emmons  1991, 2000 ; Emmons  &  Biun  1991 ). 
Based on observations of Kawamichi and Kawamichi  (1979) , 
males of the common tree shrew  Tupaia glis , which are close 
relatives to the Belanger ’ s tree shrew, have relatively stable 
home ranges of about 2 acres. The territory of an adult male 
overlaps to a certain extent with the home range of one adult 
female and also includes the ranges of a small number of 
juveniles. This suggests that common tree shrews are basi-
cally monogamous in the wild, which is in agreement with 
observations made in the laboratory where tree shrews can 
be effectively maintained in pairs. The same authors also 
reported territorial marking behaviour using the chest 
gland, and territorial fi ghts between adults of the same sex. 
Chemical signals play an important role in territorial behav-
iour of male tree shrews. Scent substances are found in 
glandular secretions, urine, faeces and saliva, and contain 

  Table 20.1    Tree shrews, Scandentia, their biological data and distribution (with modifi cations from von Holst  (1988) ) ( BW , body weight; 
 HBL , head – body length;  TL , tail length;  NN , number of nipples;  GP , gestation period;  LS , litter size;  BIW , birth weight;  W , weaning;  P , 
puberty;  L , longevity in captivity). 

        Body     Reproduction     Life history     Distribution  

  Subfamily Tupaiinae 
  Tupaia  (tree shrews) 
  T. belangeri, T. glis, T. gracilis, 

T. javanica, T. longipes, 
T. minor, T. montana, 
T. nicobaria, T. palawanensis, 
T. picta, T. splendidula   

  BW: 50 – 270   g 
 HBL: 12 – 21   cm 
 TL: 14 – 20   cm 
 NN: 1 – 3 pairs  

  GP: 41 – 55 days 
 LS: 1 – 5 
 BIW: 6 – 10   g  

  W: around 30 days 
 P: around 2 months 
 L: 9 – 12 years  

  Tropical forests, 
semi - terrestrial  

   Lyonogale  (Malaysian tree shrews) 
  L. tana, L. dorsalis   

  BW: approx. 300   g 
 HBL: approx. 22   cm 
 TL: approx. 17   cm 
 NN: 2 pairs  

  GT: 45 – 55 days 
 LS: 1 – 4 
 BIW: approx. 10   g  

  W: around 30 days 
 P: around 2 months 
 L: Unknown  

  Mainly terrestrial, 
primary and secondary 
forests  

   Urogale  (Philippine tree shrew) 
  U. everetti   

  BW: 220 – 350   g 
 HBL: approx. 20   cm 
 TL: approx. 15   cm 
 NN: 2 pairs  

  GP: approx. 55 days 
 LS: 1 – 4 
 BIW: approx. 10   g  

  W: around 30 days 
 P: probably 2 months 
 L: 6 years  

  Terrestrial  

   Anathana  (Indian tree shrew) 
  A. ellioti ellioti, A. ellioti pallida, 
A. ellioti wroughtoni   

  BW: approx. 180   g 
 HBL: approx. 19   cm 
 TL: approx. 18   cm 
 NN: 3 pairs  

  Unkown    Unkown    Tropical forests, 
semi - terrestrial  

   Dendrogale  (smooth - tailed tree 
shrew) 

  D. melanura, D. murina   

  BW: approx. 60   g 
 HBL: approx. 13   cm 
 TL: approx. 13   cm 
 NN: 1 pair  

  Probably like 
 Tupaia   

  Probably like  Tupaia     Mainly arboreal  

  Subfamily 
 Ptilocercinae 
  Ptilocercus lowii  
 (pen - tailed tree shrew)  

  BW: approx. 15   g 
 HBL: approx. 14   cm 
 TL: approx. 17   cm 
 NN: 2 pairs  

  GP: unknown 
 LS: probably 1 – 4 
 BIW: unknown  

  Unknown    Nocturnal, arboreal, 
tropical forests  
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tor activity revealing a clear bimodal pattern with a 
clear trough in the early afternoon (Kurre  &  Fuchs  1988 ) 
(Figure  20.2 ). 

 Reliable data on serum constitutents are only available for 
 Tupaia belangeri . Table  20.2  summarises serum values 
reported by Schwaier  (1975) . An overview of serum and 
endocrine data is given by von Holst  (1977) . Erythrocyte 
numbers are in the range of 8    ×    10 6 /mm 3 , leucocytes in the 
range of 3    ×    10 3 /mm 3  and mean thrombocyte numbers in 
the range of 170    ×    10 3 /mm 3  (Zou  et al.   1983 ). Basal concentra-
tions for plasma norepinephrine (noradrenaline) range from 
2.8 – 36.3   ng/ml and for epinephrine (adrenaline) from 1.3 –
 19.1   ng/ml (Fuchs  1984 ). Corticosterone is the principal cor-
ticosteroid (mean 9   ng/ml) in the peripheral plasma and in 
unstressed animals the corticosterone   :   cortisol ratio is 4.5   :   1 
(Collins  et al.   1984 ). Values of urinary hormones for  Tupaia 
belangeri  are summarised in Table  20.2 .    

  Breeds,  s trains and  g enetics 

 When selecting a breeding stock for tree shrews, it is impor-
tant to know the exact origin of the animals. Sometimes, it 
can be extremely diffi cult to distinguish between closely 
related species since traditional classifi cations do not provide 
substantial help. Based on their external morphology alone, 
 Tupaia glis  and  Tupaia belangeri  are very diffi cult to distin-
guish from one another. The exact taxonomic classifi cation 
could be ascertained by means of geographical origin, mor-
phological criteria, cytogenetic analysis and analysis of 
acoustic signals (Toder  et al.   1992 ).  

  Sources of  s upply 

 The Three Rs are a fundamental ethical requirement in labo-
ratory animal science (see Chapter  2 ). To refi ne animal 
experiments and to reduce the number of animal subjects to 
a minimum, full control over the genetic background and 
lifespan of the subjects is required. Therefore, it is strongly 
recommended that animals should only be purchased from 
laboratory breeding colonies. Information on sources of 

     Figure 20.1     Adult male  Tupaia belanger i from the German 
Primate Center.  

Core body temperature

0 am 4 am 8 am 12 pm 4 pm 8 pm 0 am
35.0

35.5

36.0

36.5

37.0

37.5

38.0

38.5

39.0

39.5

40.0

T
e
m

p
e
ra

tu
re

 (
°C

)

Lights off Lights offLights on

Time of day

Lights off Lights offLights on

Time of day

0

100

80

60

40

20

Im
p
u
ls

e
s
 p

e
r 

1
0
 m

in
u
te

s

0 am 4 am 8 am 12 pm 4 pm 8 pm 0 am

Locomotor activity

     Figure 20.2     Circadian pattern of core body temperature and locomotor activity.  

case with rats, to warm the tree shrew ’ s tail before 
measurement. 

 Heart rates in tree shrews show a surprising pattern of 
variance. Telemetric analysis has revealed that heart rate is 
strictly correlated with the behaviour and the emotional 
status of the animals. A heart rate between 240 and 300 
beats/min (own observations) is characteristic of resting 
periods, while during physical activity, heart rate is in the 
range of 250 – 350 beats/min and can increase up to 650 
beats/min in emotionally exciting situations (Stohr  1988 ; 
Muller  &  Hub  1992 ).  Tupaia belangeri  shows a high locomo-
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  Table 20.2    Physiological data of adult  Tupaia belangeri . Blood serum values from Schwaier  (1975)  and morning urine values from Fuchs 
 (1988) . 

   Parameter     Serum/plasma     Urine  

   Unit     mean     SD     Gender     Unit     mean     SD  

  Na +     mmol/l    141    2.7    M     μ mol/ml    95    34  
  F     μ mol/ml    120    48  

  K +     mmol/l    5.2    0.75    M     μ mol/ml    85    65  
  F     μ mol/ml    152    43  

  Na + /K +                 M        1.05    0.5  
  F        0.82    0.3  

  Mg 2+     mmol/l    2.12    0.24    M     μ mol/ml    3.5    2  
  F     μ mol/ml    4.3    2.2  

  Ca 2+     mmol/l    5.58    0.88    M     μ mol/ml    1.25    0.6  
  F     μ mol/ml    1.35    0.5  

  Fe 2+      μ mol/l    95                      
  Cl  −      mmol/l    105    3.3                  
  Osmolarity    mOsmol/l    318    7.8    M    mOsmol/kg H 2 O    2000    750  

  F    mOsmol/kg H 2 O    1950    350  
  pH                M        6.75    0.6  

  F        6.75    0.4  
  Creatinine     μ mol/l    62        M     μ mol/ml    10.5    4.4  

  F     μ mol/ml    11.2    3.8  
  Urea        25.8    7.8    M     μ mol/ μ mol Crea    0.9    0.8  

  F     μ mol/ μ mol Crea    0.9    0.2  
  Uric acid    mol/l    48        M     μ g/ μ mol Crea    16    14  

  F     μ g/ μ mol Crea    15    8  
  Cholesterol    mmol/l    2                      
  Triglycerides    mol/l    1                  
  Glucose    mg/100   ml    115.9    16.3    M    mg/ μ mol Crea    0.1    0  

  F    mg/ μ mol Crea    0.08    0  
  Protein    g/100   ml    6.5        M    mg/ml    2.65    1.1  

  F    mg/ml    0.3    0.2  
  Protein/Crea                M    mg/ μ mol Crea    0.25    0.1  

  F    mg/ μ mol Crea    0.27    0.1  
  Prolactin    ng/ml    12                      
  Cortisol     μ g/ml    8.8        M    pg/ μ mol Crea    180      
  Corticosterone                M    pg/ μ mol Crea    335    130  
  Gastrin    pg/ml    55                      
  GPT    U/l    10.9    6.2                  
  GOT    U/l    58    16.8                  
  LDH    U/l    1872    802                  
  AP (age 14 – 27 months)    U/l    90.8    48.2                  
  GH    ng Eq/ml     > 50                      
  Epinephrine (adrenaline)    ng/l    7.5 – 11        M    pg/ μ mol Crea       47       39     
  Norepinephrine (noradrenaline)    ng/l    5 – 6.9        M    pg/ μ mol Crea       103       75  
  ACTH    pg/ml    65                      
  TSH    pg/ml    3.5                      
  FSH    pg/mg    89                      
  LH    ng/ml    24                      

supply can be obtained from the German Primate Center, 
G ö ttingen, Germany 1 .  

  Uses in the  l aboratory 

 Evidence derived from studies on the brain of  Tupaia  by Sir 
Wilfred Le Gros Clark played a major role in the acceptance 

of the classifi cation of Tupaiids as primates. Their popular-
ity as experimental subjects in neurobiology, in particular 
neuroanatomy, has been a direct consequence of their former 
phylogenetic status in which they were classifi ed as primi-
tive primates (Campbell  1980 ). The vast majority of experi-
mental work with  Tupaia  has been on the visual system since 
they were considered ideal subjects to gain insight into the 
organisation of the early primate visual system. However, it 
became clear from comparative studies that  Tupaia  pos-
sesses none of the features characteristic of primate visual 
systems (Campbell  1980 ).   1       http://www.dpz.eu  
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for greater travel. When cages are side by side they must be 
separated by opaque screens, which prevent interactions 
other than the exchange of calls and dispersed odours. Cages 
face to face separated by a corridor are quite satisfactory 
because they allow visual interactions without the threat of 
an immediate attack. Below the cages are waste trays with 
sawdust or paper to catch excrement and food. In general, 
the caging conditions should allow control and observation 
of the animals during the active period by the animal care 
staff. Construction of the animal facilities should allow each 
room to be emptied of animals from time to time to allow for 
cleaning, disinfection and repairs. In the rooms all possible 
routes of escape must be screened with small diameter wire 
mesh. To avoid startling the animals, it is recommended that 
staff should give a sign to the animals before entering an 
animal room, for example, by knocking on the door. 

 Tree shrews are best housed at a temperature of approxi-
mately 25    ° C. Temperatures less than 20    ° C can be dangerous 
for the offspring. Humidity is also critical. Experience sug-
gests that minimal levels required are in the range of 
45 – 50%. 

 Little systematic research has been carried out on housing 
of tree shrews; a description of a successful facility is pro-
vided here. In the German Primate Center, G ö ttingen,  Tupaia 
belangeri  are housed in steel cages (size 50   cm    ×    80   cm  ×  
130   cm (w    ×    d    ×    h) (Figure  20.3 ), or 65   cm    ×    85   cm    ×    85   cm 
(w    ×    d    ×    h)). Outside the cages are wooden nest boxes with 
removable covers (18   cm    ×    15   cm    ×    15   cm (w    ×    d    ×    h); entrance 
6   cm diameter). These boxes are made from waterproof 
plywood, which is highly resistant to water and heat and 
can be effectively cleaned. As the animals stay in the box all 
night, moisture arises and the animals become damp unless 
open - pored material is used for the nest box. Therefore, 
boxes made of plastic or metal are inappropriate. The 
animals can be locked in the box by a shutter and the box 
can be removed from the cage. Breeding pairs are housed in 
modular units (two units with nest boxes) which can be 
separated by a wire mesh frame.   

 The animal quarters are air - conditioned with a relative 
humidity of 60    ±    7%, a temperature of 27    ±    1    ° C, and a 10 - fold 
air - exchange per hour. The animal rooms are illuminated 
(L   :   D   =   12   :   12) from 8:00 am to 8:00 pm with six neon lamps 
(58   W each, light intensity about 900   lux). After lights are on 
and before lights are shut down a 30 minute  ‘ sun rise ’  and 
a 30 minute  ‘ sun set ’  with reduced light intensity are pro-
grammed. In addition to the neon lamps, each room is 
equipped with two ultraviolet lamps, which are regulated 
by a separate timer. The total UV exposure time per day is 
2   h (four intervals of 30 minutes each). During the night 
there is no natural or artifi cial illumination of the rooms. 
Each animal room is equipped with one loudspeaker, which 
is active from 8:30 am to 7:30 pm broadcasting news, reports 
and some music at low volume. Cages are cleaned once a 
week with water, the paper under the cages is changed 
daily, and the waste trays with sawdust are cleaned once a 
week. No detergents are used in the animal rooms.  

  Presentation of  f ood and  w ater 

 Food is supplied in glazed stoneware or stainless steel 
dishes (diameter about 8   cm, height about 3   cm) which are 

 Tree shrews have proved to be useful animal models in 
many instances where a small omnivorous non - rodent 
species is required (Cao  et al.   2003 ). Of course, they should 
only be used where it is appropriate and necessary for the 
study. They can be used in many fi elds of preclinical research 
such as toxicology and virology, in particular in studies 
investigating herpes and hepatitis viruses (Hunt  1993 ; Xu  et 
al.   2007 ). Further, various aspects of behaviour, infant devel-
opment, communication and social structures can be studied 
in tree shrews (Martin  1968a, 1968b ; Hertenstein  et al.   1987 ). 
Based on a study by von Holst  (1972) , psychosocially 
stressed male tree shrews were thought to be a suitable 
model to study the mechanisms of acute renal failure. 
However, the authors and others (Steinhausen  et al.   1978 ) 
were unable to replicate these results. 

 Tree Shrews ’  pronounced territoriality, especially that of 
males, can be used to establish natural challenging situa-
tions under experimental control in the laboratory. When 
living in visual and olfactory contact with a male conspecifi c 
by which it has been defeated, the subordinate Belanger ’ s 
tree shrew shows dramatic behavioural, physiological and 
neuroendocrine changes. As we know today, these stress -
 induced alterations result entirely from the continuous 
visual presence of the dominant conspecifi c. In contrast, 
dominant tree shrews show no noticeable biobehavioural 
alterations. It is an interesting aspect of preclinical research 
that many of the alterations in subordinate tree shrews are 
similar to the symptoms observed in depressed patients and 
can be counteracted by several classes of antidepressant 
drugs (Fuchs  2005 ). 

 There is a high degree of genetic homology between tree 
shrews and primates for several receptor proteins of neuro-
modulators (Fuchs  &  Flugge  2002 ) and the amyloid - beta 
precursor protein (Pawlik  et al.   1999 ); this and the three to 
four times longer lifespan of tree shrews than that of rodents 
(Keuker  et al.   2005 ), suggest that this species may possibly 
come to be used in future studies focusing on aging - related 
brain changes in socially homogeneous and stable cohorts.  

  Laboratory  m anagement and  b reeding 

  General  h usbandry 

  Housing 

 Tree shrews have been housed in enclosures of various sizes. 
Cages and cage equipment should be adapted to the natural 
behaviour patterns of the animals, providing enough space 
for their locomotor activities. The cage equipment thus 
should include substrates for climbing, such as suitable 
branches and wire mesh. A broad branch (diameter approxi-
mately 7   cm), board or tube should be fi xed near the top of 
the cage where the animals can rest during their siestas. 
Objects for scent marking such as branches, and pasteboard 
tubes for hiding and marking should also be offered. Outside 
the cages, wooden sleeping boxes and, for breeding pairs, a 
separate nest box and nesting material should be provided. 
Schwaier  (1973)  recommended the installation of tunnels 
made out of fl exible plastic tubing, of suitable diameter, 
which can be fi xed outside the cages allowing opportunities 
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juvenile females and males might sometimes be mixed up 
because the vaginal orifi ce at the base of the clitoris is sealed. 
In contrast to the penis, the clitoris does not have a tubular 
sheath (Figure  20.4 ).     

  Health  m onitoring,  q uarantine and 
 b arrier  s ystems 

 From the information available to date, the maintenance of 
tree shrews involves very little risk to human health but, 
nevertheless, they should be handled with caution. Routine 
colony health - screening procedures should be carried 
out and veterinary assistance must be available. Newly 
acquired animals must be kept in quarantine and require 
veterinary treatment for external and internal parasites. As 
pointed out earlier, environmental and social stressors may 
be a cause of health problems in tree shrews. They may 
induce sudden and dramatic weight loss or even wounds. 
Therefore, animal care staff should routinely monitor the 
animals for signs of illness, such as no food and water intake, 

changed and cleaned daily. Tap water is provided in bottles 
or in dishes.  

  Identifi cation and  s exing 

 Animals should be individually marked, which can be 
achieved by subcutaneous implantation of transponders or 
by cutting patterns into the tail hair. Tattooing is hard to 
perform and the marks often do not last long. Other methods 
such as notching the inside of the ear or even amputation of 
claws are prohibited by law in most countries. 

 The external genitalia of adult male tree shrews consist of 
a slender and elongate penis, which is posterior to scrotal 
testes. Retraction of the testes into the abdominal cavity can 
occur under experimental conditions of stress. In female 
 Tupaia ,  Lyonogale ,  Urogale  and  Dendrogale , the clitoris is 
greatly elongated and grooved on its ventral surface. In 
neonatal  Tupaia , the urethra enters the clitoris and extends 
throughout its length as the clitoral urethra, whereas in the 
adult the urethra opens together with the vagina as a uro-
genital sinus at the base of the clitoris. Therefore, infant and 

     Figure 20.3     Housing and rearing  Tupaia belangeri  in the German Primate Center. Upper row: Animal room, a single cage and a nest box 
closed with a slider. Middle row: Catching a tree shrew from its nest box with a cloth. Lower row: Housing for newborn tree shrews.  
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months. If the animal is older, problems such as infertility, 
stillbirth, cannibalism or abortion occur more often. In 
males, stress can result in testicular inactivity (Fischer  et al.  
 1985 ; Brack  &  Fuchs  2000 ).  

  Identifying  f ertile  s tate 

 Based on the length of the intervals between copulation 
periods observed in captivity, several authors have sug-
gested an 8 – 12 day (anovulatory) oestrous cycle in various 
species of  Tupaia  and ovulation is supposed to be induced 
by copulation (Martin  1990 ). However, it is still a matter of 
discussion whether ovulation is triggered by copulation 
(induced ovulation) and/or whether an oestrus cycle exists. 
No cyclic changes in vaginal smears have been detected by 
the authors or others. In addition, the authors could not fi nd 
any cyclic alterations in urinary excretion of sex hormones. 
According to Cao  et al.   (2001)  ovulation can be induced by 
combined injections of pregnant mare serum gonadotrophin 
and human chorionic gonadotrophin.  

  Mating  s ystems 

 In tree shrews, mating is one of the critical and in many cases 
most diffi cult part of breeding. If a female accepts a male, 
copulation may be observed within a few hours. In many 
cases, however, placing an adult male and an adult female 
together in one cage will result in aggressive interactions. 
There are two main reasons for these fi ghts. One is that the 
individuals just do not like each other;  ‘ love at fi rst sight ’  
and its cardiovascular consequences have been described by 
von Holst  (1987) . Another reason is territoriality. If the 
mating cage is the territory of one partner, this animal  –  

diarrhoea, weight loss, aberrant body posture or move-
ments, rough fur and lethargy or apathy. When the animals 
are handled for the routine weighing procedure (at least 
once a month), they should also be checked for signs of cata-
racts or tumours.  

  Transport 

 For shipment, each individual should be confi ned to a small 
dark wooden compartment or its nest box. The size of the 
compartment is determined by the body weight of the 
animal and both national and international regulations. It 
must have openings for suffi cient ventilation and should be 
lined with nesting material. Moist fruits, cooked moist rice 
and water in a gel form (available commercially) should be 
provided. Before shipping, animals should be habituated to 
water provided in gel form. See also Chapter  13 . 

 Due to the high metabolic rate and the sensitivity of tree 
shrews to disturbances, newly arrived animals are often 
quite exhausted. For recovery, they should be supplied with 
sugar water or apple juice and a high - calorie diet. The sleep-
ing boxes should be warmed with an electric cushion (30    ° C), 
lights in the room should be dimmed and disturbances 
should be avoided.  

  Breeding 

  Adults 

 Females can give birth to their fi rst litter at an age of about 
4 months. Males become fertile between 4 and 5 months. The 
best age for fi rst pregnancy seems to be between 6 and 9 
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     Figure 20.4     Ventral view of the external 
genitalia of infant and adult tree shrews 
( Tupaia belanger i). Note the penis of the infant 
tree shrew is twice as long as the clitoris and 
the anterior position of the scrotum in the 
adult male tree shrew (Bearder  &  Pitts  1987 , 
 adapted from Martin  1968a  ).  
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litter which were successfully raised). The birth weight is 
about 10   g. 

 Immediately after birth, the young are nursed and the 
weight of optimally fed babies is in the range of 14 – 20   g. 
Females tend to be a little heavier than males. Schwaier 
 (1973)  reports a litter size of 2.23 and sex ratio of 0.82 (males: 
females). For another colony of  Tupaia belangeri , a sex ratio 
of 1.8 and a litter size of 2.4 was reported (Hertenstein  et al.  
 1987 ). A survey of the  Tupaia belangeri  colony at the German 
Primate Center, G ö ttingen (1984 – 2007, total 2962 animals) 
revealed a sex ratio of 0.95 (m   :   f) and the following litter 
sizes: singletons: 158; twins: 462; triplets: 461; quadruplets: 
113; quintuplets: 9. 

 A detailed description of growth and reproductive devel-
opment in  Tupaia belangeri  from birth to sexual maturity is 
given by Collins and Tsang  (1987)  and Hertenstein  et al.  
 (1987) . 

 The maternal behaviour in  Tupaia  is unusual among 
mammals and has been described in detail by Martin  (1968a, 
1968b) . The tree shrew species that have been investigated 
( Tupaia belangeri ,  Tupaia minor ,  Lyonogale tana ) all show an 
unusual nursing schedule with the infants kept in separate 
nests and visited by the mother for suckling only once every 
48   h. 

 The pups receive about 5 – 10   ml milk. Due to the thin skin 
the dilated stomach appears as a light patch in the abdomen 
(Figure  20.5 ). The fat content in tree shrew milk is very high 
(about 25%) while the sugar concentration is low. The energy 
content of the tree shrew milk lies within the range of 
other mammals which is in general related to body size 
(Martin  1990 ). Since any suckling visit takes only 5 – 10 
minutes, a tree shrew infant will be in contact with its 
mother less than 2   h during the 30 day nest phase, following 
which the infant is independent of its mother for milk 
supply. Thus, tree shrews have the lowest mother – infant 
contact and parental investment yet described for 
viviparous mammals (Martin  1990 ). The pattern of minimal 
mother – infant contact is strikingly different from the 
characteristic primate pattern of elaborated maternal care, 
juvenile dependence and enhanced social organisation 
(Martin  1990 ). In a recent fi eld study, Emmons and Biun 
 (1991)  investigated the maternal behaviour of the Malaysian 
tree shrew  Tupaia  ( Lyonogale )  tana . Their observations con-
fi rmed the peculiar  ‘ absentee ’  system previously demon-
strated only in the laboratory. For the fi rst month of life, the 
pups stay in a nest apart from the mother, who visits them 
every other day to nurse them for about 2 minutes. After 
they leave the nest, the mother spends a lot of time with 
them daily for at least 3 weeks. The male that shared the 
mother ’ s territory frequently interacted with the mother 
during the nestling phase of the pups, but had no contact 
with them.   

 Death of young is due to premature birth (non - infl ated 
lungs, interstitial pneumonia), cannibalism or starvation. 
Cannibalism of the new - born young by the mother or other 
adults occurs under stressful laboratory conditions which 
contribute to high mortality and also leads to modifi cations 
of maternal suckling behaviour. It has been observed by von 
Holst  (1969)  that increasing stress in the group modifi es the 
suckling intervals and led to increased cannibalism of young 
 Tupaia belangeri  under experimental conditions. 

male or female  –  defends its area against the intruder. In 
many cases the animals become gradually familiar with 
another and amicable physical attractions can be observed 
at the  ‘ border ’  between the cages so that the partition can be 
removed after some days. However, if aggressive interac-
tions or fi ghts do not cease, other partners have to be tested. 
When a well matched couple is found and stable pair - bond-
ing is established, constant reproductive success is guaran-
teed. Under natural and laboratory conditions, breeding 
may occur at any time of the year and no seasonal breeding 
peaks have been described. 

 When the female leaves the nest after giving birth and 
having suckled the young, copulation with the male usually 
occurs within a few hours. Therefore, leaving a couple 
together is convenient and ensures regular births. Repeated 
pregnancy cycles are typical of a highly successful breeding 
colony of  Tupaia belangeri , and female receptivity and copu-
lation are often confi ned to the post - partum oestrus (Martin 
 1968a, 1968b ).  

  Conception and  p regnancy 

 In  Tupaia belangeri , pregnancy can be detected by palpation 
from the second week of gestation onwards. Signifi cant 
weight gain (30 – 50   g) and marked swelling of the abdomen 
are observed within 2 weeks before term. Duration of preg-
nancy in regular breeding pairs is in the range of 41 – 45 days. 
Breeding success is a good indicator of the general condition 
of the colony. Even with harmonious, healthy and well 
nourished breeders, successful breeding can be disrupted by 
a variety of disturbances. Tree shrews are highly susceptible 
to stress and many of the problems in housing them are 
related to this. Loud noises, strange persons and unfamiliar 
care staff, overcleaning, inadequate furnishing of the cages 
and crowding have all been shown to be the reasons for 
abortion, shortened pregnancies, cannibalism or reduced 
amounts of milk resulting in starvation of the offspring.  

  Nesting 

 About 1 week before term, the female starts to carry nesting 
material into one of the two nesting boxes. For nesting mate-
rial, we offer shredded paper, wood - wool or dry leaves. If 
no nesting material is available, the females will use pellets.  

  Parturition 

 After a relatively short gestation period, tree shrews give 
birth to naked and altritical pups. In most cases births occur 
in the morning hours, but sometimes they also occur in the 
afternoon.  

  Early  d evelopment 

 The infants are born without fur; their ears open at around 
10 days and their eyes after 20 days. The development 
strongly depends on the milk supply and health condition. 
The nipple count for all species of tupaiids falls within the 
range of one to three pairs. Field and laboratory studies 
indicate that the number of pups per litter is one to four (in 
some cases in the authors ’  colony there were fi ve young per 
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ing on the size of the cage and the number of nest boxes). 
At 8 – 10 weeks of age, females and males gradually become 
fertile and consequently aggressive interactions increase. It 
is then time to separate the animals. In many cases smaller 
all - female groups (three animals) are stable. Males are 
housed singly or together with a female.   

  Feeding 

  Natural and  l aboratory  d iets 

 Tree shrews of the genus  Tupaia  are predominantly insec-
tivorous. Besides insects they use fruit to add extra calories 
or nutrients such as calcium to a high - protein diet. 

 At the authors ’  colony, as basic food  Tupaia belangeri  are 
provided with a specially developed pelleted  Tupaia  diet. In 
addition, the animals get small pieces of fruit (such as 
apples, oranges, bananas, grapes, kiwi) and vegetables twice 
a week. Once a week, they get fruit juice and vitamins, 
cooked eggs or baby food and on weekends, small pieces of 
crisp bread. As rewards they get meal - worms, raisins, pieces 
of banana, dates and fi gs. Breeding pairs or recovering 
animals get, in addition to the standard food, cat chow or 
mashed bananas. 

 In the laboratory, tree shrews are reported to eat almost 
anything. Therefore, when pellets are not available they can 
be fed with steamed rice and chopped beef heart; they espe-
cially prefer soft, fat and sweet food, and all kinds of fruits 
and vegetables. There are, however, indications for allergic 
mechanisms against soybean products and oat fl akes (Brack 
 et al.   1990 ).  

  Water 

 As judged from the water content of their faeces, tree shrews 
absorb little water from their ingesta and they cannot stay 
without water for more than 1 day without serious prob-
lems. Consequently, water bottles must be controlled daily 

 According to reports in the literature, newborn  Tupaia 
belangeri  are marked by a maternal scent substance which 
protects against cannibalism (von Stralendorff  1982 ). In con-
trast to these observations, the authors were successful with 
cross - fostering strategies in cases where the mothers were 
unable to suckle and raise their offspring. 

 In order to avoid cannibalism and to control suckling 
success the authors separate the neonates from the parents 
immediately after birth. For the next 3 weeks they are kept 
in a nest box elsewhere in the animal facility (Figure  20.3 ). 
Since temperature regulation is immature in newborn tree 
shrews the fl oor of the nest box is warmed by a temperature -
 controlled heating cushion (eye heating cushion, tempera-
ture about 27    ° C) during the fi rst 10 days (Figure  20.3 ). If 
they are kept too warm, they will develop a lighter fur 
colour; as they get older, the animals turn to their normal 
colour. Mothers are transferred to their litter every day for 
a maximum of 30 minutes. It is important to note that some 
females suckle their young only every second day; others 
have very clear daily time windows within which suckling 
will take place. The best suckling rhythm for each breeder 
can only be found by careful observation of individual 
animals.  

  Hand  r earing 

 The extremely high fat content of the tree shrew milk is 
probably one reason why hand rearing is regarded as being 
very diffi cult. For successful hand rearing Tsang and Collins 
 (1985)  developed a liquid formula and a protocol which 
conforms to the natural weaning pattern of  Tupaia 
belangeri.   

  Weaning and  r earing 

  Tupaia belangeri  can be weaned around day 35. In the authors ’  
colony the young are separated from the parents at 50 – 60 
days of age. Weaned  Tupaia  of the same sex and about equal 
age can be housed in peer groups (up to 10 animals depend-

     Figure 20.5     Newborn  Tupaia belanger i before (left) and after suckling (right). Due to the thin skin the dilated stomachs appear as light 
patches ( * ) in the abdomen.  
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   Urine analysis has proved to be a stress - free and reliable 
procedure for long - term monitoring of the physiological 
status of  Tupaia belangeri.  Among these are parameters for 
metabolic activity (Johren  et al.   1991 ), various bioactive com-
pounds (Collins  et al.   1989 ; Fuchs  &  Schumacher  1990 ; Fuchs 
 et al.   1992 ) and urinary proteins which play a crucial role in 
olfactory communication (Weber  &  Fuchs  1988 ). Age and 
time of the day may have an impact on the values (Fuchs 
 1988 ; van Kampen  &  Fuchs  1998 ). For urinary data see 
Table    20.2 .  

  Administration of  m edicines 

 Most routes of applications, such as subcutaneous, intra-
muscular, intraperitoneal or oral, are easy to perform. For 
intravenous injections it is recommended to use the saphen-
ous vein (Schwaier  1974 ).  

  Anaesthesia 

 Adequate anaesthesia is a prerequisite for using an animal 
species in the laboratory for a wide range of experiments. 
Early studies used pentobarbital in a comparatively high 
dose of 75   mg/kg. 

 A quick and safe injection anaesthetic is the so called 
Goettinger Mixture II (GM II) consisting of ketamine (50   mg/
ml), xylazine (10   mg/ml) and atropine (0.1   mg/ml). The 
dosage is 0.1   ml/100   g body weight. Anaesthesia usually 
occurs within 5 minutes of the intramuscular injection, and 
general anaesthesia lasts about 20 – 45 minutes. For longer 
general anaesthesia, inhalation anaesthesia is recommended. 
For inhalation anaesthesia, animals had to be artifi cially ven-
tilated through an endotracheal tube (home - made from 
high - med - PE - micro - tube, inner diameter 1.75   mm, outer 
diameter 2.08   mm). Our experiences with a respirator for 
small animals show that 0.5 – 2% isofl urane in a mixture of 
30% oxygen and 70% N 2 O, with a respiration rate of 35 per 
minute with an inspiratory phase of 35% and plateau phase 
of 5% work fi ne for  Tupaia belangeri.  

 Inhalation anaesthesia is used following induction by 
injection anaesthesia (eg, GMII). The jaw bone is placed on 
the fi ngers and the head is fi xed by placing the thumbs 
behind the skull. The mouth is opened by introducing the 
laryngoscope. Sometimes the epiglottis can be held down 
with the tip. After inserting the endotracheal tube, correct 
placement must be checked by auscultation; once corrrect 
placement is confi rmed, the tube can be held in place with 
a strip of adhesive tape (Figure  20.6 ).    

  Euthanasia 

 The use of animals in research, including euthanasia, is a 
sensitive issue. Because of differences in national regula-
tions, each researcher will be required to obtain clearance 
from the local or national ethical committee for research 
prior to conducting euthanasia. In our opinion, cervical dis-
location is not an appropriate method of euthanasia for tree 
shrews. We recommend either an overdose of sodium 

and water must always be present  ad libitum ; the mean water 
intake is 350   ml/kg. Tap water should be changed at least 
once a week. Bottles and nipples should be washed with hot 
water or sterilised between changes. No detergents should 
be used.    

  Laboratory  p rocedures 

  Handling and  t raining 

 For quick and easy catching tree shrews can be locked in 
their nesting boxes as the animals usually slip into the boxes 
as soon as somebody enters the room. When removing the 
animals and to protect the experimenter ’ s hands, the animal 
is gently wrapped in a cloth (40   cm    ×    40   cm) (Figure  20.3 ). 
Since their teeth are small, bites are not dangerous but can 
be painful. Using this technique, no diffi culties occur with 
the usual procedures such as daily external body inspection, 
weighing, urine and blood collection, temperature and 
blood pressure recording, and application of substances by 
different routes. Tree shrews can be easily trained for 
memory tests, for example, by positive reinforcement tech-
niques (Ohl  et al .  1998 ; Bartolomucci  et al.   2001 ; see also 
Chapter  16 ).  

  Physiological  m onitoring 

 Rectal temperature can easily be measured by thermometers 
of the type used in humans. Transmitters can be implanted 
for long - term studies.  

  Collection of  s pecimens  –   b lood,  u rine 

 Blood withdrawal (about 500    μ l) by puncturing the venous 
plexus at the lower side of the tail with a small scalpel is 
recommended by some authors. Prior to puncture, the tail 
should be shaved and rubbed with a silicon paste which 
improves the blood collection. Blood fl ow can be enhanced 
by holding the tail under a heating lamp. This technique, 
however, requires experience and is therefore often unsatis-
factory. Another approach is described by Schwaier  (1974) , 
taking blood from the saphenous vein. Following the recom-
mendations of GV - SOLAS for small laboratory animals, not 
more than 0.7   ml blood per 100   g body weight at a time 
should be collected. In cases of repeated blood sampling (eg, 
over 2 weeks) not more than 0.07   ml/100   g body weight 
should be collected within 24   h. Despite being completely 
relaxed during blood sampling, the procedure  per se  seems 
to be stressful for the animals as documented by increased 
basal heart rate over several days after one blood sampling 
procedure (Stohr  1988 ). 

 Morning urine can easily be collected from animals 
that have been confi ned to their nest box shortly before 
the lights turn on in the animal rooms. A slight massage 
of the hypogastrium gives between 1 and 7   ml of urine. 
Another approach is to place plastic mats with wells under 
the cages and to collect the urine later with a pipette out of 
the wells. 
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(mostly in the caecum) has also been described as well 
(Brack  et al.   1995 ). Enteropathy of the upper digestive tract 
was due to a foodstuff allergy against oat fl akes and soybean 
products (Brack  et al.   1990 ). 

 Penis prolapse is another possible health problem. 
We found this in several males of different ages with 
unknown cause. The prolapse is not lethal by itself, but since 
there is no effective treatment and the penis becomes irri-
tated and swollen, in most cases, the animal has to be 
euthanased. 

 Automutilation can often occur if the cages are too small, 
overcrowed or the animals are disturbed too much. Moving 
the animal to a bigger or quieter area in the facility is the 
fi rst step in treatment. In some cases, standard antibiotic 
treatment and amputation of the affected body part (eg, a 
toe or the distal part of the tail) is necessary. 

  Tupaia  seem to be prone to the spontaneous development 
of gallstones with fatty and cholesterol - rich diets (Schwaier 
 1979 ). In two reports mite infestations were described (Bever 
 1985 ; Brack  et al.   1989 ). 

 Most tumours of the genital system of male animals have 
a Leydig cell origin and occur unilaterally. Tumours of the 
female genital system are predominantly mammary tumours 
or sometimes ovarian tumours. Tumours of the haematopoi-
etic system are malignant lymphomas; tumours of the integ-
ument occur mostly in the jugulo - sternal gland. Similar to 
humans, the incidence of tumours increases with age (Brack 

pentobarbital, for example, or decapitation. Carbon dioxide 
has been used on tree shrews and has proven to be an appro-
priate means of euthanasia. In any case, after exposing 
animals to an overdose of anaesthetics it is always manda-
tory to confi rm death by, for example, cervical dislocation, 
as an appropriate secondary means of euthanasia.   

  Common  w elfare  p roblems 

  Health  p roblems 

 Tree shrews experience relatively few health problems. 
However, our experience shows that gastritis can be a fre-
quent problem. In this case, animals stop eating and a lack 
of faeces can also be observed. Gastritis can be effectively 
treated with cimetidine (10   mg/kg body weight, twice daily 
orally). 

 Diarrhoea is another symptom often seen in a colony. 
Mostly  Escherichia coli variatio haemolytica ,  Klebsiella pneumo-
nia  or protozoa ( Giardia ,  Trichomonas ,  Entamoeba ) are the 
cause of this symptom. Before antibiotic treatment of diar-
rhoea, appropriate diagnostic and resistance tests are 
strongly recommended. 

 Infection with the cestode  Tupaiataenia quentini  was suc-
cessfully treated with praziquantel (Brack  et al.   1987 ). 
Intestinal trichomoniasis with  Tiritrichomonas mobilensis  
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     Figure 20.6     Intubation of a tree shrew ( Tupaia belangeri ) for inhalation anaesthesia. (a) Laryngoscope and homemade micro - tube (for details 
see text). (b) Fixation of the head and position of the laryngoscope. (c) Enlarged view of (b) showing glottis and epiglottis. (d) After successful 
intubation, the tube is held in place with a strip of adhesive tape.  
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 1998 ). The most common spontaneous tumours are sum-
marised in Figure  20.7 .   

 Two tree shrew specifi c viruses are known and reported 
in the literature so far: the Tupaia herpes virus (THV) (fi ve 
different types), which might be a cause for tumours (Darai 
 et al.   1982 ), and the potentially non - pathogenic Tupaia para-
myxovirus (TPMV) (Tidona  et al.   1999 ).   

  Concluding  r emarks 

 Despite their obvious attractiveness there are limitations to 
the use of tree shrews in research. Major limitations are 
housing and breeding, both of which are time consuming 
and expensive. Obviously, this constraint explains why 
many laboratories are not capable of using these animals for 
their study programmes. Further research is required to 
collect basic data on tree shrews to inform their housing and 
care.       
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   Biological  o verview 

  General  b iology 

 The house mouse is a cosmopolitan species, which is com-
mensal with man and is capable of adapting to a wide 
variety of environmental conditions. Its laboratory counter-
part originated from wild mice caught and bred by mouse 
fanciers for their behaviour or coat colours. During the early 
twentieth century, they were also increasingly bred for sci-
entifi c purposes. The increase of biomedical research at this 
time, the interest in Mendelian genetics and the advantage 
of a small, inexpensive mammal that could be easily housed 
and bred were crucial to the development of the laboratory 
mouse. 

 Like most rodents, the mouse is a nocturnal burrowing 
and climbing animal, which shows a clear circadian rhythm 
with peaks of activity during the dark period (Figure  21.1 ). 
Maintenance behaviour, such as eating and drinking, occurs 
mostly during the night (Schlingmann  et al.   1998 ).   

 Mice have acute hearing and respond to a range of ultra-
sonic frequencies; for example, the retrieval response of the 
female is elicited by ultrasonic calls from pups that are out 
of the nest. The sense of smell is also highly developed in 
mice, and is not only used to detect food and predators. Mice 
have a wide repertoire of olfactory social signals that include 
pheromones and the creation of patterns of urine marks on 
the substrates of their environments. Mice normally excrete 
large amounts of protein in the urine. In contrast to their 
olfactory and auditory acuity, vision is poor in mice, espe-
cially in albinos (see section on Environmental provisions 
section). 

 Selected physiological data for mice are summarised in 
Table  21.1 . Sex, strain, age, reproductive phase and environ-
ment can have a dramatic infl uence on physiological and 
behavioural data. Body weight and growth curves are also 
infl uenced by these factors. Body weights of both sexes 
increase rapidly during the fi rst 6 – 8 weeks, but they grow 
more slowly after this until 6 months of age, when a plateau 
is reached for a few months, followed by a decline. As small 
animals, mice have a relatively large surface area per gram 
of body weight. This results in dramatic physiological 
changes in their response to fl uctuations in the ambient tem-
perature (Fox  et al.   2002 ). In general, they cannot regulate 
body temperature as well as other mammals and do not 
tolerate heat well; they have no sweat glands, they cannot 

pant and their ability to salivate is limited (Fallon  1996 ; Fox 
 et al.   2002 ). There is some evidence that the tail has a ther-
moregulatory function in small rodents (Joint Working 
Group on Refi nement (JWGR)  1993 ).   

 The mouse is an omnivorous animal. Each half of the jaw 
contains one incisor and three molars (dental formula: 
I 1  1 C 0  0 Pm 0  0 M 3  3 ). Canine teeth and premolars are absent, 
resulting in an open space, the diastema. The incisors and 
molars grow continuously and are worn down by 
mastication. 

 The proximal part of the stomach is squamous and non -
 glandular, whereas the distal part is glandular (Fox  et al.  
 2002 ; Havenaar  et al.   2001 ). In females the urethra ends in 
the ventral wall of the vagina. She has three pairs of 
mammary glands in the cervicothoracic region and two 
pairs in the inguinoabdominal region (Figure  21.2 ).    

  Size  r ange and  l ifespan 

 Adult mice are 12 – 15   cm long from the nose to the tip of the 
tail, with the length of the tail approximately equalling that 
of the body. The newborn mouse weighs between 1   g and 
2   g, and gains weight very rapidly during the 3 week suck-
ling period. Intrinsic variables such as genotype, sex, strain 
and age of the mouse and extrinsic variables such as diet, 
number of mice per cage and environmental temperature 
account for the variation in adult body size (Cunliffe - Beamer 
 &  Les  1987 ). 

 Many environmental and genetic factors infl uence the 
lifespan of the mouse. These include diet, number of animals 
per cage, subclinical infections, husbandry procedures, 
genetic predisposition to tumours, strain, gender and the 
presence or absence of deleterious mutant genes (Cunliffe -
 Beamer  &  Les  1987 ). Mice from short - lived strains (eg, CBA) 
have a life expectancy of between 5 and 16 months, while 
mice from long - lived strains (eg, C57BL6) often survive to 
24 or even 36 months of age.  

  Social  o rganisation 

 Mice are social animals, which live in compatible, single 
male dominated groups that are mostly family based. The 
organisation of a mouse colony tends to be a dominance 
hierarchy under confi ned or crowded conditions but is 

Rodentia and Lagomorpha
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     Figure 21.1     Circadian rhythm in the mouse. Black bars indicate 
the dark period  (Schlingmann  et al.   1988   ) .  

territorial under less restricted ones (Mackintosh  1981 ; van 
Loo  et al.   2003 ; Latham  &  Mason  2004 ; Barnett  2007 ). 
Differences in behaviour between inbred strains may refl ect 
behavioural adaptations to different habitats of the feral 
populations from which the ancestors of the inbred strain 
originated; for example, BALB/c mice appear to be well 
adapted to surface living, making superfi cial nests and 
showing territorial behaviour, while C57BL mice are more 
adapted to living in holes and do not show clear territorial 
behaviour (van Oortmerssen  1971 ; Busser  et al.   1974 ). 

 Pheromones serve as a principal mechanism for commu-
nication and affect developmental and reproductive proc-
esses (Fox  et al.   2002 ; Latham  &  Mason  2004 ). Mice use a 
variety of specialised scent glands, together with urine, 
faeces and vaginal secretions for olfactory communication. 
Urine is a particularly important source of odour (Hurst  et 
al.   1993 ).  

  Reproduction 

 Sexual maturity in mice occurs very early in life. Oestrogen -
 dependent cornifi cation of the epithelium at the vaginal 
opening may occur as early as 24 – 28 days (Fox  et al.   2002 ), 
but sexual maturation varies with strain and environmental 
infl uences. Ovarian follicle development begins at 3 weeks 
of age and matures by 30 days. Puberty in males occurs up 
to 2 weeks later. 

 Female mice are polyoestrous, spontaneous ovulators and 
they cycle every 4 – 5 days. Factors such as season, diet, 
genetic background and environmental factors infl uence the 
oestrous cycle. The cyclicity of oestrus and ovulation are 
controlled by the diurnal rhythm of the photoperiod, and 
oestrus and ovulation most often occur during the dark 
phase (Fox  et al.   2002 ). Light cycles of 12 – 14   h light and 10 –
 12   h dark are necessary to maintain regular oestrous cycles. 
Light intensities in the range commonly encountered in 
animal rooms can affect the oestrous cycle (Clough  1984 ), 
eg, too much light or a too long period of dark will cause 
irregularities in the oestrous cycle. Pheromones and the 
social environment also affect the oestrous cycle. Female 
mice housed in groups become dioestrous, anoestrous or 
pseudopregnant (the Lee - Boot effect), while the introduc-
tion of a male into such a group synchronises their oestrous 
cycles (the Whitten effect). If the female is housed with a 
second male within 24   h after a successful mating, implanta-
tion of fertile egg cells will be prevented and the female will 
return to oestrus in 4 – 5 days (the Bruce effect). These effects 
are mediated by pheromones in the urine of the males 
(Cunliffe - Beamer  &  Les  1987 ). 

 Mating also often occurs during the dark phase (Fox  et al.  
 2002 ), and can be detected within 24   h after copulation by 
the formation of a waxy vaginal plug (a mixture of sperm 
and secretions from the seminal vesicles and the coagulating 
glands of the male). As this detection method is not always 
reliable it is often combined with detection of spermatozoa 
in the vaginal fl uid after fl ushing. Elevated environmental 
temperatures ( > 28    ° C) and high noise levels can reduce 
female fertility (Cunliffe - Beamer  &  Les  1987 ). 

 The gestation period of non - lactating females is 19 – 21 
days, depending on the strain. Pregnancy can be diagnosed 
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  Table 21.1    Standard biological data environmental requirements and physiological parameters of mice (partly from  S cott  1991 ;  W olfensohn 
 &   L loyd  2003   ;  F ox  et al.   2002 ;  H avenaar   et al.    2001 ). 

  Weight of adult (g)    30 – 40  
  Weaning age (days)    21 – 28  
  Nipples show (days)    9  
  Eyes open (days)    12 – 13  
  Vagina opens (weeks)    5  
  Pairs of nipples    5  
  Ano - genital distance  –  male (mm)    10 – 15  
  Ano - genital distance  –  female (mm)    5 – 6  

       Blood parameters 
  Blood volume (ml/kg)    76 – 80  
  Plasma volume (ml/100   g)    3.15  
  Whole blood (ml/100   g)    5.85  
  Blood urea nitrogen (mg/100   ml)    12 – 30  
  Haematocrit (vol. %)    39 – 49  
  Plasma  
     pH    7.2 – 7.4  
     CO 2  (mmol/l)    21.9  
     CO 2  pressure (mmHg)    40   +   5.4  
  Leucocyte count  
     Total (per  μ l)    8.4(5.1 –

 11.6)    ×    10 3   
     Neutrophils (%)    17.9(6.7 – 37.2)  
     Lymphocytes (%)    69(63 – 75)  
     Monocytes (%)    1.2(0.7 – 2.6)  
     Eosinophils (%)    2.1(0.9 – 3.8)  
     Basophils (%)    0.5(0 – 1.5)  
  Platelets (per  μ l)    600(100 –

 1000)    ×    10 3   
  Packed cell volume (%)    44(42 – 44)  
  Red blood cells (per  μ l)    8.7 – 10.5    ×    10 6   
  Haemoglobin (g/dl)    13.4(12.2 – 16.2)  
  Maximum single bleeding (ml/kg per 2   wks)    8  
  Average volume obtained when bleeding out 
(ml/kg)  

  30  

  Recommended volume replacement after 
surgery (ml/mouse)  

  approx. 1  

  Clotting time (min)    2 – 10  
  PTT (s)    55 – 110  
  Prothrombin time (s)    7 – 19  
  Glucose (mg/100   ml)    124 – 262  
  Under stress conditions this value may rise up 
to 2 ×  normal  

    

  Serum protein (g/100   ml)    4 – 6  
  Creatinine (mg/100   ml)    0.3 – 1  
  Total bilirubin (mg/100   ml)    0.1 – 0.9  
  Albumin (g/100   ml)    2.5 – 4.8  
  Globulin (g/100   ml)    0.6  
  Cholesterol (mg/100   ml)    26 – 82  
  Urine (ml/day)    1 – 1.5  
     Specifi c gravity    1.030 – 1.070  
     pH    5.011  
     Osmolality (Osm/kg)    1.06 – 2.63  
     Creatinine (mg/100   g/24   h)    2.6    ±    0.91  
     Glucose (mg/24   h)    0.53    ±    0.19  
     Protein (mg/24   h)    0.7    ±    0.33  
     Albumin (mg/ml)    11.9    ±    0.2  

     Environmental requirements   a    
  Temperature ( ° C)    20 – 24  
  Relative humidity (%)    55    ±    10  
  Ventilation (changes/hour)    15  
  Light – dark (hours)    12 – 12 or 14 – 10  a    
  Minimum cage fl oor size  
     One individually housed adult (cm 2 )    330  
     Breeding animal with pups (cm 2 )    330  
     Group (cm 2 /adult)    80  
  Minimum cage height (cm)    12  

     General physiological parameters   
  Adult weight (g)  
     Male    25 – 40  
     Female    18 – 35  
  Lifespan (years)    1 – 3  
  Heart rate (/min)    300 – 800  
  Blood pressure  
     Systolic (mmHg)    133 – 160  
     Diastolic (mmHg)    102 – 110  
  Blood volume  
     Plasma (ml/100   g)    3.15  
     Whole blood (ml/100   g)    5.85  
  Tidal volume (ml)    0.18 (0.09 – 0.38)  
  Minute volume (ml/min)    24 (11 – 36)  
  Stroke volume (ml/beat)    1.3 – 2.0  
  Respiration rate (/min)    100 – 200  
  Body temperature ( ° C)    36.5 – 38.0  
  Number of chromosomes (2   n)    40  
  Body surface for a 20   g animal (cm 2 )    36  
  Water intake (ml/100   g/day)    15  
  Food intake (g/100   g/day)    15  

       Reproductive and developmental data 
  Puberty (weeks)  
     Female    4 – 5  
     Male    5 – 7  
  Breeding age (weeks)  
     Female    8 – 10  
     Male    8 – 10  
  Fertilisation    2   h after mating  
  Segmentation of ovum to:  
     Formation of blastocele (days)    2 – 4  
     Implantation (days)    4 – 5  
     Usual end to breeding life (months)    6 – 12  
  Female fecundity    6 – 10 litters  
  Male breeding life    1 year  
  Oestrous cycle (days)    4 (2 – 9)  
  Duration of oestrus (hours)    12 – 14  
  First oestrus (days)    25 – 28  
  Duration of pregnancy (days)    19 (18 – 21)  
  Pseudopregnancy (days)    10 – 13  
  Interbirth interval (weeks)    3.5 – 6  
  Litter size    6 – 12  
  Dental formula    I 1  1 C 0  0 Pm 0  0 M 3  3   
  First solid food intake (days)    11 – 12  
  Weight at birth (g)    0.5 – 1.5  
  Weight at weaning (g)    10  

    a    European Directive 86/609/EEC Annex II revised L197/1   
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more than 1000 genetically defi ned inbred strains of labora-
tory mice. 

  Genetics,  s trains and  s tocks 

 See also Chapter  4 . 
 Laboratory mice have 40 chromosomes that are differenti-

ated by the size and pattern of transverse bands. Genetic 
mapping in mice began in the early 1900s, and the fi rst 
linkage in the mouse was discovered by Haldane  et al.  
 (1915) . Extensive linkage maps and an impressive array of 
inbred strains are now available to expedite sophisticated 
genetic research. 

 The most thoroughly studied genetic systems of the 
mouse are the histocompatibility loci. Histocompatibility 
(H) loci control expression of cell surface molecules that 
modulate major immunological phenomena, such as as the 
recognition of foreign tissue. For example, the time, 
onset and speed of skin graft rejection are controlled by 
two groups of H loci. The group of major H loci is called 
H2 and is located on chromosome 17. These genes cause 
rapid rejection (10 – 20 days) of grafts that display foreign 
H2 antigens. The group of minor H loci consists of 
genes scattered throughout the genome. These genes are 
responsible for delayed graft rejection. Genes associated 
with the H2 complex also control other immunological func-
tions, such as cell – cell interactions in primary immune 
responses and the level of response to a given antigen. 
Immune - mediated responses to infectious agents such as 
viruses and complement activity are infl uenced directly or 
indirectly by the H2 complex (Fox  et al.   2002 ; Hedrich  &  
Bullock  2004 ). 

 Inbred mice are widely used for research in fi elds such as 
immunology, oncology, microbiology, biochemistry, phar-
macology, physiology, anatomy and radiobiology and offer 
a high degree of genetic uniformity. Clarence C. Little devel-
oped the fi rst inbred mouse strain, DBA, in 1909. Animals 
of an inbred strain are homozygous and genetically very 
similar to other mice of the same strain and sex. They are 
produced by brother    ×    sister matings for at least 20 genera-
tions (Fox  et al.   2002 ; van Zutphen  et al .  2001 ). At this stage, 
the inbreeding coeffi cient should be  ∼  0.99 (ie, residual het-
erozygosity approximately 1%). The assumption that all 
sources of the same inbred strain provide genetically identi-
cal mice is not valid, as animals maintained at different 
institutions for many generations may show genetic drift, 
even though they originate from the same source. Therefore, 
genetic monitoring of colonies is a prerequisite for stand-
ardisation of laboratory animals resulting in a reduction in 
the number of animals used. 

 Inbred strains can be created with very specifi c character-
istics, enabling researchers to develop very specifi c animal 
models for biomedical research. Thus, they might be highly 
sensitive to, for example, tumour development or be immu-
nodefi cient (the athymic nude or the severe combined 
immunodefi cient (SCID) mouse). It is obvious that the 
welfare of these strains might be easily compromised as they 
might be more sensitive to bacterial, viral and fungal infec-
tions than outbred mice or they might suffer from their 
induced diseases (Baumans  2004 ). 

early by abdominal palpation between the 7th and 10th day 
of gestation, when the uterus feels like a string with knots 
in it. At days 15 and 16 the uterus feels uniformly enlarged. 
At the end of pregnancy, the skulls of the foetuses become 
fi rm and can be palpated. Towards parturition, pregnant 
females also build nests for giving birth (see later). 

 Litter size commonly ranges from 1 – 14 pups, depending 
on the strain. During parturition, pups and placentas are 
delivered simultaneously. Nursing females usually lactate 
for 3 weeks. Post - partum oestrus occurs within 24   h of par-
turition, but results less frequently in fertile matings, pos-
sibly because lactation delays implantation and prolongs 
gestation after post - partum oestrus for up to 12 days 
(Havenaar  et al.   2001 ; Fox  et al.   2002 ; Hedrich  &  Bullock 
 2004 ). Cannibalism (which is strain - dependent) can be mini-
mised in most cases by providing a quiet place with reduced 
light intensity and nesting material. 

 The effective reproductive life of a female mouse 
approaches 2 years but, as litter size decreases with aging, 
females are usually retired by 1 year of age.   

  Uses in the  l aboratory 

 The mouse is the most widely used vertebrate species in 
biomedical research. Their short reproductive cycle, short 
lifespan, small size and low cost of maintenance make 
them suitable models for humans and animals in many 
aspects of biomedical research, including cancer and drug 
research, vaccine and monoclonal antibody preparation and 
evaluation of the safety and effectiveness of pharmaceutical 
products. As a result of the rapid advances in biotechnology, 
new strains expressing novel genetic characteristics are 
being created at a remarkable rate, so that there are now 

     Figure 21.2     Mammary glands in the female mouse.  (Photo: T.P. 
Rooymans.)   
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RI strains. They are designated by combining abbreviated 
names of both the parental strains which are separated by a 
capital X. The parallel lines are given numbers (eg B6XH - 1 
which is the fi rst recombinant inbred strain derived from the 
progenitor strains C57BL/6J and C3H/HeJ). RI strains rep-
resent a fi xed set of randomly assorted genes of both pro-
genitors. These strains are very valuable for genetic research, 
in particular for studies on linkage analysis and for the iden-
tifi cation and genetic analysis of complex genetic traits (van 
Zutphen  et al.   2001 ; Hedrich  &  Bullock  2004 ). 

 The sequence of the mouse genome is a key informational 
tool for understanding the contents of the human genome. 
The availability of more than 50 commonly used laboratory 
inbred strains of mice, each with its own phenotype for 
multiple variable traits, has provided an important oppor-
tunity to map quantitative trait loci (QTLs) that underlie 
heritable phenotypic variation (Mouse Genome Sequencing 
Consortium,  2002 ). A system to defi ne parameters as body 
weight, behavioural patterns and disease susceptibility 
among a number of inbred lines is under construction in the 
Mouse Phenome Database 1  (Mouse Genome Sequencing 
Consortium,  2002 ).   

  Transgenic  a nimals 

 See also Chapter  4 . 
 Genetically engineered or modifi ed mice are those with 

induced mutations, including mice with transgenes, with 
targeted mutations (knockouts) and with retroviral, proviral 
or chemically induced mutations 2 ). Transgenic technology 
focuses on the introduction or exclusion (knockouts) of func-
tional genetic material in the germ line of an animal, thus 
changing the genetic characteristics of an organism and its 
progeny. The most frequently used methods for genetic 
transformation of the germ line are microinjection of DNA 
into the pronucleus of fertilised oocytes and the injection of 
transfected embryonic stem (ES) cells into normal mouse 
blastocysts, resulting in a subsequent generation of chime-
ras. These techniques have led to the rapid development of 
a variety of animal models, designed for the study of gene 
regulation, gene expression, pathogenesis and the treatment 
of human and animal diseases (eg, Alzheimer ’ s disease, 
growth hormone disturbances, poliovirus vaccine testing in 
humans or mastitis in cows). 

 Although there may be numerous benefi ts of producing 
transgenic lines, this development does raise some ethical 
and welfare issues. For example, the increase in the use of 
genetically modifi ed animals has caused an increase in 
numbers of mice used of more than 23% per year; this is not 
only due to growth in the numbers of these animals in 
research but also to the large number of mice necessary to 
create each genetically modifi ed line, such as breeding 
males, donor females, vasectomised males and pseudopreg-
nant recipient females. Furthermore, non - transgenic and 
wild - type littermates may be produced that are not suitable 
for research or further breeding (Dennis  2002 ). 

 By contrast, outbred mice are genetically heterogeneous 
and are often produced by breeding systems that minimise 
inbreeding. Random pairing is best planned with the aid of 
tables of randomised numbers or a randomising device (see 
Chapter  4 ). However, a small colony may become inbred, or 
at least not that genetically heterogeneous, as eventually all 
animals will become genetically related. In a population of 
25 breeding pairs, for example, heterozygosity will decrease 
by 1% per generation with standard randomisation tech-
niques. A stock is regarded as outbred when it has been 
maintained as a closed colony for at least four generations. 
To minimise changes caused by inbreeding and genetic 
drift, the population should be maintained in such numbers 
as to give less than 1% inbreeding per generation. 

  Symbols 

 Rules for the nomenclature of different  ‘ breeds ’  of mice are 
well defi ned. The term  ‘ stock ’  is used to denote an outbred 
population of mice while the term  ‘ strain ’  is used to denote 
an inbred population. The outbred stock designation con-
sists of a symbol indicating the current breeder/holder of 
the stock, followed by a colon and the stock symbol consist-
ing of two to four capital letters (eg, Crl   :   NMRI). 

 Inbred strains should be designated according to the rules 
for the nomenclature by one to four capital letters (eg, A; 
DBA) or for some old strains by a combination of capital 
letters and numbers (eg, C57BL; 129). Inbred strains can be 
divided into substrains. The strain designation is followed 
by a slash and the substrain designation which may consist 
of a combination of numbers and letters. The letters usually 
represent the laboratory code. For example, C57BL/6J 
means that this strain originated from female 57 at the Cold 
Spring Harbor Laboratory (C) and was the black line (BL). 
The 6 indicates subline number 6 and bred at the Jackson 
laboratory (J). 

 F1 hybrids are animals resulting from a cross between two 
inbred strains. They are genetically uniform and hetero-
zygous for those genes for which the two parental strains 
differ. A coisogenic strain is a subline which differs from the 
original inbred strain by only one gene which is the result 
of a mutation. The symbol for a coisogenic strain must 
consist of the full strain and substrain designation, followed 
by a hyphen and the symbol of the mutant gene (eg, C3H/
HeJ - Lps, a mutant substrain of C3H with a gene causing 
resistance to bacterial lipopolysaccharide). 

 A congenic strain is an inbred strain where a genetic trait 
has been introduced by repeated backcrossing with an 
inbred strain. The designation of congenic strains is similar 
to that of coisogenic strains. However, if congenic strains 
differ at the major histocompatibility locus, it is acceptable 
to give an abbreviated strain name, followed by a full stop 
and the abbreviation of the name of the donor strain (eg, 
B10.D2, which refers to a C57BL/10 carrying the H2 haplo-
type of the DBA/2 inbred strain) (van Zutphen  et al.   2001 ). 

 Recombinant inbred (RI) strains are produced by 
brother    ×    sister mating of individuals from the F2 generation 
of a cross between two (unrelated) inbred strains which are 
termed progenitor strains. The RI strains can be regarded 
as established after a minimum of 20 generations of 
brother    ×    sister matings and will then form a set or series of 

  1        http://www.jax.org/  
  2        http://www.jax.org/jaxmice  
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breeding may result in less effi cient use of animals as large -
 scale breeders can even out fl uctuations in demand. 
However, in - house breeding may be necessary for develop-
mental studies. 

 The assumption that all sources of the same strain provide 
genetically identical mice is not valid, as animals maintained 
at different institutions for many generations may show 
genetic drift, although they originate from the same source 
(Cunliffe - Beamer  &  Les  1987 ). Therefore, genetic monitoring 
of colonies is a prerequisite for standardisation of laboratory 
animals. 

 Also, it should not be assumed that clinically normal mice 
from different sources are comparable with respect to their 
health status, as there may be the potential for even clini-
cally  ‘ healthy ’  mice to introduce unwanted pathogens such 
as mouse hepatitis virus and Sendai, which could jeopardise 
research results (Cunliffe - Beamer  &  Les  1987 ).  

  Laboratory  m anagement and  b reeding 

  General  h usbandry 

  Housing 

 The laboratory mouse has partially adapted to captive life, 
but still shows similarities to its wild counterparts. Mice are 
active, highly explorative animals, which, in the wild, spend 
considerable time foraging, seeking a wide variety of food. 
They construct elaborate nests and burrows and form 
complex social structures. All these behaviours, which they 
remain strongly motivated to perform, are still present in 
the laboratory mouse. Housing systems for laboratory 
animals have often been designed on the basis of economic 
and ergonomic aspects (such as equipment, costs, space, 
work load, ability to observe the animals and to maintain a 
certain degree of hygiene) with little or no consideration for 
animal welfare. 

 Such conditions deprive animals of the possibility of per-
forming a full repertoire of normal behaviour, such as 
exploring, resting, climbing, grooming, foraging, nesting 
and social behaviour. This may then lead to frustration and 
suffering (Dawkins  1990 ; Sherwin  2000 ) expressed in abnor-
mal behaviour such as stereotypies, due to lack of stimula-
tion (van de Weerd  &  Baumans  1995 ; W ü rbel  2001 ). The 
environment of a mouse should consist of a wide range of 
stimuli, including the social environment of conspecifi cs 
and humans and the physical environment, such as the cage 
and its contents (Figure  21.3 ).   

 Laboratory mice are usually bred and housed in shoe - box 
shaped cages made of polycarbonate, polypropylene or 
stainless steel with solid or wire - mesh fl oors (Figure  21.4 ). 
Wire - mesh fl oors are used if experiments require continu-
ous collection of faeces and/or urine or elimination of 
contact between the animal and bedding material. However, 
since mice are nesting animals, in a choice test they prefer 
solid fl oors with sawdust for digging, nesting and resting 
rather than grid fl oors (Blom  et al.   1996 ); solid bottom cages 
containing bedding and nesting materials should therefore 
be used whenever possible (Council of Europe  2006 ; 
European Commission  2007 ).   

 Moreover, the process of transgenesis by microinjection 
may compromise welfare through the experimental proce-
dures used during the process of transgenesis. The donor 
animals, vasectomised males and foster mothers which are 
needed for the production of the transgenic offspring may 
experience discomfort from procedures, such as early 
mating (from 3 weeks onwards), anaesthesia, surgery and 
injections (JWGR  2003 ). 

 At the level of integration of the microinjected DNA into 
the genome, unintentional insertional mutations may occur, 
potentially also resulting in welfare problems. At the level of 
expression of the introduced gene detrimental side effects 
may occur. For example, the giant mouse that over - produced 
growth hormone suffered from chronic kidney and liver 
dysfunction (Poole  1995 ; Crawley  2000 ). In this mouse the 
presence of a both functional and non - functional microin-
jected DNA construct increased mortality and body weight 
of the pups in the fi rst 2 – 3 days after birth, whereas no sig-
nifi cant differences in behaviour and morphological devel-
opment were observed later on (van der Meer  et al.   2001a ). 

 From an ethical point of view it might be argued that the 
integrity of the animal is compromised as the genome is 
modifi ed (van der Meer  et al.   1996, 2001b ). Furthermore, 
concern has been expressed with respect to the patentability 
of transgenic animals, such as the oncomouse. Finally, it has 
been suggested that the escape of transgenic animals could 
impose a risk for animal populations in the wild. However, 
escapes from modern, well built laboratories are unlikely 
and it appears that laboratory animals are not very viable in 
the wild (van der Meer  et al.   1996, 2001 ). 

 In conclusion, transgenic technology has a great potential 
for increasing the understanding of the role of genes and 
may provide suitable animal models for human and animal 
disease, but the welfare of transgenic animals has to be care-
fully monitored, at least until the second generation of 
offspring. A surveillance system including score sheets can 
be helpful in identifying welfare problems, and can be 
used together with humane endpoints, in order to prevent 
unnecessary suffering through euthanasia of severely 
affected animals (Mertens  &  Rulicke  1999   ; van der Meer  et 
al.   2001 ). Data banks from existing genetically modifi ed 
animals will be useful to help predict potential impairments 
in new genetically modifi ed lines yet to be created (Baumans 
 2005a ). See also Chapter  5  for further information on 
phenotyping.   

  Sources of  s upply 

 Laboratory mice can be obtained in several ways (see also 
Chapter  12 ). Commercial laboratory animal breeders can 
supply a vast array of well defi ned, high - quality animals of 
outbred, inbred, hybrid or mutant bearing strains or stocks. 
In - house breeding is now mostly limited to strains or stocks 
which are not commercially available and/or to the mainte-
nance of colonies associated with studies of reproduction 
and genetics, such as the production of transgenic animals 
(see also see Chapter  4 ). In - house breeding may often seem 
cheaper, but many costs may be hidden, such as those of 
husbandry, quality control and overheads, including main-
tenance costs and salaries of the animal staff. In - house 
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     Figure 21.3     Stimuli in the environment of laboratory 
animals.  

     Figure 21.4     Polycarbonate cages for mice with 
sawdust - covered solid fl oors.  (Photo: T.P. 
Rooymans.)   

 Boxes made of plastics may have varying degrees of trans-
lucency and also different abilities to withstand steam steri-
lisation. Cage lids are usually made of stainless steel and 
have an indentation forming a food hopper. Mice eat directly 
from the hopper through spaces about 3 – 5   mm wide. It is 
important to appreciate that small mice can escape through 
spaces more than 6   mm in width. Water can be provided 
from a bottle attached to each cage or by an automatic water-
ing system (see Presentation of food and water). 

 Bedding should be provided that is comfortable for 
resting, that absorbs urine and is used by the animals for 
depositing odour patterns. There should be a balance in 
terms of cleaning, between increasing the anxiety of the 
animals by removing familiar odour patterns on the one 
hand, and minimising the build - up of harmful ammonia on 
the other (Eveleigh  1993 ). It has been shown that olfactory 
cues from nesting and bedding material affect aggression in 
a different way: transfer of nesting material reduces aggres-
sion, whereas sawdust containing urine/faeces intensifi es 

aggression (Hurst  et al.   1993 ; van Loo  et al.   2000 ). All labora-
tory rodents spend considerable time manipulating bedding, 
often creating tunnels (where the depth and consistency is 
suffi cient) as well as building nests to provide shelter and 
warmth. 

 Sawdust is widely used as bedding material, but fi ne par-
ticles can cause preputial and respiratory problems. The 
type of wood can affect physiological parameters in the 
animal such as hepatic microsomal enzyme function (Vesell 
 1967 ; Haataja  et al .  1989 ). Hygroscopic material like cat litter 
should be avoided as it may cause dehydration in the 
newborn. Nesting material, such as paper towels, tissues 
and wood wool, can provide shade from lighting, the oppor-
tunity to regulate their microclimate, such as temperature, 
and a shelter to hide from conspecifi cs and the ability to 
control the environment (van de Weerd  &  Baumans  1995 ) 
(Figure  21.5 ). Therefore, nesting material should be pro-
vided not only for breeding female mice, but for all labora-
tory mice.   
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Standardisation of environmental conditions has been 
designed to reduce individual differences within animal 
groups (intra - experimental variation), ultimately facilitating 
the detection of treatment effects, and to reduce differences 
between studies (inter - experiment variation), ultimately 
increasing the reproducibility of results across laboratories 
(Olsson  et al.   2003 ; van Zutphen  2001 ). Nevertheless, despite 
rigorous attempts to equalise conditions among sites, tests 
with different inbred mouse strains, simultaneously carried 
out in three recommended laboratories, revealed signifi cant 
effects from their respective sites for nearly all variables 
tested (Crabbe  et al.   1999 ; Wahlsten  et al.   2003 ). It seems that 
barren, restrictive and socially deprived housing conditions 
interfere with the development and function of brain and 
behaviour (Renner  &  Rosenzweig  1987 ; W ü rbel  2001 ; 
Benefi el  et al.   2005 ), and restrictions such as those imposed 
by the standard rodent cage are potentially stressful (Mench 
 1998 ; Ladewig  2000 ). In other words, the barren environ-
ment that has been devised to minimise uncontrolled envi-
ronmental effects on the animals may ironically be a primary 
source of pathological artefacts. 

 Current thinking (Council of Europe  2006 ) is that appro-
priate structuring of the cage/pen environment may be 
more benefi cial than provision of a large fl oor area, although 
a certain area is necessary to provide a structured space. 
Except for locomotor activity (eg, playing), mice do not actu-
ally use open space as they are thigmotaxic, meaning that 
they use barriers and walls rather than the open space. 
Instead they use resources and structures within the area for 
specifi c behaviours.  

  Environmental  e nrichment 

 One way of improving the living conditions of laboratory 
animals is to give animals opportunities to perform more 
species - specifi c behavioural repertoires through enrichment 
of their environment. Enrichment can be defi ned as any 
modifi cation in the environment of captive animals that 
seeks to enhance their physical and psychological well -
 being by providing stimuli that meet their species - specifi c 
needs (Newberry  1995 ; Baumans  2005b ). This approach has 

 Bedding and nesting material should: 

   •      be in accordance with the mouse ’ s needs;  
   •      not be toxic or harmful to the animal;  
   •      be absorbent, but not dehydrating for neonates;  
   •      not be excessively dusty;  
   •      be economical to use and dispose of;  
   •      be inedible, to avoid interference with experiments.    

 Housing and husbandry have a major impact on the labora-
tory animal throughout its life, not only during, but also 
before and after scientifi c procedures. It is important to con-
sider the species - specifi c needs in relation to housing and 
feeding regimes; and also to take into account within - species 
variation associated with genetic background. While labora-
tory animals have partially adapted to captive life, they still 
show similarities to their wild counterparts. The environ-
ment of captive animals should cater for physiological and 
behavioural needs such as resting, nest building, hiding, 
exploring, foraging, gnawing and compatible social contacts 
(Olsson  &  Dahlborn  2002 ; Baumans  2004 ). 

 Many laboratory animal species such as rodents and 
rabbits are highly susceptible to predators, and are thus 
likely to show strong fear responses in unfamiliar situations 
if they cannot shelter. This is shown by attempts to fl ee, 
biting when handled, or sudden immobility to avoid being 
detected. For this reason, cages should be provided with 
shelter or hiding places. Careful handling from a young age, 
together with conditioning to experimental and husbandry 
procedures, will probably reduce these stress responses con-
siderably (Hurst  1999 ). Ideally, the animal should feel secure 
in a complex, challenging environment that it can control 
(Poole  1998 ). A sense of security can be achieved by provid-
ing nestable and manipulable and effective nesting material, 
hiding places and compatible cage mates. 

 In practice, however, laboratory animals are usually 
housed throughout their lives in relatively barren cages and 
given unrestricted access to food. This frequently results in 
adverse effects on the behaviour and physiology of the 
animals, and in a shortened lifespan due to overfeeding and 
inactivity (van de Weerd  et al.   1997b ; Mattson  et al.   2001 ). 

(a) (b)

     Figure 21.5     (a) Bowl - shaped nest of BALB/c mice. (b) Environmental enrichment for mice.  (Photos: T.P. Rooymans.)   
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 It seems clear, therefore, that environmental enrichment 
should comprise a well designed and critically evaluated 
programme that benefi ts the animals as well as the experi-
mental outcome; it should not be a process of randomly sup-
plying objects that staff consider attractive for the animals. 
Enrichment needs to be regarded as an essential component 
of the overall animal care programme, and just as important 
as nutrition and veterinary care. The key component of the 
enrichment programme is the animal care staff, who must be 
motivated and educated (Stewart  &  Bayne  2004 ). 

 In summary, evaluating enrichment in terms of the animal 
(ie, by assessing the use of and preference for a certain 
enrichment, and the effect on behaviour, the performance of 
species - typical behaviour and physiological parameters) is 
essential. Equally important is evaluating the impact of 
enrichment on the scientifi c outcome (see Chapter  10 ) (van 
de Weerd  et al.   2002 ; Baumans  2005b ).  

  Space  r ecommendations 

 It is diffi cult scientifi cally to specify the minimum cage sizes 
for maintaining laboratory animals; much depends on the 
strain, group size and age of the animals, their familiarity 
with each other and their reproductive condition. Cage sizes 
recommended in current European guidelines on accom-
modation for laboratory animals are generally based on 
scientifi c evidence; where such evidence is lacking or insuf-
fi cient, they are based on what is described as best practice 
(Council of Europe  2006 ), which has been agreed upon by 
researchers, veterinarians and animal staff. 

 Specifi cations for laboratory housing of mice are expressed 
in two documents issued in 1986. One is the Council of 
Europe ’ s  (1986)  European Convention for the protection of 
vertebrate animals used for experimental and other scien-
tifi c purposes (Convention ETS 123) with its Appendix A, 
Guidelines for the accommodation and care of animals, 
revised in 2006. The other is the very similar European 
Union ’ s (1986) Council Directive on the approximation of 
laws, regulations and administrative provisions of the 
Member States regarding the protection of animals used for 
experimental and other scientifi c purposes (Directive 
86/609/EEC) with its Annex II, Guidelines for accommoda-
tion and care of animals (revised in 2007). Article 5.1 of the 
Convention requires that  ‘  Any restriction on the extent to 
which an animal can satisfy its physiological and ethological needs 
shall be limited as far as practicable  ’ , while Article 5.b of the 
Directive requires them to  ‘  be limited to the absolute minimum  ’ . 
In the USA, guidelines on accommodation and care of labo-
ratory animals are included in the National Research 
Council ’ s  (1996)  Guide for the Care and Use of Laboratory 
Animals of the National Research Council, although mice, 
rats and birds do not come under the offi cial legislation in 
the USA. Space recommendations should allow housing of 
mice in harmonious groups. Increasing the complexity of 
the cage is more important than increasing fl oor area as 
such, as the inclusion of structures will provide more oppor-
tunities for activity and will increase the usable space. 
Furthermore, mice partition their space into sleeping, defe-
cating, urinating and feeding areas, so the available space 
and structure in the cage should be suffi cient and should 
also cater for play behaviour in young animals. Incentives 
for activity should be provided in the cage, such as nesting 

been increasingly introduced into laboratory animal research 
facilities (Olsson  &  Dahlborn  2002 ). From a welfare point of 
view, it seems to be a good development, as there is general 
agreement that the well - being of the animals improves with 
the provision of environmental enrichment (see also Chapter 
 10 ). For example, benefi cial effects of environmental enrich-
ment have been described in animals with brain damage 
and disturbed motor function; an increased arborisation of 
dendrites has been found in the brains of these animals 
(Mohammed  et al.   2002 ). The effects of environmental 
enrichment are dependent on the type of enrichment used. 
In the fi eld of neuroscience, enrichment mainly refers to 
social housing in a large, complex cage containing different 
toys that are changed frequently in order to induce changes 
in the brain and behaviour (see Chapter  10 ). In animal 
welfare research, enrichment focuses on specifi c needs such 
as nest building, hiding and gnawing, in order to improve 
the well - being of the animals without major changes in 
physiology and behaviour (Zhu  et al.   2006 ). 

 Enrichment of the animal ’ s environment can be focused on 
both the social environment and the physical environment, 
consisting of sensory stimuli (auditory, visual, olfactory and 
tactile) and nutritional aspects (supply and type of food). The 
animal ’ s psychological appraisal of its environment in terms 
of controllability and predictability can be improved by 
structuring the cage with nest boxes, tubes, partitions and 
nesting material (van de Weerd  &  Baumans  1995 ; Baumans 
 et al.   2007 ). van de Weerd  et al.  (1997b) and van Loo  et al.  
 (2005)  showed that paper tissue, for example, was strongly 
preferred by mice as a component of their cage (Figure  21.5 ). 
Enrichment items need to be designed and evaluated on the 
basis of knowledge gained in enrichment studies (van Loo  et 
al.   2005 ) and knowledge of biology and behaviour of the 
animal. Furthermore it is important to know which type of 
housing and enrichment the animals were provided with at 
the breeder ’ s facility, as differences may also have an impact 
on the animal and consequently on the scientifi c outcome. 
Besides meeting the needs of the animal, enrichment items 
should be practical and inexpensive, and pose no risk to 
humans, the animals used or the experiment. There is some 
concern, however, as to whether environmental enrichment 
confl icts with the standardisation of experiments. The ques-
tion is:  ‘ Do enriched animals show more variability in their 
response to experimental procedures because they show 
more diverse behaviours? ’  Some researchers think they do. 
In complex environments, for example, animals are not just 
responding to one stimulus but to many variable stimuli at 
once, and this can result in increased variation among sub-
jects (Eskola  et al.   1999 ; Tsai  et al.   2003 ). 

 The counter - argument is that because an animal can 
perform more of its species - specifi c behaviour in enriched 
environments, it may be able to cope better with novel and 
unexpected changes and thus in fact show a more uniform 
response. If animals from enriched housing conditions are 
likely to be physiologically and psychologically more stable, 
it follows that they may be considered as more refi ned 
models that ensure better scientifi c results. In practice, 
however, results from different studies seem to indicate that 
the effects of enrichment on the variability in results depend 
on the parameter being measured, the strain of animal and 
the type of enrichment (van de Weerd  et al.   2002 ; Wolfer  et 
al.   2004 ). 
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 Ventilation rates should be based on the heat production 
of the animals. Air changes are less important than 
creating an effi cient fl ow in the room to keep ammonia 
levels within the animal ’ s immediate environment at an 
acceptable level. The health of staff also needs consideration 
with respect to exposure to animal allergens, such as 
dander and urine. To reduce the possibility of airborne 
introduction of infectious diseases into an animal 
room, high - effi ciency particulate air (HEPA) or similar 
fi ltration of incoming air should be considered and is man-
datory for maintaining specifi ed pathogen free or gnotobi-
otic mice. 

 It is important to avoid extremely high or low humidities 
and rapid changes in humidity. At low humidity levels, 
mice may suffer from respiratory problems due to excessive 
dustiness of bedding and feed, and drying of mucous mem-
branes. At high humidity levels, bedding may become damp 
and fail to evaporate moisture leading to rapid soiling of 
cages and increased production of ammonia by urease - pro-
ducing bacteria. Furthermore, infections of the upper 
airways may occur more easily. 

 Cage cleaning regimes should be a compromise between 
maintaining hygiene and keeping odour patterns left by the 
animals (van Loo  et al.   2000 ). Normally, cages are cleaned 
once a week. Water bottles should also be changed at least 
once a week. 

 Lighting conditions for the essentially nocturnal mouse 
are very important. Lighting must be controlled to avoid 
external lighting fl uctuations. Mice exposed to too high an 
intensity of light may show retinal atrophy in the long term 
(Clough  1984 ). Animals should be subjected to a regular 
light – dark cycle, generally 12   h light: 12   h dark, but there is 
some debate concerning the effect on animal behaviour of 
creating artifi cial  ‘ dawn ’  and  ‘ dusk ’  periods (Latham  &  
Mason  2004 ). In some cases, a reversed lighting schedule, 
with lights on at night, can be useful for observing activity 
of rodents during the working day; red light can be used to 
facilitate daytime husbandry as most rodents are less sensi-
tive to red light (Spalding  et al.   1969 ). Mice show a prefer-
ence for a low light intensity. Maximum light intensity in 
the room should not exceed 350 lux and the intensity levels 
within the cage should be lower, or the animal should be 
given the opportunity to withdraw to shaded areas, such 
as a shelter or nest (Council of Europe  2006 ; European 
Commission  2007 ). 

 Many noises audible to the human ear and ultrasound 
(frequencies higher than the human range,  > 20   kHz) are 
important for rodents. Mice are more likely to be disturbed 
by high - pitched sounds and ultrasounds than they are by 
lower frequencies; care must be taken not to use equipment 
which emits these ultrasounds, such as electronic devices 
and computer screens (Clough  1984 ; Sales  et al.   1999 ; Latham 
 &  Mason  2004 ; Voipio  et al.   2006 ). It has been suggested that 
a constant background noise, such as radio music, has some 
benefi ts in facilitating breeding and making animals less 
excited, although it could also stress some animals. However 
it may benefi t the staff more, which could have benefi cial 
consequences for the animals in turn (Sherwin  2002 ); it cer-
tainly should not exceed 55   dB. Alarm systems, telephones 
and door bells within rodent facilities should sound outside 
the animals ’  hearing range where this does not confl ict 
with their audibility to humans (Council of Europe  2006 ; 

material and climbing possibilities (Council of Europe  2006 ; 
European Commission  2007 ). 

 The use of environmental enrichment to improve the well -
 being of laboratory animals is widely promoted and is 
currently incorporated in European legislation (Kornerup 
Hansen  &  Baumans  2004 ; Council of Europe  2006 ; EU 
European Commission  2007 ). Many other countries have 
similar legislation and regulations on this matter, eg 
Australia (National Health and Medical Research Council 
(NHMRC)  2004 ; Animal Research Review Panel   (ARRP) 
draft). 

 Other organisations besides governments are involved in 
developing guidelines and regulations on animal use. In 
Europe, the 2001 position paper of the European Science 
Foundation, an association of the major science - funding 
organisations, endorsed the principles of the Three Rs and 
the need for laboratory animal welfare research (European 
Science Foundation  2001 ).  

  Environmental  p rovisions 

 Although environmental measurements are taken at the 
room level (macro - environment), the conditions in the cage 
actually affect the animal ’ s micro - environment. Mice  ‘ engi-
neer ’  their own micro - environments by huddling and 
building nests and in this way they are able to exert some 
control over temperature, humidity and light conditions. 
Furthermore, the micro - environment will vary, depending 
on the position of the cage on the rack, crowding of the rack, 
cage type, stocking density in the cage, type and amount of 
bedding and cleaning frequency. Also the use of fi lter caps 
and individually ventilated cages (IVCs) will affect the rate 
of air exchange, build up of ammonia, temperature and 
humidity (Serrano  1971 ; Baumans  et al.   2002 ). IVC systems 
are designed to reduce infection risks, ammonia and carbon 
dioxide concentrations, cleaning frequency, workload and 
allergens. However, the high ventilation rate and reduced 
handling of animals in IVC systems are potential draw-
backs. To protect the animals from draught due to the forced 
ventilation, nesting material or a hiding place should be 
provided (Baumans  et al.   2002, 2007 ). 

 When the environmental temperature falls below the ther-
moneutral zone (where body temperature is regulated by 
conduction and convection of heat), body temperature is 
maintained by behavioural adaptation, such as nest building 
and/or increased metabolic rate. Environmental tempera-
ture has been shown to infl uence reproduction, organ weight, 
food and water intake and haematological parameters. These 
data indicate that the optimal temperature range for mouse 
rooms is 20 – 26    ° C (Yamauchi  et al.   1983 ). According to the 
European Directive, the environmental temperature require-
ments range between 20 and 24    ° C. The upper end of this 
range (22 – 24    ° C) should be considered if the mice have to be 
housed in wire - bottom cages because of greater air exchange 
between the cage and the room, or if hairless or nude mice 
are being housed in cages with limited amounts of bedding 
(see also Chapter  10 , which discusses evidence that the ther-
moneutral zone of mice is 26 – 34    ° C). Blom  et al .  (1993)  studied 
preferences of mice for temperature and found that indi-
vidual BALB/c mice preferred a cage temperature of 28    ° C, 
whereas C57BL/6 preferred 24    ° C and that preference 
depended upon the type of cage fl ooring. 
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rial as the urine pheromones increase fi ghting); keeping no 
more than three males per cage; and minimising distur-
bances such as removing a group member temporarily (van 
Loo  et al.   2003 ; Baumans  et al.   2007 ). 

  ‘ Barbering ’  or  ‘ trimming ’  (hair nibbling and whisker 
chewing) occur frequently in both sexes of some strains of 
mice (Figure  21.6 ). Usually one of the mice retains its whisk-
ers and it is assumed that this is the dominant animal within 
the cage, but this is not conclusive (van de Weerd  et al.   1992 ; 
Garner  et al .  2004 ). Removal of the barber mouse may lead 
to another mouse taking over the barbering role. Barbering 
may not be restricted to whiskers: head and body fur may 
also be involved, as can occur in the C57BL6 strain. The 
aetiology of barbering is not clear. Genetic factors may play 
a role as well as boredom of the animals (van den Broek  et 
al.   1993 ). In caged mice, barbering is another example of an 
abnormal behaviour that has become a normative behaviour 
pattern within the context of inadequate living conditions 
(Garner  et al.   2004 ; Baumans  et al.   2007 ). Interestingly, mice 
will allow themselves to be barbered, even if they are given 
the opportunity to withdraw from the barber (van den 
Broek  et al.   1993 ). However, Garner  et al.   (2004)  point to a 
number of welfare issues that arise from barbering, includ-
ing referring to a reference on degenerative alterations 
in somatosensory cortical areas corresponding to the 
whiskers.     

  Presentation of  f ood and  w ater 

 The mouse is an omnivorous animal. The incisors and 
molars grow continuously and are worn down by mastica-
tion. Attention should be paid to malocclusion leading to 
under - nutrition. 

 Feeding behaviour in rodents shows a diurnal pattern 
with the majority of food consumed during the dark period. 
Fasting overnight, sometimes part of an experiment, might 
lead to an increase of activity, resulting in unwanted varia-
tion in experimental results (Baumans  1999 ). 

 Food is usually presented  ad libitum  as pellets in the food 
hopper on the cage, which prevents soiling of food by the 

Federation of European Laboratory Animal Science 
Associations (FELASA)  2007 ).  

  Social  h ousing 

 As mice are gregarious animals, it is preferable to keep them 
in groups rather than in individual housing, but the groups 
must be stable and harmonious in order to avoid or mini-
mise aggression within groups (Council of Europe  2006 ; 
European Commission  2007 ). Allocating animals to new, 
unfamiliar groups may be a source of intense, stressful 
confl icts (Brain  1990 ). The evidence suggesting that indi-
vidual housing in mice can be deleterious is not convincing 
(Brain  &  Benton  1983 ; Krohn  et al.   2006 ) but strain differ-
ences have been found (Haemisch  &  G ä rtner  1994 ). 
Individually housed mice are still provided with olfactory, 
auditory and (probably less importantly) visual cues from 
conspecifi cs in the room, whereas isolated animals are also 
deprived of this input. However,  ‘ living apart together ’  (two 
mice in a cage, separated by a grid partition), did not appear 
to be benefi cial to mice submitted to abdominal surgery. 
Increased heart rate levels and differences in behaviour as 
compared with both socially housed and individually 
housed animals indicate that  ‘ living apart together ’  may 
even be the most stressful of the three housing conditions, 
whereas social housing appeared to be the best (van Loo  et 
al.   2007 ). It is natural for many rodents to live in mixed sex 
groups but breeding frequently increases agonistic behav-
iour and laboratory mice are usually kept in single sex 
groups, which is unnatural in itself. Excessive agonistic 
behaviour depends on the animal ’ s familiarity with its cage -
 mates as well as its sex and age at the time of grouping 
(Council of Europe  2006 ; European Commission  2007 ; 
FELASA  2007 ). 

 Adult males from specifi c strains, eg BALB/c, may fi ght 
excessively when kept in single sex groups. Male mice of all 
ages tested so far have a preference for social contact during 
rest periods. During activity periods, the preference for 
social contact increases with age. Aggression can be reduced 
by: transferring used nesting material to the clean cage, at 
the time of cage cleaning (but not the soiled bedding mate-

     Figure 21.6     Whisker chewing ( ‘ barbering ’ ) in mice: 
barbering mouse (right); barbered mouse (left).  (Photo: T.P. 
Rooymans.)   
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patterns in the fur, which may be visible for about 14 days, 
or dyeing the fur with a harmless dye, such as food dyes. 
Tail clipping is commonly used in genetically modifi ed mice 
in order to take tissue samples from the offspring for iden-
tifying their genetic makeup. Concerns have, however, been 
raised about this procedure on the grounds that it may cause 
lasting harm in terms of pain, and disturbance of the ther-
moregulatory function of the tail.   

 The sex of the animal can be determined by comparing 
the anogenital distance, which is larger in males than in 
females. In females, a hairless strip is visible between anus 
and genital papilla (Figure  21.8 ). In males, testes can be 
present in the scrotum, but they can also be retracted through 
the inguinal canal into the abdomen, especially when the 
animal is scared or stressed.    

  Health  m onitoring,  q uarantine and 
 b arrier  s ystems 

 Scientifi c data obtained from animal experiments should be 
reproducible and reliable and therefore the health status of 
the animals should be defi ned. Microbiological quality 
control aims at control of the barrier system and the animal 
itself. Only careful monitoring of animal facilities will 
provide useful information about the microbiological quality 
of the animals. Most infections in rodents are subclinical and 
modifi cations of research results due to natural infections 
often occur in the absence of clinical disease. For instance, 
Sendai virus infection, which is associated with a decreased 
B - cell and T - cell response after antigenic stimulation, 
enhances the production of interferon and decreases the 
serum level of the 3rd complement factor (C3) (Boot  et al.  
 2001 ; FELASA  2002 ). 

 Laboratory animals can be classifi ed according to their 
microbiological status (conventional, specifi c pathogen free 
(SPF) or gnotobiotic). Conventional animals can harbour a 
whole range of infectious micro - organisms, since they are 
kept without the application of preventive hygienic meas-
ures. Conventional animals are still widely used in biomedi-
cal research. Mice should be considered as conventional 
animals if their microbiological status is unknown. As a rule, 

animals. The food rack should be kept suffi ciently full, as it 
is diffi cult for the animals to gnaw the food when there are 
only a few pellets left. Restricted feeding has been shown to 
be benefi cial in the long run in terms of reduced morbidity 
and mortality in the earlier stages of life (Mattson  et al.   2001 ). 

 Enrichment related to food, such as grain scattered 
through the bedding, will meet the animal ’ s need for forag-
ing and will prevent boredom due to the gap in the animal ’ s 
natural time budget usually fi lled with foraging (Baumans 
 2005b ), although it might interfere with experiments, eg, 
certain nutritional research. BALB/c and C57BL/6 mice 
kept in enriched environments with nesting material have 
been found to weigh more than mice housed under standard 
conditions, although the latter consumed more food, prob-
ably due to the insulating effect of the nest or to reduced 
boredom (van de Weerd  et al .  1997a ). 

 Water can be provided in a bottle attached to each cage, 
and this should be changed at least once a week; an alterna-
tive is an automatic watering system, which supplies water 
through a valve connected to a piping system and serves a 
rack of cages from a central reservoir. The water valve can 
be located either outside or inside the cage. There is always 
some risk that the valve may become obstructed, resulting 
in dehydration of the animals or fl ooding in the cage. For 
this reason, automatic watering systems must be closely 
monitored to be certain that the water pressure is adequate 
and must be regularly cleaned and checked for contamina-
tion with bacteria and fungi.  

  Identifi cation and  s exing 

 Many permanent or temporary methods of identifying indi-
vidual mice have been developed. Permanent methods 
include tattooing (on the tail or toe), toe clipping and ear 
punching. However, toe clipping is not recommended for 
welfare reasons (Baumans  2005a ), and ear punching may be 
obliterated and damaged by fi ghting. Subcutaneous implan-
tation of a microchip is a safe and long lasting, but expensive 
way of identifi cation and might not be suitable for newborn 
mice. Temporary methods of identifi cation include pen 
marks on the tail (Figure  21.7 ), clipping or plucking unique 

     Figure 21.7     Identifi cation by pen mark on the tail.  (Photo: T.P. 
Rooymans.)   
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of the population, a sample size of 10 animals would be 
required in order for a 95% probability of detecting an 
infected animal. When an insuffi cient number of animals is 
present in an experiment to carry out the health - monitoring 
programme, sentinel animals can be used, which are 
obtained from a colony with a known microbiological status 
and introduced into the experiment animal unit.  

  Barrier  s ystems 

 To maintain the microbiological status of gnotobiotic 
animals, including CRF animals, these animals should be 
kept separated from the environment in isolators made of 
steel or plastic (Figure  21.9 ). All equipment, including food 
and bedding, is sterilised and introduced through a lock 
which can be sterilised by, for example, peracetic acid 
vapour.   

 For short - term experiments, animals can be housed in 
cages with a protective hood (fi lter top) (Figure  21.10 ), 
which are only opened within laminar air fl ow cabinets. IVC 
systems are now widely used in combination with laminar 
air fl ow cabinets as work stations in order to create a bio-
containment zone at cage level. As the airfl ow within the 
cage may be quite high (up to 100 air changes per hour) the 
animals may suffer from the high ventilation rate inside the 
cage. This might be reduced by providing nesting material 
or a shelter where the animals can hide from draughts 
(Baumans  et al.   2002 ).   

 Animal rooms are cleaned with hot water, preferably with 
high - pressure equipment. Cleaning of cages and drinking 
bottles makes disinfection and sterilisation more effective. 
Physical and chemical methods exist for disinfection and 
sterilisation and depend upon the material to be treated and 
the micro - organisms likely to be present. 

 The effect of cleaning and disinfection can be monitored 
using agar plates, on which the number of bacterial colonies 
is counted and strips, which show colour changes, may 
monitor the autoclaving process or formaldehyde treatment. 
Modern autoclaves have inbuilt registration and control 
systems.  

these animals are  ‘ quarantined ’  for a period of time before 
use. The length of this period is based upon the longest 
incubation time required for excluding infections. This 
implies the expectation that the  ‘ quarantine ’  period would 
reveal certain clinical symptoms in the animals. However, 
most infections in laboratory animals are latent and can only 
be detected with specifi c screening programmes, which may 
be too costly to use as a routine. 

 SPF animals are free from a number of potentially patho-
genic micro - organisms. SPF only designates which micro -
 organisms are known not to be in the colony at the time of 
the last testing. There are various reasons why SPF animals 
are used; for example, testing the safety of products and the 
performance of animal experiments with no interference 
from infections. The duration of experiments partly deter-
mines the likelihood of contamination. Long - term experi-
ments are at greater risk than short - term ones. 

 Gnotobiotic animals are animals with a defi ned microfl ora 
and can be divided into germ - free (GF) and colonisation -
 resistant fl ora (CRF) animals. GF animals can be obtained 
from conventional counterparts by performing a hysterec-
tomy (rederivation) and are kept under sterile conditions 
within isolators. GF animals are very susceptible to infec-
tions by micro - organisms that only rarely cause disease in 
conventional animals. To provide GF animals with some 
resistance to opportunistic infections, they can be deliber-
ately given fl ora, which provide the formerly GF animal 
with a general resistance to the growth of other bacteria 
(colonisation resistance). CRF animals are housed as GF 
animals within isolators. Frequently, CRF animals are used 
to start SPF breeding colonies (Boot  et al.   2001 ). Gnotobiotic 
animals are used for various purposes, such as the produc-
tion of viral vaccines. 

 The animals should be screened periodically. The screen-
ing programme may involve serological tests, bacterial cul-
tures, parasitic examinations and regular histopathological 
examination of major organs. The frequency of screening 
should be every 3 months with a minimal sample size of 
eight individual sera from mice randomly sampled from 
each unit for the most frequently occurring micro - organisms 
(FELASA  2002 ). If a particular agent is present in about 25% 

     Figure 21.8     Sex differences in the mouse: male (right) and 
female (left).  (Photo: T.P. Rooymans.)   
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     Figure 21.9     Steel isolator with lock and gloves.  (Photo: T.P. 
Rooymans.)   

(a) (b)

     Figure 21.10     (a) Filter - top cage. (b) Individually ventilated cage (IVC) rack.  (Photos: T.P. Rooymans.)   

     Figure 21.11     Disposable transport cage of cardboard, the inside 
covered with plastic, provided with wire mesh and fi lters.  (Photo: 
T.P. Rooymans.)   

  Transport 

 Transport of mice, even over short distances and/or under 
optimal conditions, is a stressful event for the animal. For 
example, immune functions are altered by shipment, and 
require at least 2 – 5 days to return to normal, and reproduc-
tive performance can be decreased (Cunliffe - Beamer  &  Les 
 1987 ). The extent to which the well - being of the animal is 
compromised depends upon its health status, age (old and 
very young animals are more susceptible), density of animals 
in the cage, conditions in transport vehicle and cage, such 
as temperature, ventilation, food and water supply, and the 
acclimatisation period (5 – 7 days) in the new environment. 

 Mice that are being moved over a short distance within 
the same facility can be transported in a clean cage or card-
board carton. For longer journeys, the cardboard container 
should be coated with moisture - impervious material. 
Ventilation openings should be present on at least the two 
opposite sides. The openings should be provided with steel 
wire mesh and fi lters to prevent escape or contamination en 
route (Figure  21.11 ). Bedding should always be supplied for 
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  Harem 
 Groups of animals are housed together usually one male 
and four females, which is space and labour saving. More 
males may cause increased fi ghting, resulting in poor 
welfare and reproduction. When the females are pregnant 
they can be moved to a littering cage or stay in the 
harem. The latter may be less successful due to more distur-
bance and less tolerance when more than two females are 
present and it may be unclear which mother is fostering 
which pups.   

  Conception and  p regnancy 

 When the cervix and vagina are stimulated physically 
during oestrus, prolactin is released from the anterior pitui-
tary, which stimulates the corpus luteum to secrete proges-
terone, a process that continues for about 13 days. If 
fertilisation occurs, the placenta takes over progesterone 
production. If fertilisation does not take place, a pseudo-
pregnant period starts, during which oestrus and ovulation 
do not occur for about 20 days. Fertilisation usually takes 
place in the ampulla or the upper portion of the oviduct and 
embryos are produced for 10 – 12   h post - ovulation. Mating is 
normally detected by formation of a vaginal plug (see 
Reproduction). 

 Gestation is normally 19 – 21 days. As a consequence of 
post - partum oestrus, lactation and gestation may occur 
simultaneously. However, lactation can delay gestation 
through delayed implantation, and this may prolong gesta-
tion for up to 12 – 13 days in certain inbred strains (Fox  et al.  
 2002 ).  

  Nesting 

 As parturition approaches, female mice build a nest and 
spend time huddled in it. Thus, pregnant female mice 
should be provided with nesting material, such as soft paper 
(see housing section), which does not dehydrate the 
neonates.  

  Parturition 

 During the last 2 days of gestation, the female ’ s nipples 
become prominent, mammary glands become distended 
and a slight mucus discharge from the vagina may be 
observed. Foetal movement that is obvious through the 
abdominal wall of the dam and foetal descent into the pelvic 
inlet are usually indicative of parturition within 12   h. The 
majority of births occur during the dark period. 

 Mice are born in either an anterior or posterior presenta-
tion. The female mouse normally walks around the cage 
during labour and delivery. After the pup is born, the female 
retrieves it, cleans it and places it in the nest. Pups and pla-
centas are delivered simultaneously. Several minutes may 
elapse between the delivery of successive pups. Some 
females do not retrieve pups when they are born, but wait 
and retrieve them in groups. Primiparous females are more 
likely to reject litters than multiparous females. 

 Cannibalism of handled newborn mice can be minimised 
by ensuring that neonates are warm and free of blood and 
rubbed with bedding material from the home cage when 

comfort and to absorb moisture. Food can be provided as 
pellets, and water as  ‘ solid ’  water, eg, agar, apples or pota-
toes or commercially available gel in the cage (see also 
Chapter  13 ).    

  Breeding 

  Selection of  b reeding  s tock 

 The primary objective of a good breeding programme is to 
produce the maximum number of quality mice at the lowest 
cost. Selecting breeding stock is important for the consistent 
production of healthy and fertile animals. The criteria for 
the selection of breeding stock may include the following 
(Buckland  et al.   1981 ): 

   •      The female parent should have a good overall 
breeding record and should not be prone to killing her 
young.  

   •      The animals should be in good health and show no 
deformities.  

   •      If possible, animals should not be selected from the fi rst 
or second litters as they are usually small and do not 
refl ect the size and standard of future litters.  

   •      Animals should be selected from litters showing 
an average litter size for the strain, average 
weaning weight for the strain and equal sex ratio within 
litters.  

   •      The parent animals should not be aggressive when 
handled.     

  Condition of  a dults 

 Ovarian follicle development begins at 3 weeks of age and 
matures by 30 days (see Reproduction section). Vaginal 
opening and the fi rst oestrus may occur at 24 days of age, 
but complete sexual maturity is usually delayed until 7 – 9 
weeks of age. For reproductive and developmental data see 
Table  21.1 . The stages of the oestrous cycle can be identifi ed 
by external appearance of the vaginal orifi ce or by examina-
tion of vaginal smears using a moistened cotton wool swab.  

  Mating  s ystems 

  Monogamous  p airs 
 Male and female remain together throughout their breeding 
life. The advantage is that the post - partum oestrus (oestrus 
immediately after the birth of the young) can be used, but 
the system requires more space and labour (one cage per 
breeding pair). It is, however, the system of choice for 
inbreeding.  

  Trios 
 Three animals (one male and two females) are kept together 
throughout their breeding life. The advantage is that the 
system is suitable for inbreeding and outbreeding and more 
animals can be housed per cage (although there must be 
enough space to house three adults plus two litters). One 
potential disadvantage is that, when both females produce 
offspring simultaneously, it may be unclear which female 
produced which young.  
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     Figure 21.12     Mother with newborn mice.  (Photo: T.P. 
Rooymans.)   

  Table 21.2    Characteristics of mice from birth to 4 weeks of age. 

   Age     Characteristics  

  Birth    Blood - red skin colour  

  1 day    Lighter red skin colour. Milk visible in 
stomach (Figure  21.13 )  

  2 days    Lighter skin colour. Ears fl at against 
head  

  3 days    Ear elevated about 45    °  away from head, 
ears open  

  4 days    Ears elevated 90    °  away from head  

  5 days    Skin thicker. Milk no longer visible in 
stomach  

  6 days    Fur starts as a fi ne stubble over back 
(Figure  21.14 )  

  7 days    Complete coat of fi ne fuzzy fur is 
visible  

  8 days    Lower incisors visible, but not erupted  

  9 days    Inguinal nipples visible in female  

  10 days    Lower incisors erupted  

  11 days    Upper incisors erupted  

  11 – 12 days    First solid food intake  

  11 – 14 days    Eyelids open. Slit - like palpebral opening  

  3 weeks    Oval palpebral opening, fi ne soft fur  

  4 weeks    Round palpebral opening, smooth fur  

  4 – 5 weeks    Vagina opens  

they are returned to the nest; sedation of the dam may also 
be considered.  

  The  y oung 

 The newborn mouse is relatively immature with closed eyes 
and ears and no fur (Figure  21.12 ). The development of 
external characteristics can be used to estimate the age of 
young mice (Table  21.2 ).     

 Maternal care can account for about 70% of the variation 
in body weight of neonatal mice. Milk production increases 
up to 12 days post - partum, and then declines until weaning 
at about 21 days. Transmission of passive immunity after 
birth by colostral antibodies has been demonstrated to a 
wide variety of antigens, including viruses, bacteria and 
parasites. Antibodies continue to be secreted in the milk 
throughout lactation (Fox  et al.   2002 ). Milk uptake in 
newborn mice can be checked by looking at the  ‘ milk spot ’ , 
the milk - fi lled stomach of the young, showing through the 
furless skin of the belly. 

 Hand rearing of orphan or rejected newborn mice is not 
easy because of their small size, 4   h feeding schedule and 
susceptibility to temperature fl uctuation. If the dam dies or 
lactation fails when the litter is about 14 days of age, placing 
a moistened or soft diet and water in the cage may improve 
survival of the pups. A powdered diet can be made by 
grinding pelleted mouse food and a soft diet can be made 
by soaking the pelleted feed in water. Small petri dishes 
make good disposable food or water containers. By 18 – 19 
days of age, small pieces of pelleted food should replace part 
of the powdered or soft diet. By 21 – 24 days of age, normal 
pelleted food can be provided if the mice are able to reach 
the feeder. 

 Fostering newborn mice to other lactating females may be 
used for hysterectomy - derived neonates, when the dam has 
died or in certain teratological studies. The foster mother 
should deliver her litter 1 – 4 days before the anticipated birth 
of the litter that will be fostered. The foster mother is 
removed from her nest and placed in a separate cage. Her 
litter and the litter to be fostered are mingled together. The 
litter to be fostered is placed in the nest after being rubbed 

with soiled bedding material and the foster mother ’ s litter 
removed. The foster mother is then returned to her cage but 
a few of the mother ’ s pups may be left in the nest if the litter 
to be fostered contains only two or three pups and if each 
litter can be identifi ed by, for example, coat colour. This 
procedure ensures that the litter size is adequate to maintain 
lactation. Research protocols may require partial exchange 
of litters between lactating female mice (cross - fostering). 
Age differences between litters to be cross - fostered should 
not exceed 4 days, and preferably should be only 1 – 2 days, 
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minerals are added. The source of fat is usually vegetable 
oil, while protein sources include fi sh meal, milk solids and 
soybean meal. Nutrient concentration can vary considerably 
as a consequence of changes in the source of ingredients 
used in the manufacturing of the diet, as nutrient concentra-
tions of natural ingredients are not fi xed. 

 Chemically defi ned diets are often used in nutritional or 
toxicology studies. Chemically defi ned diets are formulated 
with pure chemicals, eg, individual amino acids replace 
whole proteins, which make the diets expensive. Purifi ed 
diets are formulated with a combination of natural ingredi-
ents, pure chemicals and ingredients of varying degrees of 
refi nement, for example, protein may be supplied as casein. 

 Mouse diets can be provided in pellet (compressed or 
expanded), meal and semi - moist or gel form. Pelleted diets 
are easy to feed and have minimal waste compared to the 
other forms of diets. Meal diets are used when test com-
pounds must be added to the diet. The animals may waste 
large amounts and the diet has to be fed in the cage. Meal 
diets may be pelleted after the test compound is added if the 
compound is not heat -  or moisture - sensitive. Gel - form diets 
are made by mixing equal parts agar and meal. These diets 
are often used in toxicological studies where it is important 
to incorporate dusty or highly toxic test compounds. Gel 
diets are easily contaminated by bacteria and should be 
stored under refrigeration. 

 Standard laboratory diets for mice are usually formulated 
either for maintenance of adult mice or for growth and 
reproduction. Maintenance diets are usually lower in fat 
(4 – 5%) compared to growth and reproduction diets (7 – 11%). 
Minimum protein levels range from 12 – 14% for mainte-
nance and 17 – 19% for reproduction. Breeding female mice 
may be undernourished if fed on a maintenance diet, while 
adult mice that are not breeding may become overweight if 
maintained on growth and reproduction diets. 

 Different inbred strains of mice vary in their dietary 
requirements of protein, vitamins and minerals. Rapidly 
growing young mice and pregnant or lactating female mice 
have higher energy requirements than adult mice. Mice 
reared under germ - free or gnotobiotic conditions require 
higher dietary levels of B 12  and K vitamins in order to 
compensate for losses during sterilisation of the diet and 
for the absence of B and K vitamin synthesis by intestinal 
microfl ora. SPF mice have additional requirements for 
vitamin K. The effi ciency of feed utilisation can be 
altered by the number of mice per cage. Mice caged in 
groups of six to eight use food more effi ciently than mice 
caged in smaller groups or caged individually (Cunliffe -
 Beamer  &  Les  1987 ). 

 The diet is a potential source of micro - organisms that can 
be pathogenic to laboratory animals. Food for gnotobiotic 
animals must be sterilised by either autoclaving or by 
gamma - radiation; food for SPF animals is also usually steri-
lised. Autoclaving causes some destruction of most of the 
vitamins and may denature proteins and cause the pellets to 
stick together (this situation can be improved by treating the 
pellets with talc powder). Irradiation is less damaging, 
although it causes some loss of vitamins, particularly vitamin 
K. Losses on irradiation are much greater in the presence of 
water, therefore moist diets or aqueous solutions should not 
be sterilised by gamma - radiation (Beynen  et al.   2001 ).   

     Figure 21.13     Young mouse, age 5 days. Note the milk spot. 
 (Photo: T.P. Rooymans.)   

     Figure 21.14     Young mice, aged 14 days and 6 days.  (Photo: T.P. 
Rooymans.)   

because larger, older pups will crowd out smaller younger 
pups as they compete for milk. 

 Mice are normally weaned at 3 weeks, when they start to 
eat pelleted food.    

  Feeding 

  Laboratory  d iets 

 The health status, performance and metabolism of experi-
mental animals are infl uenced by the composition of the diet 
and the feeding practice. Thus, nutrition not only affects the 
well - being of the animals but also the outcome of experi-
ments (see Beynen  et al.   2001  and Chapter  14 ). 

 Diets for laboratory animals are classifi ed according to the 
degree of refi nement of the ingredients and are known as 
natural ingredient, purifi ed or chemically defi ned diets. The 
most commonly used diets for laboratory mice are natural 
ingredient diets. In these diets, a minimum of processing is 
performed on the ingredients. Natural ingredient laboratory 
diets for mice are usually based upon one or more cereals 
or cereal by - products to which fats, protein, vitamins and 
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     Figure 21.15     Lifting a mouse from the cage.  (Photo: T.P. 
Rooymans.)   

  Water 

 Drinking water is a potential source of pathogenic organ-
isms, metals and organic chemicals. The type and amount 
of contamination will depend on the source of the drinking 
water. Tap water is not sterile and quickly becomes contami-
nated with even more bacteria after the bottle is placed on 
the cage. Water bottles may be contaminated if they are 
improperly washed or drinking tubes or bottles are in 
contact with saliva and faeces. Some mice push faeces and 
bedding into the drinking tube. 

 Water bottles and drinking tubes can be sources of 
 Pseudomonas aeruginosa  and other coliform bacteria.  P. aeru-
ginosa  kills mice that have been immunosuppressed (by irra-
diation or other means) and has been associated with otitis 
media and encephalitis in recently shipped mice. Autoclaving 
fi lled water bottles and drinking tubes eliminates bacterial 
contamination arising from the source of the water or from 
ineffectively washed bottles or tubes; however, autoclaving 
does not prevent in - use contamination of the water. Bacterial 
contamination can be controlled by acidifi cation (pH 2 – 3) or 
chlorination (15 – 20 parts per million active chloride). 

 The concentration of metals and organic chemicals in 
drinking water will vary with the source and type of pipe 
used to transport the water. Trace elements and heavy 
metals and organic chemicals can be sources of contamina-
tion or confounding variables in nutritional or toxicological 
experiments. Chemical contaminants can be removed by 
reverse osmosis, deionisation or microfi ltration.  

  Laboratory  p rocedures 

  Handling and  r estraint 

 Mice can be caught inside the cage by grasping the base of 
the tail with the thumb and index fi nger; they can be picked 
up by the tail and transferred to, for example, a clean cage 
(Figure  21.15 ). When holding a mouse by the tail, its weight 
should be supported on a surface such as the opposite arm 
or cage lid rather than allowing it to dangle. The tail must not 
be held by the tip as this may cause the skin to be sloughed 

off. However, J.L. Hurst and colleagues (data in preparation) 
have recently reported that mice picked up and held by the 
tail (while supporting their weight on the arm or hand) sub-
sequently attempt to avoid contact with the handler and 
show much stronger anxiety in standard tests than those 
picked up and held by one of three alternative methods for 
routine handling: cupped directly on the open hand, handled 
indirectly in a home cage tunnel or picked up in a tunnel and 
transferred to the open hand. They report that mice handled 
using these alternative methods rapidly become tame to 
human contact, spending much time voluntarily interacting 
with the handler after only a few handling experiences as 
well as showing low anxiety in standard tests. If the animal 
needs to be restrained, it should be placed on a rough surface, 
such as the cage lid. The loose skin of the neck between the 
ears can be held between thumb and index fi nger of the other 
hand (Figure  21.16 ). The mouse is lifted and the tail is secured 
between the fourth or fi fth fi nger and the palm of the hand. 
This technique leaves one hand free for injections or other 
procedures (Figure  21.17 ).   

 One should be careful not to pull the skin too tightly, as 
the mouse may be choked. One should always watch the 
colour of the mucous membranes of the nose and mouth for 
that reason. Neonatal mice (less than 2 weeks of age) are 
picked up by grasping the loose skin over neck and shoul-
ders with thumb and index fi nger. 

 Strains of mice differ in temperament. Some strains are 
very calm and rarely try to bite or escape, for example 
BALB/c, while others are  ‘ nervous ’  and can jump  ‘ like 
popcorn ’ , such as C57BL. All mice go through a  ‘ jumpy ’  
stage at about 3 weeks of age. Working with mice should 
always be done quickly, quietly and gently. 

 Plastic or metal devices to restrain mice for procedures 
such as tail vein injections, blood pressure measurements or 
irradiation can be manufactured (Figure  21.18 ). Training 
mice to be handled might reduce stress, by using alternative 
handling techniques that avoid picking up mice by the tail 
and encourage voluntary interaction with the handler (see 
earlier in this section). However, restraint will always cause 
more or less stress (Meijer   2006 ).   

 Unnecessary disturbance or manipulation of a post - 
parturient female and her litter should be avoided for the 
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     Figure 21.16     Restraint of a mouse.  (Photo: T.P. Rooymans.)   

     Figure 21.17     Restraint of a mouse.  (Photo: T.P. Rooymans.)   

     Figure 21.18     Plastic device for restraining mice.  (Photo: T.P. 
Rooymans.)   

fi rst few days following birth. If handling of neonates cannot 
be avoided, the risk of cannibalism or rejection of the litter 
can be reduced by gentle handling of the dam and offspring, 
placing the dam in a separate cage while the litter is being 
handled, and wearing plastic gloves in order to prevent the 
neonates from acquiring human scent. Rubbing the pups 
with bedding material from the home cage when they are 
returned to the nest can also reduce the risk of cannibalism.  

  Physiological  m onitoring 

  Recording  b ody  t emperature 

 The rectal temperatures of healthy mice vary in the range 
36.5 – 38    ° C and can be measured by inserting a thermocouple 
into the rectum. Rectal temperature is infl uenced by envi-
ronmental temperature, age, strain and stress (eg, restraint). 

Core temperature can also be measured by using telemetry. 
Although the transmitter, which has to be placed in the 
abdominal cavity, is still rather big for a mouse, it has been 
shown that behaviour and bodyweight return to normal 
within 10 days after implantation (Baumans  et al.   2001a ). 
This method has already been used to record mouse core 
temperature, heart rate and activity. Once the device has 
been implanted, measuring seems to be a stress - free method 
in the freely moving animal (Kramer  et al.   1993 ; Meijer  et al.  
 2006 ).  

  Collection of  s pecimens 

  Collection of  b lood 
 General advice on blood sampling can be found in JWGR 
( 1993 ). The total volume of blood in a living mouse is rather 
constant and is about 8% of its body weight. If the volume 
of a sample withdrawn exceeds 10% of the total blood 
volume, hypovolaemia and cardiovascular failure ( ‘ shock ’ ) 
may occur. As a general rule, a maximum of approximately 
8   ml/kg bodyweight of blood can be removed from a live 
mouse every 2 weeks (Baumans  et al.   2001b ; Pekow  &  
Baumans  2002 ). Blood samples can be obtained from various 
sites of the body, using a variety of methods. The choice of 
the method will depend upon several factors, such as the 
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   •      Arterial blood can be obtained from the abdominal 
aorta, brachial artery or carotid artery under 
anaesthesia.  

   •      Puncture of the orbital blood vessels. For this procedure 
the anaesthetised animal is fi rmly held by the skin at 
the nape of the neck, which causes distension of the 
jugular vein. A fi ne glass tube or a Pasteur ’ s pipette is 
then placed at the inner canthus of the eye and gently 
advanced alongside the globe into the vessels. The tube 
ruptures the vessels and blood can be withdrawn by 
capillary action. Contamination with tissue fl uids and 
porphyrins from the Harderian gland can occur. It is 
not possible to take sterile blood samples using this 
method. Also complications, such as haemorrhage, 
infl ammation and blindness, may occur, especially 
when the same eye is used repeatedly. Moreover, this 
technique may be aesthetically unpleasant for the oper-
ator to perform. For these reasons, this method is not 
considered acceptable in some countries (Baumans  et al.  
 2001b ) and is generally not recommended. However, 
the extent of trauma is proportional to the skill of the 
technician.  

   •      Submandibular bleeding from the facial vein (Golde  et 
al.   2005 ). This technique is now getting more popular; 
however, it should be performed under anaesthesia and 
haemorrhage or damage of the facial nerve and artery 
may occur.  

   •      Cardiac puncture. In this method, blood is collected 
directly from the ventricle of the heart of the anaesthe-
tised animal. Puncturing the atrium can be dangerous, 
due to the risk of leakage into the pericardium, result-
ing in cardiac arrest and death. When the animal has to 
survive the procedure, these risks must be taken into 
account.  

   •      Implantation of indwelling cannulae can be used 
when repeated blood sampling is required. The ind-
welling catheter can be implanted via the jugular vein 
into the cranial vena cava and exteriorised at the top of 
the head, where it is secured with screws and acrylic 
glue or between the shoulders. The catheter ’ s dead 
space is usually fi lled with with a substance containing 
heparin.  

   •      Exsanguination. To obtain the maximum amount of 
blood, decapitation can be performed using a guillotine 
or scissors, or by puncturing the aorta under anaesthe-
sia. In this way about 30   ml/kg body weight or up to 
50% of the total blood volume can be obtained. 
Exsanguination is also possible by removing the eyeball 
under anaesthesia and collecting blood from the eye 
artery.     

  Collection of  f aeces and  u rine 
 Mice often urinate and/or defecate purely as a result of 
being handled, which may provide the opportunity for col-
lecting small samples of urine and faeces. Placing the animal 
in a plastic bucket will result in urination and urine can be 
collected with a syringe (van Loo  et al.   2003 ; Meijer  et al.  
 2006 ). Metabolic cages must be used for the quantitative 
collection of urine and faeces. The animals are housed on a 
grid above a funnel in which the urine and/or faeces are 
collected and separated (Figure  21.21 ).    

purpose of blood collection (arterial, venous or a mixture of 
the two), the duration and frequency of sampling and 
whether or not it concerns a terminal experiment. Samples 
obtained from various methods will not be identical with 
respect to cellular or other constituents. Anaesthesia may be 
required for some methods. 

 Blood samples can be collected from various sites: 

   •      Small volumes of blood (for example for a smear) may 
be obtained by snipping off the very tip of the tail, 
which will result in a mixture of venous and arterial 
blood, together with tissue fl uid. This method is suita-
ble when small samples are required every few hours. 
The scab on the tail wound can easily be removed.  

   •      The lateral tail vein can be punctured with a 0.6 – 1.0   mm 
needle after warming of the tail in warm water, under 
a heating lamp or in a climatic chamber (Figure  21.19   ). 
The mouse can be anaesthetised or placed in a restrain-
ing device. The ventral tail artery can be used in the 
same way. Using razor blades to cut the vein may 
prolong bleeding and create scar tissue, but the yield 
may be higher.  

   •      The lateral saphenous vein can be punctured in the 
restrained mouse in the same way (Figure  21.20   ).  

   •      Blood can be aspirated from the jugular vein, mostly by 
surgical exposure of the vein under anaesthesia, which 
provides a sterile blood sample.  

     Figure 21.19     Lateral tail vein.  (Photo: T.P. Rooymans.)   

     Figure 21.20     Lateral saphenous vein.  (Photo: T.P. Rooymans.)   
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ing water, which is not very accurate and impossible when 
the substance is unpalatable, insoluble or chemically unsta-
ble. To stimulate the consumption of, for example, medi-
cines or other substances, these can be administered in fat 
drippings, raspberry cream, yoghurt sweets or chocolate 
which are highly appreciated by mice. 

 Administration via a stomach/oesophageal tube is more 
accurate and can be performed by a curved needle with a 
blunt end (external diameter 0.8   mm), such as an infant lac-
rimal sac canula (Figure  21.22 ). The mouse is held fi rmly by 
the scruff whilst passing the needle along the palate into the 
oesophagus. The animal should be allowed to  ‘ swallow ’  the 
needle. As the head is directed upwards, the risk of entering 
the trachea is minimal. The maximum volume to be admin-
istered should be 0.25 – 0.5   ml.    

  Parenteral  a dministration 
 Parenteral administration refers mainly to injections. The 
most frequently used injection techniques in the mouse are: 

   •      Subcutaneous (sc): usually under the skin of the neck 
using a 0.45   mm needle (26G). Resorption of the sub-
stance is slow. Maximum volume to be administered is 
0.25 – 0.5   ml (Figure  21.23   ).  

  Collection of  m ilk 
 Mouse milk can be collected using milking  ‘ machines ’  with 
single or multiple teat cups. Prior to milking, the lactating 
female is separated from her litter for 8 – 12   h. Then, the 
mammary glands are washed with warm water and the 
mouse may be injected subcutaneously with oxytocin to 
stimulate milk fl ow.  

  Collection of  s perm 
 Sperm for artifi cial insemination is usually obtained from 
the epididymides of a recently killed male mouse. However, 
electroejaculation of male mice has been described. A bal-
anced salt solution with glucose should be used to dilute 
mouse semen (Cunliffe - Beamer  &  Les  1987 ; Hedrich  &  
Bullock  2004 ).    

  Administration of  s ubstances 

  Dosing and  i njection  p rocedures 

 General advice on the administration of substances can be 
found in JWGR ( 2001 ). Three methods for the administration 
of substances can be distinguished: via skin, enteral and 
parenteral (Baumans  et al.   2001b ). 

  Application to  s kin or  m ucous  m embranes 
 The substance is applied in solution or as ointment on 
shaven skin or mucous membranes. This method is inac-
curate and may cause discomfort to the mouse if the sub-
stance is irritating.  

  Enteral  a dministration 
 Enteral administration means that the substance is brought 
into the gastrointestinal tract orally through food or drink-

     Figure 21.21     Metabolism cage with food hopper, water bottle and 
funnel.  (Photo: T.P. Rooymans.)   

     Figure 21.22     Administration of substances via stomach/
oesophageal tube.  (Photo: T.P. Rooymans.)   

     Figure 21.23     Subcutaneous injection under the skin of the neck. 
 (Photo: T.P. Rooymans.)   
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   •      Avoid air bubbles in the injection fl uid (which can cause 
embolism).  

   •      The injection fl uid must be brought to room or body 
temperature prior to use.  

   •      Some injection fl uids can cause tissue irritation, for 
example, high or low pH, and should therefore be 
administered after having been diluted with saline. 
These substances should, preferably, be given intrave-
nously, as they quickly become diluted in the blood. 
When using the ip route, dilution also occurs, but there 
is a risk of peritonitis (Baumans  et al.   2001b ).       

  Anaesthesia and  a nalgesia 

 The principles of anaesthesia/analgesia and an overview of 
substances and dosages are described by Flecknell ( 1996 , 
 2009 ). Pain occurring during surgical procedures can be pre-
vented by the use of appropriate anaesthetic techniques. 
Most anaesthetics affect many body systems, and so may 
interact with experiments. To minimise such interactions, 
anaesthetic regimens should be selected with care, by con-
sidering the pharmacology of the drugs involved. 
Uncontrolled pain may interact with the experimental 
procedures. 

 A variety of anaesthetics can be used, depending on the 
type, duration and purpose of the experiment, strain and 
age of the mouse and the skill of the personnel. An ideal 
anaesthetic should induce a stable anaesthesia, be easy to 
administer, not infl uence physiology, be reversible and be 
safe for the animal and personnel. 

 General anaesthesia can be produced by inhalational 
agents such as halothane, isofl urane and ether. (The latter is 
generally not recommended and banned in some countries 
for the irritant properties to mucous membranes and the 
induced excitation which is unpleasant for the animal. Its 
explosive properties also make it a safety hazard.) Anaesthesia 
can also be produced by injectable agents such as pentobar-
bitone, ketamine and fentanyl/fl uanisone plus midazolam. 

 Personnel anaesthetising mice with volatile anaesthetics 
should be aware of the hazards associated with prolonged 
exposure to these agents. The facemasks that are used to 

   •      Intramuscular (im) injections are usually avoided in the 
mouse because of its small muscle mass. If necessary, 
intramuscular injections of 0.05   ml or less may be made 
into the lateral thigh muscles using a 0.40   mm needle 
(27G). The tip of the needle should be directed away 
from the femur and sciatic nerve.  

   •      Intraperitoneal (ip) injections may cause damage to the 
internal organs. To avoid the urinary bladder the injec-
tion should be given slightly off the midline. The needle 
should neither be inserted horizontally (between the 
skin and the abdominal wall) nor vertically (risking 
damage to the kidney). The injection should be given in 
the lower left or right quadrant of the abdomen. There 
is a slight risk of causing damage to the intestines 
(mainly due to their mobility) (Figure  21.24   ). To be sure 
the procedure has been carried out properly, the 
plunger must be retracted to determine whether any 
urine, intestinal contents or blood have been aspirated. 
The maximum volume to administer is 0.5 – 1.0   ml with 
a 0.45   mm needle (26G) (Baumans  et al.   2001b ; Pekow  &  
Baumans  2002 ).  

   •      Intravenous (iv) injection into the tail vein is usually the 
fastest and most accurate method, but requires more 
technical skill. The maximum volume to administer as 
bolus is 0.125   ml with a 0.45   mm (26G) or 0.50   mm (25G) 
needle. For preparation of the vein see section Collection 
of blood.    

 Points of special attention when carrying out these proce-
dures are: 

   •      Use clean, sharp, short and sterile needles.  
   •      Use an appropriate needle size. A thin needle causes 

less pain and prevents the fl uid from fl owing back. The 
required thickness of the needle (gauge) will depend 
upon the viscosity of the fl uid. When using very thin 
needles, there is a risk of cracking. On the other hand 
larger needle sizes for viscous injections require shorter 
injection time and because of shorter restraint time 
appear to be less distressing to the animal (Barclay  et al.  
 1988 ).  

   •      Never inject more fl uid than the recommended 
maximum volume.  

     Figure 21.24     Intraperitoneal injection.  (Photo: T.P. Rooymans.)   
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   •      the righting refl ex: the animal turns over to a position 
on its feet after being placed on its back;  

   •      the pedal withdrawal refl ex, when a digit or interdigital 
skin is pinched;  

   •      movement of whiskers and ears in response to a puff of 
air.    

 Opthalmic ointment or artifi cial tears should be used to 
prevent drying of the cornea during anaesthesia. 

 Post - operative pain, and pain occurring as a result of non -
 surgical experimental procedures, can be alleviated by the 
administration of analgesics. In order to control pain effec-
tively, it is essential to be able to assess the degree of pain 
that is being experienced by the animal. Post - operative care 
should be provided. This is likely to include: analgesics and 
fl uids; a quiet, warm place, such as an incubator, intensive 
care unit or a cage provided with a heating pad or lamp to 
maintain body temperature; and observation and attention 
by skilled personnel. Monitoring of urine output and defeca-
tion gives an indication of the hydration status and condi-
tion of the gastrointestinal tract, respectively. Behavioural 
scoring systems and food and water intake can be used in 
the assessment of pain in the animal post - operatively. 
Twitching, fl inching, stretching, reduced climbing and loco-
motion can be seen (Baumans  et al .  1994 ; Baumans  &  Brain 
 2001 ; Roughan  &  Flecknell  2003 ; van Loo  et al.   2007 ; National 
Research Council  2008 ) and reduced nest building can be 
observed (Arras  et al.   2007 ; van Loo  et al .  2007 ). It has been 
demonstrated in humans that effective analgesia reduces the 
time needed for post - operative recovery (Flecknell  1996 ; 
Hellebrekers  et al.   2001 , see also Flecknell  2009 )). 

 The following analgesics can be used in the mouse 
(Flecknell  1996 ; Hellebrekers  et al.   2001 ): 

   •      non - steroidal anti - infl ammatory drugs (NSAIDs), such 
as carprofen (5   mg/kg sc, 12 hourly), aspirin (120   mg/
kg per os 4 hourly) and fl unixin (2.5   mg/kg sc, im, 12 
hourly);  

   •      opioid analgesics, such as buprenorphine (0.05 – 0.1   mg/
kg sc, 12 hourly).    

 Surgical procedures in mice require aseptic conditions 
(sterile instruments, cap, mask, gown and gloves). The 
mouse ’ s hair can be removed by shaving and the skin 
decontaminated with 70% alcohol or povidone – iodine. 
Tissues should be handled using a  ‘ no touch ’  technique. This 
means that only the tips of the surgical instruments touch 
the mouse and surgical instruments are returned to a sterile 
surface between successive procedures.  

  Endpoints 

 It is important to determine humane endpoints (the humane 
killing of animals at a stage that the fi rst signs of approach-
ing death are recognised). The animal would benefi t, as 
unnecessary suffering is avoided or reduced, and also 
researchers would benefi t as the scientifi c results would be 
more valid, data being less variable and timely collection of 
samples being scheduled. Clinical signs that can help to 
determine humane endpoints are rapid weight loss (15 –
 20%), prolonged diarrhoea, nasal discharge, coughing, neo-
plasia accounting for 10 – 20% bodyweight, self - mutilation, 

administer inhalant anaesthetics to mice usually leak the 
anaesthetic agent into the surrounding environment. The 
exposure to personnel can be reduced by placing the anaes-
thetic apparatus inside a fume hood or preferably by ducting 
the vapours to the outside using a suitable scavenging 
system. 

 The following are recommended for anaesthetising 
mice (see also Flecknell  (2009) ): 

   •      Fentanyl/fl uanisone (Hypnorm, Janssen) (0.4   ml/kg ip) 
with midazolam or diazepam (5   mg/kg ip). When using 
midazolam the components are mixed with water for 
injection. This anaesthetic mixture provides anaesthesia 
for 30 – 40 minutes and can be reversed partially by nal-
buphine (4   mg/kg ip or sc).  

   •      Ketamine (75   mg/kg ip) can also be used in a mixture 
with medetomidine (1.0   mg/kg ip), mixed in one 
syringe. This combination can be partially reversed by 
atipamezole (1   mg/kg sc). Another combination is keta-
mine (80 – 100   mg/kg ip) and xylazine (10   mg/kg ip) 
administered together as a single ip injection and 
reversed by atipamezole (1   mg/kg sc). Both of these 
mixtures provide moderate anaesthesia for 20 – 30 
minutes, but are often insuffi cient for major surgery 
(Flecknell  1996 ).  

   •      Pentobarbital is not a drug of choice in major surgery 
on account of its inadequate analgesic properties. When 
it is used, it should be administered at a dosage of 40 –
 50   mg/kg ip. Overdosage or underdosage occur fre-
quently (Flecknell  1996 ) and dilution may be useful to 
prevent peritoneal irritation.  

   •      Inhalation anaesthesia can be achieved with halothane, 
isofl urane or enfl urane using an anaesthetic chamber. 
Atropine (0.04   mg/kg sc, ip) can be administered to 
reduce salivation.    

 Local anaesthetics are used for anaesthesia of specifi c parts 
of the body, while the animal remains conscious. Local 
anaesthesia in the mouse is usually restricted to: 

   •      surface anaesthesia, where the local anaesthetic is 
applied to the skin or mucous membranes as a gel, 
spray or cream;  

   •      local infi ltration of a local anaesthetic into the deeper 
layers of tissue, which can be used for procedures such 
as skin biopsies.    

 The most frequently used local anaesthetic agents are pro-
caine, lidocaine and bupivacaine. 

 Before inducing anaesthesia, the animal should be in good 
health and suffi ciently acclimatised to an experimental envi-
ronment. Pre - anaesthetic fasting is unnecessary and unde-
sirable in mice (Hellebrekers  et al.   2001 ) as they show no 
vomit response. Anaesthetised mice should be placed in 
their cages in a lateral or ventral recumbent position with 
the head slightly extended. This position minimises aspira-
tion of salivary secretions and reduces the intrathoracic 
pressure caused by abdominal viscera pressing against the 
diaphragm. If prolonged surgical procedures or recovery 
periods are anticipated, sterile physiological saline or bal-
anced salt solutions should be administered sc or ip (0.5 –
 1   ml per 15 – 25   g body weight). 

 The depth of anaesthesia can be estimated by: 
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   •      Sodium pentobarbital, iv or ip. The agent should be 
diluted for ip injection to prevent irritation and pain to 
the peritoneum.    

 Killing methods acceptable for use in unconscious mice 
include rapid freezing, exsanguination or potassium chlo-
ride injection. 

 If a foetus is removed from the anaesthetised mother, it 
may be killed by decapitation. Foetuses not anaesthetised 
prior to removal from the mother may be killed by rapid 
cooling in liquid nitrogen. Newborn mice can be killed by 
stunning or decapitation (EC Working Party reports on 
euthanasia of experimental animals  1996, 1997 ).  

  Common  w elfare  p roblems 

  Disease 

  Signs of  d isease 

 Signs associated with disease include withdrawal from the 
group, hunched - up position, ruffl ed fur, sunken eyes, 
reduced growth rate, emaciation, diarrhoea,  ‘ chattering ’  (a 
clicking sound associated with severe respiratory infec-
tions), laboured breathing, cyanotic or pale extremities, 
reduction in the number of offspring born or weaned, reduc-
tion in the number of breeding pairs producing offspring or 
increased mortality (Figure  21.25 ). However, many infec-
tious diseases of mice cause few, if any, obvious signs of 
disease. These latent infections can have a signifi cant impact 
on experiment results, as they do not cause clinical signs in 
infected mice, but they can alter histology or immune 
responses.  Pseudomonas aeruginosa  can be present in the 
intestine of mice without any apparent ill effects. However, 
if these same mice are irradiated or subjected to other immu-
nosuppressive procedures,  P. aeruginosa  can cause a fatal 
septicaemia.   

 The signs associated with an infection, especially 
viral infections, vary depending upon strain, age and 
microfl ora of the mouse, previous exposure of the mouse 
to the infectious agent and the strain of the infectious 
agent. 

 To make a correct diagnosis of a disease, specifi c skills and 
experience in pathology and related disciplines including 
microbiology are needed. A complete diagnostic examina-
tion should include the history of the disease (sex, age, 
strain, microbiological status, source, use, performed proce-
dures), environment, clinical signs, such as general condi-
tion, respiratory system, circulatory system and locomotion; 
also additional information from blood samples, urine, 
skin scrapings etc,  post - mortem  and microbiological exami-
nation (eg, histology, detection of antibodies) (van Dijk  et al.  
 2001 ).  

  Common  d iseases 

 Tables  21.3 ,  21.4  and  21.5  contain lists of the major viral, 
bacterial and parasitic infections of mice. Specialists in labo-
ratory animal medicine should be consulted to develop a 
disease - control programme.    

central nervous system signs, severe ulceration or bleeding, 
drop in body temperature  > 4    ° C, inability to ambulate, 
laboured breathing and cyanosis. A pilot study may help 
specify humane endpoints in particular experiments 
(Baumans  et al.   1994 ; Hendriksen  &  Morton  1999 ; Morton  &  
Hau  2003 ).   

  Euthanasia 

 Mice are killed in the laboratory at the end of an 
experiment, to provide blood and other tissues, to counter 
suffering when it exceeds an acceptable level, when they are 
no longer suitable for breeding or when there is surplus 
stock. 

 The 1986 Council Directive of the EEC on the protection 
of animals used for experimental and other scientifi c pur-
poses (86/609/EEC) requires humane killing of experimen-
tal animals, with a minimum of physical and mental 
suffering. Methods of euthanasia should be painless, achieve 
rapid unconsciousness and death, require minimum 
restraint, avoid excitement, be appropriate for the age, 
species and health of the animal, must minimise fear and 
psychological stress in the animal, be reliable, reproducible, 
irreversible, simple to administer and safe for the personnel 
and (if possible) aesthetically acceptable. It is important that 
personnel are trained and experienced in recognising and 
confi rming death in the animals (EC Working Party reports 
on euthanasia of experimental animals  1996, 1997 ). 

 Acceptable methods of euthanasia in mice are: 

   •      Stunning by a blow on the head, followed by 
exsanguination.  

   •      Cervical dislocation, in which the cervical vertebrae are 
separated from the skull using a pencil or similar placed 
in the neck and followed by a pull on the tail base.  

   •      Decapitation, by guillotine or scissors although this 
method is still under discussion with regard to the 
onset of unconsciousness.  

   •      Inhalational anaesthetics such as halothane, enfl urane 
and isofl urane in overdose.  

   •      Carbon dioxide  > 70%, which may cause excitation and 
stress, due to irritation of the mucous membranes and 
the induced hypoxia. The animal is placed in a chamber 
either prefi lled with the gas, which will cause a short -
 lasting distress, but seems to result in a rapid loss of 
consciousness, or exposed to rising concentrations 
which seem to cause less distress but prolong con-
sciousness. The optimal fi lling rate is still uncertain and 
prefi ll and rising concentrations both can cause welfare 
problems. However, rats exposed to carbon dioxide in 
their home cage instead of in a gas chamber did not 
show signs of distress (Hackbarth  et al.   2000 ). There is 
still some discussion as to whether the addition of 
oxygen to high carbon dioxide concentrations contrib-
utes to the animal ’ s welfare; it may reduce but not over-
come welfare problems. It is also possible that high 
oxygen would prolong consciousness. It is clear that 
further studies are needed in this respect (Newcastle 
Consensus meeting on Carbon Dioxide Euthanasia of 
Laboratory Animals  2006 ).  
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 Stereotypies can be defi ned as repeated, simple behav-
ioural patterns, which seem to be meaningless and are 
typical of the individual animal, such as circling movements 
or constant jumping in the cage (Baumans  2005a ). Whether 
stereotypy is a sign of abnormal brain function, or whether 
it is  ‘ merely ’  a sign of chronic frustration, which is still a 
serious welfare problem, stereotypy is likely to be associated 
with differing stress responses between individuals (Garner 
 &  Mason  2002 ). Minimal responses or lack of reaction to 
stimuli (apathy) can also be considered as abnormal behav-
iour. Together with clinical and physiological parameters, 
abnormal behaviour may indicate that the well - being of the 
animal is compromised.  

  Reproductive  p roblems 

 Reproductive problems may be caused by internal factors, 
such as: diseases and infections, eg pyometra in female mice 
or infl ammation of the seminal vesicles in the male; chemi-
cals, oestrogenic stimulation by oestrogen - like substances in 
the diet; immaturity or senescence; nutritional restriction; 
disturbances of maternal care, such as cannibalism, neglect 
of the young, insuffi cient milk production; or environmental 
factors, such as high ( > 28    ° C) or low ( < 10    ° C) temperatures 
in the cage, bedding containing fi ne particles (which may 
cause preputial infl ammation in the male, preventing 
mating), deprivation of nesting material, noise and distur-
bance in the animal room (which may prevent mating or 
cause cannibalism or neglect of the newborn young) and 
overcrowding (Harkness  &  Wagner  1995 ). During the 
process of inbreeding a decline in reproductive performance 
may occur.   

  Acknowledgement 

 All photographs in this chapter are by T.P. Rooymans.        

  Prophylaxis 

 Genetic and environmental factors play an important role in 
the causation of disease. Genetic factors are involved in 
disease susceptibility, eg, differences between mouse strains 
in tumour incidence (BALB/c, CBA, DBA/2) and myocar-
dial calcifi cation (C57BL/6). Environmental factors, eg, 
nutrition, husbandry, infections and other noxious agents 
can contribute to the causes of disease. Hygiene and 
improvement of the microbiological status will reduce the 
incidence of infections dramatically. Good management 
with health - monitoring programmes, knowledge of the 
biology of animals and epidemiology of diseases is a pre-
requisite (see Health monitoring, quarantine and barrier 
systems). 

 Key elements in an effective disease - control programme 
for mouse colonies are: 

   •      microbiological assessment of breeding colonies;  
   •      microbiological assessment of cell lines, transplantable 

tumours or other biological materials;  
   •      development of standardised husbandry procedures 

that minimise transmission of infections between cages 
and between rooms;  

   •      microbiological and mechanical monitoring of cage 
washing equipment, autoclaves and environmental 
conditions;  

   •      understanding and controlling personnel (see Health 
monitoring, quarantine and barrier systems).      

  Abnormal  b ehaviour 

 An important concept in the well - being of animals is home-
ostasis, which implies that the animal is in harmony with its 
internal and external environment and is able to keep that 
environment controllable and predictable. When homeosta-
sis cannot be maintained, discomfort or stress may occur, 
which can become manifest as a disease or abnormal behav-
iour, such as the development of stereotypies. 

     Figure 21.25     A sick mouse with sunken eyes, ruffl ed fur and a 
hunched up position.  (Photo: T.P. Rooymans.)   
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  Table 21.5    Parasitic infections of mice ( C unliffe -  B eamer  &   L es  1987 ;  O  ’  B rien  &   H olmer  1993 ;  B oot  et al.   2001 ;  FELASA ;  2002 ;  F ox  et al.   
2002 ). 

   Common 
name  

   Genus and species     Incidence     Clinical signs     Diagnosis and control     Potential effects on 
research results  

  Lice     Polyplax serrata     Rare    Pruritis, anaemia    Identify the parasite in hair 
samples  

  Transmits 
 Eperythrozoon 
coccoides   

  Mites     Myobia musculi     Frequent    Inapparent infection; 
pruritis; alopecia; 
dermatitis  

  The most effi cient 
treatment is ivermectin 
spray solution (ivermectin 
1% diluted 1   :   100 with a 
mixture of propylene glycol 
and water 1   :   1)  

  Serum protein 
alterations, elevated 
serum IgE  

   Myocoptes musculinus     Frequent    Inapparent infection; 
pruritis; alopecia; 
dermatitis  

        

   Radfordia affi nis     Rare    Inapparent infection; 
pruritis; alopecia; 
dermatitis  

        

   Ornithonyssus bacoti   *          Anaemia        Transits rickettsial 
diseases  

  Nematodes 
(pinworm)  

   Aspicularis tetraptera     Frequent    Inapparent infection 
(reduced growth rate?)  

  Seen with naked eye in 
gut, particularly caecum  

  Perturbation of host 
immune system  

   Syphacia obvelata     Moderate    Inapparent infection 
(reduced growth rate)  

  Sticky tape test on 
perineum to see banana -
 shaped eggs of  Syphacia  
sp. Fenbendazole 50ppm 
in feed to control  

  Perturbation of host 
immune system. 
May infl uence 
intestinal physiology  

   Syphacia muris     Moderate    Sometimes enteritis    Ivermectin treatment, 2   mg/
kg per os twice at 10 - day 
intervals  

  Perturbation of host 
immune system  

  Protozoa     Giardia muris     Moderate    Inapparent 
infection    →    enteritis, 
weight loss, abdominal 
distention may occur  

  See organism on wet 
mount of faecal material or 
H & E section; Ttrophozoites 
in intestinal tract. 0.1% 
dimetridazole in drinking 
water for 14 days may 
control clinical disease; 
sanitation, disinfection  

    

   Spironucleus muris     Moderate    Inapparent infection. 
Diarrhoa; weight loss; 
occasional mortality 
seen in young post -
 weanling mice  

      Alter macrophage 
and other 
immunological 
responses  

   Tritrichomonas  spp.    Frequent    Inapparent infection; no 
known pathological 
signifi cance  

  Commensal organism, no 
treatment warranted  

  None known  

  Cestodes 
(tapeworms)  

   Hymenolepsis nana   *      Moderate    Inapparent infection  →  
local enteritis  

  Diagnosis by observation of 
parasite in gut. Praziquantel 
(0.05% in diet for 5 days)  

    

   Taenia taeniaeformis  
( Cysticercus 
fasciolaris )  

  Rare    Asymptomatic (rodents 
are intermediate host)  

  Observation of cysts in 
liver on  post - mortem   

    

    *    zoonotic disease   
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  Biological  o verview 

  General  b iology 

 The laboratory rat is the domesticated form of the species 
 Rattus norvegicus  or brown Norway rat. Although the genus 
 Rattus  contains 66 species, the most commonly known other 
rattus species is  Rattus rattus  or black rat. The genus belongs 
to the family of the Muridea and the order of Rodentia. 
The two species differ considerably in their habitats, behav-
iour and ecology. The wild  Rattus norvegicus  has agouti -
 coloured fur, meaning that it has the agouti gene which 
produces hairs with colour bands varying between brown –
 black and red – yellow.  Rattus rattus  may have a more vari-
able coat colour, but is mainly dark brown or black. The 
most conspicuous difference between the two species con-
cerns the relatively large, mouse - like ears of  R. rattus.  The 
two species share more or less the same habitat, but  R. nor-
vegicus  lives mainly in burrow systems at ground level, 
whereas  R. rattus  tend to occupy higher areas in trees and 
roofs. 

 Whereas most species of  Rattus  are indigenous in sub-
tropical and tropical areas, both  R. norvegicus  and  R. rattus  
are cosmopolitan and can be found on all continents. The 
Norway rat has a rather interesting recent evolutionary 
history. The species seems to have originated in central Asia, 
and has spread over almost all of the world during the last 
two or three centuries (Hedrich  2000 ). This spread was 
strongly facilitated by the increase in long - distance trading 
in the early eighteenth century. Early  R. norvegicus  colonies 
were established by Russian ships and wrecks in the Baltic 
region; meanwhile, they dispersed overland, reaching Paris 
by about 1750 and Switzerland by 1809.  R. norvegicus  reached 
Greenland about 1780, the eastern part of the United States 
in 1775 and the Pacifi c coast in 1851. In all of these areas they 
rapidly displaced  R. rattus , and often became a major pest. 

 The Norway rat is a generalist which is able to survive in 
a wide variety of habitats and climatic conditions. The 
species greatly benefi ts from the presence of human beings 
and may live in buildings, harvest stores, sewer systems and 
on rubbish dumps. In nature, however, it prefers to live in 
burrow systems usually located near water. The burrow 
system occupies 2 – 4   m 2  and consists of tunnels 5 – 7   cm in 
diameter and 0.25 – 1.5   m long (Pisano  &  Storer  1948 ). The 
tunnels usually end in small chambers used for nesting and 

storage of food. The area around the burrow system can be 
considered as the territory and will be defended against 
unfamiliar conspecifi cs. However, the home range of the 
animals (ie, the range in which they search for food) may be 
about 100   m 2 . The rat is a nocturnal animal and generally has 
three activity periods, one at the beginning, one in the 
middle and one at the end of the night. It feeds during these 
activity periods taking three to fi ve separate meals. The 
worldwide success of the Norway rat is partially due to the 
fact that the species is omnivorous, having a remarkable 
capacity to balance its nutrient intake in a broad range of 
dietary conditions. 

 The senses of smell, hearing and touch are highly devel-
oped. Behaviour is strongly determined by olfactory signals. 
In a social setting, male rats are able to recognise social status 
of other males, reproductive status of females and kinship 
solely on the basis of olfactory cues (Beynon  &  Hurst  2004 ). 
Moreover, rats are very sensitive to olfactory signals from 
predators such as cats and alarm pheromones from other rats 
(Dielenberg  &  McGregor  2001 ). Rats emit a large repertoire 
of ultrasonic vocalisations: 22   kHz sounds occur in aversive 
stressful situations; pups emit 40   kHz sounds when left alone 
by the nursing mother and have a clear function in eliciting 
pup retrieval by the mother. Recent evidence suggests that 
the 50   kHz sound, in particular the frequency modulated 
form, refl ects a state of positive affect (a positive emotional 
state), since it is emitted by adults during sexual and aggres-
sive behaviour and in response to rewarding conditions 
(Panksepp  2007 ; Portfors  2007 ), although see also Chapter  6 , 
Vocalisations. Although the function of these vocalisations is 
still not fully clear, the rat can hear frequencies up to 80   kHz. 
Tactile receptors are particularly well developed on the 
head, around the whiskers, on the paws and on the tail. 
Studies indicate that the rat whisker system has a sensitivity 
of less than 90    μ m, which is comparable to that of primate 
fi ngertips (Carvell  &  Simons  1990 ). 

 Rats have dichromatic colour vision. One type of cone in 
the retina has a photo pigment with a maximal sensitivity 
at a wavelength of 510   nm (green) (Neitz  &  Jacobs  1986 ), 
which declines rapidly at wavelengths above 560   nm (red –
 infrared). A second type of cone has its maximal sensitivity 
in the near ultraviolet range (360   nm) (Jacobs  et al.   1991 ). 
Visual acuity is generally low, albino strains being more 
variable and often lower in visual acuity than pigmented 
strains (Prusky  et al.   2002 ).  
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receptive female will be followed and mounted by the domi-
nant male and often by a number of other male colony 
members as well (McClintock  &  Adler  1978 ). After several 
successful copulations, the female ’ s willingness starts to 
decline; this is indicated by aggressive actions and escape 
behaviour by the female. Gestation is 20 – 21 days, and during 
the few days prior to delivery of the pups, the pregnant 
female starts to build a nest and will defend her nest against 
both male and female colony members. This maternal 
aggression will continue throughout the fi rst week of 
nursing, after which it gradually declines and another repro-
ductive cycle may start (Rosenblatt  et al.   1994 ). In temperate 
regions, wild rats have a clear seasonal variation in repro-
duction governed by day length and food availability. Some 
studies of laboratory rats indicate the presence of an intrin-
sic annual cycle (Claassen  1994 ; De Boer  et al.   2003 ). The 
average litter size is approximately 10 and in the wild, sex 
ratio depends on season, population density and food avail-
ability (Bacon  &  McClintock  1994 ; Parshad  1997 ).   

  Standard  b iological  d ata 

 Some of the basic physiological and morphological data of 
the Wistar rat are presented in Table  22.1 , but see Krinke  et 
al .  (2000)  for more extensive information. These data should, 
however, be used with some caution, as many of the param-
eters are not static but highly dynamic in time, varying both 
diurnally and throughout life. Moreover, there are signifi -
cant strain differences, and within strains there may be dif-
ferences between suppliers, in particular where outbred or 
random - bred strains are concerned.   

 Most physiological parameters show a strong circadian 
variation and are highly responsive to environmental stres-
sors. Figure  22.1  shows the circadian variation in some neu-
roendocrine and physiological parameters measured in 
4 - month - old male Wistar rats, measured using stress - free 

  Size  r ange and  l ifespan 

 The size of a rat is usually expressed in terms of body 
weight. Growth rate depends not only on strain, but also on 
quality and availability of food, as well as environmental 
factors such as temperature and social situation. Male labo-
ratory rats are particularly prone to develop obesity and 
may reach a weight of about 800   g. 

 Size can also be determined using morphological param-
eters such as body and tail length. Body length is measured 
from the tip of the nose to the middle of the anus and tail 
length from the middle of the anus to the tip of the tail. 
Although the body length to tail length ratio is rather con-
stant in adult rats, the absolute values, particularly the 
length of the tail, may be infl uenced by the environmental 
temperature during rearing. 

 The maximum lifespan of wild rats kept in a semi - natural 
enclosure is about 600 days for males and 700 days for 
females, whereas the median lifespan (50% survival) is 300 
days for males and 550 days for females (Calhoun  1962 ). 
Notice that the maximum and median lifespan are different 
measures of longevity, which cannot be compared directly. 
In laboratory strains longevity may vary considerably 
depending on the strain and diet. The maximum lifespan of 
the Wistar strain, for example, is about 1200 days (3.2 years) 
for males and 1400 days (3.8 years) for females. Median 
lifespan for the Wistar rat is 850 days for males and 900 days 
for females (Ghirardi  et al.   1995 ).  

  Social  o rganisation 

 The fact that the Norway rat is a social species by nature has 
often been under - emphasised, if not ignored, in the design 
and interpretation of laboratory experiments. Although 
much remains unknown about the rat ’ s social system, it is 
clear that the species is gregarious and that social hierarchies 
easily develop in groups of rats. Generally, in groups of wild 
rats, one dominant male can be distinguished which lives 
together with a number of females and often younger males. 
In this latter group of males, two social layers may be dis-
tinguished: a group of socially active subdominant males 
and subordinate males. Dominant males that are replaced 
by a former subdominant male tend to be relegated to the 
position of a social outcast, being chased by most of the 
other colony members and having a peripheral existence at 
the outskirts of the colony. The group size of populations of 
feral rats may vary considerably, depending on environ-
mental conditions such as food availability and nesting con-
ditions. However, in larger colonies, smaller subgroups will 
emerge, which usually consist of family members (Calhoun 
 1962 ).  

  Reproduction 

 The rat has an exceptionally high reproductive capacity. 
Both males and females are, on average, sexually mature at 
the age of 2 – 3 months. The oestrous cycle is 4 – 5 days. At the 
time of oestrus, receptivity occurs in the second half of the 
dark period (Barbacka - Surowiak  et al.   2003 ). In the wild, a 

  Table 22.1    Basic biological data of Wistar rats. 

   Parameter     Normal value  

  Chromosome number    42  
  Lifespan (years)    2 – 4  
  Body weight at birth (g)    4.5 – 6  
  Daily food intake (g/100   g BW)    10  
  Daily water intake (ml/100   g BW)    10 – 15  
  Defecation (g/24   h)    9 – 13  
  Urine production (ml/24   h)    10 – 15  

  Weight of organs (in % BW)      
  Adrenal (single)    0.02  
  Blood    5 – 7  
  Brain    1  
  Heart    0.5  
  Kidney (single)    0.5  
  Liver    3  
  Lung    1  
  Ovary (single)    0.05  
  Spleen    0.2  
  Testis (single)    0.5  
  Thymus    0.07  
  Thyroid    0.005  
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Donaldson at the Wistar Institute. They extensively com-
pared up to 25 generations of laboratory - bred wild rats with 
the same generations of albino rats. The initial differences 
were considerable. More recent studies confi rm the general 
idea that laboratory strains of rats must be considered as a 
very special selection from the original wild species  Rattus 
norvegicus  (De Boer  et al.   2003 ). Figure  22.2  shows the fre-
quency distribution of the individual level of aggressive 
behaviour in a population of Wistar rats and a population 
of a laboratory - bred wild - type rats (De Boer  et al.   2003 ). 
Compared to this semi - wild population, even the use of the 
outbred Wistar strain shows a strong selection bias. 
Currently, more than 400 inbred strains are available and 
about 50 outbred or random - bred strains. A list of available 
inbred strains is presented in the International Index of 
Laboratory Animals (Festing  1993 ), and a more recent over-
view can be found at the MGI website 1 . A more extensive 
description of the origin and stockholders of these strains is 
given by Hedrich  (1990) . Provided a constant monitoring of 
the genetic stability of an inbred strain is carried out, they 
have the advantage that they remain genetically stable over 
a long period of time. However, it is important to be aware 
that the use of inbred strains depends on the nature of the 
experiments. The main disadvantage of inbred strains is that 
each of them represents a very narrow selection of the wide 
and functional genetic variation observed in a wild popula-
tion. Consequently, one may question the general validity 
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     Figure 22.1     Circadian variation in plasma corticosterone, 
noradrenalin and adrenalin levels, heart rate and core body 
temperature in adult male Wistar rats. The black bar indicates the 
dark period of the light – dark cycle. The data on the right - hand side 
of each graph indicate the maximum response levels obtained 
during 15 minutes restraint stress (unpublished data from the 
author).  

methods (permanent jugular vein cannulation, radiotelem-
etry). The fi gure in the right - hand part of each graph shows 
the maximum value of these parameters obtained during 15 
minutes ’  restraint (data collected by the author).    

  Breeds,  s trains and  g enetics 

 Most of the laboratory rat strains are albino or derived from 
an albino form. Although the precise origin of the albino rat 
is unknown, it is very likely that the fi rst laboratory albinos 
came from collections kept for breeding and show purposes. 
The use of rats for research in the laboratory started at the 
end of the nineteenth century, by a number of French and 
English scientists. More systematic breeding started in the 
early twentieth century in the United States by King and 
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     Figure 22.2     Frequency distribution of the individual levels of 
aggressive behaviour in the Wistar rat (Harlan) and the wild - type 
Groningen rat.  

  1       http://www.informatics.jax.org/external/festing/rat/STRAINS.
shtml  
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(SNPs) has also became available for 35 different rat strains 
including wild rats (Nijman  et al.   2008 ).   

  Laboratory  m anagement and  b reeding. 

  General  h usbandry 

  Housing 

 In the past, laboratory rats have been housed under a wide 
variety of conditions and in cages of all sorts of materials. 
Most countries have formal rules and guidelines for accom-
modation and care of laboratory animals, for example: the 
European  Directive for the Protection of Animals used for 
Experimental and Scientifi c Purposes 1986 , for which the guide-
lines were recently updated (European Commission  2007 ), 
or the American  Guide for the Care and Use of Laboratory 
Animals  (National Research Council  1996 ). These guidelines 
specify fl oor area required per animal in relation to weight 
and number of cage mates, and the minimum cage height. 
Although these guidelines may differ between countries, 
they have led to a considerable degree of standardisation of 
housing conditions and improvement of welfare. However, 
it is diffi cult to scientifi cally specify the minimum sizes of 
pens and cages for maintaining laboratory rats as much 
depends on the strain, group size and age of the animals, 
their familiarity with each other and their reproductive 
status. For example, increasing the available fl oor area per 
animal does not necessarily improve housing conditions, 
because in some more socially active strains, well defi ned 
dominance relationships may develop. This in turn may 
lead to a larger variation between individuals and even the 
development of stress pathologies (Tamashiro  et al.   2005 ). 

 In view of the importance of play in the development of 
adult social behaviour and adaptive capacity it is recom-
mended that animals are provided with suffi cient space 
during the fi rst 3 – 4 weeks after weaning, with a maximum 
of seven or eight animals on a fl oor space of about 0.2   m 2  
(Yildiz  et al.   2007 ). For most strains, this density will be 
adequate until the animals reach a body weight of around 
300   g. As the animals grow older and become larger, the 
number of animals may be reduced to three per 0.2   m 2  cage. 
There is general agreement on stocking densities in the 
various European, American and Australian regulations 
and codes of practice. When changing to a different housing 
system or different rat strains, it is generally recommended 
that all animals are carefully monitored in terms of their 
behaviour, breeding performance and general condition. 

 Most modern cages have their walls and fl oor made from 
solid macrolon with a stainless steel mesh lid. These cages 
are available in different sizes and are relatively cheap and 
easy to clean. Although stainless steel cages with a wire 
mesh fl oor may be easier to clean, the rats have no oppor-
tunity for behavioural thermoregulation; consequently, they 
should only be used when temperature, humidity and ven-
tilation (draught) are well controlled. Indeed, when given a 
choice, rats prefer solid fl oors for resting (Manser  et al .  1995 ). 
Within the ambient temperature range of 20 – 28    ° C no ther-
moregulatory differences have been observed between 
animals housed on acrylic fl oors or metal fl oors. Below this 
range, however, animals housed on metal fl oors show a 

of the results. Therefore, if the results of the experiments are 
to be extrapolated to the human population, as for example 
in toxicity testing, the use of at least two inbred strains is 
often preferable (see Chapters  3  and  4 ). An analysis, using 
DNA markers, of the genetic relationships or genetic dis-
tance between 60 inbred rat strains has been published by 
Otsen  et al.   (1995) .   

 The disadvantage of outbred strains is that each breeding 
colony may be different due to genetic drift. Hence, a Wistar 
or Sprague - Dawley rat from one breeder may be genotypi-
cally and phenotypically different from those obtained from 
a different source. Considerable differences in neuroanat-
omy, behaviour and pharmacology have been reported, for 
example, in Sprague - Dawley rats obtained from different 
commercial breeders (Rex  et al.   2007 ). 

 Examples of frequently used strains: 

   •      Wistar albino. This strain was developed at the Wistar 
Institute in 1906. The animals are easy to handle and 
male aggressive behaviour develops relatively late. It is 
an outbred or random - bred strain and a large number 
of varieties exist worldwide.  

   •      Sprague - Dawley albino. This strain originates from 
R.W. Dawley from Wisconsin in 1925. Originally female 
Wistar rats were crossed with males from an unknown 
origin. The animals are gentle and may grow to a large 
size. This random -  or outbred strain may vary consider-
ably across breeders.  

   •      Long - Evans hooded. This strain was originally devel-
oped at Berkeley, California in 1910 by crossing Wistar 
females with wild male rats. The head and extremities 
are black, and the rest of the body is white. It has pig-
mented eyes, and, although this strain can be easily 
handled, the level of aggressive behaviour is generally 
high.    

 Apart from the traditional inbred and outbred strains, a 
wide variety of genetic selection lines are available. These 
lines are genetically selected for the presence or absence of 
certain behavioural or physiological characteristics. For 
example, the Roman High Avoidance (RHA) and the Roman 
Low Avoidance (RLA) lines are selected for their behav-
ioural performance in an active shock avoidance paradigm, 
using the Roman Wistar as the parental population. The 
Kyoto Wistar was used to select the Spontaneous 
Hypertensive Rat (SHR) line, using high sympathetic reac-
tivity as a selection criterion. Most of these genetic selection 
lines are not commercially available, and can only be 
obtained via the specifi c research institutes that breed and 
select these lines. 

  Genomics 

 The analysis of the full rat genome is an important recent 
development. This project was a joint effort by 13 research 
institutes, coordinated by the American National Institute of 
Health to produce the Rat Genome Database 2 . Recently, a 
genome wide analysis of single nucleotide polymorphisms 

  2       http://www.nih.gov/science/models/rat/  
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 1998 ). Although isolation at any age can have permanent 
effects on behaviour and physiology, some periods seem to 
exist throughout which rats are particularly vulnerable to 
social isolation. In particular, pre - weaning maternal separa-
tion and handling affects a wide variety of adult behavioural 
and neurobiological processes. Another sensitive period is 
the one when juveniles spend much time playing, particu-
larly post - natal weeks 5 and 6. Even brief social isolation 
during these 2 weeks has a signifi cant effect on subsequent 
adult social behaviour and stress reactivity (Gutman  &  
Nemeroff  2002 ). In adulthood, long - term social isolation is 
well known to induce a number of behavioural disturbances 
such as increased locomotor activity, learning defi cits, 
anxiety and aggression (Arakawa  2005 ; Malkesman  et al.  
 2006 ). Some experiments have indicated that isolation at 
adulthood may induce a state of anxiety or depression 
which is presumably due to changes in central serotonergic 
neurotransmission, and which are diffi cult to restore with 
resocialisation (Maisonnette  et al.   1993 ; Silva  et al.   2003 ). 
Although these data indicate that the social environment has 
a strong and often lasting impact on behaviour and physiol-
ogy, the consequences for animal welfare are not always 
clear and have not been studied very well (Krohn  et al.   2006 ). 
Great care should be taken in standardising the social envi-
ronment and, wherever possible, rats should be housed in a 
social group to ensure that they are normal both behaviour-
ally and physiologically. In the author ’ s experience, a reli-
able standardised method of avoiding the effects of social 
isolation, without encountering problems with dominance 
relationships, is to house individual male rats with a female 
sterilised by ligation of her fallopian ducts. 

 In the breeding colony, rats are usually housed in all male 
and all female groups. These groups should be of a standard 
size and composed of littermates. Mixing litters may affect 
the social relations between group members and may induce 
social stress. Mixing groups of adult male rats should be 
avoided, as it can result in serious dominance fi ghts, and 
consequently in injury and social stress. In some experi-
ments, regular mixing of social groups has been used as a 
procedure to study the adverse effects of social stress 
(Mormede  1997 ).  

  Presentation of  f ood and  w ater 

 Food is generally presented in food trays forming part of the 
lid of the cage and standard procedure is to provide food  ad 
libitum . However, a large number of experiments show that 
longevity is increased when food availability and/or caloric 
intake is restricted (for a recent review see Goto  et al.   2007 ). 
In a well controlled study, Roe  et al.   (1995)  found that a 
restriction of food intake to 80% of the  ad libitum  intake 
increased the 30 months survival from 42% to 68%. Moreover, 
under such food restriction regimes, the incidence of neo-
plasms is signifi cantly reduced, in particular in the aging 
animal. This suggests that welfare may be improved with a 
restricted diet if the animal is to be kept into its old age. 

 Water should always be given  ad libitum . However, in a 
recent review, Rowland  (2007)  argued that 12 – 24   h of water 
deprivation falls well within the regulatory range of physi-
ological and behavioural adaptive mechanisms of the rat. 
The behavioural and physiological adjustments to these 

signifi cant increase in metabolism, whereas above 28    ° C 
animals housed on acrylic fl oors have problems controlling 
their body temperature (Gordon  &  Fogelson  1994 ).  

  Environmental  p rovisions 

 In general, cages should be provided with adequate bedding 
material. The main function of bedding is to absorb urine and 
faeces. However, bedding material seems to be essential for 
certain biological needs as well. It provides insulation and 
with some materials the opportunity for nest building. 
Therefore, using appropriate bedding material may be an 
easy way to improve the well - being of laboratory rats. A 
variety of bedding materials is commercially available, 
ranging from wood chips, wood shavings and sawdust to 
absorbent paper. Experiments using preference tests have 
shown that male rats generally prefer bedding which consists 
of large fi brous particles (Blom  et al.   1996 ). This preference 
may be due to several factors. Experimental evidence sug-
gests that rats prefer bedding material which they can manip-
ulate. Certain types of bedding material should be avoided if 
they contain irritating dust, or produce high levels of ultra-
sound in a frequency range for which rats are extremely 
sensitive when the animal moves (Blom  et al.   1996 ). 

 Certain experimental conditions preclude the use of 
bedding material, for example in experiments where diet is 
critical and where the ingestion of bedding could affect the 
experimental results. In these conditions, it may be neces-
sary to use a wire mesh fl oor and carefully controlled envi-
ronmental conditions. 

 Several studies show that environmental enrichment may 
be another important provision for the animals. Animals 
raised from weaning in an environment enriched with 
objects such as ladders, balls, tubes and boxes are better in 
several learning tasks, are less defensive, show more explo-
ration, and have a thicker cerebral cortex and a higher syn-
aptic density than rats raised under standard conditions 
(Smith  &  Corrow  2005 ). Although environmental enrich-
ment is generally considered to improve animal welfare and 
is advised in most of the codes of practice, the scientifi c 
evidence in support of this conclusion is still rather limited, 
and the value very much depends on the enrichment used 
(see reviews by Benefi el  et al.   (2005) , Gonder and Laber 
 (2007)  and Chapter  10  this volume). Moreover, it may have 
unexpected and unintended consequences as well. Minor 
changes in the cage may alter the animal ’ s behaviour and 
physiology considerably and often in an unexpected direc-
tion. In view of the wide range of supplies available for 
enrichment, and hence the lack of standardisation, this will 
reduce the reproducibility of experimental data (Bayne  2005 ; 
Benefi el  et al.   2005 ). The bottom line is that environmental 
conditions and provisions are refl ected in the physiology, 
neurobiology and behaviour of the animal. More fundamen-
tal research is required to determine whether, and in which 
direction, this altered state affects the capacity of the animal 
to cope with the laboratory environment and the conditions 
of animal experimentation.  

  Social  g rouping 

 Rats are social animals by nature, and an extensive literature 
shows that they are very sensitive to social isolation (Hall 
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between the urethra and the anus is greater than in females. 
Moreover, males can be distinguished by the wrinkled, 
sparsely haired scrotum at the root of the tail. In a cool 
environment, the testes may be retracted. The vagina of the 
female is an orifi ce at some distance caudal to the urethra.    

  Physical  e nvironment and  h ygiene 

 Rats are normally housed in well ventilated rooms in which 
temperature, light and humidity are controlled. They can be 
bred and maintained in a wide range of environmental tem-
peratures, provided that a suffi cient degree of behavioural 
thermoregulation such as nest building is possible (Gordon 
 1990 ). Most codes of practice specify a room temperature of 
20 – 22    ° C mainly for the purpose of standardising laboratory 
experiments. Temperature should be measured in the cage 
because this may deviate strongly from room temperature, 
depending on the ventilation, the density of animals per 
cage and the location of the cage with respect to the heating 
system of the room. When rats are kept in wire mesh cages, 
the environmental temperature should not drop below 
22    ° C, and there should be no draughts. 

 The animal room should be well ventilated without creat-
ing draughts. It is diffi cult to give a standard recommenda-
tion on the number of air changes per hour, as it depends 
on: the number of animals kept in the room, their size, the 
humidity of the air and the cage cleaning routine. However, 
a few general guidelines can be provided. The main purpose 
of ventilation is to provide the animals with air of good 
quality. Apart from the obvious requirements of suffi cient 
oxygen and low levels of carbon dioxide, the concentration 
of ammonia should be kept as low as possible. Ammonia is 
a breakdown product of urea and is harmful to the animals 
because it may facilitate bacterial infections of  Mycoplasma 
pulmonis  in the mucous membranes of the eyes, nose and the 
respiratory tract (Schoeb  et al.   1982 ). As long as the bedding 
remains dry, ammonia will not be formed. This, in turn, 
depends on the number of animals per cage, the humidity, 
the ventilation and the frequency of cleaning. A smell of 
ammonia in the animal room, however, is a good indication 
that the animals are overcrowded or the cages need clean-

periods of water deprivation seem to minimise the addi-
tional physiological and psychological stress of deprivation. 
Water is usually given in containers with a stainless steel 
nipple. This allows the water intake in individual cages to 
be monitored and controlled. Several sizes of water bottles 
for rats are available commercially. In large animal facilities, 
automatic watering systems may be used. However, these 
systems must be checked regularly to ensure that the water 
valves are functioning properly to avoid the possibility of 
the animals becoming dehydrated or the cage fl ooding.  

  Identifi cation and  s exing 

 Many experimental procedures require individual marking 
of animals for which several methods can be used. Due con-
sideration should be given to using the least invasive method 
that is compatible with the study. The easiest way is to write 
a number at the base of the tail with a permanent marker. 
However, as a result of tail skin growth and renewal, these 
marks have to be renewed every 2 weeks. This is also the case 
with coloured dyes applied to the fur. Tattooing numbers or 
codes on the tail ears or toes is a more permanent way of 
marking. Another method of individual marking is to use an 
ear notch or ear - punch code, or to use numbered metal ear 
tags. However, because of the important role of auditory 
information in the social communication of rats, and because 
ears can be damaged by fi ghting, and the markings obliter-
ated, these methods are often unsuitable. Rats can also be 
identifi ed by means of injectable microchips or transpond-
ers. These chips are commercially available and suffi ciently 
miniaturised. Each chip is provided with a unique code, and 
in some systems an additional code for the experiment can 
be added. The chip can be read without handling the animal 
using a portable reader provided with a display. Data from 
the reader can also be downloaded on to a computer. These 
electronic identifi cation systems are reliable, and further 
developments are to be expected. For example some systems 
include the facility to measure body temperature or heart 
rate in association with the individual code of the animal. 

 The sexes can readily be distinguished on the basis of the 
anogenital distance (Figure  22.3 ). In males, the distance 

(a) (b)

     Figure 22.3     Sexing newborn rats (male on left, female on right). Note the greater distance between urethra (1) and anus (2) in the male.  



The laboratory rat 317

ing. Humidity should be around 50%. When it drops below 
30%, young animals tend to develop ring tail (Njaa  et al.  
 1957 ). Cages should not be cleaned more often than once a 
week, because cleaning in itself is a considerable stressor 
and may disrupt the social structure in the cage. However, 
any increase in ventilation should not result in draught. On 
average 8 – 20 air changes per hour should suffi ce for a nor-
mally populated animal room (Clough  1984 ). 

 The use of individually ventilated cages (IVC) is increas-
ingly common. A wide variety of systems is commercially 
available. Ventilated caging strongly improves the working 
conditions of animal care staff in terms of exposure to aller-
gens. However, few studies have addressed the question of 
rat welfare in these housing systems. Depending on the 
system, ventilation rate may range between 40 and 50 air 
changes per hour, but 120 air changes per hour can also be 
found. In a study on the impact of cage ventilation on rats, 
Krohn  et al.   (2003)  concluded that the number of air changes 
should be kept below 80 changes per hour according to 
preference tests and telemetric measurements of heart rate 
and blood pressure. It is not clear why the ventilation rate 
of IVC systems differ so strongly from the recommended 
ventilation rate of animal rooms. Most likely, this discrep-
ancy is due to the fact that the ventilation rate of small cages 
is technically easier to increase than that of a whole animal 
room. Nevertheless, from a biological point of view, the 
currently used ventilation rates of individual ventilated 
cages might be considered as a rather artifi cial laboratory 
condition, since feral rats live in burrow systems with hardly 
any ventilation in the nesting chambers. 

 Rats are generally kept in light - controlled rooms with a 
photoperiod of 12   h light and 12   h dark. Different photope-
riods such as 16   h light and 8   h dark are sometimes to 
improve for example breeding results. However, it is impor-
tant to realise that the photoperiod may strongly affect 
experimental results (Prendergast  et al.   2007 ; Prendergast  &  
Kay  2008 ). 

 Rats are extremely sensitive to light, in particular albino 
strains. Retinal damage in albino rats due to light exposure 
is frequently reported (Perez  &  Perentes  1994 ). On the basis 
of the analysis of retinal damage it is recommended that the 
light intensity as measured at the level of the bedding of the 
cage should not exceed 50   lux (Perez  &  Perentes  1994 ; 
Semple - Rowland  &  Dawson  1987 ). However, when behav-
ioural measures are also considered, such as activity and 
light avoidance, welfare of the animal seems to be optimised 
at levels below 25   lux. As a result of their sensitivity to light, 
rats may differ in the degree of retinal damage depending 
on the distance between the cage and the light source. A 
more uniform light intensity may be obtained by putting 
shelves at some distance above the cages.   

  Health  m onitoring,  q uarantine and 
 b arrier  s ystems 

 Infections of laboratory animals can severely infl uence the 
outcome of experiments. Therefore, a health monitoring pro-
gramme is essential to ensure reliability and repro ducibility 
of research data. The Federation of European Laboratory 
Animal Science Associations (FELASA) advises that breed-

ing units of laboratory rats should be screened every 3 
months with respect to serology, bacteriology, parasitology 
and pathology with a sample size of at least four animals 
(FELASA  1994 ). Table  22.2  summarises the recommended 
viral, bacterial and parasitic infections to be monitored. It is 
recommended that positive serological results should be 
confi rmed using another method or a repeated investigation. 
Bacterial and fungal infections should be investigated in 
samples from nasal turbinates/nasopharynx, trachea, 
prepuce/vagina and caecum. In addition, serum samples 
should be tested for mycoplasmas and  Leptospira  spp. 
Parasitology should be based on a microscopic examination 
of the skin, and of fresh wet samples of the ceacal contents, 
the inner lining of the ileum and of faecal fl otation.   

 Depending on the requirements of the experiments, rats 
can be housed under different regimes with respect to 
microbiological control. In many experiments, it is suffi cient 
to keep the animals under conventional clean conditions. 
This means that there are no special barrier systems and that 
the microbiological status of the animals is not guaranteed. 
However, with regular health monitoring and some precau-
tions with respect to cleaning regime, quarantine, and traffi c 
of animal care staff, healthy and highly standardised animals 
can usually be obtained. 

 Other experiments require a more strict microbial status. 
To guarantee the microbiological status of the animals, a 
strict barrier system is required. These systems usually 

  Table 22.2    Recommended list of viral and bacterial infections to 
be monitored every 3 months in rat breeding colonies (FELASA 
 2002 ). 

   Viral infections     Test frequency  

  Kilham rats virus    3 months  
  Rat parvovirus    3 months  
  Toolan ’ s H - 1 virus virus    3 months  
  Pneumonia virus of mice    3 months  
  Sendai virus    3 months  
  Sialodacryoadenitis/rat coronavirus    3 months  
  Hantaviruses    Annually  
  Mouse adenovirus type 1 (FL)    Annually  
  Mouse adenovirus type 2 (K87)    Annually  
  Reovirus type 3    Annually  

   Bacterial, mycoplasmal and fungal infections       

   Bordetella bronchiseptica     3 months  
   Clostridium piliforme     3 months  
   Corynebacterium kutscheri     3 months  
   Mycoplasma  spp.    3 months  
   Pasteurella  spp.    3 months  
   Salmonella  spp.    3 months  
   Streptobacillus moniliformis     3 months  
  Streptococci  β  - haemolytic    3 months  
   Streptococcus pneumoniae     3 months  
   Helicobacter  spp.    Annually  

   Parasitology       

  Ecotoparasites    3 months  
  Endoparasites    3 months  
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a post - ejaculatory interval of 5 – 10 minutes. After a while, 
the female ceases courtship behaviour and defends herself 
from the male. Simultaneously, the vaginal fl uid and the 
ejaculate coagulate and form a plug. The presence of such a 
plug is often used as evidence of mating. When the time of 
conception has to be determined accurately, either the 
behaviour of the male and female can be observed directly, 
or a series of vaginal smears can be taken and monitored for 
the presence of sperm. 

 Sperm cells can be detected microscopically in the vaginal 
smear up to 12   h after conception. It is diffi cult to detect 
pregnancy before the 15th day post conception. After day 
15, foetuses can be detected by palpation, body weight 
rapidly increases, the female starts to perform nest - building 
behaviour and maternal aggression towards males gradu-
ally develops. 

 On the day of delivery, the pregnant rat becomes restless, 
and nest - building behaviour reaches its maximum. Pups are 
delivered at intervals of 5 – 10 minutes, usually during the 
last hours of the dark period and the beginning of the light 
phase. After delivery of a pup, the mother bites the umbilical 
cord, eats the placenta and cleans the neonate. A weak or 
stillborn neonate will usually be eaten immediately.  

  The  y oung 

 A healthy rat neonate is pink coloured and begins to suckle 
within the fi rst few hours after birth. Disturbance of the 
delivery process should be avoided, because this may lead 
to infanticide by the mother. From the second day onwards, 
a beige spot shining through the abdominal wall of the pup 
indicates the amount of milk it has consumed. Normally, 
mothers nurse their pups for about 1   h, after which she 
leaves the nest for several hours to rest and eat. The mother 
keeps the pups together in the nest, and when one escapes 
from the nest, she rapidly retrieves it. Pup retrieval is facili-

consist of physical barriers, combined with strict rules 
regarding disinfection of cages, utensils and personnel. A 
microbiologically defi ned breeding colony is started with 
animals obtained by caesarean section and fostered with 
microbiologically defi ned or germ - free mothers kept in iso-
lators, according to standard procedures. 

 In some highly controlled experiments, it is necessary to 
keep rats in germ - free conditions. Special isolators are 
required to prevent contamination. These animals are. 
however. highly abnormal, because they lack the natural 
micro - organisms involved in essential processes such as 
digestion and heat production.  

  Transport 

 Long - distance transportation of rats should be avoided 
wherever possible because of the long - lasting effects of 
stress on behaviour and physiology (Koolhaas  et al.   1997 ). 
When rats are obtained from a commercial breeder, they 
should be allowed a recovery period of at least 1 week, but 
preferably 2 – 3 weeks. Although the animals can be trans-
ported in cages used for standard laboratory housing, 
special disposable transport cages are available as well. 
When the rats are shipped by air, the transport cage should 
meet the criteria of the International Air Transport 
Association  Dangerous Goods Regulations Manual  (IATA 
 2010 ). Although it is unlikely that animals will drink or eat, 
owing to the stress involved in transportation, if the journey 
is expected to last longer than 24   h, they must be provided 
with food and water. For a general discussion of transport 
issues see Chapter  13 .  

  Breeding 

  The  a dults 

 Rats are sexually mature at around 2 months of age. The 
fertile state of the female is most easily recognised by her 
behaviour in the presence of a male rat. Females in oestrus 
perform a highly characteristic soliciting behaviour, consist-
ing of hopping and ear - wiggling and presenting the ano-
genital region to the male (Erskine  1989 ). When the male 
attempts to mount her, a receptive female adopts the lordo-
sis position. Experienced animal care staff can induce lordo-
sis in the female rat by gently palpating her fl anks. A more 
elaborate way of determining the fertility state of the female 
is by monitoring the oestrous cycle by means of daily vaginal 
smears. These smears are taken by fl ushing the vagina with 
a drop of saline using a small drip pipette, or by taking a 
sample with a small fl exible spatula. The sample is subse-
quently put on a glass slide, dried and stained with cresyl 
violet. The phase of the oestrous cycle can be determined 
under the microscope on the basis of the presence and quan-
tity of cornifi ed epithelial cells and leucocytes. Table  22.3  
summarises some of the basic data on reproduction in the 
rat.   

 The male will frequently mount an oestrous female and, 
after several intromissions, an ejaculation occurs. This 
sequence of events may be repeated two or three times with 

  Table 22.3    Reproductive parameters. 

   Female     Normal value  

  Mammary glands    6 pairs  
  Vaginal opening (day)    28 – 60  
  First oestrus (day)    40 – 65  
  Oestrous cycle    Polyoestrus  
  Length of oestrous cycle (days)    4 – 6  
  Stage 1 dioestrus    6   h  
  Stage 2 pro - oestrus (early)    60   h  
  Stage 3 pro - oestrus (late)    12   h  
  Stage 4 oestrus    10 – 20   h  
  Stage 5 metoestrus    8   h  
  Age at fi rst mating (day)    50 – 100  
  Gestation period    21 – 23  
  Size of litter    3 – 18  

   Male     Normal value  

  Descent of testes (day)    15 – 50  
  Age at sexual maturity (day)    40 – 50  
  Age at aggressive maturity (day)    90 – 120  
  Age at end of mating (months)    9 – 24  
  Minimum number of intromissions    3 – 10  
  Length of ejaculation (s)    10 – 20  
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uncontrolled selection, and selection based on breeding per-
formance. It is therefore better to use a monogamous rota-
tion mating scheme. Rotation schemes are designed to 
reduce the degree of inbreeding by 50%. If a random - bred 
colony is maintained as a closed colony for at least four 
generations, and the number of breeding animals is suffi -
ciently large for a  Δ F  < 1%, the colony may be designated as 
an outbred stock (Willis  &  Dalton  1998 ; Zimmermann  et al.  
 2000 ). 

 Random - bred and outbred strains have a certain degree 
of genetic heterogeneity. In some experiments, this hetero-
geneity may be desirable, for example when results should 
have some degree of general validity in a population. It has 
the advantage that the results are based upon a broad spec-
trum of genotypes. In other experiments, genetically homo-
geneous inbred strains are required. This has the advantage 
that the individual variation is reduced and hence the 
number of animals required per experiment. However, it is 
important to realise that the results may only be valid for 
the particular genotype in question. To minimise this 
problem, F1 hybrids of two inbred strains can be used; they 
are still genetically homogeneous, but share the genetic 
characteristics of two different genotypes.   

  Feeding 

 The Norway rat is omnivorous by nature, and has a remark-
able capacity to adjust its diet and food intake for specifi c 
dietary defi ciencies (Markison  2001 ). The rat is widely used 
to study the mechanisms of food intake and body weight 
regulation (Schwartz  et al.   2000 ). Feeding occurs in a specifi c 
daily pattern (Figure  22.4 ). Most of the food intake takes 
place during the dark period with a higher incidence of 
feeding in the fi rst and last 2   h of the dark period (Strubbe 
 &  Woods  2004 ). Rats exhibit a clear preference for certain 
diets and, in the laboratory, they show preferences for spe-
cifi c nutrients, which vary across the light – dark cycle 
(Tempel  et al.   1989 ; Shor - Posner  et al.   1994 ). Figure  22.4  also 
shows the daily variation in preference for carbohydrate, fat 
and protein - enriched lab chow. Nutrient balance and in par-
ticular amino acid intake is also maintained by coprophagia. 
Depending on the nutritional balance of their food, rats may 
eat 10 – 50% of their own faeces (Fajardo  &  Hornicke  1989 ). 
Moreover, recent studies show a strong infl uence of the 
social environment on food preference, ie, individual rats 
rapidly adopt the food preference of their cage - mates (Galef 
 2003 ). Finally, the rat is well known for its conditioned taste 
aversion, namely its capacity to associate a certain type of 
food or taste with sickness (Mediavilla  et al.   2005 ).   

 Food is generally supplied  ad libitum . However, it is now 
well established that food restriction will increase life 
expectancy and reduce tumour development in aging rats 
(Roe  et al.   1995 ; Goto  et al.   2007 ). Despite these studies, rats 
are still bred with  ad libitum  food availability. Commercially 
available diets are generally made from natural ingredients. 
Although most manufacturers specify the formula of their 
diets, the exact concentration of dietary components, nutri-
ents and contaminants may vary considerably. This varia-
tion may either be due to different brands or to the use of 
different natural ingredients within the same brand. If such 

tated by ultrasonic vocalisations emitted by pups which 
have become separated from their mother and littermates 
(see Stern and Lonstein  (2001)  for a review on maternal 
behaviour). A healthy neonate has a pink colour and a well 
fi lled abdomen. Pups with a dark pink, violet or cyanotic, 
often wrinkled skin are indicative of a mother with insuffi -
cient milk supply. A somewhat disturbed nest and the 
absence of pup retrieval is indicative of a mother who is not 
nursing her pups properly. 

 Pups are extremely sensitive to rearing conditions. A large 
amount of literature shows that the adult behavioural, neu-
robiological, immunological and neuroendocrine reactivity 
(Tang  et al.   2006 ) is affected by quality of nursing, neonatal 
handling, maternal separation, environmental enrichment 
and social isolation. Increasing evidence shows that these 
effects are mediated by the epigenetic process of DNA meth-
ylation resulting in permanent blockade of the expression of 
specifi c genes (Meaney  &  Szyf  2005 ; Szyf  et al.   2008 ). Some 
of these infl uences seem to become more prominent in the 
aging rat, indicating that neonatal environmental factors 
affect the speed of aging (Meaney  et al.   1991 ). In view of 
these infl uences of rearing conditions, it is recommended 
that neonates are raised with as little disturbance as possi-
ble, and that the cleaning regime, number of pups and sex 
ratio per nest are standardised. Any manipulation of the 
litter, such as reducing size or mixing with others, should 
be done on the fi rst day after birth. 

 At birth, the pups are hairless, toothless and blind. The 
newborn is essentially poikilothermic and must rely upon 
the maternally maintained microenvironment and huddling 
of the litter to achieve thermal homeostasis. Within 2 weeks, 
thermoregulation matures, the coat develops and the eyes 
open. By day 9 the incisor teeth are suffi ciently developed 
to gnaw and by day 11 the fi rst solid food is usually taken. 

 The young are generally weaned at the age of 21 days, 
and subsequently housed in groups of the same gender. The 
period immediately after weaning till the age of about 60 
days is characterised by intense play fi ghting. This is essen-
tial for the development of normal adult social behaviour 
(Pellis  &  Pellis  1998 ).  

  Breeding  s ystems 

 Several systems can be used for breeding rats depending on 
whether inbred or outbred strains are used. The main 
purpose of any breeding system is to maintain a standard 
genetic quality of animals over generations. Inbreeding 
requires the crossing of closely related animals, usually 
brother    ×    sister mating. To maintain adequate control over 
the genetic quality of the foundation stock, monogamous 
mating is recommended. In random - bred colonies, inbreed-
ing is inevitable, but the degree of inbreeding depends on 
the breeding system used. When a monogamous mating 
system is used, the inbreeding coeffi cient, which represents 
the loss of genetic variation in the colony ( Δ F) will be 1/(2N), 
where N is the total number of breeding animals. This 
means that the smaller the breeding colony, the greater will 
be the degree of inbreeding. Polygamous mating can be 
used for the expansion or production stock. However, using 
one male with several females for foundation stock, increases 
not only the risk of inbreeding, but also the likelihood of 
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necessary to handle the rat more fi rmly to avoid biting and 
escape. The best way of holding a defensive rat is presented 
in Figure  22.7 . The animal should be approached from the 
back, with one hand grasping the base of the tail and the 
other hand should be laid on the back of the animal. The 
thumb and forefi nger should form a circle around the neck 
of the animal, with one forepaw included in the ring. The 
other forepaw can be fi xed between the forefi nger and the 
middle fi nger. In general, rats are very easily trained to co -
 operate. It is recommended, therefore, to adapt the animals 
to the handling procedure several days before the animal 
will be used for experimentation. See also Chapter  16 .    

  Physiological  m onitoring 

 A wide variety of techniques is available to monitor physi-
ological processes in rats. A summary of the most common 
experimental and surgical techniques is presented by 
Waynforth and Flecknell  (1992) , whereas a more advanced 
manual of microsurgical techniques is presented by Dongen 
 et al.   (1990) . However, many of these techniques are too 

variations are likely to have an adverse or unpredictable 
effect on the experimental results it may be necessary to use 
a chemically defi ned or purifi ed diet.   

  Laboratory  p rocedures 

  Handling and  t raining 

 Rats can usually be handled easily without the use of gloves 
or forceps. Before handling a rat, it is important to ensure 
that the animal is awake and alert. Rats which are not used 
to handling should be picked up by the base of the tail and 
immediately put on the arm of the handler (Figure  22.5 ). To 
comfort the animal, one may gently stroke the back of the 
animal and the neck region. They like being petted and 
tickled, during which they emit ultrasonic vocalisations as a 
sign of positive affect (Panksepp  2007 ). After a few minutes, 
the animal is usually willing to be picked up with the hand 
around its body (Figure  22.6 ). Rats recognise humans as 
individuals, so that it is always best if they are handled by a 
familiar person, usually the animal care staff. If rats are rou-
tinely gently handled and petted they are much less likely to 
be stressed by routine experimental procedures such as 
injections. A good relationship with a handler makes an 
important contribution to the welfare of these animals. Force 
should not be necessary and avoided as much as possible, 
because it will result in stress to the rat and elicit defensive 
responses. However, some strains of rats may be aggressive 
or nervous and diffi cult to handle. In this situation, it will be 
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     Figure 22.4     Circadian variation in food intake (a) and nutrient 
preference (b) in male Wistar rats. The black bar indicates the dark 
period of the light – dark cycle.  

     Figure 22.5     Method of holding a rat which has not been handled 
previously.  

     Figure 22.6     Holding a friendly rat or one used to handling.  
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used to measure baseline concentrations of steroid hor-
mones (Lepschy  et al.   2007 ).  

  Administration of  m edicines 

 Most of the commonly used techniques to administer sub-
stances to rats are extensively described in Waynforth and 
Flecknell  (1992)  and by the JWGR  (2001) . As some of these 
procedures can be rather stressful to the animal and may, 
therefore, interfere with the experiment, alternative stress -
 free methods will be indicated here. 

 Intravenous (iv) injections can be given via the sublingual 
vein or the lateral vein at the root of the tail in an anesthe-
tised rat (needle size: 0.5 – 0.6   mm). When frequent iv injec-
tions are required or the injection is to be combined with 
subsequent blood sampling, the implantation of a perma-
nent jugular vein catheter is recommended. This method 
allows a stress - free iv injection to be given in freely moving 
animals. 

 Intraperitoneal (ip) injections are given in the lower left 
quadrant of the abdomen, to avoid damage to vital organs 
such as liver, stomach and spleen (needle size: maximum 
0.9   mm). It is not usually necessary to restrain the animal so 
that an animal which is used to handling can be given an ip 
injection as depicted in Figure  22.8 . More nervous, defensive 
animals will need to be held more fi rmly, including their 
hindquarters, and a second person may be needed to give 
the injection.   

 Subcutaneous (sc) injections can be given by placing the 
animal on top of the cage or on a table and raising a fold of the 
skin of the neck (needle size: 0.5 – 0.6   mm). The needle should 
be slid into the fold with its tip parallel to the body surface. 
When a more chronic administration of substances is required, 
it may be better to use osmotic mini pumps, the implantation 
of pellets or silicon capsules, in preference to a frequent injec-
tion schedule. Osmotic mini pumps are commercially availa-
ble in a range of infusion rates and durations. 

 Intragastric administration of fl uids can be performed by 
gavage of the oesophagus using a curved needle with a 
small bulb at the tip. Different sized rats need different sizes 

complex to be suitable as a standard daily laboratory proce-
dure. Because stress from handling signifi cantly affects their 
physiology, data should be obtained from undisturbed 
animals. Body temperature, for example, is often recorded 
using a thermistor inserted into the rectum to a depth of 
3 – 5   cm. However, handling is unavoidable for this proce-
dure; so in fact it measures stress - induced hyperthermia. 
Recent developments in chip technology using implanted 
transponders combine the identifi cation of the individual 
with a body temperature measurement in the freely moving 
animal. More detailed and permanent recordings of body 
temperature can be obtained using permanently implanted 
transmitters. Transmitter systems are also suitable for moni-
toring heart rate, blood pressure, electroencephalograms 
(EEG) and electrocardiograms (ECG) in freely moving 
animals. 

 Blood samples can be collected in several ways. A deci-
sion tree for the choice of the best method can be found on 
the website of the National Centre for the Replacement, 
Refi nement and Reduction of Animals in Research 3 . 
Generally, for the assay of stress - sensitive and rapidly 
changing substances in the blood, a permanently implanted 
jugular vein canula is recommended (Waynforth  &  Flecknell 
 1992 ). This technique allows repeated sampling over a 
period of several weeks. Another method of sampling to 
obtain reliable baseline values of stress - sensitive substances 
is to collect trunk blood from decapitated animals. This 
method, of course, has the disadvantages that it is fatal for 
the animal and does not allow repeated measures from the 
same individual. Moreover, great care should be taken that 
the whole procedure from catching, handling and decapita-
tion of one animal does not affect stress levels in the subse-
quently sampled animals (Zethof  et al.   1995 ). For the assay 
of less reactive substances, blood may be collected with a 
syringe from the tail vein. When a large volume of blood is 
required, a cardiac puncture can be used with the animal 
under deep anaesthesia (Joint Working Group on Refi nement 
(JWGR)  1993 ). 

 Urine and faeces can be collected by housing the animals 
in commercially available metabolism cages. Faeces can be 

     Figure 22.7     Restraining a rat.  
     Figure 22.8     Giving an intraperitoneal injection to a well handled 
rat.  

  3       http://www.nc3rs.org.uk/bloodsamplingmicrosite/  
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 Many anaesthetics interfere with the thermoregulation of 
the animal. Therefore, body temperature should be carefully 
monitored during anaesthesia. An electric blanket control-
led by a thermostat and integrated with a rectal temperature 
probe should be used. 

 Generally, rats recover rapidly from major surgery. 
However, a post - operative recovery period of at least 1 week 
is recommended. Moreover, pain should be relieved using 
analgesic treatment. The most common analgesics for rats 
are summarised in Table  22.5  (Bertens  et al .  1993 ; Flecknell 
 &  Waterman - Pearson  2000 ; Flecknell  2009 ).   

 Analgesics administered systemically may have side 
effects which interfere with the experiment. In these situa-
tions, the use of local analgesic ointment to treat surgical 

of gavage needle (Waynforth  &  Flecknell  1992 ). For per oral 
administration the rat is held fi rmly by the skin of the neck 
and the back so that the head is kept immobile and in line 
with the back. Great care should be taken that the injection 
fl uid does not enter the trachea. When frequent intragastric 
administrations are required, a permanent intragastric cath-
eter may be implanted.  

  Anaesthesia and  a nalgesia 

 General anaesthesia can be induced either by inhalation 
or by injection of anaesthetics by intraperitoneal, intramus-
cular or intravenous route. There are excellent standard 
works available with all the detailed information on 
anaesthesia and pain management (Flecknell  &  Waterman -
 Pearson  2000 ; Flecknell  2009 ). Reference to these books 
is strongly recommended. Table  22.4  summarises the 
inhalation and injection anaesthetics recommended for use 
in rats.   

 Inhalational anaesthetics are generally preferable because 
they have the advantage of easy adjustment of the depth of 
anaesthesia and rapid recovery. Induction of anaesthesia 
with volatile anaesthetics can be achieved using an induc-
tion chamber connected to a vaporiser. After induction of 
anaesthesia, gas can be delivered through a face mask or via 
an endotracheal tube; a calibrated vaporiser should be used. 
The volatile anaesthetic is mixed with air or a mixture of 
N 2 O and O 2  (1   :   1). 

 Several types of injectable anaesthetics are suitable for 
rats. The selection of these anaesthetics depends on a variety 
of factors such as: the duration of the surgery; the preferred 
degree of muscle relaxation; and the appropriate level of 
analgesia. In rats, the anaesthetic is generally given as a 
single intraperitoneal injection. However, it is important to 
appreciate that the response to these injectable anaesthetics 
may vary strongly between individual animals and between 
sexes and strains. Therefore, when using a new anaesthesia 
regimen for the fi rst time, the dosage required should be 
carefully assessed. 

 It is sometimes useful to reduce possible side effects of the 
anaesthetic compound by administering certain drugs as 
premedication. Sedatives or tranquillisers can be used to 
reduce the stress associated with the induction of anaesthe-
sia and to promote a smooth recovery. However, most of 
these compounds have little or no analgesic properties and 
cannot be used to reduce post - operative pain. Anticholinergic 
agents may be used to reduce the production of saliva and 
to reduce undesirable autonomic responses. 

 During surgery, the depth of the anaesthesia should be 
monitored frequently. This can be assessed easily by check-
ing some refl exes of the animal. A correctly anaesthetised 
rat shows a regular deep respiration and an absence of the 
righting refl ex when being placed on its back. Pinching the 
tail with the fi nger nails does not induce a fl ick of the tail or 
vocalisations and a puff of air on the eyes does not induce 
an eye blink refl ex. In view of the sensitivity of the rat ’ s eyes 
for bright light, they should be protected from the surgical 
light, and a drop of saline in the eye will prevent the eye 
from dehydration during long surgical procedures. 

  Table 22.4    Inhalation and injection anaesthetics recommended for 
use in rats. 

   Drug and 
indication  

   Dose and route of administration  

   Premedication (anticholinergics)   
  Atropine    0.05   mg/kg sc  

   Premedication (sedatives)   
  Diazepam    2.5   mg/kg ip  

  Acepromazine    2.5   mg/kg sc  

  Hypnorm 
(fentanyl/
fl uanisone)  

  0.4   ml/kg ip  

  Xylazine    10   mg/kg sc  

  Medetomidine    0.5   mg/kg sc  

   Anaesthesia  (short duration, 5 – 10 minutes)  
  Alphaxalone    10 – 12   mg/kg iv  

  Propofol    10   mg/kg iv  

  Methohexitone    7 – 10   mg/kg iv  

   Anaesthesia  (medium duration, 20 – 60 minutes)  
  Hypnorm/
midazolam  

  2   ml/kg ip 
 (1 part Hypnorm, 1 part 
midazolam and 2 parts water for 
injection)  

  Ketamine/    90   mg/kg ip  
  xylazine    10   mg/kg ip  
  Ketamine/    75   mg/kg ip  
  medetomidine    0.5   mg/kg ip  

  Pentobarbital    40 – 55   mg/kg ip  

   Anaesthesia  (long duration, non - recovery)  
  Chloralose    130   mg/kg ip  

  Urethane    1 – 2   g/kg ip  

   Anaesthesia  (inhalation agents, short/medium/long duration)  
  Halothane    Induction 

concentration 4 – 5%  
  Maintenance 
concentration 
1 – 2%  

  Isofl urane    Induction 
concentration 4%  

  Maintenance 
concentration 
1.5 – 3%  

  Methoxyfl urane    Induction 
concentration 4%  

  Maintenance 
concentration 
0.5 – 1%  
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material, and the use of fi lter caps are the best prophylactic 
precautions that can be taken. Reports in the literature 
suggest that a restricted feeding regime may be the best way 
to reduce the incidence of neoplasm in aging rats (Roe  et al.  
 1995 ). 

 The most important indicators of disease and/or lack of 
well - being in rats are summarised below. 

   •      Appearance. Piloerection and a rough greasy or matted 
pelage, sometimes with loss of hair, a loose skin, signs 
of muscle wastage on the back, dehydration and 
reduced body weight may all be observed. Eyelids are 
half or fully closed and the eyes have the appearance of 
being sunken. Red secretion from the lacrimal glands 
accumulates around the eyes (chromodacryorrhoea).  

   •      Faeces. Soft faeces, or diarrhoea, a dirty tail and an 
unpleasant smell are indicative of an intestinal 
infection.  

   •      Behaviour. Initially, animals may be more alert and 
aggressive, but will become progressively more passive; 
they stop eating and drinking and reduce exploratory 
behaviour (Roughan  &  Flecknell  2003 ). Sometimes rats 
gnaw affected parts of the body.  

   •      Posture. The animal frequently lies down, initially 
curled up with the head touching the abdomen, later 
stretched with the tail extended. A hard belly indicates 
abdominal pain. A tilted head is indicative of an infected 
middle ear.  

   •      Locomotion. A diseased rat moves slowly with a stiff -
 legged gait and arched back.  

   •      Vocalisation. Squeaking when handled.  
   •      Physiology. Sneezing may be the fi rst sign of a respira-

tory infection. When the condition of the animal 
worsens, breathing is audible and laboured and the 
respiratory frequency increases. Hypothermia indicates 
a serious condition and a pale appearance is indicative 
of anaemia or loss of blood.    

 Sick animals must always be examined by a veterinarian for 
a complete clinical and  post - mortem  diagnosis. However, 
many diseases may take a subclinical course with no appar-
ent signs of illness. It is important to be aware of such sub-
clinical diseases, such as latent viral infections, because they 
may interfere with the standardisation of the experiments. 
Regular microbiological monitoring of the rat population is 
therefore essential. 

 The most common infectious diseases of rats involve 
infections of the respiratory tract by  Mycoplasma pulmonalis , 
 Pasteurella  spp. and  Pneumococcus  spp. Under proper hus-
bandry conditions, the disease will only be apparent in some 
animals. However, the disease may become a serious 
problem under less optimal husbandry conditions, or when 
experimental procedures compromise the physical condi-
tion of the animals. If the disease cannot be controlled by 
chemotherapy or by antibiotics, sick animals must be 
removed from the colony as soon as possible. Respiratory 
diseases are transmitted by air or by contact between the 
animals. Reducing the pH of drinking water is sometimes 
used to reduce the spread of the infection in a colony through 
contaminated drinking spouts. See Fox  et al.   (2002)  for more 
extensive information on diseases and their treatment and 
control.  

wounds should be considered. This will also prevent the 
animal from biting surgical wounds and stitches. Recovery 
is improved after a few days when group housing can be 
re - established.  

  Euthanasia 

 The most appropriate way of killing rats is, to some degree, 
determined by the type of experiment involved. When the 
body will not be used for further experimental purposes, the 
best way of killing the animal is using a rising concentration 
of carbon dioxide and oxygen (6:4). After the animal has lost 
consciousness, the concentration of carbon dioxide is raised 
to 100% and kept at this level for at least 10 minutes. 
Although this method is widely used throughout the world, 
there is a signifi cant debate on the stressful nature of this 
technique (Conlee  et al.   2005 ). The immediate use of 100% 
carbon dioxide should be avoided, because it induces severe 
dyspnoea and signs of stress. Alternative methods include 
pre - euthanasia anaesthesia and the use of argon rather than 
carbon dioxide. Carbon dioxide should not be used to kill 
neonatal rats because they are relatively resistant to it. When 
specimens have to be obtained, administering a lethal dose 
of anaesthetic is usually an appropriate method. However, 
if the anaesthetic agents could interfere with the experimen-
tal results, physical methods of euthanasia are inevitable. 
Methods include concussion of the brain, cervical disloca-
tion and decapitation (using a special guillotine or sharp 
scissors). The choice of method will depend on the size of 
the animal and local regulations. See also Chapter  17 .   

  Common  w elfare  p roblems 

  Disease 

 Rats can be kept free of disease relatively easily under con-
ventional husbandry conditions, provided that these condi-
tions meet certain criteria. For example, it is essential to 
avoid overcrowding not only in the breeding cages, but also 
in the whole animal room. Moreover, proper ventilation, 
humidity control, a cleaning regime using dust - free bedding 

  Table 22.5    Alphabetical list of analgesics for postoperative pain 
relief. 

   Drug     Dose  

  Aspirin    100   mg/kg per os, 4 hourly  
  Buprenorphine    0.01 – 0.05   mg/kg sc, iv 8 – 12 hourly  

  Butophanol    2   mg/kg sc, 4 hourly  

  Codeine    60   mg/kg sc, 4 hourly  

  Flunixin    2.5   mg/kg sc, im, 12 hourly  

  Morphine    2.5   mg/kg sc, 2 - 4 hourly  

  Nalbuphine    1 – 2   mg/kg im, 3 hourly  

  Paracetamol    100 – 300   mg/kg per os, 4 hourly  

  Pentazocine    10   mg/kg sc, 4 hourly  

  Phenacitin    100   mg/kg per os, 4 hourly  

  Pethidine    10 – 20   mg/kg sc or im, 2 – 3 hourly  
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  Abnormal  b ehaviour 

 Rats rarely show obvious signs of abnormal behaviour. The 
incidence of stereotypies is very low under standard housing 
conditions. Abnormal behaviour is usually expressed as an 
increase in reactivity to environmental stimuli leading to 
panic reactions, or as increased passivity or state of depres-
sion. Occasionally, abnormal aggressive behaviour may 
occur in group - housed males. One male may continuously 
attack one of his cage mates, leading to serious wounding 
or death of the victim, and sometimes to cannibalism. There 
are no known solutions to this problem, other than killing 
the particular group of animals. 

 Another type of abnormal behaviour is chewing the fur 
of cage mates. The cause of this problem and its solution are 
unknown.  

  Reproductive  p roblems 

 Rats, in particular the outbred strains, generally reproduce 
without any problems. After giving birth, the mothers of 
some strains may be infanticidal. This usually results from 
disturbance to the nest and the nursing mother caused by 
cage cleaning or other activities in the animal unit. Sensitive 
strains should be bred in separate, quiet breeding facilities, 
and pregnant females should be provided with nest boxes 
and nesting material.          
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  Biological  o verview 

  Taxonomy 

 The Mongolian gerbil ( Meriones unguiculatus ) is the most 
widely used species of gerbil, and gerbil - like rodents, in the 
laboratory. There are several other species in the genera 
 Gerbillus  (gerbils, between 54 and 62 species) and  Meriones  
(sand rats, 14 species). Gerbil taxonomy and phylogeny 
have recently been discussed by various authors (Michaux 
 et al.   2001 ; Palinov  2001 ; Jansa  &  Weksler  2003 ; Steppan 
 et al.   2004 ; Chevret  &  Dobigny  2005 ). This chapter will be 
limited to the Mongolian gerbil, or jird. The gerbil ’ s scientifi c 
name  Meriones unguiculatus  means  ‘ little clawed warrior ’  
after Meriones, a marshal and relative of the Cretan king 
Idomeneus in the Trojan War. Meriones is said to have been 
one of the warriors in the Trojan Horse.  

  Standard  b iological  d ata 

 Basic biological data on the gerbil have been described by 
McManus  (1972b) , Thiessen and Yahr  (1977) , Tumblebrook 
Farm  (1979) , and by Field and Sibold  (1999) . Gerbils have 44 
chromosomes, four pairs of mammary glands, and have a 
typically rodent dental formula (one incisivus, a diastema 
and three molars in each half mandible). The body tempera-
ture is 38.1 – 38.4 ° C (measured by rectal probe), heart rate is 
360   bpm (range 260 – 600   bpm) and the respiration rate is 90 
per min with a range of 70 – 160 per min. Gerbils drink 9.63 
+/ −  1.95% of body weight per day, which corresponds to 
4 – 7   ml per day per 100   g body weight. Caloric uptake is 40.32 
+/ −  4.92   kcal per day per 100   g body weight, corresponding 
to 5 – 8   g per day per 100   g body weight. Urine volume is 
3 – 4   ml per day and the urine is highly concentrated.  

  Size  r ange and  l ifespan 

 Gerbils are of intermediate size between a rat and a mouse 
(body length 11 – 13.5   cm). The fur - covered tail is slightly 
shorter than the body (9.5 – 12   cm), with a small tuft of black 
hair at the tip. An erect adult gerbil is about 15   cm high. At 
birth pups weigh about 3 – 4   g, at 20 days around 16   g, at 30 
days 25   g, at 40 days 40   g, at 3 months 65   g, at 6 months 
70 – 90   g; adult males weigh between 80 and 130   g, and 

females between 60 and 100   g. Gerbils can live up to 6 years, 
however, 3 – 4 years is more usual (Thiessen  &  Yahr  1977 ).  

  External  f eatures 

 The external features of a typical laboratory gerbil are shown 
in Figure  23.1 . The wild type has an agouti - brown coat and 
a cream - coloured belly. Males are generally heavier than 
females (Agren  et al.   1989a, 1989b ). The hindlegs are rela-
tively long compared to the forelegs. The animals often sit 
on their haunches to look around, feed or groom themselves, 
and the long hindpaws are used extensively during digging 
behaviour to vigorously kick out and remove loose substrate 
from under the belly. Hopping locomotion can only be 
observed if the gerbils have a large area of several square 
metres with rough fl ooring available, but their locomotion 
is never comparable to kangaroo - type hopping which can 
be seen in  Jaculus jaculus , the giant jumping rat. Gerbils 
perform rapid foot - thumping with the hindfeet during 
alarming situations, and the males foot - thump after copula-
tion (Roper  &  Polioudakis  1977 ; Holman  &  Seale  1991 ). In 
erect, attentive posture, gerbils stand up on the toes, and the 
tail acts as extra support. In the laboratory, gerbils do not 
readily climb, at least not upside down at the cage top as 
mice do (Lerwill  1974 ; Roper  &  Polioudakis  1977 ). This is 
due to their fur - covered soles of the hindpaws, and lack of 
friction pads and opposable toes. If startled, however, 
gerbils can readily jump over a 30   cm high barrier (wild 
gerbils can jump up to 60   cm; I.W. Stuermer, personal com-
munication). Adult animals can comfortably crawl through 
tubes or tunnels of a diameter of 5   cm.    

  Senses and  c ommunication 

  Sound  p roduction 

 Gerbils are able to produce sounds of between 20 and 
150   kHz with peak intensities up to 106   dB (Thiessen  et al.  
 1978 ). Ultrasonic calling rate in gerbil pups increases from 
birth until day 4, then decreases, and from day 20 onwards, 
no vocalisations were detected by De Ghett  (1974) . Broom 
 et al.   (1977)  and Lerwill  (1978)  have also described the 
ontogeny of sound production in gerbils. Male gerbils ’  
pre - , within -  and post - copulatory vocalisations differ, with 
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ioural tasks. The retinas have rods (peak sensitivity at 499 –
 501   nm (Jacobs  &  Nietz  1989 ), about 87% of receptor 
population) and cones (12 – 14% of total receptor popula-
tion). There seem to be two types of cones: 95 – 97.5% of the 
cone population is green sensitive (peak sensitivity at 
493   nm, very close to the rod sensitivity, but at high illumi-
nation levels), only 2.5 – 5% of the cones are blue sensitive 
(sensitivity possibly between 420 and 430   nm). Therefore 
gerbils can be said to have dichromatic, blue – green colour 
discrimination abilities (Jacobs  &  Nietz  1989 ; Govardovskii 
 et al.   1992 ; Bytyqi  &  Layer  2005 ). Gerbils are also sensitive 
to ultraviolet (UV) light. Jacobs and Deegan II  (1994)  found 
indications for another UV sensitive pigment having a peak 
sensitivity at 360   nm. Receptor density was found to be 
314   000 – 332   000/mm 2  for rods and 45   000 – 50   000/mm 2  
for cones (Govardovskii  et al.   1992 ). Visual acuity was found 
to be 1.8 – 2 cycles/degree at 70   cd/m 2  (Baker  &  Emerson 
 1983 ; Wilkinson  1983 ), the acuity for horizontal gratings 
being better than for vertical gratings. Gerbils have a 
good stereopsis, depth perception and cliff response 
(Collins  et al .  1969 ). The gerbil visual system seems to be well 
adapted to diurnal life. It is not known whether albino - eyed 
gerbils have reduced acuity and are more susceptible to 
bright light than dark - eyed ones, as is the case in rats (Birch 
 &  Jacobs  1980 ).  

  Olfaction and  s cent  m arking 

 Gerbils are macrosmates with high densities of olfactory 
receptors and a well developed bulbus olfactorius (Loskota 
 et al.   1974b ; Thiessen  &  Yahr  1977 ). Gerbil pups show 
responses to odours from as early as day 4, and strongly 
prefer home cage odour between day 8 and 14 (Cornwell -
 Jones  &  Azar  1982 ). Gerbils also show pronounced scent -
 marking behaviour, smearing sebum of their ventral gland, 
which is present in both sexes, on objects in their territory 
and also on group members (for a detailed description 
of scent gland functions, see Thiessen and Yahr  (1977) ). 
Marking behaviour is characterised by the animal stretching 
out, lowering the abdomen and then crawling forward, 
dragging the gland over the substrate (Roper  &  Polioudakis 
 1977 ). In the wild, gerbils predominantly mark along the 
border of their territory, with the dominant breeding male 
marking most, followed by the breeding female and adult 
male offspring (Agren  et al.   1989a, 1989b ). Since scent - 
marking is controlled by androgens, males scent - mark more 
frequently than females (Thiessen  &  Yahr  1977 ). Gerbils of 
black coat colour mark more frequently than agouti animals 
(Dizinno  &  Clancy  1978 ). In isosexual groups of males, 
scent - mark frequency can be used as an indicator of rank 
(Shimozuru  et al.   2006a ), whereas body weight is usually 
taken as correlate of rank in mixed - sex groups (Weinandy 
 1995 ). Females scent - mark their pups, which might help the 
mother to recognise her own offspring (Wallace  et al.   1973 ), 
and the pups recognise maternal nest odours and are 
attracted to them (Yahr  &  Anderson - Mitchell  1983 ). 
According to Roper and Polioudakis  (1977) , scent - marking 
is used to mark and identify group and family members. 
Gerbils can discriminate between odours of familiar and 
unfamiliar conspecifi cs (Tang Halpin  1975 ; Yahr  1977 ). Age, 
social stress and social defeat decrease scent - marking behav-

upsweep (28 – 35   kHz), unmodulated (26   kHz) and modu-
lated (28 – 38   kHz) calls; females vocalise much less during 
copulation (Holman  1980 ; Holman  &  Seale  1991 ).  

  Hearing  c apacities 

 Gerbil ears are not mature at birth. The sound - conducting 
apparatus and inner - ear structures develop between day 16 
and 20 (Finck  et al.   1969 ). Woolf and Ryan  (1984)  however 
found the fi rst cochlear microphonic potentials at day 12, 
with a very high 103   dB threshold. Juvenile gerbils fi rst 
approach an auditory stimulus (low - intensity tape - recorded 
gerbil social call compared to broad - band white noise or 
lacking stimulus) at 16 days of age (Kelly  &  Potash  1986 ). 
Hearing sensitivity increases up to the age of 9 months. 
Adult gerbils respond to frequencies from 100   Hz to 60   kHz 
(Ryan  1976 ), with maximum sensitivity ( < 10   dB) between 4 
and 44   kHz. In older gerbils (between 12 and 28 months), 
sensitivity is reduced at the range of 8 – 24   kHz, however this 
is only the case in domesticated, not wild gerbils (Stuermer 
 &  Wetzel  2006 ; Eckrich  et al .  2008 ). Minimum resolvable 
angles (MRAs) for sound localisation in azimuth for broad -
 band noise is 23 °  (if the animal is stimulated from the front) 
and 45 °  (stimulated from the back) (Maier  &  Klump  2006 ). 
Gerbils use both phase and intensity differences to localise 
sounds (Heffner  &  Heffner  1988 ).  

  Vision 

 Jacobs and Deegan II  (1994)  described gerbils as  ‘ visually 
alert rodents ’ . Visual performance in gerbils (spatial and 
temporal resolution, size constancy, pattern discrimination) 
was analysed by Ingle  (1981) , using gerbils trained in behav-

     Figure 23.1     A typical inquisitive laboratory gerbil.  
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remaining with the parents offers opportunities for repro-
duction during prolonged interbirth intervals of the domi-
nant female. According to French  (1994) , seven of 49 (14.3%) 
female offspring managed to produce offspring in the pres-
ence of the mother, albeit with lower pup weight and 
higher mortality; Scheibler  et al.   (2004)  observed only two of 
56 (3.8%) daughters giving birth while still with the 
family. Salo and French  (1989)  consecutively showed that 
adult offspring remaining with the family and helping at the 
nest can acquire essential parental skills which later improve 
their own reproductive performance, irrespective of sex. 
Since extended residence in the parental group by non -
 breeders can enhance their reproductive performance, it is 
advisable to leave future breeding animals longer with their 
parents.  

  Sudden  i ntra -  g roup  a ggression and  e xpulsion of 
 g roup  m embers 

 One problem often encountered is a sudden outbreak of 
aggression in hitherto peaceful groups of animals, followed 
by expulsion of group members. If these animals are not 
removed, they will be killed. The problem is quite severe in 
pet gerbils, but its frequency in the laboratory is unknown. 
The author ’ s experience is that such periods of aggression 
can also occur in same - sex groups, without increasing 
animal numbers, even in groups of only two same - sex 
animals. Researchers at the University of Halle have 
analysed this problem in naturally grown family groups 
of laboratory gerbils in semi - natural enclosures (Scheibler  et 
al.   2004 ). Aggression originated from the founder female in 
60% of the cases, who was either pregnant or lactating, 
or the founder male (13%). Pup mortality was very high 
during these periods of aggression (70%). Increased repro-
ductive competition, especially for the female breeding 
position, seems to trigger such periods of aggression in 
reproducing families (Scheibler  et al.   2005a, 2005b, 2006a   ). 
However, there is no explanation so far for such periods 
of sudden aggression occurring in hitherto stable same - sex 
groups.   

  Reproduction 

 Under laboratory conditions gerbils reproduce all year 
round, whereas in the wild, the main reproductive season 
is from late winter to summer, with only two to three litters 
per year (Naumov  &  Lobachev  1975 ). During a lifetime, 
females produce eight litters, on average, but there have 
been females with 17 and more. The young are altricial 
(naked, blind and highly dependent on the parents) and are 
kept in the nest or nest chamber and retrieved by the parents 
if they crawl out of the nest. 

  Lack of  i nbreeding  a voidance 

 Gerbils are able to recognise kin independent of familiarity 
(Valsecchi  et al.   2002 ). Valsecchi ’ s fi ndings did not under-
mine Agren ’ s suggestion (Agren  1984a ) that there is a par-
ticular period of time (60 – 70 days of age) during which 
prolonged social contacts between males or females result 

iour in male gerbils (Yamaguchi  et al.   2005 ; Shimozuru  et al.  
 2006b ).   

  Activity  p atterns 

 Gerbils are polyphasic, diurnal and crepuscular. They 
exhibit two major peaks of activity after dawn and around 
dusk, but are also active during the day (Susic  &  Masirevic 
 1986 ; Weinandy  1995 ; Weinert  et al.   2007 ). Daily activity 
patterns are temperature dependent in the wild (Leont ’ ev 
 1954 ) and in seminatural conditions (Randall  &  
Thiessen  1980 ). When activity is measured using a running 
wheel, activity shifts mostly to the night; however, this 
seems to be an artefact induced by the running wheel 
(Refi netti  2006 ).  

  Social  o rganisation 

  Extended  f amily  g roups and  s exual  s uppression 

 In the wild, gerbils live in extended families with one breed-
ing pair and its offspring of several generations, in group 
sizes of 2 – 17 animals (Agren  et al.   1989a, 1989b ). Leont ’ ev 
 (1954)  even captured up to 26 animals in one burrow. As a 
rule, only the dominant pair reproduces, whilst adult off-
spring of both sexes remain with the parents and usually do 
not reproduce (Roper  &  Polioudakis  1977 ; Swanson  &  
Lockley  1977 ; Agren  et al.   1989a, 1989b ; Solomon  &  Getz 
 1996 ). It is unclear whether gerbils really are monogamous. 
Agren  et al.   (1989a)  found that females in oestrus actively 
solicit copulations of neighbouring males. So far, no pater-
nity analyses have been performed in wild gerbil groups or 
in naturally grown families in semi - natural housing, there-
fore information on extra - pair reproduction is lacking. Adult 
sons often exhibit well developed ventral glands and testes; 
adult daughters ’  ventral glands, uteri and ovaries are unde-
veloped. Payman and Swanson  (1980)  and Swanson and 
Lockley  (1977)  suggested that suppression of sexual matura-
tion in daughters is caused by the presence of the mother 
and her next litter. Clark and Galef found that sisters, but 
also other familiar animals, inhibit each other ’ s reproductive 
development, with this inhibition being even more pro-
nounced in the presence of the mother. In contrast, exposing 
suppressed females to unfamiliar males speeds up their 
maturation (Clark  &  Galef  2001a, 2002 ; Clark  et al.   2002 ). 
Sexually suppressed adult group members participate in 
digging the communal burrow, hoarding food, territorial 
defence and co - operative breeding (Agren  et al.   1989a, 
1989b ). Animals of a group also coordinate their actions 
according to the behaviour of group members, especially in 
predator avoidance (Ellard  &  Byers  2005 ).  

  Reasons for  p hilopatry 

 In wild gerbils, adult offspring remain with the family and 
parents (ie,  ‘ philopatry ’ ) long after weaning. Apparently, 
the presence of older offspring was not found to enhance 
reproductive success of the parents in the laboratory 
(Ostermeyer  &  Elwood  1984 ). French  (1994)  suggested that 
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 3.72   ng/ml, with temporal variation. At the age of around 
10 weeks (70 – 80 days), testosterone levels are highest (up to 
and even over 4   ng/ml), then again drop to 1 – 2   ng/ml there-
after (Clark  &  Galef  2001b ; Clark  et al.   2004 ).    

  Uses in the  l aboratory 

 To assess the most common uses of gerbils in the laboratory, 
a quick search on ISI Web of Science yielded at least 711 
published English papers on  Meriones unguiculatus  between 
January 2000 and October 2007. Most papers dealt with 
ischaemia (ie, stroke research) (336 papers, 47.2%). Due to 
the lack of carotid arterial anastomoses (incomplete circle of 
Willis) in the majority of gerbils the effect of vascular clamp-
ing of the carotids is more reproducible from animal to 
animal than in other species (Tumblebrook Farm  1980, 
1985 ; and personal communication, C. Nitsch, Functional 
Neuroanatomy, University of Basel). However, Laidley  et al.  
 (2005)  demonstrated that 23 – 39% of laboratory gerbils had 
a complete or unilateral complete circle of Willis, therefore 
the role of gerbils in stroke research is questionable. A large 
part of the references dealt with research into parasitic and 
other infectious diseases (110 papers). Gerbils are used in 
fi lariasis research as hosts for  Brugia pahangi  and  B. malayi , 
as and are used also in echinococcosis, amoebiasis, babesio-
sis, giardiasis, trypanosomiasis, and schistosomiasis 
research. They are also occasionally used as hosts for 
ascarids,  Taenia  sp.,  Trichostrongylus  sp. and  Neospora 
caninum , and have been used as  ‘ feeding stations ’  for ticks 
( Ixodes ricinus ), and are also used in research into  Helicobacter 
pylori  infection. 

 Gerbils are frequently used in neurology research (98 ref-
erences in total), which centres on the auditory system (53 
out of 98 references). Gerbil behaviour and behaviour asso-
ciated with reproduction were the subject of 61 references, 
followed by epilepsy and seizure research (49 references). 
Gerbils seem to be especially seizure - prone, seizures occur 
in response to sensory stimulation or forced exploratory 
behaviour and it seems the propensity for seizures is partly 
hereditary. In the 1970s, Loskota fi rst established non - inbred 
seizure - prone and seizure - resistant strains of gerbils by 
selective breeding. As a result, gerbils became a model for 
spontaneous or conditioned seizures (Loskota  et al.   1972 ; 
Loskota  &  Lomax  1974, 1975 ). Today there are several sei-
zure - prone inbred strains of gerbils available. However, the 
propensity for seizures might present a problem in the 
general husbandry of these animals, wherever epilepsy is 
not the subject of research. 

 Questions on nutrition, in particular bioavailability of 
beta - carotene, were addressed in 17 studies. Five addressed 
new methods for biomedical procedures (blood collection, 
intravenous (iv) injections, anaesthesia and total body elec-
trical conductivity (TOBEC) measurements), and some ten-
tatively suggested gerbils as models for schizophrenia 
(Bagorda  et al.   2006 ), psychosis (Brummelte  et al.   2007 ) and 
depression (Hendrie  &  Pickles  2000 ; Starkey  &  Hendrie 
 1997 ; Jaworska  et al.   2008 ). The remaining 26 references 
covered a variety of subjects including cancer, genetics, 
general anatomy, toxicology, circadian rhythms and ther-
moregulation. Only six studies dealt with behaviour or 

in the establishment of a sibling bond between these animals, 
inhibiting reproduction. Despite female gerbils ’  ability to 
recognise kin, they do not avoid reproduction with close 
relatives such as siblings.  

  Role of the  m ale in  r earing  y oung 

 In gerbils, the male actively participates in raising the pups. 
They collect nesting material, help build the nest, warm and 
clean the pups, and might occasionally also retrieve a 
pup back to the nest (Clark  et al.   2001 ; Clark  &  Galef  2001b ; 
Weinandy  et al.   2001 ). Males and females coordinate 
their activities at the nest in a manner that ensures constant 
supervision and care of the pups, so that if the female 
leaves the nest, the male guards the pups and  vice 
versa  (Waring  &  Perper  1980 ). The presence of the father 
increases pup activity and physical contact between pups 
and parents. Pups with the father present open their eyes 
earlier (Salo  &  French  1989 ; French  1994 ; Piovanotti Arua  &  
Vieira  2004 ).  

  Bruce  e ffect 

 There are contradictory results on the Bruce effect in gerbils 
(disruption of pregnancy or failure of implantation follow-
ing exposure of the female to a strange male). Norris and 
Adams  (1979a)  failed to fi nd evidence of the Bruce effect in 
gerbils, except when newly mated pairs were separated 
(Norris  1985 ). However, Rohrbach  (1982)  found that both 
the presence of a strange male or female, as well as changes 
in the housing conditions (cold, change to smaller or new 
cage) can block implantation in mated female gerbils. The 
presence of strange males reduces maternal care in lactating 
females, resulting in high pup losses.  

    ‘ Stud ’   m ales and  ‘  d ud ’   m ales 

 Mertice Clark and Bennett Galef have demonstrated in a 
series of experiments that gerbil males differ strongly in 
their reproductive performance depending on their position 
in their mothers ’  wombs (Clark  et al.   1992, 1998 ; Clark  &  
Galef  1994, 1999, 2000 ). Males ( ‘ dud ’  males) situated between 
two sisters in the uterus will have much lower adult circulat-
ing testosterone levels, low territorial and sexual activity 
levels, but very high nest - bound activity levels (nest build-
ing and caring for pups), whereas males gestated between 
two brothers ( ‘ stud ’  males) will develop into sexually and 
territorially very active adults, but with less interest in pup 
care. According to these authors, this phenomenon leads to 
a testosterone - mediated trade - off between parental and 
sexual efforts, but its function and adaptive quality is yet 
unclear (Vandenberg  1993 ). Some males gestated between 
sisters have testosterone levels as low as those of females 
and are unable to mate and impregnate females. Generally, 
the serum level of testosterone in male gerbils determines 
whether these animals exhibit sexual or pup care behaviour. 
 ‘ Dud ’  males have about half the testosterone levels of their 
 ‘ stud ’  conspecifi cs, and wild gerbil males have much lower 
testosterone levels than laboratory gerbils (Blottner  &  
Stuermer  2006 ; Stuermer  et al.   2006 ). Circulating levels of 
testosterone in male laboratory gerbils ranges from 0.35 –
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communication), and also as a reservoir for bubonic plague -
 carrying fl eas (Jun  et al.   1993 ; Davis  et al.   2004 ).  

  Domestication 

 Nowadays, more than 50 generations and several bottlenecks 
separate laboratory gerbils from their wild ancestors caught 
in 1935 (Rich  1968 ). There are pronounced differences 
between wild and laboratory gerbils. In 1995, a German –
 Mongolian research team caught about 170 wild gerbils in 
Mongolia, then housed and bred them in the lab and com-
pared these F0, F1 and F2 animals with laboratory gerbils 
(Stuermer  1998 ; Blottner  et al.   2000 ; Neumann  et al.   2001 ; 
Stuermer  et al.   2003, 2006 ). The latter show typical signs of 
domestication: higher body weight with higher variability, 
higher testes, liver and total fat weight, lower brain weight 
(17.7% lower), lower heart, lung, kidney and stomach 
weights, shorter intestinal tract length, higher testicular 
activity, greater litter size (mean 5.6 pups in laboratory gerbils 
compared with 4 in fi rst generation wild gerbils bred in the 
laboratory), but also faster auditory discrimination learning 
in laboratory gerbils compared to wild gerbils. Microsatellite 
variability, and probably also genetic variability in general, is 
reduced in laboratory gerbils. Wild gerbils develop less stere-
otypic digging, but since this abnormal behaviour develops 
during ontogeny, and is caused by housing conditions in the 
laboratory, it is not surprising that adult wild gerbils did not 
develop this behaviour. Epileptic seizures do not occur in 
wild gerbils, but started to appear in their offspring. Stuermer 
observed rapid changes towards domestication characteris-
tics with only a few generations of breeding wild gerbils in 
the laboratory. Despite these obvious changes, basic behav-
ioural needs are still the same in all gerbils, as is demon-
strated by their intensive digging behaviour, need for a 
burrow, social contact, gnawing and hoarding activities.  

  Colour  m utations 

 Since the occurrence of the fi rst coat colour mutations, black 
and spotted, a wide variety of coat colours has emerged 
(Waring  et al.   1978 ; Swanson  1980 ; Waring  &  Poole  1980 ; 
Henley  &  Robinson  1981 ; Leiper  &  Robinson  1984, 1985, 
1986 ; Matsuzaki  et al.   1989 ). To date, there are at least seven 
loci coding for gerbil coat colour known, some of them with 
up to four alleles. However, agouti, black and spotted are 
still the most frequent colours in laboratory gerbils; other 
colours are rarely used. Colour varieties and breeding for 
colour is more common in pet gerbils. There are differences 
in behaviour and physiology between the agouti and black 
(Dizinno  &  Clancy  1978 ), and females seem to prefer males 
of their own fur colour (Wong  et al.   1990 ). Also, there seems 
to be a connection between coat colour and seizure propen-
sity in gerbils (Gray - Allan  &  Wong  1990 ; Fujisawa  et al.  
 2003 ). When breeding the gerbil in the laboratory it is impor-
tant to note that  ‘ spotted ’  is a homozygously lethal, domi-
nant gene (Waring  et al.   1978 ). Therefore, if two spotted 
gerbils are mated, about a quarter of their offspring will die 
 in utero . To improve reproductive output, spotted gerbils 
should always be mated to non - spotted ones.  

reproduction of gerbils in the wild or the behaviour of 
recently caught wild gerbils in the laboratory.  

  Breeds,  s trains and  g enetics 

  Provenance and  b reeding  h istory 

 Wild Mongolian gerbils originate from the central Asian 
semi - deserts and steppes and can be found in Mongolia, 
Inner Mongolia (China) and southern Siberia. In the wild, 
they live in extended, territorial family groups (Agren  et al.   
1989a, 1989b ), which inhabit self - dug burrows, that are 
widely branched and up to 60 – 80   cm deep (Bannikov  1954 ; 
Naumov  &  Lobachev  1975 ; Scheibler  et al.   2006b   ). Gerbils 
prefer habitats with short, sparse vegetation and dry, loose 
and sandy soil (Bannikov  1954 ; Liu  et al.   2007 ). 

 The Mongolian gerbil was discovered in 1866 by the 
French missionary Abb é  Armand David. Travelling from 
Bejing to north - west China he found three  ‘  yellow rats with 
long ,  hair - covered tails  ’ . He sent these animals to the director 
of the Paris Natural History Museum, Monsieur Milne -
 Edwards, who named the species  Meriones unguiculatus  
(Milne - Edwards  1867 ). In 1935, 20 pairs of gerbils were 
caught by C. Kasuga in the Amur river valley in Manchuria 
and exported to Japan, where the Kitasato Institute estab-
lished a closed breeding colony (Rich  1968 ). In 1949 another 
breeding colony was established at the Central Laboratories 
for Experimental Animals, Tokyo, by M. Nomura. From this 
breeding stock, in 1954, 11 pairs were sent to V. Schwentker 
who had founded the West Foundation/Tumblebrook Farm 
in 1940 at Brant Lake (USA) to introduce new laboratory 
animal species to the USA. Only four males and fi ve 
females bred, so all animals of the Tumblebrook Farm 
colony descended from these animals. From Tumblebrook 
Farm, gerbils reached various laboratories and research 
groups at universities and pharmaceutical companies, for 
example the Worcester Foundation for Experimental 
Biology, Shrewsbury, Massachussetts, where a sub - colony 
was established in 1962. 

 In the 1960s, the gerbil was established as a laboratory 
animal in Europe (Rich  1968 ). In 1964 J.H. Marston imported 
12 pairs from Massachussetts to Birmingham (Norris  1987 ). 
With the exception of 12 pairs imported by the Laboratory 
Animal Centre, Carshalton, in 1966 direct from Schwendtkers 
foundation colony, this random - bred colony at Birmingham 
has been used to generate the breeding stock for laboratories 
thoughout the UK and Europe, and has also established the 
gerbil as a pet animal. In 1995, Ingo W. Stuermer ’ s German –
 Mongolian expedition caught wild Mongolian gerbils in 
Mongolia, and 60 of these animals were used for breeding 
in Germany (Strain Ugoe:MU95) to analyse domestication -
 induced changes in gerbil morphology, behaviour, repro-
duction, endocrinology and neurobiology (Stuermer  1998 ; 
Stuermer  et al.   1998, 2003 ; Blottner  et al.   2000 ; Neumann 
 et al.   2001 ). Most animals used today are descendants of the 
colonies mentioned above. Currently, only a few studies are 
conducted with wild gerbils in their natural habitat (Wang 
 &  Zhong  2006 ; Liu  et al.   2007 ; Zhang  &  Wang  2007 ). In the 
wild,  Meriones unguiculatus  is not endangered and is often 
viewed as an agricultural pest (Prof. R.Samjaa, personal 
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the cage, an abnormal behaviour exhibited for up to 21% of 
active time, with bout lengths from 12   s up to several minutes 
at a time (Wiedenmayer  1995, 1996, 1997a, 1997b ). Gerbils 
reared in a burrow structure (Figure  23.2 ), however, do not 
develop stereotypic digging. Laboratory gerbils should, 
whenever possible, be provided with an artifi cial burrow 
system that consists of a dark nest chamber of at least 
13   cm    ×    13   cm    ×    13   cm, accessible via a dark tunnel (length 
about 15 – 20   cm, diameter about 5   cm). Wiedenmayer ’ s fi nd-
ings were independently confi rmed by Schmook  (2004)  and 
the author of this chapter (Waiblinger  &  K ö nig  2004 ). 
Schmook even found that established stereotypic digging in 
adult gerbils can be reduced if an artifi cial burrow is added. 
In Switzerland, these fi ndings led to an adjustment of the 
minimum housing requirements of gerbils in the laboratory. 
According to the revised Swiss Animal Protection Ordinance, 
laboratory gerbils need to be provided with an artifi cial 
burrow structure or the opportunity to dig in deep sub-
strate. Also, The Council of Europe ETS No. 123 recom-
mends either a thick layer of substrate for digging or a 
burrow substitute for gerbils. Unfortunately, no such artifi -
cial burrow system is commercially available to date. One 
prototype example can be seen in Figure  23.3 .   

 The presence or absence of a shelter also affects other 
behaviour. Upon presentation of a startling visual stimulus, 
shelter - reared gerbils respond by fl eeing, foot - thumping 
and concealment, whereas open - reared gerbils approach the 
stimulus. After 24   h of access to a shelter, open - reared gerbils 
also start to fl ee into the shelter (Clark  &  Galef  1977, 1979 ; 
Cheal  &  Foley  1985 ; Cheal  et al.   1986 ). In the author ’ s experi-
ence, gerbils reared with a burrow are shyer and more dif-
fi cult to handle. Offering gerbils an artifi cial burrow increases 
costs and animal care workload. Depending on the research 
project for which the animals are intended, rearing with 
shelter may or may not be advisable. See also Chapter  10  
regarding enrichment.  

  Minimum  c age  r equirements 

 Gerbils should be kept in solid - bottomed cages with a thick 
layer of substrate (at least 5   cm) to allow for digging. It must 
be gnaw - resistant, for example made from polycarbonate. 
Cage height should be at least 15   cm but 18   cm is better to 
allow the animals to rear on their hindlegs. The EU Council ’ s 
Group of Experts on Rodents and Rabbits suggested a 
minimum cage fl oor area of 1200   cm 2  and a height of 18   cm 
for gerbils, with 150   cm 2  per animal weighing less than 40   g, 
and 250   cm 2  per animal weighing more than 40   g, either for 
same - sex groups or breeding pairs and their offspring 
(Council of Europe  2006   ). If an artifi cial burrow (nest box 
and 20   cm access tube) has to be fi tted in a cage, the minimum 
fl oor area for breeding pairs should be 1500 – 1800   cm 2 , oth-
erwise these structures are diffi cult to fi t in conveniently 
(author ’ s own experience).  

  Environmental  p rovisions 

  Digging and  c hewing  o pportunities 
 Since gerbils are profi cient diggers and gnawers, they should 
be provided with digging and gnawing opportunities: 
digging substrate such as wood chip bedding, and chewable 

  Strains and  s upplies 

 A number of strains are available from the major breeders. 
Most of these gerbils are inbred due to several bottlenecks 
and founder effects in the history of laboratory gerbil breed-
ing. Several authors have described and bred seizure - prone 
animals (Gray - Allan  &  Wong  1990 ; Buckmaster  &  Wong 
 2002 ; Fujisawa  et al.   2003 ). However, these animals are not 
currently available from the major laboratory animal breed-
ing companies. The original authors would have to be con-
tacted for these strains.   

  Laboratory  m anagement and  b reeding 

  General  h ousing and  h usbandry 

  Temperature and  h umidity  r ange 

 Originating from arid steppes with continental climate (a 
dry climate with temperature extremes), gerbils can tolerate 
a wide range of temperatures. In the wild, they would 
escape these extremes by going underground into their 
borrows. Without a burrow, but with the opportunity to 
build an isolating nest and with deep substrate, they can 
tolerate between 0 and 35 ° C provided that that humidity is 
low and food is available  ad libitum . Juvenile gerbils are 
unable to thermoregulate before the age of 12 days. 
Endothermic capacity then increases until the age of 21 days 
(McManus  1972b ). Adults are more temperature tolerant 
(18 – 29 ° C) than juveniles (19 – 24 ° C) in the laboratory, there-
fore gerbils should be kept at temperatures between 20 and 
24 ° C and humidities between 35 and 55% (ie, at lower 
humidities than suggested for other laboratory rodents) 
(Council of Europe  2006   ). At higher humidities, gerbils 
develop a matted, ruffl ed fur due to activation of the hard-
erian gland. The secreted substances of this gland are dis-
tributed all over the fur by the animals grooming themselves, 
then evaporate and help cool the body. If humidity is too 
high, no evaporation occurs and harderian secretions remain 
in the fur, rendering it matted (Thiessen  &  Yahr  1977 ; Grant 
 &  Thiessen  1989 ).  

  Burrow/ s helter 

 In the wild, gerbils dig their own extended burrow systems. 
Bannikov  (1954)  recorded 14 – 504 burrows per hectare; the 
author observed regions in Mongolia with gerbil burrows 
every 10 – 15   m. Gerbil burrows contain several of metres of 
tunnels, food and nest chambers (Naumov  &  Lobachev 
 1975 ; Thiessen  &  Maxwell  1979 ; Brunner  1993 ; Scheibler 
 et al.   2006b   ). The burrow is one of the most important 
resources for gerbils in the wild: it offers protection from 
climatic extremes and from predators, allows for raising 
pups in relative safety and for storage of food (Naumov  &  
Lobachev  1975 ; Thiessen  &  Yahr  1977 , p. 64). Captive and 
domesticated gerbils show pronounced burrow digging 
behaviour. Raising gerbils without a burrow or burrow - like 
structure in the laboratory has a profound effect on their 
behaviour. Wiedenmayer found that lack of an adequate 
burrow structure consisting of at least a nest chamber and 
access tunnel leads to stereotypic digging in the corner of 
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between those with running wheels and those without. The 
latter exhibit the typical biphasic crepuscular activity 
pattern, the former only one activity peak during night - time 
(Refi netti  2006 ; Weinert  et al.   2007 ). If running wheels are 
used, they should be 30   cm in diameter, and not have rails 
or spokes, but a solid running surface.   

  Social  g rouping 

 Gerbils should not be housed alone whenever possible. 
Neonatal maternal separation leads to behavioural and neu-
rochemical depression - like changes that differ in males and 
females, with more pronounced effects in males (Jaworska 
 et al.   2008 ). If adult pair - bonded gerbils are separated, fatness 
and transient depression -  and anxiety - like symptoms can be 
observed (Starkey  &  Hendrie  1997, 1998a, 1998b ; Hendrie  &  
Pickles  2000 ; Starkey  et al.   2007 ), as well as pregnancy failure 
(Norris  1985 ). Singly housed gerbils show pathological 
changes in the dopamine innervation of their prefrontal 
cortex that impair learning and working memory (Winterfeld 
 et al.   1998 ), and increased activity and heart rate (Weinandy 
 1995 ). If separated for too long, they may react with aggres-

materials such as hay, straw, tissues, paper, cardboard, 
branches and wood sticks. All this material is autoclaveable, 
and if the gerbils are not used for nutritional studies, there 
is no reason for not providing them with gnawing material. 
As substrate, wood chips and wood shavings are generally 
used, for example aspen shavings.  

  Sand  b ath 
 In pet gerbil housing, offering a sand bath (bird or chinchilla 
sand) has proved very successful for fur cleanness and fur 
shine, and Pendergrass and Thiessen  (1983)  have shown that 
sandbathing helps thermoregulation in gerbils. In the 
author ’ s experience gerbils regularly use the sand bath, fi rst 
to wallow and roll in it, then as a latrine.  

  Running  w heels 
 Running wheels are not a necessary provision; Sherwin 
 (1998)  either found no or negative effects on gerbils. At the 
University of Halle, it was found that wheel running and 
bar gnawing are mutually replaceable abnormal behaviours 
(Master thesis B. H ü nem ö rder, personal communication), 
and that activity patterns of gerbils differ signifi cantly 

(a)

(b)

2
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     Figure 23.2     Laboratory gerbils in a self - dug burrow in 
moist sand (a) and layout of such a burrow (b), dug in 
terrarium measuring 0.5   m    ×    1.5   m    ×    0.6   m, side views. The 
big terrarium contained a smaller one, placed upside down 
into the bigger one, inaccessible to the animals. The gerbils 
were only able to dig tunnels in a 10   cm thick layer of 
moist sand between the two terrarium walls, therefore 
practically all tunnel and nest structures were visible from 
the outside (system described by Hauzenberger  et al.  
 2006 ). 1: litter nest, 2: sleeping nest (Waiblinger, Ramer  &  
Riva, unpublished).  
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ited towards strange animals and should be avoided, except 
when forming opposite - sex breeding pairs (Clark  et al.   1986 ). 
In this case, grouping during oestrus is advisable. Preferably, 
same - sex groups should be formed before the age of 7 – 8 
weeks. Unfamiliar animals should always be brought 
together in an unfamiliar enclosure, such as a freshly pre-
pared cage, and be observed for at least 2   h. The animals can 
alternatively be separated by a screen or wire mesh partition 
for 5 – 7 days before allowing direct contact (Clark  et al.   2002 ). 
Intensive ano - genital sniffi ng, chasing, slashing tail and 
grinding teeth are signs of high arousal and gerbils display-
ing such behaviours should be distracted by food, sound or 
short blasts of air. If fi ghting starts, the animals should 
immediately be separated (wearing thick gloves is advisa-
ble) and they should not be reintroduced to each other. On 
the other hand, the author ’ s experience is that, if a gerbil 
pokes its head under the snout of another, performs high, 
but audible cheeps, and is groomed on the back or belly, 
grouping was successful. Animals sleeping huddled together 
can be left alone.  

sion upon regrouping with their old group - mates. The 
author observed aggression occurring after just 2 days of 
separation. 

 Gerbils can be kept in breeding pairs of one female and 
male with their offspring. The offspring can remain for some 
time after the birth of the next litter (see sections on extended 
family groups and sexual suppression, and on abnormal 
behaviour). Some authors also suggested polygynous breed-
ing pairs with one male and two females (Marston  &  Chang 
 1965 ). On the other hand, gerbils can be satisfactorily kept 
in same - sex groups of two or more animals. It is the experi-
ence of the author, and of thousands of pet gerbil owners, 
that in contrast to male mice and to recommendations made 
by the Council of Europe ( 2006     p. 19), male gerbils can easily 
be kept in same - sex groups. Same - sex male groups are 
usually more harmonious than same - sex female groups. 

 The following suggestions refl ect the author ’ s experience 
in grouping gerbils since there are no systematic studies on 
the success of the various grouping methods. Creating new 
adult gerbil groups is diffi cult because of aggression exhib-

(a)

(b)

     Figure 23.3     (a) Artifi cial burrow system which can be 
inserted into a laboratory cage type IV. (b) It consists of 
a dark nest box, access tube and an additional 
transparent box.  
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density and cage size, they might only be cleaned every 1 – 2 
weeks. Cleaning is stressful to these animals, since they 
leave scent marks all over their territory. Weinandy meas-
ured stress responses in gerbils subjected to different stres-
sors, using implanted heart - rate transmitters and found that 
cage change is less stressful than group recomposition, but 
more so than handling, confrontation with an intruder or 
confrontation with a resident animal, and that gerbils 
needed about 30 minutes for their heart rate to return to 
baseline after cage cleaning if this was done in their active 
time, and 120 minutes if cages were cleaned during their 
inactive time (Weinandy  1995 ; Weinandy  &  Gattermann 
 1997 ). Cages can also be partially cleaned, for example to 
avoid disturbing lactating or pregnant females.   

  Health  m onitoring and  q uarantine 

 Health monitoring involves close observation of appearance 
(eg shiny, smooth fur vs. matted, ruffl ed fur), body weight 
(ie, weight loss as an indicator of poor health) and behaviour 
on a regular basis. Gerbils should be inquisitive and active, 
and should eat and drink normally. Implanted heart rate 
transmitters or temperature - sensitive transponders can give 
additional information, but since these methods are, to some 
degree invasive, they are not suitable for all cases. Gerbils 
purchased from outside should be quarantined and screened 
for infectious agents as appropriate.  

  Transport 

 Only healthy animals should be transported. Special care 
has to be taken if pregnant or lactating females are trans-
ported. Only animals compatible with each other should be 
transported together; groups should not be mixed for trans-
port. Transport boxes should allow suffi cient air circulation, 
but also protect the animals from adverse environmental 
infl uences. Gnaw - proof boxes of non - toxic material must be 
used to prevent animals from escaping. Transport time must 
be minimised. Food and water should be provided on both 
short and long transports, since delays can always occur. 
Water can be offered in the form of gel packs ( ‘ solid drink ’ ), 
moistened food and/or vegetables of high water content 
such as cucumbers, apple or lettuce. See also Chapter  13  and 
Laboratory Animal Science Association (LASA)  (2005) .  

  Breeding 

  Condition of  a dults 

 Gerbils are less prolifi c breeders than mice or rats, due to 
longer interbirth intervals, smaller litter sizes and higher 
pre -  and post - natal pup mortality. Future breeding animals 
should remain with their parents as long as possible. This is 
advantageous for future breeding performance since the 
animals thus gain experience in pup care, resulting in meas-
urable benefi ts of their own future reproductive perform-
ance (Salo  &  French  1989 ; French  1994 ). Norris and Adams 
 (1972)  found that the shortest interval (40 days) from pairing 

  Identifi cation and  s exing 

 Gerbils can easily be marked by clipping their fur in defi ned 
patterns. If only the upper parts of the hairs are shaved, the 
darker underfur will show. Colour dyes can also be used, 
however clipping fur is much easier and will last for 5 – 6 
weeks in adults. Placing subcutaneous transponders for 
identifi cation between the shoulder blades needs a short 
anaesthesia, but will mark the animals permanently. The 
newest transponders are only 4   mm long and less than 1   mm 
in diameter. Toe - clipping should not be used, except as a 
last resort for neonates where the other marking methods 
are not applicable. However, Leclercq and Rozenfeld  (2001)  
have suggested plantar tattooing of neonates as an alterna-
tive to toe - clipping. 

 For sexing, the animals should be placed on a smooth 
surface and lifted at their tail - base since they should not be 
placed on their back. Sexing is easy in adult gerbils: the 
distance between genital papilla and anus is double in 
males, the connecting line is thin and covered with fur. 
Scrotal sacs are darkly coloured in agouti males. In females, 
the anogenital distance is much shorter, and there is a trian-
gular naked area between genital papilla and anus (Figure 
 23.4 ). In juvenile animals, anogenital distance is the only 
distinguishable feature. In female neonates, the teats are 
visible, in males, the genital papilla is more prominent and 
has a roundish opening.    

  Physical  e nvironment and  h ygiene 

 Because of low urine quantities, gerbil cages do not have to 
be cleaned as often as mouse cages. Depending on stocking 

     Figure 23.4     Sexing adult gerbils. In males (left), the distance 
between genital papilla and anus is much greater than in females 
(right). The latter exhibit a triangular naked area between papilla 
and anus.  
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50%. Reasons for infertility in females are often neoplasia of 
the ovaries and uterus, or ovarian cysts. Ovarian cysts have 
a prevalence of 4.3 – 50% in gerbils.  

  Conception and  p regnancy 

 Basic reproductive data are taken from Burley  (1979) , 
Marston and Chang  (1965) , Norris  (1987) , Norris and Adams 
 (1972, 1974, 1981a, 1981b, 1982)  and Tumblebrook Farm 
 (1979) . 

 Mating occurs when females are in oestrus during normal 
oestrous cycles, during post - partum oestrus (13   h after par-
turition, 80% fertility) and after weaning, if the female was 
not impregnated during post - partum oestrus. The cycle 
length is 4 – 6 days. Peak activity of mating is 2 – 3   h before the 
onset of the dark phase in the late afternoon, duration of 
oestrus is between 12 and 18   h. The onset of post - partum 
oestrus is about 13.5   h after parturition, ie, the delivery of the 
last pup. This duration of this oestrus is somewhat shorter: 
7 – 9   h (Prates  &  Guerra  2005 ). Mean ovulation range is 6.6 ova 
(range 4 – 9). During post - partum oestrus, females spend 
more time in pup - related behaviours, such as crouching over 
the pups, licking them, staying in the nest with them or nest 
building, than males. Males exhibited more female - directed 
behaviour such as allogrooming and sniffi ng, and engaged 
in intense copulatory behaviour (593 mounts or one mount 
every 47   s). Even during delivery, males attempted to mount, 
but were rejected at all times by the female. Gerbil males do 
not help females during parturition as occurs with dwarf 
hamsters. Paternal behaviour is suppressed by sexual moti-
vation on the day of their mate ’ s parturition and post - par-
tum oestrus. Parental behaviour by males is pronounced 
before and after this day (Clark  et al.   2004 ). 

 Oestrus can either be identifi ed by female behaviour 
(Weinandy  et al.   2002 ), or determined using vaginal smears 
(Marston  &  Chang  1965 ), which, however, is not very reli-
able, and further confused by the vaginal plug after mating. 
Leucocytes, epithelial cells with nucleus and cornifi ed cells 
indicate phase I (also seen during pregnancy and pseudo -
 pregnancy); few leucocytes, many epithelial cells, early 
stages of cells with nucleus and cornifi ed cells indicate 
phase II; and the lack of leucocytes plus many cornifi ed cells 
indicate phase III, ie, oestrus. After mating, the vaginal 
smear is sperm - positive. During pregnancy, erythrocytes 
can also be seen in the vaginal smear from day 12 onwards 
and the vaginal opening is narrowed. During lactation a 
vaginal membrane develops which persists until weaning. 

 Copulatory behaviour patterns of females on the day of 
oestrus were described by Burley  (1979) . These included 
piloerection, present posture, darting and foot stamping, as 
well as an increase of female - initiated allogrooming and 
sniffi ng of the male ’ s head and anogenital region. During 
oestrus, the male shows piloerection posture, presenting 
posture, intensive sniffi ng and chasing of the female before 
mounting the female, who responds with lordosis. Mounting 
occurs many times over a period of about 6   h. Mating is 
accompanied by the male regularly foot stamping. Duration 
of a mount is about 2   s. After mounting, both male and 
female lick their genitalia. A concealed vaginal plug devel-
ops in the upper part of the reproductive tract, but only 
remains in place for a day. 

to parturition was achieved if mature, sexually experienced 
males were paired with inexperienced or experienced 
females, and longest (up to 90 days) if inexperienced males 
of 60 days were used. Clark  et al.   (2002)  introduced females 
of various ages (35, 70, 90, 100 days) to experienced males 
and found latency to parturition being 34, 36, 45, and 78 
days, respectively. The probability of younger females 
getting impregnated by the fi rst male they were paired with 
was much higher. Older females tended to have smaller 
litters than younger females, and longer interbirth intervals, 
but they were more likely to retrieve removed pups to the 
nest, spent more time in contact with and nursing the pups, 
and their pups also grew more rapidly. Older mothers gave 
birth to more male - biased litters, as predicted by parental 
investment theory. It is therefore diffi cult to suggest an 
optimal age for pairing female gerbils. Future breeding 
animals should be introduced to each other between the 
ages of 60 and 90 days. Gerbils should not be paired too 
early, since familiarity resulting from growing up together 
can inhibit or delay reproduction in females (Clark  &  Galef 
 2001a, 2002 ; Clark  et al.   2002 ).  

  Identifying  f ertile  s tate 

 In laboratory males, testes descend at 30 – 45 days of age. 
Roughly 40 days later, active spermatogenesis and mating 
behaviour begin (70 – 84 days). Suggested breeding age for 
males is 75 – 85 days (Field  &  Sibold  1999 ). Without serum 
testosterone analyses, it is impossible to distinguish so - called 
 ‘ stud ’  or  ‘ dud ’  males (ie, those that will be able to father 
many offspring or not, see Reproduction section). However, 
since males with low circulating testosterone levels and 
lower litter sizes care better for their young, the effect of a 
low testosterone level is somewhat compensated. 

 Vaginal opening is at 40 – 76 days of age, depending on the 
animal ’ s social surroundings (Norris  &  Adams  1979b ). 
Sexual maturity is reached at 63 – 84 days of age if the female 
is separated from her mother and sisters after weaning. 
Females are able to breed from 3 months to about 3 years 
and longer (Field  &  Sibold  1999 ; I.W. Stuermer, personal 
communication). The mean age of wild gerbil females fi rst 
giving birth was 199 days (F0, wild - caught); for the offspring 
(F1) of wild - caught gerbils this fi gure was 71 days (Blottner 
 &  Stuermer  2006 ; Stuermer  et al.   2006 ). If paired at 60 days, 
earliest age at fi rst conception lies around day 75, but Clark 
and colleagues  (2002)  observed the fi rst litter being born to 
a female aged 69.7 days, if paired at the age of 35 days.  

  Breeding  s ystems 

 The social system of gerbils indicates monogamous pairing 
as the optimal breeding system (Agren  1984b ; Clark  et al.  
 1986 ; Solomon  &  Getz  1996 ; Saltzman  et al.   2006 ). Polygynous 
systems can result in aggression between the females, but 
some authors prefer this mating system (Marston  &  Chang 
 1965 ; Scheibler  et al.   2005a, 2005b ). 

 Fostering is possible in gerbils and is most successful 
within 24   h after parturition. For artifi cial insemination the 
same techniques are used as in rats and mice. After PMSG 
and hCG treatment, sperm is injected into both uterine 
horns. Artifi cial insemination has a success rate of about 
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  Litter  s ize and  d evelopment 
 The litter size of wild gerbils averages 4.5. In laboratory 
gerbils, the litter size is 5.5, with a range of 1 – 12. Depending 
on whether the female is both pregnant with the next litter 
and suckling pups of the present one, inter - litter interval 
varies between 25 and 49 days. Mean inter - litter interval is 
29 – 35 days (colony dependant). Neonatal mortality is 
around 20%, with most mortality in the fi rst 5 days. 
Exceptionally large litters may show mortality up to 57%, 
and, likewise, single - pup litters may have high mortality 
(eg, 75%). Sex ratio is 1.03 at birth, but decreases to 1.0 at 
weaning age due to higher mortality in males (Field  &  
Sibold  1999 ). Causes of pup mortality are lack of care, insuf-
fi cient milk, suffocation, or failure of older pups to reach 
food or water due to poor cage layout. 

 Ear opening occurs between days 12 and 14, the fi rst hair 
appears at 5 – 7 days, incisors erupt at 10 – 16 days, and the 
eyes open between days 16 and 20 (14 days earliest eye 
opening). Upon eye opening and eruption of the incisors, 
pups start to venture out of the nest box, digging and eating 
solid food. Birth weight is inversely correlated with litter 
size. Singletons might weigh up to 3.3   g, compared with 
about 2.6   g in pups from large litters (over 10 pups). Males 
are about 5% heavier than females, a sexual dimorphism 
that is increased to 10% at older ages. Adult weight is 
reached at the age of 3 months.  

  Weaning  a ge 
 Gerbil pups are artifi cially weaned at between 20 and 30 
days, however, 21 days should be the earliest, and weaning 
at 28 – 35 days is recommended. The time between 3 and 4 
weeks is critical, since the pups switch from milk to solid 
food only during this week and change to being completely 
homeothermic. Food and water should be placed within the 
cages from day 14 since such small pups cannot reach up to 
the food hopper and nipple of water bottle. Pups take their 
fi rst solid food (vegetables or salad) from day 16, and dry 
pelleted food from day 18 onwards. Weaning weight should 
be at least 12 – 18   g, preferably 20   g, and pups should be 
checked for regular eating and lack of diarrhoea before sepa-
rating them. Several aspects of behaviour suggest that an 
even later separation of pups and family would be advanta-
geous: if gerbils are separated before the next litter of 
younger siblings is born, a signifi cant increase of bar - gnaw-
ing is noted after the separation. Additionally, remaining 
with the family for the duration of the raising of another 
litter provides future breeding animals with relevant 
experience.   

  Infanticide 

 Infanticide is very rare, but does occur in both males and 
females. It occurs spontaneously (Saltzman  et al.   2006 ) or 
under poor husbandry conditions, for example if the female 
is undernourished during lactation. The author observed 
one female eating her 7 - day - old pups after the animal care 
staff forgot to replenish the food. In contrast to house mice, 
infanticidal gerbil females do not fi rst kill the pups, but 
might start to eat them from the tail region. If male gerbils 
are food - deprived, they might also become infanticidal 
(Elwood  &  Ostermeyer  1984 ).   

 Implantation usually occurs 7 – 8 days after fertilisation. 
Pregnancy duration is between 24 and 28 days. However, 
if fertilisation occurred during post - partum oestrus, implan-
tation of the blastocyst is retarded even further. 
According to Norris and Adams  (1981a, 1981b) , pregnancy 
duration is then increased by 1.9 days per neonate, if three 
or more pups of the previous litter are suckled. Pregnancy 
duration can increase to a maximum of 48 days. Pregnancy 
has a strong impact on maternal resources, especially if 
females are both pregnant and nurse the last litter. Females 
whose dams were both nursing while gestating them and 
were pregnant while suckling them are less fecund (smaller, 
more female - based litters) and show lower attachment to 
their mates (Clark  et al.   2006 ). Pregnancy can be palpated 
from day 15 onwards, the teats are clearly visible from day 
14. The female gains 10 – 30   g during pregnancy. Mating with 
unfertile males can lead to a pseudopregnancy of 13 – 23 
days. Embryo - transfer has been described by Norris and 
Adams  (1986) . 

 Mean number of litters per reproductive lifespan in 
females is 7.6  ±  3.8, with a maximum of 17 (author ’ s breed-
ing colony), with litter size decreasing after the tenth litter. 
Life reproductive success is 33 – 48 young born per female 
(maximum 54).  

  Nesting 

 The female builds the pup nest, but the male is also involved 
in nest building. Both males and females shred material 
(tissues, straw, hay, textiles) into small pieces, collect these 
in their mouth and carry bundles of them to their nest. If a 
nest box or shelter is available, gerbils also pad it out with 
nesting material. A nest is either globular or more frequently 
hemispherical, with a depression in the centre. Globular 
nests are constructed if the gerbils are kept at low ambient 
temperatures and if the female is caring for offspring. Nest -
 building serves both thermoregulatory and reproductive 
functions. One needs to be aware that the nest is located 
underground in wild gerbils, so depth underground adds 
additional insulation.  

  Parturition 

 Parturition occurs usually during the night, its duration 
depends of the number of pups. The birth of one pup lasts 
10 – 15 minutes; the whole parturition is somewhat longer 
than 1   h. The female eats placentae and stillbirths. The 
number of pups depends on the age and condition of the 
female, with very young and older females delivering 
smaller litters. The pups are altricial. Except for the fi rst day 
post - partum the male is involved in pup care. experienced 
males, either through prolonged residence with their own 
parents or through having raised their own young, are ben-
efi cial for the pups ’  development. Males are active in nest 
building, huddle over, clean and occasionally retrieve pups.  

  The  y oung 

 Basic developmental data are taken from Marston and 
Chang  (1965) , Norris  (1987) , Norris and Adams  (1972, 1974, 
1982)  and Tumblebrook Farm  (1979) . 
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 In the laboratory, gerbils can be fed standard mouse, rat 
or hamster breeding chow; however, the protein content 
needs to be 22% and fat content only 4% to prevent the 
development of obesity. This pellet diet can be supple-
mented with grains and seed mixtures. Gerbils can be easily 
trained for various laboratory routines by rewarding them 
with sunfl ower seeds or pumpkin seeds. These seeds have 
a very high fat content and should be used with restraint. 

 Food and water should be provided in a way that allows 
all animals, including pups, to access them. One way of 
presenting food is scatter it on the bedding. In the author ’ s 
opinion, this has several advantages over presenting it only 
in the food hopper: it is accessible for all animals, it is hoard-
able, and the animals are occupied searching for food in the 
bedding. Since gerbils produce very few drops of urine, 
their bedding stays clean for a longer time than that of mice 
or rats, therefore food in the bedding will not be contami-
nated by urine so quickly. Gerbils eat about 18 times during 
the day at random times, therefore their stomachs contain a 
little food all the time (Kanarek  et al.   1977 ). As a rule, food 
should be presented  ad libitum  and should not be time 
restricted.    

  Laboratory  p rocedures 

  Handling 

 If carefully habituated, gerbils can be caught with cupped 
hands. An easy way to catch them is to use tubes since they 
will readily enter any tube provided. Usually they are 
caught at the base of their tail, with the body being imme-
diately supported by the other hand. If gerbils are caught at 
the tip of their tail, they tend to struggle and kick vigorously, 
resulting in shedding of the skin of the tail (degloving). 
Gerbils can be restrained by a neck - grip, also securing them 
at the base of the tail. However, they often struggle very 
much when placed on their back. In small animal practice, 
a soft towel is often used to restrain adult gerbils. They are 
tightly wrapped in a towel from behind and will often 
remain still as long as some pressure, but not too much, is 
applied around their body (Figure  23.5 ). Gerbil pups can 

  Feeding 

  Water 

 Gerbils exhibit several adaptations to dry climate: they 
excrete relatively low amounts of urine (3 – 4   ml per day com-
pared to 6   ml in the golden hamster, also an animal of 
arid habitats) and quite dry faecal pellets (McManus  1972a ). 
They tolerate quite high salt concentrations (McManus 
 1972a ). Mongolian gerbils are able to survive without 
drinking water or consuming green foodstuffs by the use of 
metabolic water, arising, for example via the oxidation of 
lipids (Wang  et al.   2003 ). If provided with  ad libitum  
water, gerbils consume 4 – 10   ml of water per day (McManus 
 1972a ; Field  &  Sibold  1999 ). Experiments summarised by 
Thiessen and Yahr  (1977)  show that depending on the 
composition of the food (its fat content), water - deprived 
gerbils die after losing 30% of their body weight. Water 
deprivation also results in a halt of reproduction in breeding 
pairs. Pregnant and lactating females are especially suscep-
tible to water under - supply. In the laboratory, with dry food 
pellets and low humidity,  ad libitum  water supply should be 
provided in any case. This is in accordance with recently 
revised European guidance (Council of Europe  2006   ): 
 ‘  Uncontaminated drinking water should always be available to all 
animals.  ’  

 In general it is easier to provide water  ad libitum  via bottles 
or an automated drinking system than by regular supply 
with greens and vegetables. However, salad, dandelion 
leaves, cucumber, carrots, pumpkin (seeds and fl esh), zuc-
chini, fennel, etc are well liked by gerbils, as are fruit such 
as apples, pears, melon, etc. In contrast to the situation in 
the degu ( Octodon degus ), gerbils have not been found to be 
susceptible to type 2 diabetes (Besselmann  &  Hatt  2004 ), 
therefore sweet fruit and vegetables can be offered 
occasionally.  

  Food 

 In the wild, gerbils are granivorous – herbivorous animals 
(Wang  et al.   2003 ). Their diet consists of green parts of plants 
and seeds, for example of grasses, wormwood ( Artemisia  
sp.), and various other, locally available plants with the 
occasional insect or larva as a supplement (Bannikov  1954 ; 
Naumov  &  Lobachev  1975 ; Scheibler  et al.   2006b   ). 

 Gerbils hoard food extensively, both in the wild and in 
the laboratory (Naumov  &  Lobachev  1975 ; Agren  et al.  
 1989b ; Tsurim  &  Abramsky  2004 ). The author has seen labo-
ratory gerbils stuffi ng food pellets in one corner of their 
cage, if loose food is available. In the wild, gerbils hoard up 
to 20   kg of food for winter (Naumov  &  Lobachev  1975 ), and 
pet gerbils sometimes hoard several kilograms of food 
despite the relatively constant temperatures of their sur-
roundings. Gerbils have been used to analyse food - search-
ing strategies and patch - choice theory in the laboratory 
(Forkman  1991, 1993a, 1993b ). Food preferences are socially 
transferred in gerbils. Mothers pass on their food prefer-
ences to their pups (Valsecchi  et al.   1996, 2002 ), but gerbils 
also learn food preferences from familiar or related conspe-
cifi cs (Galef  et al.   1998 ). Hunger also infl uences the acquisi-
tion of food preferences (Forkman  1995 ). 

     Figure 23.5     Gerbil restrained by wrapping the animal in a towel, 
a method often used in small animal practices.  
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body weight or 66 – 78   ml/kg (van Zutphen  et al.   2001 ). To be 
on the safe side, maximal blood volume to be collected 
should not be more than 10% of the purported maximal 
blood volume. The Swiss Laboratory Animal guidelines 
allow collection of a maximum of 1   ml in a gerbil weighing 
80   g, or a maximum of 20% of the total blood volume within 
2 weeks 1 . See also Joint Working Group on Refi nement 
(JWGR)  (1993)  for general guidance on blood collection. 

 Blood collection routes have been summarised by Field 
and Sibold  (1999) . Blood can be collected from the lateral tail 
vein after warming the tail, either by placing it in warm 
water, by setting the animal under a infrared lamp or in a 
warmed chamber (30 – 35 ° C for 10 – 15 minutes) to allow for 
vasodilation. Another accepted method is the puncture of 
the saphenous vein (Hem  et al.   1998 ). Small amounts of 
blood (0.1 – 0.2   ml) can also be attained by cutting the tip of 
the tail, a procedure that is usually only allowed once per 
animal in animal welfare guidelines. Retro - orbital sinus 
blood collection is also possible in gerbils, but it needs to be 
performed under anaesthesia, and, according to many 
animal welfare laws and guidelines, must be performed not 
more frequently than 2 weeks apart at the same eye. 
Unfortunately, puncture of the sublingual vein under inha-
lation anaesthesia has not been described in gerbils so far, 
despite its advantages over retro - orbital puncture in rats 
(safe, quick, improved healing) (Zeller  et al.   1998 ). Cardiac 
puncture should be reserved for terminal blood collection 
and must only be performed under anaesthesia.  

  Urine 
 To collect urine, gerbils can be placed individually in meta-
bolic cages. A much simpler method is to place fi lter paper in 
bedding - free cages. However, there is a danger of the gerbils 
shredding the paper within hours. Gerbils can also be placed 
in wire mesh bottom cages with a sheet of metal below to 
collect urine over 24   h (Fenske  1990, 1996 ; Waiblinger  &  
K ö nig  2004 ). Handling can also be used to induce urination.  

  Faecal  s amples 
 Faecal samples can easily be collected, since they are dry and 
do not stick to the bedding. Gerbils produce about 15 – 20 dry 
pellets or 1.5 – 2.5   g faeces per day (author ’ s own experience) 
Collecting these from the bedding is more tedious than 
using a metabolic cage, but probably less stressful for the 
animal, since it can be left in its own cage and bedding. 
Cortisol extraction from faeces has been done, however, 
Fenske  (1996)  found a dissociation of plasma and faecal/
urinary cortisol after application of stressors (see above). 
However, faecal cortisol measurements might be used to 
assess long - term stressors.  

  Vaginal  s mears 
 To take vaginal smears, the same methods can be used as 
with mice: using a pasteur pipette with a rubber teat and 
irrigating the vagina with a small volume of sterile, warmed 
physiological saline. However, vaginal smears are not very 
well suited for determining oestrous state in gerbils.  

comfortably snuggle in a slightly closed fi st. Gerbils can be 
habituated very well to handling procedures by offering 
them a treat if they come forward in the cage voluntarily 
and climb on a hand, and by rewarding them after replacing 
them in the cage and after procedures (Figure  23.6 ).    

  Physiological  m onitoring 

  Recording  b ody  t emperatures 

 As noted earlier, gerbils have a body temperature of around 
37.4 – 38.4 ° C. Body temperature can be measured by using a 
rectal probe, but this needs handling and manipulation, 
which itself could induce stress and temperature changes. 
For regular temperature readings, a subcutaneous tem-
perature - sensitive passive transponder, injected (under 
isofl urane anaesthesia) between the shoulder blades, is rec-
ommended (Kort  et al.   1998 ; Newsom  et al.   2004 ). Infrared 
laser scanners can also be used to measure body surface 
temperature in slightly restrained animals. If gerbils are 
implanted with heart rate transmitters, core temperature can 
be measured (Weinandy  1995 ; Moons  et al.   2007 ), but this 
needs major surgery.  

  Collection of  s pecimens 

  Blood 
 Haematological and clinical chemistry data are provided by 
Field and Sibold ( 1999  p. 10 – 11). Blood volume is 6.7% of 

     Figure 23.6     Gerbil habituated to coming forward in the laboratory 
cage, using positive reinforcement.  

  1       http://www.bvet.admin.ch/themen/tierschutz/00777/00778/
index.html?lang=de  > Richtlinie/Guideline No. 800.116 - 3.02 
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paracetamol or diclofenac. A list of suitable NSAIDs can be 
found in Flecknell  (2007) .   

  Humane  e ndpoints 

 If an animal shows signs of morbidity (disease or illness) for 
some days or is moribund (dying), then its condition should 
immediately be evaluated and a decision made as to treat-
ment or euthanasia. In general, signs of morbidity are similar 
to those seen in hamsters and mice. Common signs, accord-
ing to Field and Sibold  (1999)  include: 

   •      hunched posture;  
   •      ruffl ed fur;  
   •      rapid weight loss (10 – 15% in a week);  
   •      hypothermia or hyperthermia (depends on the experi-

ment, ie, studies on infectious diseases differ from 
cancer studies);  

   •      increased respiration rate;  
   •      diarrhoea or constipation;  
   •      changes in activity and behaviour;  
   •      paralysis or other CNS signs.    

 For most of these signs, score sheets can be used. Body 
temperature can be measured non - invasively using subcu-
taneous, temperature - sensitive passive transponders (Kort 
et al  1998 ; Toth  1997, 2000 ). Frequent monitoring for signs 
of morbidity is paramount if humane endpoints are to be 
applied.  

  Euthanasia 

 Methods used for euthanasia must be painless, safe to apply 
and ensure a quick loss of consciousness. In the recommen-
dations for euthanasia of experimental animals, the EU 
Commission working party suggests the following methods 
of euthanasia for rodents in general, not specifi cally for 
gerbils (Close  et al.   1996, 1997 ), although national regula-
tions may vary. See also Chapter  17 . 

  Physical  m ethods 

 Physical methods suitable for gerbils are: stunning (only by 
well trained personnel), cervical dislocation or decapitation 
(only with specialised apparatus). If microwaves are used 
for euthanasia, only specialised apparatus adapted to the 
size of the animal and the species must be used to focus the 
irradiation exactly on the brain (Close  et al.   1996, 1997 ).  

  Chemical  m ethods,  i njectable  a gents 

 Generally, if venepuncture and intravenous injection can be 
used, this route of administration (eg of appropriate barbitu-
rate or other suitable agents) is recommended, since intra-
peritoneal injection is slower to act and might lead to 
irritation of the peritoneum. Other application routes for 
injectable anaesthetics should not be chosen except if the 
animals is fully anaesthetised, ie, no intracardiac injection of 
T61 (forbidden by law in Switzerland, for example, the EU 
working party also strongly discourages this application 

  Milk 
 Collection of milk in gerbils has been described by Rassin  et 
al.   (1978) . For the exact method of collecting milk from small 
rodents, see Feller and Boretos  (1967)  and Raffel and K ö nig 
 (1999) .    

  Administration of  m edicines 

  Dosing and  i njection  p rocedures 

 Routine application procedures used for mice and rats can 
generally also be used for gerbils. Since gerbils should 
neither be held by their tails nor turned on their back, the 
procedure for intraperitoneal injection should be modifi ed. 
The gerbil is placed on the wire top of a cage, where it will 
try to walk away. First the base of the tail is picked up with 
one hand, and the hindquarters of the animal lifted slightly 
off the grid. With the same hand, thumb and forefi nger, the 
loose skin at the neck is picked up and the animal can be 
raised to an upright, vertical position (head up), at which 
time the injection can be made with the free hand or by an 
assistant. Intravenous injection in the femoral vein and the 
external jugular vein, both under anaesthesia, have been 
described since the lateral tail vein is not as easily accessible 
for injections in gerbils as in mice or rats due to their furry 
tail (P é rez - Garc í a  et al.   2003 ; Kakol Palm  &  Hollaender  2007 ). 
Subcutaneous injections are usually given in the loose skin 
between the shoulder blades. In general 23 – 25   G needles are 
used. Details on dosing various common substances can be 
found in Field and Sibold  (1999) , pp. 73 – 75.  

  Anaesthesia and  a nalgesia 

 In commercial small animal veterinary practice, isofl urane 
inhalation anaesthesia via precision vaporiser is generally 
used as the method of choice for small mammals such as 
gerbils. It is used at 2 – 5% for induction, and 1.2 – 2.3% for 
maintenance. Recovery from isofl urane anaesthesia is 
usually very quick. Methoxyfl urane has also been used in 
gerbils (Norris  1981 ). It is to be noted that these gaseous 
anaesthesia agents do not have analgesic properties, 
and therefore pre -  and post - surgery analgesia must be 
used where appropriate. Field and Sibold  (1999)  present a 
list of commonly used, injectable anaesthetics and their 
combinations (p. 77). Some common intraperitoneally 
injectable anaesthesias for gerbils are: 50   mg/kg ketamine 
and 2   mg/kg climazolam; 50   mg/kg ketamine and 2   mg/kg 
xylazine; or pentobarbital 60 – 80   mg/kg (duration 30 – 45 
minutes). See also Flecknell  (2009) . 

 Post - operative pain should be relieved in gerbils using 
appropriate analgesia (this is required by most countries ’  
animal welfare guidelines). A suitable analgesia regimen 
for gerbils might be 0.05 – 0.2   mg/kg buprenorphine sc or 
0.003   mg/kg fentanyl sc (1   :   10 in NaCl; 1/3 of dose every 20 
minutes) before surgery, and 5   mg/kg carprofen sc or 1 drop 
of meloxicam solution (5   mg meloxicam/ml) every 12 – 24   h 
after surgery, as required. Field and Sibold  (1999)  again list 
suitable analgesia agents for gerbils (p. 97), however, they 
centre on the opioids and do not give information about 
non - steroidal anti - infl ammatory drugs (NSAIDs) such as 
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  Common  d iseases 

 Gerbils can contract Tyzzer ’ s disease ( Bacillus piliformis ). 
Affected animals become apathetic and huddle in a hunched 
position in the corner of the cage with ruffl ed fur (Field  &  
Sibold  1999 ). Sometimes diarrhoea can be seen. Since these 
animals do not feed, weight loss is quite severe, and the 
animals die within 1 – 3 days. Tyzzer ’ s disease can be spread 
among animals by soiled bedding. If an outbreak occurs, 
affected animals, cages and rooms should be quarantined 
immediately. Tetracycline has been used to treat mice and 
might also be effective in gerbils. Oxytetracycline added to 
drinking water can be used, and dehydrated animals should 
be given rehydration therapy if they are not euthanased. 
Since  B. piliformis  is spore - forming, bodies, bedding, food 
and nesting material must be incinerated and cages, equip-
ment and rooms thoroughly sterilised. Dihydrostreptomycin 
is toxic for gerbils and should therefore not be used (Field 
 &  Sibold  1999 ). 

 A much less severe condition is the red or sore nose 
disease sometimes observed in laboratory gerbils. The 
animals develop reddish sores (erythema) around the nose. 
Unpublished data of the author show that these sores were 
not caused by the animals digging in the substrate or by 
gnawing on the bars, since the occurrence and severity of 
the sore nose disease did not correlate with digging or bar -
 gnawing frequency. Often, red nose disease is caused by a 
staphylococcal infection of the nose ( Staphylococcus aureus ) 
(Peckham  et al.   1974 ). The author used odourless topical 
antiseptics creams or a systemic antiobiotic treatment with 
good results in a non - SPF - colony (chloramphenicol 
0.083   g/1100   ml water, or tetracycline 0.3   g/100   ml water for 
14 days, as suggested by Field and Sibold  (1999) ). However, 
good hygiene should prevent the outbreak of this disease. 
As a rule, most gerbils recover from red nose disease, and 
only if the sores spread to larger areas of frontpaws and face, 
should animals be killed. 

 In aged animals, sebaceous gland carcinomas can occa-
sionally be observed (Rafl o  &  Diamond  1980 ; Matsuoka  &  
Suzuki  1995 ; da Costa  et al.   2007 ). Chronic interstitial nephri-
tis is sometimes diagnosed in aged gerbils. Affected gerbils 
lose weight and exhibit polyuria and polydipsia (Johnson -
 Delaney  1998 ). Histopathological lesions of the ventral pros-
tate have also been observed in aged gerbils (Campos  et al.  
 2008 ). 

 Gerbils are prone to epileptic seizures and are used as a 
model to screen for antiepileptic drugs. Juveniles develop 
seizures at 2 months of age, by 10 months up to 80% of the 
animals can exhibit seizures of various degrees (Kaplan  &  
Miezejes  1972 ; Loskota  et al.   1974a ; Kaplan  1975 ; Frey  1987 ; 
Cutler  &  Mackintosh  1989 ; Kupferberg  2001 ). For research 
not concerned with epilepsy, known seizure - eliciting stimuli 
such as handling stress, dangling by the tail, novelty, blasts 
of air or sudden noise should be avoided, as well as the use 
of seizure - prone strains of gerbils (Fujisawa  et al.   2003 ). In 
the experience of the author, habituation to handling proce-
dures reduces the incidence of epileptic seizures in gerbils, 
but this has not been analysed systematically so far. 
However, Jaworska  et al.  ( 2008 , p. 539) mentioned having 
habituated gerbil pups to handling in order to reduce the 
frequency of seizures.   

route). Gerbils can be killed by an overdose of sodium 
pentobarbital, for example by intraperitoneal injection 
( > 270   mg/kg, maximum 200   mg/ml injectable solution) 
(Field  &  Sibold,  1999 ). Three times the anaesthetic dose is 
recommended. T61 must be injected intravenously very 
slowly, and prior sedation might be required (for exact com-
position of T61 see Close  et al.   1996 ).  

  Chemical  m ethods,  i nhalational  a gents 

 If inhalation anaesthesia agents such as isofl urane, haloth-
ane or enfl urane are used, the animals must be left in the 
chamber long enough for death to be ensured, and this must 
be confi rmed, or the animals must subsequently be killed by 
another method that ensures their death, for example by 
decapitation or exsanguination. Methoxyfl urane should not 
be used in gerbils. Animal welfare aspects of using carbon 
dioxide for euthanasia have widely been discussed; see 
Conlee  et al.   (2005)  for a review, but also Leach  et al.   (2005) . 
Carbon dioxide is aversive, and burrow - living rodents are 
reported to have a high tolerance for carbon dioxide. Both 
the prefi lled - chamber and the gradual - infl ux methods have 
their disadvantages. If the gradual - infl ux method is used, 
the home cage of the animals should be covered with a tight -
 fi tting lid. Carbon dioxide should be introduced from the 
top of the cage. Structures in the cage beneath the inlet (for 
example a nest box) help to distribute the gas equally 
through turbulence. Optimal fl ow rate is about 13   l/min for 
cages type III, 6   l/min for cages type II. Solid carbon dioxide 
(dry ice) should not be used, since carbon dioxide concentra-
tions cannot be controlled and the animals must be pre-
vented from touching the dry ice (Corbach  2006 ).  

  Euthanasia of  n eonates 

 Neonates cannot be killed by carbon dioxide, since they 
have a high tolerance for hypoxia. Neonates can be killed by 
decapitation (Close  et al.   1997 ).    

  Common  w elfare  p roblems 

  Disease 

  Prophylaxis 

 In general, gerbils are remarkably healthy in captivity. The 
animals should be checked daily for their health status, and 
weighed at least once a week. Stressed animals are more 
susceptible to disease than unstressed ones. Positive rein-
forcement (training with treats) can be used to habituate 
gerbils to common handling and application procedures 
and reduce the impact of handling - induced stress (see  
Chapter  16 ).  

  Signs of  d isease 

 Diseased gerbils tend to show a reduction of activity, ruffl ed 
fur, hunched posture, diarrhoea and loss of body weight. 
Elderly animals tend to become emaciated ( > 3 years old) 
and to sink in at their fl anks. Increased drinking might be 
indicative of either diabetes or renal failure.  
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example by denying them access to bars that might be 
chewed on, but the prevention of the ontogenetic develop-
ment of stereotypies by removing the underlying causes of 
suboptimal housing or husbandry. Stereotypic behaviours 
in rodents originate from continuously thwarted motiva-
tions to escape or to search shelter (W ü rbel  2006 ), and there-
fore represent some sort of frustration and lack of control. 
There are strong indications that stereotypies result in CNS 
dysfunction (ie, recurrent perseveration and decreased 
dorsal striatal inhibitory behavioural control) (Garner  2006 ), 
thus making stereotypic behaviours fundamentally analo-
gous to the repetitive behaviours associated with human 
pathologies such as schizophrenia and autism. Garner cau-
tions against using such stereotyping rodents in behavioural 
tests in the laboratory since the underlying CNS dysfunc-
tions might thwart their validity as animal models, at least 
if they are used in behavioural paradigms.   

  Dedication 

 This chapter is dedicated to Rolf Gattermann whose pre-
mature death left a deep gap in the gerbil research 
community.       
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  Biological  o verview 

  Taxonomy 

 Hamsters as a group can be described as stout - bodied, 
stubby - tailed, broad - headed, cheek - pouched, burrowing 
and nest building rodents. Some taxonomists (Nowak  &  
Paradiso  1983 ) place hamsters in the family Muridae, whilst 
others (Corbet  &  Hill  1980 ; Honachi  et al.   1982 ) retain them 
in the family of Cricetidae to which they were assigned in 
1946 (Van Hoosier  &  McPherson  1987 ). 

 The most commonly used species in the laboratory is the 
Syrian hamster ( Mesocricetus auratus ), known also as the 
Golden Hamster. The Chinese ( Cricetus griseus ), Djungarian, 
or Russian ( Phodopus sungorus sungorus ), or Russian Dwarf 
and European hamsters ( Cricetus cricetus ) are less often used 
in research. For this reason, the remainder of the chapter 
relates to the Syrian hamster, unless otherwise indicated. A 
fuller account of the taxonomy of Cricetidae can be found 
in Van Hoosier and McPherson  (1987)  along with a tabu-
lated classifi cation scheme for 24 species in the family. Those 
using hamsters in research should be aware that accurate 
identifi cation of the species used is essential for correct 
reproducibility of work and interpretation of results.  

  Comparative  a natomy and  p hysiology 

 Species within the various hamster genera vary in body size. 
Hamsters in the genus  Cricetus  are the largest,  Mesocricetus  
are medium sized whilst  Phodopus  are dwarf, mouse - like 
animals. Typically, adult Syrian hamsters reach weights of 
150 – 180   g, Chinese hamsters 120 – 150   g and Djungarian 100 –
 130   g. Larger European hamsters may reach 400 – 500   g. 

 Hamsters generally have shorter lifespans than rats and 
mice routinely used for long - term studies; Bernfeld  et al.  
 (1986)  provide data from over 600 control F1 hybrid Syrian 
hamsters. There are also marked sex and strain differences, 
with males tending to live longer than females. Most reports 
of longevity record deaths from 1 year onwards with only 
50% or less survival at 2 years. Hamsters rarely survive 
beyond 3 years, this age being more typically reached by 
Chinese rather than Syrian hamsters. 

 Adult females (Syrian) are larger than males, and Syrian 
hamsters have abundant, loose skin. Both sexes possess 
paired, bilateral scent or fl ank glands, consisting of seba-

ceous glands, pigment cells and terminal hair. These glands 
are most prominent in the male, but are poorly developed 
in females. 

 The hamster ’ s dental formula is: I 1  1 C 0  0 Pm 0  0 M 3  3 . They have 
only one set of teeth (monophyodont) and the cheek teeth 
are roughly quadrate and low crowned and (bunodont and 
brachyodont). Such teeth are characteristic of animals that 
have a diverse diet. The incisors are open - rooted while the 
molars are rooted. Primary eruption is regular. Some but not 
all genera possess buccal pouches extending dorso - laterally 
from the oral cavity on either side of the shoulder region. 
These structures are used experimentally as immunologi-
cally privileged sites. Hamster stomachs are divided into 
non - glandular and glandular segments separated by a mus-
cular sphincter. 

 A detailed account of anatomy, physiology, haematology 
and clinical chemistry is available in Van Hoosier and 
McPherson  (1987) .  

  Behaviour 

 Syrian hamsters are terrestrial, burrow - digging rodents. 
Their natural habitat is dry, rocky plains or lightly vegetated 
slopes. They build nests within their burrows. Although 
primarily grain eaters, they will also eat green plant shoots 
and roots, insects and fruit. In the wild, adults generally 
inhabit lone burrows (Van Hoosier  &  McPherson  1987 ). 

 Some species of hamsters hibernate under certain envi-
ronmental conditions. Although this is of research interest 
it is not an important feature with respect to their husbandry 
in most laboratory situations. Hibernation can be induced 
in hamsters by a number of environmental stimuli including 
low temperature, short days, solitude, nesting material and 
adequate food stores. Aspects of behaviour which are of 
importance for their husbandry include their solitary nature, 
propensity to burrow and nest build and their nocturnal 
lifestyle. These are important factors in considering their 
housing and husbandry.   

  Uses in the  l aboratory 

 Syrian hamsters have a number of unusual and unique fea-
tures which make them particularly useful for certain exper-
imental studies. The Syrian hamster has immuno - genetic 
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 While suffi cient space is needed to allow appropriate 
enrichment and to give the animals some control over social 
interactions, other aspects of housing such as material of 
construction, fl oor type, provision of furniture and bedding, 
as well as appropriate social enrichment are equally impor-
tant. Arnold and Estep  (1994)  explored the caging prefer-
ences of Syrian hamsters. Whilst their research showed that 
most Syrian hamsters preferred solid fl oors with bedding, 
they also demonstrated that previous housing conditions 
can affect cage preference and behaviour. Further informa-
tion on environmental enrichment for Syrian hamsters can 
be found  Comfortable Quarters for Laboratory Animals  
(Reinhardt  &  Reinhardt  2002 ) and see Chapter  10 . 

 The Syrian hamster does not conform to the generalisation 
concerning other hamsters that males are more aggressive 
than females. Both sexes are highly aggressive, making 
group housing for welfare or experimental purposes prob-
lematic. Grelk  et al.   (1974)  investigated the infl uence of 
caging conditions and hormone treatments on fi ghting in 
male and female Syrian hamsters. They found that sex, hor-
monal state and caging condition interact in a complex 
manner. Arnold and Estep  (1994)  explored the effects of 
housing on social preference and behaviour in male Syrian 
hamsters. Their results showed that they spent more time in 
social proximity than out of proximity, especially if they had 
prior group - housing experience. In addition, singly housed 
animals showed more aggressive behaviour with conspecif-
ics and lower weight gains than group - housed animals, 
which showed more evidence of wounding. They concluded 
that early housing experience can profoundly affect later 
social preference and behaviour. 

 In summary, solid - bottomed cages with bedding material 
are preferable and in general group housing may be prefer-
able to individual caging so long as the groups are formed 
early in life and are stable and harmonious. Where this is 
not possible it is better to single house animals, either from 
the start of the study or, immediately upon arrival, if pur-
chased from a commercial breeder. When group housing, 
there should be room for hiding or escaping from 
cage - mates.  

  Environmental  c onditions 

 Conditions suitable for maintaining rats and mice are also 
suitable for Syrian hamsters. Generally, seasonal variability 
in the Syrian hamster can be reduced by the provision of a 
constant temperature of 21 – 22    ° C and a minimum of 14   h 
light. Such conditions will eliminate hibernation. Extraneous 

characteristics that underlie marked tolerance to homolo-
gous, heterologous and human tumours, parasites, viruses 
and bacteria. Moreover, the presence of reversible cheek 
pouches, which in the Syrian hamster appear to be immu-
nologically privileged, allow tumour grafts from other 
species, including man, to grow freely and symmetrically 
without the need to induce immunosuppression. 

 The Syrian hamster has also been used for dental research 
as the form and occlusion of their molar teeth closely resem-
ble those of humans and the induction of lesions is possible 
without fracturing of the teeth, as in rats. Other areas of use 
include teratology and the short gestation period is advanta-
geous for inhalation studies. The Syrian hamster has been 
used in thermophysiology and circadian rhythm studies. 
Chijioke  et al.   (1990)  described the use of the Syrian hamster 
oocyte in assessing human spermatozoal fertilising poten-
tial. They concluded it was a relatively precise method of 
quantifying the effects of various factors affecting human 
sperm function  in vivo.  Further detailed consideration of 
experimental biology in all hamster species can be found in 
Van Hoosier and McPherson  (1987) .  

  Laboratory  m anagement and  b reeding 

  General  h usbandry 

  Housing and  c aging 

 For routine purposes, cages and equipment designed for 
rats can be used for housing Syrian, Chinese and Djungarian 
hamsters. European hamsters require more space and 
stronger cages due to their size and aggressiveness towards 
each other. Table  24.1  sets out the space requirements for 
Syrian hamsters according to the revised Appendix A 
(adopted June 2007) of the Council of Europe Convention, 
ETS/123 (Council of Europe  2006 ) and the European 
Directive 86/609 (European Commission  2007 ). Table  24.2  
sets out the space requirements for Syrian hamsters accord-
ing to the US Guide for the Care and Use of Laboratory 
Animals published by the National Research Council  (1996) .   

 The differences between these guidelines illustrate the 
more general point that it is diffi cult to specify scientifi cally 
the minimal sizes of cages for maintenance. However the 
European guidelines took note of research indicating that 
hamsters were chronically stressed when housed in small 
enclosures, a condition likely to affect their welfare and the 
quality of science obtained from these animals (Kuhnen 
 1999a, 1999b ). 

  Table 24.1    Minimum enclosure dimensions and space allowances for Syrian Hamsters according to Appendix A of the Council of Europe 
Convention,  ETS /123 (Council of Europe  2006 ) and the European Directive 86/609 (European Commission  2007 ).  Reproduced with permission 
of FELASA.  

        Body weight (g)     Minimum enclosure size (cm 2 )     Floor area/
animal (cm 2 )  

   Minimum enclosure 
height (cm)  

   In stock and during procedures     Up to 60    800    150    14  
  Over 60 – 100    800    200    14  
  Over 100    800    250    14  

  Breeding        800 monogamous pair with litter        14  
   Stock at breeders     Less than 60    1500    100    14  
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  Table 24.2    Minimum enclosure dimensions and space allowances 
for Syrian Hamsters according to the US Guide for the Care and 
Use of Laboratory Animals (National Research Council  1996 )  *  . 

   Weight (g)     Floor area/animal (cm 2 )     Cage height (cm)  

  Less than 60    65    15  
  Up to 80    84    15  
  Up to 100    103    15  
  Over 100    123    15  

    *    Dimensions in Table 24.2 are to the nearest whole number as US 
measurements are in inches.   

     Figure 24.1     Male Syrian hamster.  

     Figure 24.2     Female Syrian hamster.  

noise should be kept to a minimum, consideration being 
given to sources of ultrasound. Excessive deviance from the 
normal environmental parameters should always be avoided 
if at all possible, especially in breeding colonies when it may 
contribute to lowered breeding effi ciency and maternal 
cannibalism.  

  Identifi cation and  s exing 

 The marking of individual animals (other than by using 
microchips) should be avoided wherever possible as no 
completely satisfactory method has been developed. Ear 
punching can be performed as in other rodents and the ears 
of animals without dark pigmentation can be tattooed using 
a fi ne electric vibrating tattooing machine. Microchip 
implants have now become the preferred method for iden-
tifying many species of animals, including Syrian hamsters. 
Whilst they have the distinct advantage of being a reason-
ably permanent means of identifi cation, microchip implants 
do have some disadvantages including cost, subcutaneous 
migration, chip failure etc. Although the author can fi nd no 
specifi c reference to the use of microchips in hamsters, Ball 
 et al.   (1991)  evaluated their use in rats over a 1 year implanta-
tion period and Mrozek  et al.   (1995)  evaluated the method 
in rabbits, guinea pigs, woodchucks and amphibians. The 
author also has personal experience of successfully micro-
chipping hamsters for long - term (2 year) studies. 

 The gender of mature Syrian, Chinese and Djungarian 
hamsters can be easily distinguished by the prominent testes 
of the male, even in pubescent animals, and the greater ano -
 genital distance in the male (Figures  24.1  and  24.2 ). Sexing 
the European hamster however, presents some problems 
during the season when sexual activity ceases  –  usually 
October to February. It is diffi cult to tell the sexes apart at 
this time as the vulva of the female is closed and the testes 
of the male are drawn up into the abdominal cavity. At other 
times the criteria used for sexing other hamster species can 
be used.     

  Transport 

 Transporting hamsters presents no special diffi culties as 
long as plastic materials are used and no leading exposed 
edges are offered to the animals to chew. As an extra precau-
tion when transporting European hamsters, a lining of fi ne 
wire mesh should be incorporated into the manufacture of 
the box. Boxes used for transporting other rodent species, 
made of plastic corrugated or sandwich construction with 

plastic formed lids and incorporating fi lters over wire mesh 
panels of an adequate size, provide good insulation whilst 
being adequately ventilated. 

 Table  24.3  gives recommended stocking densities for 
Syrian hamsters in transit (Laboratory Animal Science 
Association (LASA)  2005 ). Optimum stocking densities are 
provided for non - fi ltered crates used during winter and for 
fi ltered crates travelling during the summer, representing 
the least and most demanding challenges to adequate ven-
tilation respectively.    

  Breeding 

 The infl uence of parity and litter size on weaning success 
and offspring sex ratio in Djungarian hamsters has been 
reported by Lerchl  (1995) . Table  24.4  presents breeding data 
for Syrian, Chinese and Djungarian hamsters. This section 
will concentrate on practical aspects of hamster breeding.   

 Sexual maturity of the Syrian hamster is reached by 42 
days of age or earlier (see later in this section) and can be 
confi rmed using the penile smear technique to look for the 
presence of sperm on the glans penis. Reproductive ability 
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  Table 24.3    Minimum fl oor area/animal (cm 2 ) for Syrian hamsters 
during transport.  Reproduced from LASA (2005) Guidance on the 
Transport of Laboratory Animals. Report of the Transport Working 
Group established by the Laboratory Animal Science Association 
(LASA)  Lab Animals ,  39 , 1 – 39, copyright 2005 by permission of The 
Royal Society of Medicine Press, London.  

   Weight (g)       *  Min. height 15   cm       *  *  Min. height 15   cm  

  30 – 60    120    96  
  61 – 90    160    128  
  91 – 120    200    160  
   > 121    240    192  

    *    Floor area/animal in cm 2  when no active temperature control is 
provided throughout the journey.  
   *  *    Floor area/animal in cm 2  when active temperature control is pro-
vided throughout the journey.   

  Table 24.4    Reproductive data for Syrian, Chinese and Djungarian hamsters.  Reproduced with permission from the National Academies Press, 
Copyright (1996), National Academy of Sciences.  

   Character     Syrian     Chinese     Djungarian  

  Age at puberty    45 – 60 days    48 – 100 days    45 – 60 days  

  Min. breeding age    50 days    70 – 84 days    50 days  

  Breeding season    All year, may be a decrease in 
winter  

  All year in laboratory 
conditions  

  All year in laboratory 
conditions  

  Oestrous cycle    Polyoestrus: all year    Polyoestrus: all year    Polyoestrus: all year  

  Duration of oestrous cycle    4 days    4 days    4 days  

  Duration of oestrus    4 – 23   h    6 – 8   h    Unknown  

  Gestation    16 days    21 days    18 days  

  Average litter size    6    5    3.2  

  Ovulation time    Early oestrus    Shortly before oestrus    Unknown  

  Copulation    About 1   h after nightfall    About 1   h after nightfall    Unknown  

  Implantation    5 or more days    5 – 6 days    Unknown  

  Birth weight    2   g    1.5 – 2.5   g    1.5 – 2.0   g  

  Weaned    21 days    21 days    18 days  

  Chromosome no.    44    22    28  

  Return to oestrus post partum    5 – 10 mins    Post - partum mating does 
occur  

  Post - partum mating does occur  

  No. of mammae    14 – 22    8    8  

at a very young age is marked in Syrian hamsters and it is 
not uncommon to fi nd animals mating by 4 weeks of age. 
This can lead to husbandry problems with unplanned preg-
nancies occurring when litters are kept together post - wean-
ing. Maximum reproductive capability is reached in Syrian 
hamsters by around 8 – 10 weeks of age for females and 10 – 12 
weeks for males. 

 The oestrous cycle is regular, lasting 4 days. Two lateral 
pouches lined with cornifi ed epithelial cells in the vagina of 
hamsters can make the vaginal cytology method of evaluat-
ing the phase of the cycle diffi cult. External indications of 
the cycle include the presence of a white, stringy, opaque 
discharge on the second day of the cycle followed by a waxy 
secretion on the third day. It is, therefore, possible to deter-
mine the day for mating by screening females for the stringy, 

opaque discharge. This indicates that the female reached 
peak oestrus the day before and therefore she can be reliably 
mated on the third day after disappearance of the discharge. 
Large groups can be selected in this way with up to 90% 
conception rates. 

 Female hamsters are relatively aggressive in the presence 
of unfamiliar males and generally, unless sexually receptive, 
will not tolerate their presence. However, at peak oestrus 
the female Syrian hamster tolerates the male ’ s presence and 
shows lordosis. Shortly afterwards copulation will take 
place, lasting around 30 minutes. 

 Using a breeding system in which females are selected in 
this way, one male can serve a harem of 12 females. This is 
a common method of breeding Syrian hamsters but is very 
labour intensive. The hamsters are mated soon after dark, 
when they are naturally most active. The female is placed in 
the same cage as the male and the pair observed to ensure 
mating occurs. Should fi ghting start, the pair must be imme-
diately separated. 

 Monogamous pairing of hamsters at weaning is now con-
sidered the most satisfactory and labour - effi cient method of 
breeding Syrian hamsters. Provided they are paired at this 
time they are normally compatible and produce very good 
results with weaning rates of around 1.4 young/female/
week depending upon strain, with litter intervals of around 
37 days. Djungarian and Chinese hamsters can also be bred 
successfully using the monogamous pairing system. In addi-
tion to being more effi cient, monogamous pairing allows 
accurate record keeping and allows post - partum mating 
which can occur in Djungarian, Chinese and golden ham-
sters. It is however, unusual for conception to take place 
whilst the female is lactating. 

 Harem mating has been used for breeding Syrian ham-
sters but again is labour intensive and can be stressful for 
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  Feeding 

  Natural and  l aboratory  d iets 

 Hamsters are omnivorous and coprophagous and hoard 
food as a survival strategy in the wild. In the laboratory and 
intensive breeding situations complete diets of known for-
mulation and quality are advised on both scientifi c and 
welfare grounds. Diets specifi cally formulated for rats and 
mice are adequate for the maintenance and breeding of 
hamsters (National Research Council  1978 ). Providing a 
good - quality, complete rodent diet is available, nutritional 
defi ciencies are unlikely to occur. Vitamin E defi ciency has 
been described by West and Mason  (1958)  and Keeler and 
Young  (1979) , but in both papers the defi ciency was experi-
mentally induced. More recently Mooij  et al.   (1992)  described 
experimentally induced disturbed reproductive perform-
ance in extreme folic acid - defi cient Syrian hamsters. Further 
information on hamster nutrition is available from Medical 
Research Council  (1977)  and National Research Council 
 (1995) .  

  Water 

 A fresh, clean,  ad libitum  supply of water must be provided 
to hamsters either by means of water bottles or through 
automatic watering devices. The average daily consumption 
of water by an adult Syrian hamster is 10 – 20   ml depending 
upon the housing conditions, the type of feed and the ham-
ster ’ s physiological condition (eg, pregnancy, suckling).    

  Laboratory  p rocedures 

  Handling 

 The Syrian hamster can have an unjustifi ed reputation for 
being diffi cult to handle but this is usually due to poor or 

the animals. The usual procedure is to group one to four 
males with a large number of females and to separate out 
pregnant animals prior to parturition. Fighting will occur 
when the female is re - introduced into the harem. 

 Implantation of the fertilised ovum takes place 6 days 
post - coitus. It is important that at this time the animal is 
handled as little as possible. The Syrian hamster has a short 
gestation period (15.5 days) and the period is generally very 
regular, varying by only 2 or 3   h. Pregnant females should 
be placed in clean cages with some form of nesting material 
and bedding approximately 2 days prior to parturition. 
Enough food should be made available in the cage to last 
the female 7 – 10 days so that there is minimal disturbance of 
the newborn litter. Any interference frequently results in 
cannibalism. Litter size normally increases with parity. 

 Newborn hamsters have closed eyes and ears, and are 
hairless but have teeth. Ears begin to open at 4 days, solids 
begin to be taken at 7 – 10 days and eyes open at 14 – 16 days 
of age. Water must be available to animals from 10 days of 
age. Hamsters are normally weaned around 21 days and the 
female re - mated. Figure  24.3  shows typical growth curves 
for the Syrian hamster.   

 The optimal reproductive life of a Syrian hamster is con-
sidered to be around 10 months and a signifi cant reduction 
in reproductive capacity occurs from 1 year of age onwards. 
During her reproductive lifetime a female hamster will 
produce four to six litters. 

 It is commonly thought that cross - fostering is not possi-
ble, however Grainger and Plotkin  (1987)  investigated cross -
 fostering and maternal care in Syrian hamsters and 
concluded that it can be successfully undertaken at three 
different ages  –  soon after birth, at about 1 week of age and 
around 2 weeks of age. They found nest quality, survival 
and pup weights to correlate well. Cross - fostering could 
prove useful in disease control or eradication. However, the 
establishment of caesarean - derived, hand - reared hamster 
colonies has not yet been reported.  
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     Figure 24.3     Typical growth curves for Syrian hamsters.  
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  Milk 

 A technique for collecting milk from mice has also been used 
for the collection of hamster milk, with only a minor modi-
fi cation to accommodate the longer nipple of the hamster. A 
plastic biopipette tip is placed over the nipple. Stimulants 
are not usually necessary to initiate milk fl ow. Experience 
shows that 0.1 – 0.2   ml total can be collected from two or three 
nipples on collections spaced a few hours apart. The use of 
approximately 1 USP unit of oxytocin, subcutaneously, will, 
however, increase milk fl ow if desired. No attempt has been 
made to collect milk more than 3 days after birth. 

 Various methods have been described for collecting 
saliva, bronchopulmonary lavage, ejaculate, vaginal mucous, 
urine, faeces, expired gases, milk and bile. More information 
on these techniques can be found in Van Hoosier and 
McPherson  (1987) .   

  Administration of  s ubstances 

  Anaesthesia 

 Sources of information on anaesthesia in the Syrian hamster 
include Ferguson  (1979) , Green  (1979) , Flecknell and Mitchell 
 (1984) , Gaertner  et al.   (1987)  and most recently Flecknell 
 (2009) . It must always be remembered that whichever anaes-
thetic regime is chosen, the dose required to achieve the 
appropriate depth of anaesthesia and the subsequent sleep 
time will vary between strains and species of hamsters and 
may also be affected by other environmental factors. 

 Table  24.5  Provides the recommended sedatives, tranquil-
lisers and other pre - anaesthetic medication for use in 
the Syrian hamster. Table  24.6  gives the anaesthetic dose 

intensive husbandry and breeding regimes. For routine han-
dling the Syrian hamster can be picked up by a fi rm but 
gentle grasp across the back of the animal. Picking up by 
placing the thumb across the abdomen enables sexing to be 
carried out. Turning the animal over so that it lies in the 
palm of the hand, ventral side up, tends to inactivate most 
animals and has a quietening effect. This handling technique 
is illustrated in Figures  24.1  and  24.2 . All species of hamsters 
can be picked up in a similar way but the use of cupped 
hands is preferred when minimal restraint is required. 

 For oral dosing, intraperitoneal injections and other 
manipulations most hamsters can be held by the dorsal skin 
ensuring that a fi rm grip is made at the scruff of the neck. 

 Hamsters can infl ict serious bites, especially during the 
breeding season, so it is recommended that stout protective 
gloves are worn to handle the European hamster. However, 
animals may become tamer with frequent handling. When 
handling hamsters, it should be remembered that, under 
normal conditions, they spend long periods sleeping during 
the day when little activity will be seen. After diurnal han-
dling they often appear aggressive towards their cage - mates 
and emit loud screeching noises and aggressive movements, 
disproportionate to the degree of interference. Information 
on the recognition and assessment of the signs of pain 
and distress in hamsters can be found in Wallace  et al.  
 (1990) .  

  Physiological  m onitoring 

 With care, a standard thermometer may be used to deter-
mine rectal temperature (37 – 38    ° C) but it is far more conven-
ient to use an electronic, semi - rigid probe thermometer. In 
addition body temperature, motor activity and heart rate 
can all be monitored via telemetric devices. 

  Blood  s ampling 

 There are no easily accessible, superfi cial veins in the 
hamster and therefore special care should be paid to the 
animal ’ s welfare when collecting blood, which should 
be performed under general anaesthesia. Orbital venous 
sinus puncture, jugular access and cardiac puncture are 
recognised routes for blood sampling in the hamster. The 
circulating blood volume of the Syrian hamster is around 
78   ml/kg body weight. Generally removal of no more 
than 10% of the circulating blood volume is advised at any 
one time. Further advice on the removal of blood from 
hamsters and other laboratory species can be found in a 
report by the Joint Working Group on Refi nement (JWGR, 
 1993 ).  

  Urine,  f aeces and  e xpired  g ases 

 Standard glass, metal, or plastic metabolism cages can be 
used to separate urine from faeces, whereas only glass is 
recommended for the trapping of expired respiratory gases. 
The nesting of hamsters in feeders or other areas of metabo-
lism cages should be avoided when possible. Cages that 
provide either access for liquid diets or closure of the access 
to the feeder may be used.  

  Table 24.5    Sedatives, tranquillisers and other pre - anaesthetic 
medication for use in the Syrian hamster. This article was published 
in Flecknell,  P . A .  (1996)   Laboratory Animal Anaesthesia , 2nd edn, 
pp. 172 – 174, copyright Elsevier (1996).  Reproduced with 
permission. Considerable variation in practice occurs between 
different strains.  

   Drug     Dose rate     Comments  

  Acepromazine    5   mg/kg ip    Light sedation  

  Atropine    0.04   mg/kg sc    Anticholinergic  

  Diazepam    5   mg/kg im, ip    Light sedation  

  Fentanyl/
fl uanisone  

  0.5   ml/kg ip    Light – moderate 
sedation, moderate 
analgesia  

  Fentanyl/
droperidol  

  0.9   ml/kg im    Analgesia, 
unpredictable degree 
of sedation  

  Ketamine    100 – 200   mg/kg im    Deep sedation, mild 
analgesia  

  Medetomidine    0.1   mg/kg im, ip    Light – deep sedation, 
some analgesia  

  Midazolam    5   mg/kg im, ip    Mild – moderate 
sedation  

  Xylazine    5   mg/kg im    Light sedation, some 
analgesia  
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the epidermis and subcutaneous layers into the vein. If a 
swelling occurs at the injection site during injection, then the 
injection is subcutaneous. After removal of the needle, pres-
sure is applied to the injection site to minimise haematoma 
formation. 

 With practice, it should be possible to use this procedure 
to perform intravenous injections in hamsters with consist-
ent success. Care should be exercised by the person restrain-
ing the hamster to ensure that injury does not occur. Ransom 
 (1984)  reports that two injections could be made in each 
animal using both forelegs, but once a vein was punctured 
a second injection was not attempted for 24   h. Volumes of 
0.1 – 0.3   ml were readily tolerated by both male and female 
hamsters. 

 A method for measuring cardiovascular and renal func-
tion in unrestrained hamsters is detailed by Fox  et al.   (1993) , 
while Ohwada  (1993)  describes a method for calculating the 
body surface area of Syrian hamsters.   

  Euthanasia 

 Methods of euthanasia suitable for other small rodents can 
also be used for hamsters (specifi c methods can be found in 
Home Offi ce  (1997)  and more extensive consideration of the 
various methods is given Close  et al.   (1996; 1997) . See also 
Chapter  17 . It is important to ensure that staff are competent 
to perform the procedure, especially when using physical 
methods. When using carbon dioxide, it is essential the 
animals are placed in a rising concentration of carbon 
dioxide and not a saturated atmosphere. Finally, whatever 
method is chosen, death must be confi rmed via either sever-
ance of a major blood vessel, dislocation of the neck, or by 
observing rigor mortis before disposing of the carcase.   

rates in the Syrian hamster. Both tables are from Flecknell 
 (1996) .    

  Other  p rocedures and  t echniques 

 Haisley  (1980)  describes the following technique for cheek 
pouch examination in conscious golden hamsters and which 
does not require forceps. The hamster is held around the 
body with a thumb across its chest. The fi fth fi nger of the 
opposite hand is placed near the caudal end of the cheek 
pouch. By pushing cranially, while pulling gently at the 
corner of the hamster ’ s mouth with the thumb of the free 
hand, the cheek pouch can be completely everted. The tissue 
can be manipulated gently with either index fi nger, and the 
entire surface can be examined. If the tissue is too moist to 
be manipulated easily, the pouch can be dried with a swab. 
This technique has several advantages: the hamster need not 
be anaesthetised; they seldom bite, since in doing so, they 
bite their own cheek; forceps are not needed to evert the 
pouch thus minimising tissue damage. Additionally, animals 
can be examined rapidly and frequently since no restraining 
devices are needed. 

 Ransom  (1984)  describes the following method for intra-
venous injection of unanaesthetised Syrian hamsters. A 1   ml 
Monoject plastic syringe with a 25.4   mm 25   G needle is fi lled 
with an appropriate solution for injection. Unanaesthetised 
animals are restrained by holding them by the skin of the 
neck and hindleg. A rubber band is then wrapped around 
either foreleg above the proximal joint. A small amount of 
70% ethanol is applied to the lower foreleg where the 
cephalic vein on the ventral side is engorged by the rubber 
band tourniquet. The needle can be inserted easily into the 
vein at an approximately 10    °  angle to the vein, keeping the 
needle close to the surface of the skin after insertion through 

  Table 24.6    Anaesthetic dose rates in the Syrian hamster. This article was published in Flecknell,  P . A .  (1996)   Laboratory Animal Anaesthesia , 
2nd edn, pp.172 – 174, copyright Elsevier (1996).  Reproduced with permission.  

   Drug     Dose rate (mg/kg)     Effect     Duration of 
anaesthesia (min)  

   Sleep - time (min)  

  Alphachloralose    80 – 100   mg/kg ip    Immobilisation     –     180 – 240  

  Alphaxalone/alphadolone    150   mg/kg ip    Immobilisation/anaesthesia    20 – 60    120 – 150  

  Fentanyl/fl uanisone   +   diazepam    1   ml/kg im or ip   +   5   mg 
kg ip  

  Surgical anaesthesia    30 – 40    60 – 90  

  Fentanyl/fl uanisone/midazolam    4.0   mg/kg ip  *      Surgical anaesthesia    30 – 40    60 – 90  

  Ketamine/acepromazine    150   ml/kg   +   5   mg/kg ip    Immobilisation/anaesthesia    45 – 120    75 – 180  

  Ketamine/diazepam    70   mg/kg   +   2   mg/kg ip    Immobilisation/anaesthesia    30 – 45    90 – 120  

  Ketamine/medetomidine    100   mg/kg   +   250    μ g/kg ip    Surgical anaesthesia    30 – 60    60 – 120  

  Ketamine/xylazine    200   mg/kg +10   mg/kg ip    Immobilisation/anaesthesia    30 – 60    90 – 150  

  Pentobarbital    50 – 90   mg/kg ip    Immobilisation/anaesthesia    30 – 60    120 – 180  

  Tiletamine/zolezepam    50 – 80   mg/kg ip    Immobilisation/anaesthesia    20 – 30    30 – 60  

  Tiletamine/zolezepam/xylazine    30   mg/kg   +   10   mg/kg ip        30    40 – 60  

  Urethane    1000 – 2000   mg/kg    Surgical anaesthesia    360 – 480    non - recovery only  

    *    Dose in ml/kg of a mixture of 1 part fentanyl/fl uanisone plus 2 parts water for injection, and 1 part midazolam (5   mg/ml initial 
concentration).  
  Duration of anaesthesia and sleep time (loss of righting refl ex) are provided only as a general guide, since considerable between animal variation 
occurs. For recommended techniques see text.   
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1976d, 1979) , Van Hoosier and Trentin  (1979) , Turusov and 
Mohr  (1982) , Bernfeld  et al.   (1986)  and Barthold  (1992) .  

  Viral  i nfections 

 Whilst hamsters are susceptible to a number of viral infec-
tions, few are of practical importance. Lymphocytic chori-
omeningitis virus (LCMV), whilst an important zoonosis, 
should now be eradicated from most, if not all, commer-
cially sourced animals. Hotchin  et al.   (1974)  describe an out-
break in hospital personnel attributable to a research colony 
of Syrian hamsters and Skinner and Knight  (1979)  review 
the potential role of Syrian hamsters and other small 
mammals as a reservoir of LCM. 

 Sendai virus causes clinical respiratory disease in ham-
sters and may reduce productivity in a breeding colony. 

 Coggin  et al.   (1978)  reported natural horizontal transmis-
sion of lymphomas in Syrian hamsters but could fi nd no 
evidence of hamster leukaemia virus. Barthold  et al.   (1987)  
provided evidence that a papovavirus is the probable aetio-
logical agent of these lymphomas. However, they concluded 
that further study of the aetiology would be complicated 
due to the high degree of contagiousness, prolonged incuba-
tion period and complex epizootiology of the disease. 
Barthold  (1992)  presents a thorough review of hamster 
papovavirus biology.  

  Bacterial  i nfections 

 A wide variety of pathogenic or opportunistic bacterial 
infections may cause disease in hamsters if predisposing 
factors such as concurrent viral infection, stress, immuno-
suppression etc are present. Case reports are too numerous 
to mention but Amao  et al.   (1991)  reports the isolation 
of  Corynebacterium kutscheri  from aging Syrian hamsters 
and Shoji - Darkye  et al.   (1991)  describe the pathogenesis 
of cilia - associated respiratory (CAR) bacillus in Syrian 
hamsters. 

 The most common, complex and perplexing bacterial 
infection in hamsters is perhaps proliferative ileitis (trans-
missible ileal hyperplasia). This is the most commonly rec-
ognised disease in Syrian hamsters and usually results in 
high morbidity and high mortality. The term  ‘ wet - tail ’  
should not be used because this descriptive term includes 
virtually all the conditions that may cause diarrhoea. 
 Escherichia coli ,  Campylobacter  spp.,  Cryptosporidium  and a 
new species of  Chlamydia  have all been implicated in the 
aetiology. 

 Other bacteria which may give rise to enteritis include 
 Salmonella  spp,  Clostridia piliformis (Tyzzer ’ s Disease)  and 
Clostridium diffi cile  (non - antibiotic  –  associated). Percy and 
Barthold  (1993)  provide an excellent overview of bacterial 
disease in hamsters together with further references.   

  Parasitic  i nfestations 

 Commercially sourced hamsters should for the most part be 
free of pathogenic parasites. Discovery of ectoparasites, 
nematodes and cestodes in purchased animals should 
trigger an investigation for alternative sources whilst intes-
tinal protozoa are usually non - pathogenic. 

  Common  w elfare  p roblems 

  Diseases 

 Despite the fact that to date there has been no true caesarean 
derivation and hand - rearing of hamsters in order to estab-
lish true gnotobiotic or axenic stock, commercially sourced 
animals are typically is of a high microbiological status. 
Antibiotic chemotherapy, prophylaxis and improved hus-
bandry conditions have contributed signifi cantly to this 
state of affairs. There are now several established health 
(microbiological) monitoring schemes published for ham-
sters and other laboratory species. One example of such 
scheme is provided by Federation of European Laboratory 
Animal Science Associations (FELASA,  1994 ). 

  Non -  i nfectious  d iseases and  w elfare  p roblems 

 Cannibalism is common especially when hamsters are 
stressed. Primiparous females are renowned for their ten-
dency to eat their young. Injuries can vary from limb ampu-
tation to death (Griffi n  et al.   1989 ). 

 Nutritional and metabolic disorders include spontaneous 
haemorrhagic necrosis (SHN) of the central nervous 
system of foetal and newborn hamsters (Keeler  &  
Young  1979 ). There is a strain - related variation in suscepti-
bility to the disease which can be induced by feeding 
pregnant dams a diet defi cient in vitamin E. The condition 
can be alleviated by supplementation of the diet with 
vitamin E. 

 Environmental, genetic and other disorders include bed-
ding - associated dermatitis (Meshorer  1976 ), malocclusion 
and periodontal disease. Diabetes mellitus is a genetically 
recessive disorder of Chinese hamsters. Affected individu-
als display classic signs of the disease (Diani  &  Gerritsen 
 1987 ). 

 Non - neoplastic age - related diseases are primarily degera-
tive in nature and include arteriolar nephrosclerosis (hamster 
nephrosis), described by Slausen  et al.   (1978) . Amyloidosis 
frequently occurs in older hamsters (Coe  &  Ross  1990 ). 
Atrial thrombosis is common in older hamsters in some 
colonies. Females are usually affected earlier than males. 
The syndrome is often associated with amyloidosis 
(McMartin  &  Dodds  1982 ) and changes also occur in coagu-
lation and fi brinolytic parameters consistent with consump-
tive coagulopathy (Wechsler  &  Jones  1984   ). 

 Polycystic disease is characterised by multiple hepatic 
cysts and is occasionally seen in older hamsters at necropsy 
(Somvanshi  et al.   1987 ). Hepatic cirrhosis is a spontaneous 
disorder occurring sporadically among hamsters, reaching 
an incidence of up to 20% in some colonies (Chesterman  &  
Pomerance  1965 ). Brunnert and Altman  (1991)  describe the 
laboratory assessment of chronic hepatitis. 

 The incidence of neoplasms in hamsters is relatively rare 
but varies markedly between strains. The majority of 
tumours are benign and frequently arise from the endocrine 
system or alimentary tract. However, Brown  et al.   (1993)  
describe a chondroma of the foreleg in a Syrian hamster and 
Adaska and Carbone  (1994)  describe a spontaneous mes-
othelioma in a Syrian hamster. For extensive information on 
neoplasms in hamsters see Pour  et al.   (1976a, 1976b, 1976c, 
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Animals ,  28 ,  1  –  12   
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    Flecknell ,  P.A.   ( 2009 )  Laboratory Animal Anaesthesia ,  3rd edn . 
 Academic Press ,  London   

    Fox ,  M.  ,   Vasumathi ,  N.   and   Trippodo ,  N.C.   ( 1993 )  Measurement of 
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 Laboratory Animal Science ,  43 ,  94  –  98   

 Of the parasites capable of infesting hamsters those which 
have been reported most recently include:  Speleorodens 
clethrionomys  (nasal mite) (Bornstein  &  Iwarsson  1980 ), 
 Demodex aurati  (Skavlen  &  Peterson  1989 ),  Giardia  and 
 Trichomonas  (Moore  1990 ),  Syphacia obvelata  (Taylor  1992 ), 
 Giardia  and  Tritrichomonas  (Taylor  et al.   1993 ) and  Spironucleus  
sp. (Kunstyr  et al.   1993 ).   

  Control and  t reatment of  i nfections 

 Virus control is limited when caesarean re - derivation is not 
an option, however vaccination has been used against 
Sendai virus (Lindsey  et al.   1991 ) and for some labile viruses, 
such as Sendai, strict quarantine and  ‘ fi re - break ’  techniques 
may be successful (Lindsey  et al.   1991 ). 

 For a general review on the use of antibiotics to treat 
bacterial disease the reader is referred to Morris  (1995) . 

 La Regina  et al.   (1980)  compared three antibiotics (tetracy-
cline hydrochloride, dimetridazole and neomycin) in the 
treatment of proliferative ileitus. They found tetracycline 
hydrochloride to be the most effective whilst dimetridazole 
was less effective and neomycin had no effect. McNeil  et al.  
 (1986)  reported similar success when treating wet - tail in a 
closed hamster colony. Isolates from affected animals 
 i ncluded  E. coli ,  Clostridium perfringens  and  Bacteroides.  They 
found all three isolates were sensitive to oxytetracycline 
which was subsequently successfully used to treat and 
control the outbreak. Boss  et al.   (1994)  report the successful 
use of oral vancomycin for the treatment of  Clostridium diffi -
cile  enteritis in Syrian hamsters while Srivastava  (1988)  dem-
onstrated it was possible to eliminate the endogenous 
microbial fl ora from conventionally raised hamsters using a 
two - step administration of antibiotics. 

 Taylor  (1992)  describes the elimination of pinworms 
( Syphacia obvelata ) using a combination of piperizine hydrate 
and thiabendazole.   

  References 

    Adaska ,  J.M.   and   Carbone ,  L.G.   ( 1994 )  Spontaneous mesothelioma 
in a Syrian Hamster .  Laboratory Animal Science ,  44 ,  383  –  385   

    Amao ,  H.  ,   Akimoto ,  T.  ,   Takahashi ,  W.    et al.  ( 1991 )  Isolation of 
 Corynebacterium kutscheri  from aged Syrian Hamsters ( Mesocricetus 
auratus ) .  Laboratory Animal Science ,  41 ,  265  –  268   

    Arnold ,  E.C.   and   Estep ,  Q.D.   ( 1994 )  Laboratory caging preference 
in golden hamsters .  Laboratory Animals ,  28 ,  232  –  238   

    Ball ,  D.J.  ,   Argentieri ,  G.  ,   Krause ,  R.    et al  ( 1991 )  Evaluation of a 
microchip implant system used for animal identifi cation in rats . 
 Laboratory Animal Science ,  41 ,  185  –  186   

    Barthold ,  S.W.  ,   Bhatt ,  P.N.   and   Johnson ,  E.A.   ( 1987 )  Further evi-
dence for papovavirus as the probable etiology of transmissible 
lymphoma of Syrian hamsters .  Laboratory Animal Science ,  37 , 
 283  –  288   

    Barthold ,  S.W.   ( 1992 )  Haemolymphatic tumours . In:  The Pathology 
of Tumours of Laboratory Animals. III. Tumours of the Hamster . Ed. 
  Mohr ,  U.   and   Turnsov ,  V.  , pp.  318  –  344 .  IARC Scientifi c 
Publication ,  Lyon, France   

    Bernfeld ,  P.  ,   Homburger ,  F.  ,   Adams ,  R.A.    et al.  ( 1986 )  Base - line data 
in a carcinogen - susceptible fi rst generation hybrid strain of 
golden hamsters: F1D Alexander .  Journal of the National Cancer 
Institute ,  77 ,  165  –  171   



The Syrian hamster 357

    Moore ,  G.J.   ( 1990 )   Giardia  and  Trichomonas  infections in Syrian ham-
sters. Effi cacy of dimetridazole therapy and containment of infec-
tion .  Animal Technology ,  41 ,  133  –  136   

    Morris ,  T.H.   ( 1995 )  Antibiotic therapeutics in laboratory animals . 
 Laboratory Animals ,  29 ,  16  –  36   

    Mrozek ,  M.  ,   Fischer ,  R.  ,   Trendelenburg ,  M.    et al.  ( 1995 )  Microchip 
implant system used for animal identifi cation in laboratory 
rabbits, guinea pigs, woodchucks and in amphibians .  Laboratory 
Animals ,  29 ,  339  –  344   

   National Research Council  ( 1978 )  Nutrient Requirements of Laboratory 
Animals .  National Research Council National Academy of 
Sciences ,  Washington, DC   

   National Research Council  ( 1996 )  Guide for the Care and Use of 
Laboratory Animals .  National Academies Press ,  Washington, DC . 
Available from URL:  http://www.nap.edu/readingroom/
books/labrats/   

    Nowak ,  R.M.   and   Paradiso ,  J.L.   ( 1983 )  Walker ’ s Mammals of the 
World ,  4th edn.   Johns Hopkins University Press ,  Baltimore, 
Maryland   

   National Research Council  ( 1995 )  Nutrient Requirements of Laboratory 
Animals ,  4th revised edn.   National Academy Press ,  Washington, 
DC   

    Ohwada ,  K.   ( 1993 )  A new equation for the calculation of body 
surface area (BSAs) in golden Syrian hamsters .  Animal Technology , 
 44 ,  227  –  232   

    Percy ,  D.H.   and   Barthold ,  S.W.   ( 1993 ).  Hamsters . In:  The Pathology 
of Laboratory Rodents and Rabbits . pp.  115  –  136 .  Iowa State 
University Press ,  Iowa   

    Pour ,  P.  ,   Mohr ,  U.  ,   Cardesa ,  A.    et al.  ( 1976a )  Spontaneous tumours 
and common diseases in two colonies of Syrian hamsters. II. 
Respiratory tract and digestive system .  Journal of the National 
Cancer Institute ,  56 ,  937  –  948   

    Pour ,  P.  ,   Mohr ,  U.  ,   Althoff ,  J.    et al.  ( 1976b )  Spontaneous tumours 
and common diseases in two colonies of Syrian hamsters. III. 
Urogenital system and encrodrine glands .  Journal of the National 
Cancer Institute ,  56 ,  949  –  960   

    Pour ,  P.  ,   Mohr ,  U.  ,   Althoff ,  J.    et al.  ( 1976c )  Spontaneous tumours 
and common diseases in two colonies of Syrian hamsters. IV. 
Vascular and lymphatic systems and lesions of other sites .  Journal 
of the National Cancer Institute ,  56 ,  963  –  974   

    Pour ,  P.  ,   Kmoch ,  N.  ,   Greiser ,  E.    et al.  ( 1976d )  Spontaneous tumours 
and common diseases in two colonies of Syrian hamsters. I. 
Incidence and sites .  Journal of the National Cancer Institute ,  56 , 
 931  –  935   

    Pour   P.  ,   Mohr   U.  ,   Althoff ,  J.    et al.  ( 1979 )  Spontaneous tumours and 
common diseases in three types of hamsters .  Journal of the National 
Cancer Institute ,  63 ,  797  –  881   

    Ransom ,  J.H.   ( 1984 )  Intravenous injection of unanesthetised ham-
sters  (Mesocricetus auratus ) .  Laboratory Animal Science ,  34 ,  200  –  
201   

    Reinhardt ,  V.   and   Reinhardt ,  A.   (eds) ( 2002 )  Comfortable Quarters for 
Laboratory Animals .  Animal Welfare Institute ,  Washington, DC   

    Shoji - Darkye ,  Y.  ,   Itoh ,  T.   and   Kagiyama ,  N.   ( 1991 )  Pathogenesis of 
CAR bacillus in rabbits, guinea pigs, Syrian hamsters and mice . 
 Laboratory Animal Science ,  41 ,  567  –  571   

    Skavlen ,  P.A.   and   Peterson ,  M.E.   ( 1989 )  Skin lesions in hamsters . 
 Laboratory Animal  (USA)  ,  16 ,  17  –  18   

    Skinner ,  H.H.   and   Knight ,  E.H.   ( 1979 )  The potential role of Syrian 
hamsters and other small animals as reservoire of lymphocytic 
choriomeningitis virus .  Journal of Small Animal Practice ,  20 , 
 145  –  161   

    Slausen ,  D.O.  ,   Hobbs ,  C.H.   and   Crain ,  C.   ( 1978 )  Arteriolar 
nephrosclerosis in the Syrian Hamster .  Veterinary Pathology ,  15 , 
 1  –  11   

    Somvanshi ,  R.  ,   Iyer ,  P.K.R.  ,   Biswas ,  J.C.    et al.  ( 1987 )  Polycystic liver 
disease in golden hamsters .  Journal of Comparative Pathology ,  97 , 
 615  –  618   

    Gaertner ,  D.J.  ,   Boschert ,  K.R.   and   Schoeb ,  T.R.   ( 1987 )  Muscle necro-
sis in Syrian Hamsters resulting from intramuscular injections of 
ketamine and xylazine .  Laboratory Animal Science ,  37 ,  80  –  83   

    Grainger ,  L.J.   and   Plotkin ,  H.C.   ( 1987 )  Cross - fostering and maternal 
care in Syrian Hamsters .  Animal Technology ,  38 ,  25  –  30   

    Green ,  C.J.   ( 1979 )  Animal anaesthesia. Laboratory animal hand-
books no. 8.    Laboratory Animals Ltd  ,  London   

    Grelk ,  D.F.  ,   Papson ,  B.A.  ,   Cole ,  J.E.    et al.  ( 1974 )  The infl uence of 
caging conditions and hormone treatments on fi ghting in male 
and female hamsters .  Hormones and Behaviour ,  5 ,  355  –  366   

    Griffi n ,  H.E.  ,   Gbadamosi ,  S.G.  ,   Perry ,  R.L.    et al.  ( 1989 )  Hamster limb 
loss .  Laboratory Animal ,  18 ,  19  –  20   

    Haisley ,  A.D.   ( 1980 )  A technique for cheek pouch examination of 
Syrian Hamsters .  Laboratory Animal Science ,  30 ,  107  –  109   

   Home Offi ce  ( 1997 )  Code of Practice:  The humane killing of animals 
under Schedule 1 to the Animals (Scientifi c Procedures) Act 1986  . 
HMSO ISBN 0102653976  

    Honachi ,  J.  ,   Kinman ,  K.   and   Koeppl ,  J.   ( 1982 )  Mammal Species of the 
World .  Allen Press Inc. and The Association of systematic 
Collections ,  Lawrence, Kansas   

    Hotchin ,  J.  ,   Sikora ,  E.   and   Kinch ,  W.   ( 1974 )  Lymphocytic chori-
omeningitis in a hamster colony causes infection of hospital per-
sonnel .  Science ,  185 ,  1173  –  1174   

   Joint Working Group on Refi nement  ( 1993 )  Removal of blood from 
laboratory mammals and birds. First Report of the BVA/FRAME/
RSPCA/UFAW Joint Working Group on Refi nement .  Laboratory 
Animals ,  27 ,  1  –  22   

    Keeler ,  R.F.   and   Young ,  S.   ( 1979 )  Role of vitamin E in the aetiology 
of spontaeous haemorrhagic necrossi of the central nervous 
system of foetal hamsters .  Teratology ,  20 ,  127  –  132   

    Kuhnen ,  G.   ( 1999a )  The effect of cage size and enrichment on core 
temperature and febrile response of the golden hamster .  Laboratory 
Animals ,  33 ,  221  –  227   

    Kuhnen ,  G.   ( 1999b )  Housing - induced changes in the febrile response 
of juvenile and adult golden hamsters .  Journal of Experimental 
Animal Science ,  39 ,  151  –  155   

    Kunstyr ,  I.  ,   Poppinga ,  G.   and   Friedhoff ,  K.T.   ( 1993 )  Host specifi city 
of cloned  Spironucleus  sp originating from the European hamster . 
 Laboratory Animals ,  27 ,  77  –  80   

    La   Regina ,  M.  ,   Forbes ,  W.H.   and   Wagner ,  J.E.   ( 1980 )  Effects of antibi-
otic treatment on the occurrence of experimentally induced prolif-
erative ileitis of hamsters .  Laboratory Animal Science ,  30 ,  38  –  41   

   Laboratory Animal Science Association  ( 2005 )  Guidance on the 
transport of laboratory animals. Report of the Transport Working 
Group established by LASA .  Laboratory Animals ,  39 ,  1  –  39   

    Lerchl ,  A.   ( 1995 )  Breeding of Djungarian hamsters  (Phodopus sun-
gorus) : infl uence of parity and litter size on weaning success and 
offspring ratio .  Laboratory Animals ,  29 ,  172  –  176   

    Lindsey ,  J.R.  ,   Boorman ,  G.A.  ,   Collins ,  M.J.    et al.  ( 1991 )  Infectious 
Diseases of Mice and Rats .  Committee on Infectious Diseases of 
Mice and Rats, National Research Council, National Academic 
Press ,  Washington, DC   

    McMartin ,  D.N.   and   Dodds ,  W.J.   ( 1982 )  Animal model of human 
disease: atrial thrombosis in ageing Syrian hamsters .  American 
Journal of Pathology ,  107 ,  277  –  279   

    McNeil ,  P.E.  ,   Al - Mashat ,  R.R.  ,   Bradley ,  R.A.    et al.  ( 1986 )  Control of 
an outbreak of wet - tail in a closed colony of hamsters  (Mesocricetus 
auratus)  .  The Veterinary Record ,  119 ,  272  –  273   

   Medical Research Council  ( 1977 )  Dietary Standards for Laboratory 
Animals . Report of the Laboratory Animals Centre: Diets Advisory 
Committee.  Medical Research Council ,  Carshalton, Surrey   

    Meshorer ,  A.   ( 1976 )  Leg lesions in hamsters caused by wood shav-
ings .  Laboratory Animal Science ,  26 ,  827  –  829   

    Mooij ,  P.N.M.  ,   Wouters ,  M.G.A.J.  ,   Thomas ,  C.M.G.    et al.  ( 1992 ) 
 Disturbed reproductive performance in extreme folic acid defi -
cient golden hamsters .  European Journal of Obstetrics, Gynaecological 
Reproductive Biology ,  43 ,  71  –  75   



358 The Syrian hamster

    Van   Hoosier ,  G.L. ,  Jr.   and   McPherson ,  C.W.   ( 1987 )  Laboratory 
Hamsters .  Academic Press Inc ,  Orlando, Florida   

    Wallace ,  J.  ,   Sanford ,  J.  ,   Smith ,  M.W.    et al.  ( 1990 )  The assessment and 
control of the severity of scientifi c procedures on laboratory 
animals. Report of the LASA Working Party .  Laboratory Animals , 
 24 ,  97  –  130   

    Wechsler ,  S.J.   and   Jones ,  J.   ( 1984 )  Diagnostic exercise .  Laboratory 
Animal Science ,  34 ,  137  –  138   

    West ,  W.T.   and   Mason ,  K.E.   ( 1958 )  Histopathology of muscular 
dystrophy in the vitamin E defi cient hamster .  American Journal of 
Anatomy ,  102 ,  323  –  363    

 
 
 

    Srivastava ,  K.K.   ( 1988 )  Elimination of microbial fl ora from conven-
tionally raised Syrian hamsters by antimicrobial agents .  Laboratory 
Animal Science ,  38 ,  169  –  172   

    Taylor ,  D.M.   ( 1992 )  Eradication of pinworms ( Syphacia obvelata ) 
from Syrian Hamsters in quarantine .  Laboratory Animal Science , 
 42 ,  413  –  414   

    Taylor ,  D.M.  ,   Farquhar ,  C.F.   and   Neal ,  D.L.   ( 1993 )  Studies on the 
eradication of intestinal protozoa of Syrian Hamsters in quaran-
tine and their transfaunation to mice .  Laboratory Animal Science , 
 43 ,  359  –  360   

    Turusov ,  V.S.   and   Mohr ,  U.   ( 1982 )  Pathology of Tumours in Laboratory 
Animals III. Tumours of the Hamster .  IARC Scientifi c Publications , 
 Lyon, France   

    Van   Hoosier ,  G.L. ,  Jr.   and   Trentin ,  J.T.   ( 1979 )  Naturally occurring 
tumours of the Syrian Hamster .  Progress in Experimental Tumour 
Research ,  23 ,  1  –  12   



 The  h usbandry and  w elfare of 
 n on -  t raditional  l aboratory  r odents    
  Chris   Sherwin        

25
  Introduction 

 In this chapter, the physiology, behaviour, lifestyles and 
senses and communication of some rodent species not tra-
ditionally used in the laboratory are discussed and at the 
end of each section suggestions derived from these consid-
erations are given to promote best welfare practice for these 
animals. 

 The order Rodentia is probably the most diverse taxo-
nomic group among mammals, containing the largest 
number of species. Worldwide, there are approximately 
2277 species of rodents, representing 42% of all mammal 
species (Wilson  &  Reeder  2005 ). New species continue to be 
discovered (eg, Werner  et al.   2006 ) including, during the 
writing of this chapter, a giant rat from Papua New Guinea 
which is fi ve times the size of a typical laboratory rat. 
Rodents are found around the world except in Antarctica, 
and in a very wide range of habitats except for the oceans 
and some oceanic islands. Table  25.1  presents a classifi cation 
of the Rodentia adapted from Wilson and Reeder  (2005) , and 
which is regularly updated 1 .    

  Non -  t raditional  l aboratory  r odent  s pecies 

 The range of rodent species used in laboratories is steadily 
increasing as our understanding of their diversity increases 
and our quest for knowledge continues. Examples of these 
include: the Arctic porcupine ( Erethizon dorsatum ) (Folk  et al.  
 2006 ), beaver ( Castor  spp.) (McKean  1982 ), capybara 
( Hydrochoerus hydrochaeris ) (Labruna  et al.   2004 ), chinchilla 
( Chinchilla laniger ) (Burgstahler  et al.   2008 ; Hamernik  et al.  
 2008 ; Shera  et al.   2008 ), collard lemming ( Dicrostonyx torqua-
tus ) (Weil  et al.   2006 ), coypu or nutria ( Myocaster coypus ) 
(McKean  1982 ; Marounek  et al.   2005 ), grey squirrel ( Sciurus 
carolinensis ) (Van Hooser  et al.   2005 ), ground squirrel 
( Spermophilus  spp.) (Zhao  et al.   2004 ; Mateo  2008 ), naked 
mole - rat ( Heterocephalus glaber ) (Towett  et al.   2006 ; Park  et al.  
 2003, 2008 ), southern fl ying squirrel ( Glaucomys volans ) 
(Gibbs  et al.   2007 ) and zockor ( Myospalax  spp.) (Wei  et al.  
 2006 ). 

 Non - traditional rodent species are increasingly being 
used in the following fi elds of research: models for human 

or other animal disease and other applied studies; funda-
mental studies; conservation research; and pest control. 
However, the use of less frequently used species in research 
requires specialist knowledge to ensure high standards of 
welfare. 

 It might be thought, due to the similar appearance of 
many rodents, that they have similar requirements in terms 
of housing and husbandry. Although some of their require-
ments may be similar, all species have species - specifi c 
physiology, behaviour, lifestyles and senses, which must be 
understood if we are to provide adequate welfare in the 
laboratory. It is clearly impossible to give a comprehensive 
review of the welfare considerations of the entire Rodentia 
in this single chapter, but this chapter provides a  ‘ fl avour ’  
of the great diversity of the non - traditional laboratory 
rodents, and serves to highlight the need for specialist 
knowledge in their care. The consideration of rodent require-
ments taking into account their ecology, behaviour, anatomy 
and physiology should also help to shed light on the welfare 
considerations of both non - traditional and more commonly 
used laboratory rodents.  

  Physiology 

  Anatomy 

 Despite their ecological diversity, all rodents share the char-
acteristic that their dentition is highly specialised for 
gnawing. It is this specialisation which gives rodents their 
name (from the Latin,  rodere , to gnaw and  dens ,  dentis , tooth). 
All rodents have a single pair of upper and a single pair of 
lower incisors, followed by a gap (diastema), and then one 
or more molars or premolars. Rodent incisors grow continu-
ously and must be kept worn down by gnawing. Their ante-
rior and lateral surfaces are covered with enamel, but the 
posterior surface is exposed dentine. During gnawing, the 
incisors grind against each other, wearing away the softer 
dentine leaving the enamel edge as the blade of a chisel 
(Hurst  1999 ). This  ‘ self - sharpening ’  system is very effective 
and is one of the keys to the enormous success of rodents 
(Myers  2000 ). The diastema of the upper jaw is longer than 
that of the lower jaw, which allows rodents to engage their 
gnawing incisors while their chewing teeth (molars and 
premolars) are not being used. The reverse is also true;   1       http://museum.utep.edu/mammalogy/  
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  Table 25.1    Classifi cation of the order Rodentia (after Wilson  &  Reeder  2005 ). 

   Suborder     Superfamily     Family     Species     Common name  

  Sciuromorpha                  
          Aplodontiidae    1    Mountain beaver, boomer or sewellel  
          Sciuridae    278    Tree squirrels, fl ying squirrels, ground squirrels, sousliks, 

chipmunks, marmots, prairie dogs, woodchuck  
          Gliridae    28    Dormice  
          Geomyidae    40    Pocket gophers  

  Castorimorpha                  
          Castoridae    2    Beavers  
          Heteromyidae    60    Pocket mice, kangaroo rats, kangaroo mice  

  Myomorpha                  
      Dipodoidea    Dipodoidea    6    Jumping mice and jerboas  
      Muroidea    Nesomyidae    61    Malagasy rats and mice, climbing mice, African rock 

mice, swamp mice, pouched rats, white - tailed rat  
          Cricetidae    681    Hamsters, voles, lemmings, New World rats and mice  
          Muridae    730    Mice, rats, gerbils  
          Platacanthomyidae    2    Spiny dormice, Chinese pygmy dormice  
          Spalacidae    36    Blind mole - rats, bamboo rats, root rats, zokors  
          Calomyscidae    8    Mouse - like hamsters  

  Anomaluromorpha                  
          Anomaluridae    7    Scaly - tailed squirrels  
          Pedetidae    2    Springhare  

  Hystricomorpha                  
          Ctenodactylidae    5    Gundis  
          Bathyergidae    16    African mole - rats, blesmols  
          Hystricidae    11    Old World porcupines  
          Petromuridae    1    Dassie rat  
          Ctenomyidae    60    Tuco - tucos  
          Echimyidae    90    Spiny rats  
          Thryonomyidae    2    Cane rats  
          Erethizontidae    16    New World porcupines  
          Chinchillidae    7    Chinchillas, viscachas  
          Dinomyidae    1    Pacarana  
          Caviidae    18    Cavies, guinea pig, mara or Patagonian hare, capybara  
          Dasyproctidae    13    Agoutis, acouchis  
          Cuniculidae    2    Paca  
          Octodontidae    13    Degus or octodonts  
          Abrocomidae    10    Chinchilla rats  
          Myocastoridae    1    Coypu, nutria  
          Capromyidae    20    Hutias  
          Heptaxodontidae    4    Giant hutia  

rodents can use their chewing teeth (also called cheek teeth) 
while their incisors are disengaged. No rodent has more 
than one incisor in each quadrant, and no rodent has canines. 
The entire skull structure of rodents is designed to accom-
modate the separate use of the different types of teeth. 
Rodent skulls have long snouts; the articulation of the lower 
jaw with the skull is orientated front - to - back rather than 
sideways as in other mammals; the jaw muscles (masseter 
complex) are extended well forward into the snout; and the 
number of cheek teeth is less than in most other mammals 
 –  all features unique to rodents. They have well developed 
muscles that move the lower jaw (pterygoid), and a long 
glenoid fossa which gives them the ability to move the lower 
jaw forward and backward. Gnawing is an essential behav-
iour for rodents and they should be provided with oppor-
tunities to gnaw when housed in the laboratory. Malocclusion 
can occur if suitable hard food and/or non - toxic chewing 
materials such as cardboard, hay, branches or other wood 

materials are not provided. Overgrowth of teeth can be a 
particular problem for long - lived species (Hurst  1999 ).  

  Morphology 

 The overall morphology of most rodents is relatively similar. 
Rodents tend to be small; very few weigh more than 1   kg 
and most weigh less than 100   g. The tiny African pygmy 
mouse  Mus minutoides  is only 6   cm in length and 7   g in 
weight. At the other extreme, the capybara can be 130   cm in 
length and weigh up to 66   kg (Macdonald  1984 ), and the 
extinct  Phoberomys pattersoni  is believed to have weighed 
700   kg. Most rodents have short compact bodies with short 
legs. Some groups (jerboas Dipodidae, gerbils Gerbillinae, 
springhare  Pedetes capensis ) have long rear legs and feet that 
allow them to hop over large distances of the deserts they 
inhabit (the springhare can bound over 2   m). Other grass-
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bivorous, eg, beavers, voles (Microtinae) and lemmings 
(Hurst  1999 ). Other species are highly specialised, eating, for 
example, only a few species of invertebrates or fungi. Some 
species eat fi sh (beavers) and some squirrels are known to 
eat passerine birds such as cardinals and blue jays. It has 
been reported that the diet of the grasshopper mouse 
( Onychomys leucogaster ) is 89% animal matter (insects, scor-
pions, small mice) and only 11% plant matter  –  captive indi-
viduals are apparently especially fond of raw liver and 
newborn mice (Davis  &  Schmidley  1997 ). In the laboratory 
a suitable diet in terms of both quantity and quality must be 
provided. Care should be taken to avoid generalist assump-
tions  –  apparently similar species may have very different 
requirements for specialist diets, which must be considered 
before introducing the species into the laboratory.  

  Habitat 

 As might be expected from the numerous Rodentia species, 
they inhabit highly diverse habitats. Some are terrestrial 
(cotton rats ( Sigmodon  spp.), jerboas, kangaroo rats 
( Dipodomys  spp.)) while others are fossorial and dig out 
extensive underground burrow systems (ground squirrels, 
mole - rats, marmots ( Marmota  spp.)). Others are largely arbo-
real (tree squirrels, New World porcupines ( Sphiggurus  spp.) 
or have become volant, (ie, they have a loose fold of furred 
skin (patagium) which connects the front and hindlimbs 
from the wrists to the ankle that allows them to glide 
between trees (fl ying squirrels)). A few have even adopted 
an aquatic lifestyle (beavers, capybara, coypu, water rats 
( Hydromys  spp.)). Rodents are often opportunistic in their 
choice of habitat, but others can be highly specialist. One of 
the most remarkable artifi cially created habitats in the 
animal kingdom is constructed by a rodent; beavers con-
struct their homes, or lodges, out of sticks, twigs and mud 
in artifi cial ponds they create by building dams which can 
be substantial structures. Clearly it would be impossible to 
provide or simulate many of these habitats in the laboratory, 
but the basic behaviours of the animals in these environ-
ments, such as burrowing, gliding, swimming, etc must be 
considered when designing enclosures for them. In some 
instances it might be possible to provide surrogate habitats, 
eg, pre - fabricated tunnel systems for burrowing species, 
small ponds or water baths for aquatic species, or construct 
enclosures to suit the animal ’ s behaviour, eg, long narrow 
enclosures for gliding species.  

  Social  o rganisation 

 Some rodents are highly social animals living in families 
(African brush - tailed porcupine  Atherurus africanus , beavers), 
large groups (mice, rats), or in highly complex social systems 
in extensive colonies (marmots, prairie dogs ( Cynomys ludo-
vicianus )). The naked mole - rat and the Damaraland mole - rat 
( Cryptomys damarensis ) are the only mammals currently 
known to be eusocial (living somewhat like termites and 
ants in a colony with castes) (Scantlebury  et al.   2006 ). The 
naked mole - rat lives in subterranean colonies that com-
monly contain around 80 but sometimes up to 300 individu-

land rodents have no need for jumping and subsequently 
have evolved similarly sized, short front and rear limbs. The 
beaver, capybara, coypu and earless water rat ( Crossomys 
moncktoni ) have webbed, or partly webbed, feet for their 
aquatic lifestyle. Some rodents, particularly nocturnal 
species, have large eyes (dormice, hamsters) while others 
which have adopted a subterranean lifestyle have very small 
eyes, which are sometimes covered with a layer of skin 
making them functionally blind (blind mole - rats). Similarly, 
ear morphology varies amongst the rodents from being rela-
tively large (mice, rats, springhare) to absent or invisible 
(blind mole - rats, earless water rat) and may have specialist 
structures such as a well developed cartilaginous fl ap 
(tragus) that prevents sand or soil from entering the ear 
during digging. 

 Rodents, being mammals, all possess hair, however, even 
this characteristic shows some remarkable adaptations. 
Most wild rodents are covered over their entire body with 
brown or grey agouti - type coloration, in which the coat 
might show light and dark bands for camoufl age, whilst 
desert rodents have a more sandy appearance. The albino 
appearance of laboratory rodents is an artifi cially selected 
character as these mutations would be heavily selected 
against in the wild. Research with degus ( Octodon degus ) 
indicates that ultraviolet visible patterns on their coat might 
have a role in communication (Chavez  et al.   2003 ). Some 
rodents are nearly completely naked (naked mole - rat), 
whereas others (chinchillas, beavers) have thick luxuriant 
coats making thermoregulation an important welfare con-
sideration for these species when used in the laboratory  –  
cooling may be necessary at higher ambient temperatures 
than for many other rodent species. Conversely, nude or less 
hirsute species may need to be housed in warmer than usual 
ambient temperatures, or at least provided with nesting 
materials for those species that build nests to create a suit-
able microclimate. 

 Perhaps the most varied characteristic of the rodents is 
their tail. Some rodents have long, nude or sparsely haired 
tails (mice, rats) or long, hairy tails (gerbils) which they use 
for balancing whilst standing running or climbing. Some 
species have a long prehensile tail (European harvest mouse 
( Micromys minutus )), which they use during climbing. The 
tail of arboreal squirrels is also used as a counterbalance and 
for signalling, perhaps being enhanced by its bushiness. It 
has been suggested that Californian ground squirrels add 
an infrared component from their tails when tail - fl agging at 
infrared sensitive predatory snakes (Rundus  et al.   2007 ). 
Some groups such as cavies (Caviidae) and hamsters 
(Cricetinae) have vestigial tails or no visible tail at all, 
whereas others, such as the beavers, have highly developed, 
fl at muscular tails used for propulsion during swimming. 
Knowledge of the tail can be important for appropriate han-
dling in the laboratory. Mice and some other small rodents 
are routinely picked up by the tail, however, this should not 
be done with gerbils and degus as the skin may tear off.  

  Diet 

 Nearly all rodents feed on plants, seeds in particular. Some 
species are omnivorous whereas others are exclusively her-
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pain signals to the central nervous system. When these 
animals are exposed to acid or capsaicin, it has been reported 
that they behave is if they feel little or no pain to these sub-
stances (Park  et al.   2003, 2008 ).  

  Olfaction 

 Humans are unusual compared to other mammals because 
a much smaller proportion of our genome is devoted to 
olfaction and our vomeronasal organ is vestigial or non -
 existent (Burn  2008 ). It is therefore easy for us to under -
 appreciate the role that olfaction has in other species. 
Rodents use a variety of specialised scent glands, together 
with urine, faeces and vaginal secretions for olfactory com-
munication. There is considerable diversity between the 
species, and between the sexes, in the location of scent 
glands and in their secretions, but urine is a particularly rich 
source of odour used by many species (Hurst  1999 ). 

 A considerable amount has been written about olfaction 
in the typical laboratory rodents (eg, Lonstein  &  Gammie 
 2002 ; Novotny  2003 ; Brennan  &  Keverne  2004 ; Lai  et al.   2005 ; 
Bargmann  2006 ; Maras  &  Petrulis  2008 ) and some of the 
behavioural functions of olfaction are now understood in 
great detail (Humphries  et al.   1999 ; Beynon  &  Hurst  2003 ; 
Hurst  &  Beynon  2004 ). From such studies, several 
welfare issues relating to olfaction in typical laboratory 
rodents are now recognised, eg, cleaning cages to minimise 
social disruption and reducing the potential for exposure to 
the odour of predators (please see species chapters for 
further information). Considerably less research has been 
published on the atyptical laboratory rodent species, but 
there are reports on olfaction in beavers (Rosell  2002   ; 
Rosell  &  Sanda  2006   ; Rosell  &  Thomsen  2006   ), chinchillas 
(Oikawa  et al.   1994   ), fl ying squirrels (Pyare  &  Longland 
 2001 ; Borgo  et al.   2006 ), lemmings (Huck  &  Banks  1984 ), 
mole - rats (Menzies  et al.   1992 ; Zuri  et al.   1998 ; Smith  et al.  
 2007 ), tuco - tucos (Fanjul  et al.   2003 ; Zenuto  et al.   2004 ) and 
voles (Marchlewska - Koj  et al.   2003 ; Wolff  2004 ). The blind 
mole - rat ( Spalax ehrenbergi ), uses its latrines in territory 
marking (Zuri  et al.   1997 ). As with laboratory mice, removal 
of these markings during cleaning might have welfare 
implications by reducing the familiarity of the environment, 
and causing social disruption if dominance status is con-
veyed by these markings. Further research should reveal the 
role of olfaction in these animals, and help determine the 
optimum balance between cleaning whilst allowing the 
marks to achieve their effect.  

  Hearing ( m echanoreception) 

 Many desert rodents communicate by drumming their feet 
on the ground to create mechanical vibrations. This is an 
important means of communication and occurs in a wide 
variety of contexts including individual - spacing, resource 
competition and predator defence. Foot - drumming is wide-
spread and includes kangaroo rats from North America, and 
gerbils from Africa and Asia (Randall  2001 ; Shier  &  Randall 
 2007 ). All these rodents have specially adapted ears for 
reception of the low - frequency vibrations transmitted via 

als. Reproduction is monopolised by a single dominant 
 ‘ queen ’  and one or two males, whereas the remainder of the 
colony act as  ‘ workers ’ , maintaining the burrow system, or 
 ‘ soldiers ’  defending the colony against foreign mole - rats or 
predators (Holmes  et al.   2007 ). The females of the subterra-
nean rodents, the tuco - tucos (Ctenomyidae) and degus, fre-
quently share one burrow and nurse one another ’ s young. 
Solitary ways of life are associated with species living in arid 
grasslands and desert areas (jerboas, marmots, Plains pocket 
gopher ( Geomys bursarius ), Syrian hamster  Mesocricetus 
auratus , crested porcupines ( Hystrix  spp.)). Clearly, the 
social organisation of any species used in the laboratory 
needs to be considered to maintain good welfare. Unless 
there is evidence to the contrary, the animals should be 
housed as near as possible to their natural groupings, eg, 
individual or group housing, large or small groups, single -  
or mixed - sex groups.  

  Chronobiology 

 Most rodents are nocturnal or crepuscular, although some 
are strictly diurnal (eg, ground squirrels, tree squirrels). 
Some species are fl exible in this regard and regulate their 
24   h activity around human activity (guinea pigs, coypu 
(Meyer  et al.   2005 )). Most rodent species are active through-
out the year, but others, notably ground squirrels, may 
hibernate for several months (Zhao  et al.   2004 ). There is a 
growing acceptance that gathering data from animals in the 
laboratory during times when they would normally be 
asleep is often not best practice for scientifi c validity or 
animal welfare. For example, in behavioural studies of noc-
turnal mice or rats, red lights are often used to allow data 
collection from the animals during the dark phase (their 
active period) without disturbing the animals. Such consid-
erations should be extended to the choronobiology of other 
species brought into the laboratory.   

  Senses and  c ommunication 

 The senses of the typical laboratory rodents have been 
studied widely and there have been several reviews of how 
the laboratory environment can (adversely) affect animal 
welfare in this regard (eg, Olsson  et al.   2003 ; Sherwin  2002, 
2004 ). There have also been studies on the senses of non -
 traditional laboratory rodent species. These are discussed 
here, along with the welfare implications. 

  Pain 

 Rodent species are widely represented in studies of pain. All 
the typical laboratory species have been used: rats (eg, 
Dobner  2006 ; Vissers  et al.   2006 ), mice (eg, Dobner  2006 ; 
Delporte  et al.   2007 ; Marabese  et al.   2007 ), gerbils (Vissers  et 
al.   2006 ) and guinea pigs (Fox  et al.   2003 ). Less well studied 
species used in this fi eld include degus (Pelissier  et al.   1989 ) 
and naked mole - rats. Rather bizarrely, the skin of African 
naked mole - rats lacks a key neurotransmitter called sub-
stance P that is responsible in mammals for sending burning 
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indicated that they do not possess this capability, raising the 
possibility that magnetoreception might be more wide-
spread than is generally thought. Our understanding of this 
capability in rodents is currently limited, but sources of 
magnetism in the laboratory (eg, computer monitors, many 
items of electrical equipment) could conceivably interfere 
with magnetoreception.  

  Vision 

 Many rodents are nocturnal and therefore have a retina 
dominated by rods and which contains only a small propor-
tion of cones. Even in these species, the cones comprise two 
spectral types and thus, contrary to popular belief, provide 
dichromatic colour vision, the most common form of mam-
malian colour vision (Jacobs  1993 ). There have been many 
studies on the vision of non - traditional laboratory rodents 
and there is considerable diversity in its physiology and 
function (eg, Cooper  et al.   1993 ; Cernuda - Cernuda  et al.   2002 ; 
Peichl  2005 ; Bobu  et al.   2008 ; Lluch  et al.   2008 ; Ortiz  et al.  
 2008   ), presumably due to the diversity in lifestyles and habi-
tats. For example, fl ying squirrels from both Siberia and 
North America no longer have colour vision, most probably 
as a result of switching from diurnality to a nocturnal life-
style (Carvalho  et al.   2006 ). However, the subterranean 
cururo ( Spalocopus cyanus ), is reported to have dichromatic 
colour vision with an unusually high proportion of cones in 
the retina, indicating adaptation to sporadic phases of 
diurnal surface activity, rather than to the lightless subter-
ranean environment (Peichl  et al.   2005 ). Most squirrel species 
are diurnal with cone - dominated retinas, similar to the 
primate fovea, and have excellent dichromatic colour vision 
that is mediated by green and blue cones (Heimel  et al.   2005 ; 
Van Hooser  &  Nelson  2006 ). In traditional laboratory 
rodents, retinal functional development and visual acuity 
can be improved by environmental enrichment (Prusky 
 et al.   2000 ; Landi  et al.   2007 ); presumably, the same could be 
true of non - traditional laboratory species, indicating that 
enrichment should be provided to ensure appropriate devel-
opment of their visual systems. 

 Perhaps unexpectedly, some subterranean rodents usually 
considered as  ‘ blind ’  do respond to light (Wegner  et al.   2006 ) 
and possess different visual capabilities and adaptations 
(Nemec  et al.   2007 ), even if they live in apparently similar 
optic environments (Burda  2006 ). African mole - rats possess 
relatively well developed functional visual subsystems 
involved in photoperiodicity and used for form and bright-
ness discrimination, but severely reduced subsystems 
involved in coordination of visuomotor refl exes, indicating 
the retention of only basic visual capabilities. This residual 
vision may enable subterranean mole - rats to fi nd breaches 
in the burrows that let in light, enabling them to reseal such 
entry points and prevent entry of predators (Nemec  et al.  
 2008 ). Naked mole - rats ’  eyes are markedly reduced in size, 
and generally these rodents move about with their eyes 
closed, suggesting they do not rely on vision. Nevertheless, 
they have retained most of the well characterised mamma-
lian cell types found in the eye, although their eye ’ s struc-
tural organisation is considerably less regular than that in 
more sighted mammals. The naked mole - rat reportedly 

both the air and seismically through the ground. A similar 
behaviour using head - drumming is performed by blind 
mole - rats (Rado  et al.   1987 ). These animals possess poor 
auditory sensitivity, which is limited to low - frequency 
sounds. They detect low - frequency seismic waves using 
their paws, and can accurately determine the direction of the 
vibratory source (Kimchi  et al.   2005 ). Some burrowing mole -
 rat species, eg,  Cryptomys hottentotus  (Muller  et al.   1992 ), 
 Spalax ehrenbergi  and  Fukomys anselli  (Burda  2006 ) have ears 
adapted to the lower range frequencies transmitted through 
the ground, and have much reduced sensitivity to the higher 
frequencies that surface - dwelling species can hear. The 
welfare implications of low - frequency mechanoreceptivity 
have yet to be researched, but it seems likely that sources of 
low frequency air or seismic waves in the laboratory (eg, 
construction work, lifts, cages or racks being moved or 
knocked, items being dropped) might interfere with this 
sensory modality or could possibly lead to sensory over-
load, indicating that they should be avoided. In addition, if 
the animals are to be permitted to perform natural behav-
iours, it might be necessary to provide them with the oppor-
tunity to build tunnel systems for them to communicate 
effectively.  

  Ultrasound 

 Typical laboratory rodents can hear over a broad spectrum 
of frequencies and can hear well above the frequency of 
human hearing sensitivity (ultrasound). Both audible and 
ultrasonic calls are used by rodents in a variety of situations. 
Ultrasound is used in sexual communication and by pups 
when they have fallen out of the nest (eg, Clough  1982 ; Ehret 
 2005 ; Wohr  &  Schwarting  2008 ). It has even been reported 
that rats and shrews use ultrasound for echolocation 
(Kaltwasser  &  Schnitzler  1981 ; Forsman  &  Malmquist  1988 ). 
Some non - traditional laboratory rodents are also sensitive 
to ultrasound or emit these frequencies (voles, Rabon  et al.  
 2001 ; ground squirrels, Wilson  &  Hare  2004 ; mice, Kalcounis -
 Rueppell  et al.   2006 ; bank voles, Szentgyorgyi  et al.   2008 ), 
although this has been considerably less well researched. 
Several items of common laboratory equipment such as 
pressure hoses, running taps, computer monitors or oscil-
loscopes emit ultrasound, some at very high sound pres-
sures (Sales  et al.   1999 ). These are silent to humans, but could 
have considerable effects on rodents and on experimental 
data obtained from them. Laboratory - generated ultrasound 
could conceivably interfere with communication between 
animals, cause distress or perhaps even sensory damage if 
severe enough. The use of bat detectors, which register 
ultrasonic frequencies, to detect this problem could help to 
improve the rodents ’  welfare.  

  Magnetoreception 

 It has been claimed that mole - rats (Marhold  et al.   1997 ; 
Kimchi  et al.   2004 ), Siberian hamsters (Deutschlander  et al.  
 2003 ) and laboratory mice (Muheim  et al.   2006 ) have the 
capacity to detect magnetic fi elds. Deutschlander  et al.   (2003)  
suggest that studies on other rodents might have incorrectly 
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 et al.   2003 ) and improved twilight ultraviolet vision (rats, 
Robitaille  &  Bovet  1976 ). 

 The human - visible spectrum is 400 – 700   nm; the human 
cornea strongly absorbs in the far UV, below 310   nm, and 
the lens has major absorption (high density) in the near UV 
and to a lesser extent in the visible (van de Kraats  &  van 
Norren  2007 ; Barber  et al.   2006 ). This implies normal adult 
humans are visually insensitive to UV. As a consequence, 
artifi cial lights, including those used widely in laboratories, 
emit little or no UV. Our lack of knowledge about how 
rodents use UV sensitivity makes it diffi cult to say precisely 
how this lack of UV wavelengths is likely to affect the 
welfare of UV sensitive rodents, but potentially, it could 
impair communication and/or distort vision.  

  Acuity and  d epth  p erception 

 Compared to humans, laboratory rodents, especially albinos, 
generally have much poorer visual acuity (Creel  et al.   1970 ; 
Prusky  et al.   2002 ) and depth perception (O ’ Sullivan  &  Spear 
 1964 ; Routtenberg  &  Glickman  1964 ). It has been estimated 
that the visual acuity of laboratory rats 2  and gerbils is 
approximately twice that of mice, but 10 times less than that 
of humans (Artal  et al.   1998 ; Prusky  et al.   2002 ). Rats have 
an enormous depth of focus. Depth of focus is the range of 
distances at which an object is in equivalent focus for an 
unacommodated eye. In humans, the depth of focus is from 
2.3   m to infi nity. In rats, the depth of focus is from 7   cm to 
infi nity (Powers  &  Green  1978 ; Green  et al.   1980 ). A gerbil ’ s 
pupil is positioned vertically in the eye. This is consistent 
for animals that live in desert or open steppe environments. 
Having vertical pupils gives the gerbil greater depth percep-
tion in the horizontal plain. This enables them to see preda-
tors both on the ground and in the air. Visual acuity in 
African mole - rats is thought to be low (ranging between 0.3 
and 0.5 cycles/degree) (Nemec  et al.   2008 ). Visual acuity 
should be considered during handling where a person or 
hand approaching the animal might very suddenly come 
into focus, thereby evoking a fl ight reaction or perhaps 
aggression.   

  Summary  i nformation for  s ome  n on -  t raditional 
 l aboratory  r odents 

 Tables  25.2 – 25.4  provide summary information for seven 
rodent species that have been used in the laboratory and are 
likely to be used in the future. The information in these 
tables is derived from various sources, some of which are 
websites that have not been peer - reviewed and independent 
verifi cation has been impossible. These are not necessarily 
scientifi c reports but might include information from zoos, 
breeding societies, or even pet owners. These tables are 
meant only as an introductory guide for those considering 
research on the species, and researchers are strongly encour-
aged to seek the most recent and reliable sources of informa-
tion available to them (eg, Alderton  &  Tanner  1999 ; Nowak 
 1999 ; Richardson  2003 ; Macdonald  2006 ; Begall  et al.   2007 ).          

cannot perceive images but can detect amorphous light 
(Hetling  et al .  2005 ). Similarly, although the blind mole - rat 
has subcutaneous eyes and atrophied structures involved 
with image formation, the non - image - forming visual 
pathways involved in photoperiod perception are well 
developed (Xiao  et al.   2006 ). The visual capabilities of non -
 traditional laboratory rodents should be considered by, for 
example, providing dim shelters or refuges for those species, 
which might be particularly sensitive to (strong) light. In 
addition, it should be remembered that even in species 
shown to be functionally blind, light and dark phases might 
be required for the animal to express behavioural and physi-
ological periodicity. 

 There is growing acceptance that to gain valid data and 
to improve animal welfare, many studies on animals should 
be conducted during the animal ’ s active phase rather than 
when the animal is inactive. This can pose a visibility 
problem for those working with nocturnal species. Dim red 
light is sometimes used to observe nocturnal behaviour in 
typical laboratory rodents because it is on the upper limit of 
the frequencies visible as colour to them (Jacobs  et al.   2001 ) 
and they are thought to be insensitive to this light. However, 
rats ’  rod cells are stimulated by similar wavelengths to 
human rod cells, including red light (Akula  et al.   2003 ). As 
an alternative to red light, sodium lamps, which emit very 
narrow peaks of yellow – orange (589 and 589.6   nm) light, can 
be used (McLennan  &  Taylor - Jeffs  2004 ). Not only is it more 
visible to humans than red light, but also there were no 
signifi cant long - term differences between the activity levels 
of mice when illuminated by this lamp or in darkness. 
However, if studies unequivocally require rodents to behave 
as if in total darkness, infrared light should be used. The 
lighting considerations, given above, also apply for studies 
using nocturnal non - traditional laboratory rodents.  

  Ultraviolet  v ision 

 Ultraviolet (UV) vision seems to be absent in most mam-
malian species (Honkavaara  et al.   2002   ) although several 
typical and non - traditional laboratory rodent species are 
capable of UV vision. These include rats (Akula  et al.   2003 ; 
Jacobs  et al.   1991, 2001 ), mice (Jacobs  et al.   1991, 2004 ; Szel 
 et al.   1992 ), gerbils (Jacobs  et al.   1991 ; Jacobs  &  Deegan  1994 ), 
hamsters (Calderone  &  Jacobs  1999 ), gophers (Jacobs  et al.  
 1991 ) and degus (Chavez  et al.   2003 ). Within the Sciurognathi 
(squirrels, chipmunks, beavers and many types of mice), the 
shortwave - sensitive visual pigments are ultraviolet - sensi-
tive amongst the largely nocturnal murine species, whereas 
violet - sensitive pigments are thought to be present in diurnal 
ground and tree squirrels (Carvalho  et al.   2006 ). The distri-
bution of the UV - sensitive cones on the retina differs 
between rodent species. In rats, the cones are scattered over 
the entire retina, whereas in mice, the middle - wave sensitive 
cones occur exclusively in the dorsal half of the retina and 
most of the shortwave UV - sensitive cones occur in the 
ventral half (Szel  et al.   1992 ). The function of this difference 
is not yet known. The functions of UV vision in rodents are 
not yet well understood, but include urine - mark visibility 
(eg, degus, Chavez  et al.   2003 ; voles, Koivula  et al.   1999 ; mice, 
Desjardins  et al.   1973 ), social communication (degus, Chavez   2      Simulated at  http://www.ratbehavior.org/RatCam.htm  
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  Table 25.2    Basic biology of some non - traditional laboratory rodents. 

   Common and 
scientifi c name  

   Adult weight/size     Lifespan     Sociality     Mating  

  Beaver 
 Genus:  Castor   

  15 – 35   kg 
 Beavers continue to 

grow throughout life  

  Usually 6 – 7 years One 
female lived 21 years  

  Lives as families Three 
generations may 
occupy a single lodge  

  Monogamous  

  Naked mole - rat 
  Heterocephalus 

glaber   

  30 – 35   g 
 Queen is larger  –  up 

to 80   g  

  28 years 
 Queen 13 – 18 years  

  Eusocial 
 Groups of 75 – 80, but up 

to 300  

  Polyandry and male monogamy 
Single queen mates with 
harem of 1 – 3 males  

  Capybara  ‘ water pig ’  
  Hydrochaeris 

hydrochaeris   

  Average of 40   kg but 
up to 66   kg. Largest 
living rodent  

  10 years in captivity    Mainly herds of 10 – 40. 
Single dominant male 

 High incidence of 
infanticide in captivity  

    

  Coypu (Nutria) 
 ‘ mouse - beaver ’  

  Myocastor coypus   

  Up to 16   kg    12 years in captivity    Single dominant male 
 Groups of approx. 11  

  Polygymous 
 Induced ovulation  

  Degu 
  Octodon degu  
 Bite leaves an eight - 

sided mark  

  200 – 300   g    4 – 6 years in captivity    Highly social Groups of 
2 – 5 females and 1 – 2 
males  

  Harems, but also reported that 
degus pair for life Induced 
ovulation  

  Fat sand rat 
  Psammomys obesus   

  14 – 19   cm 
 Tail up to 15   cm  

      Solitary Communal nest      

  Chinchilla 
  Chinchillidae   

  600 – 800   g 
 35   cm long  

  15 – 20 years    Colony 
 Can be kept as same - sex 

groups but might fi ght  

  Breed any time of the year  

  Table 25.3    Lifestyles of some non - traditional laboratory rodents. 

   Common and 
scientifi c name  

   Activity     Habitat     Diet     Home range or 
territory  

  Beaver 
 Genus:  Castor   

  Mainly nocturnal    Semi - aquatic 
 Builds lodges in ponds or burrows 

in banks  

  Herbivorous (one report 
of opportunistically 
eating salmon)  

  Approx. 1   km of 
waterway  

  Naked mole - rat 
  Heterocephalus 

glaber   

  Nocturnal    Solely subterranean 
 Digs burrows with teeth 
 25% of an individual ’ s muscle 

mass is involved in jaw closure  

  Radicivores 
 May eat dead pups  

  Tunnel system can 
be 4   km in length, 
20 football fi elds 
in area  

  Capybara  ‘ water pig ’  
  Hydrochaeris 

hydrochaeris   

  Naturally diurnal, but 
nocturnal in disturbed 
areas  

  Semi - aquatic 
 Builds burrows in banks 
 May cover itself in mud to protect 

from sunburn  

  Herbivorous/
graminivorous 

 Copraphagous  

  10 – 200   ha  

  Coypu (Nutria) 
 ‘ mouse - beaver ’  

  Myocastor coypus   

  Nocturnal or 
crepuscular  

  Semi - aquatic 
 Digs short burrows 
 May also build fl oating nests of 

reeds and other aquatic plants  

  Herbivorous 
 Reports of eating fi sh, 

earthworms, and 
bivalve molluscs  

    

  Degu 
  Octodon degu  
 Bite leaves an eight - 

sided mark  

  Crepuscular in summer, 
diurnal in winter 

 Diurnal in captivity  

  Semi - fossorial 
 Digs burrows with teeth and front 

feet  

  Herbivorous    0.04 – 0.71   ha  

  Fat sand rat 
  Psammomys obesus   

  Mainly diurnal    Semi - fossorial 
 Complex burrow system  

  Largely herbivorous, 
occasional insects  

  75 – 190   m tunnel 
system  

  Chinchilla 
  Chinchillidae   

  Crepuscular 
 Nocturnal  

  Burrows or crevices in rocks 
 Dustbathes regularly  

  Largely herbivorous, 
occasional insects  
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  Table 25.4    Scientifi c uses of some non - traditional laboratory 
rodents. 

   Common and scientifi c 
name  

   Uses in science  

  Beaver 
 Genus:  Castor   

  Diving physiology  

  Naked mole - rat 
  Heterocephalus glaber   

  Unique metabolism 
 Magnetoreception 
 Nociception 
 Only known mammals to be 

poikilothermic 
 No sweat glands 
 Does not produce the 

neurotransmitter substance P  

  Capybara  ‘ water pig ’  
  Hydrochaeris hydrochaeris   

  Diving physiology  

  Coypu (Nutria) 
 ‘ mouse - beaver ’  

  Myocastor coypus   

  Diving physiology  

  Degu 
  Octodon degu  
 Bite leaves an eight - sided 

mark  

  Prone to diabetes 
 Cannot produce vitamin C 
 Chronobiology  

  Fat sand rat 
  Psammomys obesus   

  Prone to obesity and diabetes 
 Highly effi cient kidneys  

  Chinchilla 
  Chinchillidae   

  Hearing 
 Digestion  
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  Origins 

 Voles belong to the sub - family Arvicolinae (comprising 
voles, lemmings and muskrats) within the family Cricetedae 
of the Rodentia. It is thought that the Cricetids originated in 
the Eurasia during the mid - Miocene epoch, from ancestors 
that resemble modern squirrels. The voles themselves arose 
during the Pliocene epoch, and rapidly diversifi ed during 
the Pleistocene. There are now about 70 species to be found 
in grassland, open forest and tundra. Voles are Paleartic and 
Neartic in distribution being found in Europe, Asia, Northern 
Africa and North America. The most numerous genus in 
terms of species is the Microtidae, which includes the fi eld 
vole ( Microtus agrestis ), one of the most common mammals 
of north - west Europe and the prairie vole ( Microtus ochro-
gaster)  of North America (Musser  &  Carleton  2005 ). Other 
genera include  Avicola , the water voles, and  Myodes  (for-
mally  Clethrionomys ) including the red - backed voles, such as 
the bank vole ( Myodes glareolus ).  

  Biological  o verview 

  General  b iology 

 Voles are often confused with mice. Voles have been classi-
fi ed as Muridae (rats, mice and their relatives) (MacDonald 
 2001 ) and some species are locally described as mice. For 
example, the meadow vole ( Microtus pensylvanicus ) of North 
America is often called the fi eld or meadow mouse. 
Compared with mice, voles tend to have a stouter body, a 
shorter hairy tail, a rounder head with a blunt snout, and 
smaller ears and eyes. They tend to be grey – brown to 
reddish brown in colour often with paler grey or silvery fur 
on the underside. Whilst some species such as water voles 
can be considerably larger, most vole species maintained 
under laboratory conditions are about the size of mice. For 
example, adult fi eld or short - tailed voles have a body 
approximately 90 – 110   mm long and weigh between 20 and 
40   g, whilst bank voles are between 80 and 120   mm long, 
weighing between 15   g and 40   g. 

 A distinguishing feature of voles is their molars which, 
unlike those of many rodents, are rootless and continue to 
grow during their entire life. Superfi cially many vole species 
appear similar, but their teeth can be used both to identify 
modern and ancestral species. For this reason, they can be 

useful to archaeologists for dating strata, in a method 
referred to as the  ‘ vole clock ’ . The technique is based on 
extraction of vole teeth from substrates. Most vole species 
can be identifi ed by the structure and patterns of wear on 
their cheek or molar teeth, and distribution of ancestral 
species can be used to date sediments (Jernvall  et al.   2000 ). 
Voles are largely herbivorous and their teeth structure 
allows them to chew large quantities of abrasive grasses. 
The diet of the fi eld vole, a largely grassland species, con-
sists for the most part of green leaves and stems of grass, 
herbs, sedges and bark, whilst the bank vole, which is asso-
ciated with woodland habitats, has a more varied diet of 
grass, fl owers, fruits, seeds, leaves, roots, fungi, moss, insects 
and worms (Flowerdew  et al.   1985 ; Harris  &  Yalden  2008   ).  

  Reproduction 

 In the wild, many vole species have a high population turno-
ver, with few individuals surviving from one year to the 
next (Chitty  1952, 1996 ). They have a large number of natural 
enemies, including most carnivores, such as foxes, cats, 
weasels and stoats, birds of prey and owls. Average lifespan 
is in the order of 3 – 6 months and it is rare for wild voles to 
live for longer than 12 months, though laboratory colonies 
can include individuals over 18 months of age (Cooper  et al.  
 1996 ). Voles are more active at night than during the daytime, 
though daytime activity can still be noticeable in the wild 
and the laboratory setting. Voles do not hibernate, and will 
continue to be active beneath lying snow. They are capable 
of rapid population growth in favourable conditions, and 
exhibit large cyclic fl uctuations in population density similar 
to those of the closely related lemmings (Chitty  1996 ). Voles 
breed from early spring until early autumn, and their gonads 
are generally in a much less active state in the late autumn 
and winter, when they are not usually fertile. In the wild, 
voles do not normally have an oestrous cycle, though this 
can be induced under laboratory conditions by housing 
females in close visual contact with adult males. Ovulation 
in voles is normally caused by stimuli provided by mating 
and occurs 6 – 12   h later. There are normally two components 
of the mating process, one causing ovulation and another 
causing corpora lutea to become functional (Clarke  1985 ). 
Gestation lasts 16 – 28 days depending on species. 

 Vole infants or pups are altritial being born blind, hairless 
and heavily dependent on maternal care. Nestling voles use 
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used in the laboratory to investigate problems bearing on 
their population ecology, for example their bioenergetics as 
well as various aspects of their reproductive biology (Leslie 
 &  Ranson  1940 ; Clarke  1985 ). There is also considerable 
interest in the ecto -  and endoparasites of voles (eg, Kaplan 
 et al.   1980 ; Randolph  1995 ). Voles have been intensively 
studied since they appear to be the reservoir hosts of cowpox 
virus (Crouch  et al.   1995 ; Burthe  et al.   2008 ). The occurrence 
in  M. agrestis  of very large sex chromosomes has encouraged 
their use in studies upon heterochromatin (Kalscheuer  et al.  
 1996 ). Voles have also been employed in the hope that they 
would prove useful for detecting the accumulation in her-
bivores of toxic minerals in herbage (Beardsley  et al.   1978 ). 
Voles have been used to investigate rodent communication 
and have been used as a model to investigate the control of 
behaviour (Fentress  1968 ). Bank voles have been used in the 
investigation of the causes and effects of stereotypic behav-
iour in captive animals ( Ö dberg  1987 ). 

 Prairie voles and meadow voles have been used to inves-
tigate genetic and hormonal factors involved in sexual fi del-
ity. Male prairie voles show some variation in tendency to 
monogamy. Extra - pair copulations can occur and the likeli-
hood of engaging in such behaviour has been related to 
genetic and physiological factors (Ophir  et al.   2008 ). Those 
males most likely to be monogamous and engage in paternal 
care have longer strings of repetitions of microsatellite DNA 
(Hammock  &  Young  2005 ). Microsatellite DNA from prairie 
voles has been inserted into the genome of meadow voles 
and found to reduce promiscuity and increase pair - bonding 
behaviour in males (Lim  et al.   2004 ). Similarly the hormonal 
control of sexual fi delity involving vasopressin, oxytocin 
and dopamine has been investigated by manipulating their 
levels in male prairie voles (Cushing  et al.   2001 ; Young  et al.  
 2005 ). Finally, prairie voles have been promoted as a model 
for anxiety and depression (Kim  &  Kirkpatrick  1996 ; Grippo 
 2009 ) as socially isolating adult females leads to elevated 
corticosteroid concentrations, prolonged sensitivity to 
stress - inducing challenges, and affects their performance in 
tests of negative affective state.  

  Laboratory  m anagement and  b reeding 

 The bulk of this section will concentrate on laboratory man-
agement of the short - tailed fi eld vole ( Microtus agrestis ) and 
the bank vole ( Myodes glareolus ). The chapter will cover their 
basic biology, care and management in laboratory condi-
tions, as well as application of laboratory procedures to 
these species. The chapter will illustrate issues that arise 
from the captive rearing of rodent species which have not 
been intentionally selected for laboratory conditions. 

  Housing,  e nvironmental  p rovisions,  h ygiene 

  Physical  e nvironment 

 As with other laboratory rodents it is important that voles 
be housed in controlled, secure, protected environments, 
with reliable access to food, water, shelter and/or nesting 
materials, where risks of infection are minimised and avoid-
ing extremes of climatic variation. Vole rooms should be 

ultrasonic vocalisations to communicate with their mother. 
These signals include distress calls, which change with the 
developmental stage, and with ambient and body tempera-
ture (Blake  1992 ). Maturation is rapid with many species 
weaning pups within 3 weeks of age. Voles reach sexual 
maturity soon afterwards. For example, male fi eld voles are 
sexually mature by the age of 6 – 7 weeks, whilst females are 
sexually mature by 4 weeks of age (Spears  &  Clarke  1987 ). 
Female fi eld voles have, however, been known to have per-
forate vaginas, and to be capable of conceiving at the age of 
18 days (Chitty  1952 ). On weaning, most vole species are 
solitary and do not form stable reproductive pairs. Males are 
promiscuous or polygamous and court females for as long 
as is necessary to successfully mate. There is no paternal care 
of the young, whereas females are highly protective of their 
pups. 

 The prairie vole is a notable exception with regard to 
reproduction. These voles naturally live in multigenera-
tional family groups with a single breeding pair. The off-
spring remain sexually suppressed so long as they remain 
within their natal group, and sexual maturity in the females 
(rather than developing with age as with other voles) 
depends on exposure to chemical cues in the urine of an 
unrelated male. Within 24   h of this cue, repeated mating can 
occur and following this they form a long - lasting relation-
ship in which they tend to be monogamous, and the males 
share in the raising of pups (Insel  1997 ; Roberts  et al.   1998 ).   

  Sources of  s upply 

 If it is not possible to obtain breeding stock from an estab-
lished laboratory colony, a new colony can be started with 
voles caught from the wild, though it may take about 3 
months for the wild - caught animals to begin producing 
litters. Voles can be easily caught in their natural habitats, 
using  ‘ Longworth ’  traps (Gurnell  &  Flowerdew  1982 ). Traps 
should be baited with cereals such as rolled oats or whole 
wheat grain, and fresh, succulent, vegetable matter such as 
discs of carrot. A bedding material such as hay should be 
provided in the trap ’ s nest box. It is advisable to cover the 
traps with foliage, or if that is sparse, with a small amount 
of hay, to give insulation against extremes of climate. Such 
traps will also catch shrews which soon die unless reason-
able precautions are taken. Blowfl y ( Calliphora ) puparia are 
adequate for overnight survival of shrews, or a small hole 
can be made in the trap which allows escape of shrews but 
not the larger rodents. Such precautions are not only in the 
interest of animal welfare but are a legal requirement in 
many countries (Little  &  Gurnell  1989 ). As with any other 
forms of live trapping, permission should be sought from 
landowners, and it is advisable to liaise with local ecology 
or naturalist groups.  

  Uses in the  l aboratory 

 Whilst not as common a laboratory animal as mice and rats, 
voles have been housed under laboratory conditions for a 
number of purposes, including studies of reproductive 
biology, disease and behavioural biology. Voles have been 
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has been signifi cant spoilage of bedding (eg, from fl ooding) 
these can be cleaned once per week. Cages run the risk of 
fl ooding as voles are prone to rapidly emptying water 
bottles (possibly in association with stereotypic licking 
and/or locomotion) and for this reason cages should be 
inspected at least once every 24   h. Lactating females or 
breeding pairs benefi t from housing in larger cages (eg, 
48   cm    ×    15   cm    ×    13   cm), which again only need to be cleaned 
once per week unless signifi cant spoilage has occurred. For 
bank voles, more frequent cleaning appears to be disturbing 
and may contribute to poor reproduction and infanticide. 
Wild - caught voles should be handled and their cages 
cleaned less frequently at least in the fi rst months of intro-
duction to the colony.   

  Food and  w ater 

 Where problems of bulk and supply make the precise rep-
lication of wild diet impracticable for a laboratory colony, 
standard laboratory rodent diets can be used to meet the 
voles ’  nutritional requirements. Field voles should be given 
8% or more protein in their diet, as a reduction to 4% has 
been shown to retard growth and sexual development 
(Spears  &  Clarke  1987 ). This can be provided by feeding 
whole oats, meadow hay, carrots and a few pellets of a rat 
and mouse laboratory diet. These supplies should be replen-
ished every week or when cages are cleaned out. Field voles 
can be fed primarily a commercial pelleted standard rat and 
mouse breeding and grower diet  ad libitum , though once per 
week a handful of commercial hamster food or toasted 
wheatgerm, should be added to each cage. Although bank 
voles naturally eat a more varied diet than fi eld voles, they 
can also be maintained on simple diets such as whole oats 
augmented by pellets of rat and mouse breeding diet. Bank 
voles will sample from a wide range of food items and this 
basic diet should be supplemented by hamster mix includ-
ing nuts and seeds such as rolled corn, barley, peanuts and 
sunfl ower seeds. Fresh forage can be also given to voles 
including chopped apples, pears and carrots, as well as 
meadow hay. 

 Water can be supplied in standard laboratory drinking 
bottles and should be checked daily. In addition to regular 
replacement with fresh tap water, water bottles and spouts 
should be cleaned regularly to avoid growth of algae. Voles 
are particularly susceptible to water shortage and total dep-
rivation of water for 48   h will cause death. Daily water con-
sumption is about 10   ml/24   h in both bank and fi eld voles, 
so conventional water bottles should be adequate for many 
days. However, fi eld vole colonies commonly water bottle 
siphon (Sorensen  &  Randrup  1986 ) and this behaviour is 
also known in other vole species (Kruckenburg  et al.   1973 ). 
This involves the rapid emptying of water bottles, and 
repeated emptying of water can fl ood the cage and spoil 
litter. Voles showing this behaviour often develop the 
hunched posture associated with illness. This behaviour has 
also been termed polydipsia though evidence of over - con-
sumption of water is sparse. Changing the drinker spout to 
a design less likely to allow siphoning may solve this 
problem, though animals that engage in this behaviour are 
often culled once they show overt signs of illness.  

designed to provide suitable enclosures for the animals, ease 
of management and safety for the researchers. A well 
designed room should minimise disturbing noises, and be 
able to maintain constant temperature and humidity. A tem-
perature of 20    ° C and relative humidity of about 60%, with 
15 – 20 changes of warm air per hour is an adequate atmos-
phere for a vole colony. A photoperiod of 16   h light per day 
is appropriate for a breeding colony. Providing access to 
natural daylight is appropriate so long as room temperature 
can be controlled to avoid hot spots within the room. To 
reduce noise, bins for food, sawdust and rubbish should be 
made of heavy - duty plastic. 

 The colony room should be large enough to allow cages to 
be placed along one wall and suffi cient space for basic hus-
bandry procedures such as washing cages or sexing pups. A 
room of about 4.5   m length, 3.0   m width and 2.5   m height 
should be adequate for colonies of 100 cages. This would 
provide suffi cient space for a bench along one wall with 
sinks and the cages on shelving along the opposite wall, or 
fi tted into racks mounted on castors. If the vole colony is 
housed in windowless rooms, then artifi cial lighting can be 
provided. For example, in a room laid out as above, a central 
180   cm long 75   W fl uorescent tube connected to a time switch, 
gives a light intensity of 105 – 735 lux at the front of cages in 
the absence of natural daylight. This light level seems ade-
quate for basic husbandry procedures without fl ooding the 
cages with light, though it would be advisable to cover the 
top cages on a rack from direct lighting.  

  Housing 

 Voles can be housed in plastic, opaque polypropylene, or 
transparent polycarbonate cages designed for mice or rats. 
Litter can be coarse sawdust prepared commercially for use 
in rodent laboratory colonies or similar absorbent material. 
Nesting material should be provided to allow nesting 
behaviour. This is particularly important for pregnant or 
lactating females which construct spherical nests 5 – 10   cm in 
diameter in which litters are born and reared. However, all 
voles will build nests and provision of nesting material or 
other opportunities for sheltering considerably reduces the 
incidence of stereotypic behaviour in bank voles ( Ö dberg 
 1987 ; Cooper  et al.   1996 ). Meadow hay makes a good nesting 
material, but is not suitable for systems requiring high 
hygiene and can evoke allergic responses in some people. In 
these situations, shredded paper or commercially produced 
rodent nesting material (eg, nestlets) may be an adequate 
substitute. A nest can last for a number of weeks, particu-
larly if it is kept at the end of a cage away from the water 
bottle spout and can be transferred with the voles during 
cage cleaning.  

  Social  g rouping 

 It is possible to group house voles in single - sex groups fol-
lowing weaning, though groups should be monitored for 
signs of aggression (Clarke  1956 ; Sorensen  &  Randrup  1986 ). 
This is most prevalent in groups of unfamiliar males, though 
can arise in males housed together from weaning. Singly 
housed animals can be kept in standard cages such as those 
measuring 33   cm    ×    15   cm    ×    13   cm (l    ×    w    ×    h). Unless there 
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occupied by the female. Recruitment for breeding should be 
reviewed once a month and animals should be removed 
from the breeding colony once they reach 12 months old, 
since by about that age fertility of females has declined. 
Colony records, which provide some idea of the likely fertil-
ity of stock animals, are a good guide for the recruitment of 
new females and males for the breeding colony. 

 The male and female of a pair should not be closely related 
and, in the fi eld vole, it is advisable to select females and 
males with short upper (as well as lower) incisors. From 
time to time, animals of either sex may develop overgrown 
upper incisors. This causes diffi culties in feeding, and these 
animals can become trapped when gnawing the wire mesh 
of cages. If animals with overgrown incisors are inadvert-
ently recruited to the breeding colony or a long - term experi-
ment, the upper incisors can be quickly clipped to a proper 
length with sharp fi ne scissors, without anaesthesia. The 
absence of any refl ex response by voles has been taken to 
indicate this treatment does not cause distress, although 
independent measures of discomfort or pain have not been 
taken. 

 A long photoperiod consistent with natural breeding 
season (eg, 16L   :   8D for fi eld voles) is necessary for rapid 
sexual development and maximum effi ciency of breeding 
colonies of voles (Clarke  1985 ; Spears  &  Clarke  1987 ). Under 
these conditions, male fi eld voles have spermatozoa in the 
testes, epididymides and vasa deferentia by the age of 42 – 49 
days. Sexually mature males have well developed patches 
of sebaceous tissue on their hindquarters. These are second-
ary sexual characters which in laboratory stock frequently 
became bare, pink areas 20    ×    15   mm, with folding of the 
skin, producing abundant sebaceous secretion giving off a 
musty odour and making the adjacent fur greasy. Females 
will develop perforate vaginas and be fertile by 28 days of 
age under a 16L   :   8D light regime, though some can be fertile 
by as little as 18 days of age. In an established colony, 
females should be recruited to breeding stock from 2 months 
of age, and males from about 2.5 months of age (see also 
Chapter  13 ). 

 Voles from laboratory colonies are generally heavier than 
animals from natural populations. For example by the age 
of 24 weeks both male and female fi eld voles are consider-
ably heavier than comparable wild animals, where mean 
maximum body weight during the breeding season has been 
recorded as 30   g for males and 26   g for females (Chitty  1952 ). 
The males most suitable for recruitment for breeding weigh 
30 – 40   g and have somewhat spare bodies without much sub-
cutaneous fat. In sexually mature males the penis is well 
developed, about 3   mm long within its prepuce, and the 
testes produce paired bulges in the perineal region, so 
forming a typical rodent scrotum. The scrotum may develop 
dark pigmentation in animals which have been sexually 
mature for several months, but this is not a prerequisite 
condition for the fertile state. Suitable sexually mature 
females have a perforate vagina which in the oestrous state 
is pink, gaping and slightly rugose. A vaginal smear made 
up of cornifi ed epithelial cells is a good indication that the 
animal is fertile. Amongst virgin female fi eld voles with 
these vaginal characteristics, those weighing from 25 – 35   g 
are usually more fertile than lighter or heavier animals. 
Females with abundant subcutaneous and abdominal fat 

  Identifi cation and  s exing 

 Toe clipping as a method of identifi cation of animals is no 
longer either acceptable or necessary in voles as microchips 
can be used where individual identifi cation is desirable. 
However, unless individuals need to be identifi ed from 
groups then a cage card system, supported by a computer 
database, would be adequate for keeping records for breed-
ing colonies and for identifying individually caged animals. 
Each cage should carry, in a metal holder, a card bearing the 
cage number and giving details of animals ’  identifi cation, 
birth date and parents of the animals. Breeding records 
should be monitored to ensure that breeding stock comprise 
females and males descended from mothers of high fertility. 
Care should be taken to ensure paper cards are kept out of 
reach of the cage ’ s inmates as voles have a tendency to chew 
these records. 

 The sexes can be distinguished by the greater ano - genital 
distance of males (about 10   mm) compared to that of females 
(about 5   mm). Sexually mature males have testes bulging in 
the perineal region to form the typical rodent scrotum. The 
penis is immediately anterior to the scrotum. The vaginal 
opening of sexually mature females has the clitoris at its 
anterior border. The ano - genital distance is very much 
smaller in newborn and sucking young of either sex, but 
with practice can be used to distinguish males from females. 
Newborn and sucking females can also be recognised by 
rudimentary nipples which are slightly better developed 
than in males. In prepubertal animals or those whose sexual 
development has been retarded by exposure to natural or 
artifi cial winter photoperiods, overlap in the frequency dis-
tribution of the ano - genital distance of the two sexes can 
cause diffi culties in sexing. However, slight pressure on the 
lower abdomen may cause testes to descend more fully into 
the perineal region: they can be seen through the skin or will 
cause slight bulging. Females that are not yet perforate often 
have a small scale of skin marking the future vaginal opening.  

  Reproduction and  b reeding 

 If wild - caught voles are to be used to found a colony (and 
any local or national legal and ethical permits required for 
this have been obtained) they should be caught during the 
breeding season, though even in these situations females 
may take several months to produce their fi rst laboratory 
conceived litter. Animals brought from the wild to create a 
colony should be disturbed as little as possible and, pro-
vided cages are not damp through leakage of a water bottle 
or are otherwise unsavoury, the cage should be cleaned 
infrequently. Quiet conditions in the animal room probably 
shorten the acclimatision time. 

 Voles do not have long life expectancies, and long - term 
studies of their biology can be more effi ciently conducted by 
establishing a breeding colony, than through recruitment 
from wild populations. A common breeding system is to 
house pairs permanently together until there is evidence 
that a pairing is not regularly producing litters or reliably 
rearing young: in these circumstances partners of different 
pairs can be swapped around. At the fi rst and any subse-
quent pairing, the male can be introduced to the cage already 



374 Voles

pattern of sexual behaviour in bank voles is similar to that 
of fi eld voles and has been described by Christiansen and 
D ø ving  (1976)  and Milligan  (1979) . Ovulation is induced by 
mating and occurs 6 – 14   h thereafter. There is no oestrous 
cycle of the sort occurring in the laboratory mouse but, as 
in the fi eld vole, cycles of change in the vaginal smear lasting 
4 – 10 days, accompanied by ovulations, can occur through 
the remote infl uence of males. Compared with fi eld voles, a 
smaller proportion of bank voles are likely to be in oestrus 
at any one time, though oestrus can be rapidly induced by 
nearby males. Multiple sets of corpora lutea occur in females 
from the wild, in young laboratory bred animals kept per-
manently with one male, in females mated with a succession 
of males at 2 - day intervals, as well as through the remote 
infl uence of males. Young perforate, virgin females are less 
fertile than older perforate virgin animals, and bank voles 
take longer, generally, than fi eld voles to become pregnant 
for the fi rst time. This has been attributed to the need to have 
the reproductive tract primed by ovarian hormones, or the 
failure of corpora lutea at fi rst mating to become functional. 
Implantation of blastocysts in non - lactating females occurs 
105 – 107   h after coitus (Clarke  1985 ). 

 Pregnancy lasts 18 – 19 days in primigravida bank voles 
and a high proportion of females will be in oestrus and 
fertile immediately post partum, the proportion declining a 
day or two later and rising after the young are weaned. 
Permanently paired voles produce a steady stream of litters, 
but because implantation of blastocysts arising from post -
 partum mating of lactating females is delayed, their preg-
nancies last from 19 – 22 days. Although voles can deliver 
litters of fi ve to six pups, smaller litter sizes (mean of 3.5 
pups) are more commonly reported (Clarke  1985 ).  

  Parturition,  r earing and  w eaning 

 Young are born in the nest during the day or night. 
Occasionally litters of permanently mated pairs are found 
dead and damaged. When pups are found dead or damaged 
it is often not clear if the pups have been attacked whilst alive, 
or if they have died from neglect or poor cage conditions and 
subsequently been eaten by the adults. Changing the pairing 
or removing the male before parturition can reduce this 
problem, but can also cause some loss of breeding effi ciency 
since re - introduction or introduction of another male to the 
lactating female ’ s cage can in itself cause the death of her 
young. An unpaired lactating female vole usually vigorously 
attacks any male added to her cage, and, in the following 
mayhem, young are often neglected, damaged or killed by 
the adults. Increasing the cage size, providing a more natural 
diet and nest materials (use of meadow hay) and reducing the 
frequency of cage cleaning may also be effective in reducing 
pup mortality. Randrup  et al.   (1988)  reported that in bank 
vole colonies with little cover or nesting material, high pup 
mortality was associated with mothers repeatedly moving 
pups around the cage. Again, providing ample, suitable 
nesting material may reduce this problem. 

 Newborn vole pups are bright pink in colour, have sealed 
eyelids and limited capacity for movement, though develop-
ment is rapid in the subsequent days and weeks (Spears  &  

(apparent from their  ‘ feel ’  and conformation) tend to be less 
fertile than those with a more spare body. 

 When a sexually mature female, even one with an oestrous 
vaginal smear, is paired with a sexually mature male, the 
interaction of the animals may at fi rst resemble that between 
a dominant and a subordinate male. The male may pursue 
the female, attempting to mount her and, at the outset, the 
female will often turn on the male, squeaking vigorously and 
lunging defensively at him. This seeming antagonism may 
be part of courtship behaviour. After a period ranging from 
a minute or two to half an hour, the squabbling interactions 
usually end, and copulations commence. The male usually 
mounts the female a number of times within a minute or two. 
After each mounting the female often runs ahead of the male 
and stops: the male follows and mounts again. Bouts of 
repeated leading by the female and mounting by the male 
are usually separated from each other by an interval of 5 – 15 
minutes, during which the animals appear not to respond to 
each other (Clarke, unpublished observations). 

 Following copulation, a white or cream - coloured vaginal 
plug, formed from the male ’ s ejaculate, can be found in the 
vagina, though not invariably: whether this is because it has 
fallen out before the female is examined, or because it has 
not formed, is not known. Sperm are detectable in vaginal 
smears for a few hours after copulation. The likelihood that 
a female has become pregnant or pseudopregnant can be 
fairly reliably gauged from the vaginal smear: the oestrous 
smear made up of cornifi ed epithelial cells changes 24 – 48   h 
after mating to one consisting almost exclusively of many 
leucocytes, and by day 5 or day 6 after copulation there are 
very few cells of any sort. Pregnancy can also be reliably 
gauged by a gain in body weight of 2 – 4   g in pregnant females 
which occurs at about the 10th day of pregnancy, so weigh-
ing breeding females once per week (for example during 
cage cleaning) can avoid the need to conduct vaginal smears. 
Blastocysts implant 90 – 96   h post - coitus and pregnancy lasts 
20 – 21 days. Pregnancy will be blocked if a female is exposed 
to an unfamiliar male 48 – 72   h after mating with a stud male. 
Females have a post - partum oestrus, and implantation of 
the resulting blastocysts is only slightly delayed by the con-
current sucking by the young. 

 Females in the later stages of pregnancy should be checked 
daily for young. By full term, pregnant female fi eld voles 
may weigh between 35 and 50   g. As females are fertile post -
 partum and throughout lactation, and since males are nor-
mally permanently present in breeding cages, many females 
produce litters at 20 – 23 - day intervals for much of their 
breeding lives. Disturbance during cage cleaning, or han-
dling of litters on the day of birth and twice a week there-
after has not been found to have an adverse effect on the 
survival of young. However, should researchers wish to 
minimise disturbance then nests can be visually inspected 
for young with minimal disturbance using soft plastic 
tweezers. 

 Bank voles also have a breeding season lasting generally 
from early spring (March) until early autumn (September) 
so a photoperiod of 16L:8D is suitable to maintain a breed-
ing colony. Spermatogenesis takes 31 days in males which 
are sexually mature. The reproductive physiology of females 
is, in its essentials, like that of the fi eld vole. The general 
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 built carrier can be used. A good practical example could 
consist of 12 metal boxes, each 15   cm    ×    9   cm    ×    8   cm lightly 
welded together to give container of overall dimensions of 
about 45   cm    ×    36   cm, with a wire mesh lid (4   mm square 
mesh). A more convenient, though less portable solution 
would be to use conventional cages for short distances only. 
In all cases, each compartment should be provided with a 
little sawdust and some non - absorbent cotton wool, 
oats and fresh carrot. In order to eliminate aggressive 
encounters, only one animal should be housed in each 
compartment, except if the animals were intended for a 
breeding colony, where one female and one male can travel 
together satisfactorily. It is said that voles are less stressed 
if the familiar bedding from their cage in the animal room 
is transferred to transport boxes, rather than if they are 
furnished with fresh material. If animals are to be sent 
abroad, a health certifi cate (from the relevant government 
department) for the animals will be needed, and the rules 
regulating importation into the destination country will 
need to be observed. 

 Voles are easily picked up by the loose skin of the neck. 
They should be quite decisively and fi rmly grasped, and, 
retaining the grip, can be cradled upside down in the palm 
of the hand for examination (Figure  26.1 ). A struggling 
animal, in these circumstances, can often be calmed momen-
tarily by blowing on its nose. Under laboratory housing, 
bank voles are more  ‘ lively ’  than fi eld voles, even after many 
generations of laboratory breeding. This can make bank 
voles more challenging to handle. For experienced person-
nel, bites are very rare. Rodents can carry serious infectious 
diseases and careful precautions should be taken to avoid 
bites. As a variety of infectious and parasitic diseases can be 

Clarke  1987 ). At 2 days of age the head and back change 
from bright pink to grey. By about 4 days the young are able 
to crawl, and at 7 or 8 days they show uncoordinated 
walking. At this stage the coat is made up of smooth, very 
fi ne hair, brown above, light cream beneath, and the eyes 
have opened. When the young are 12 – 13 days old walking 
becomes coordinated as in an adult. It is possible to foster 
sucking young by choosing a female with a small litter of 
about the same age as the young to be fostered. Sucking 
young are quite hardy and if they are found in a cold, wet, 
moribund state, may revive if placed with their mother, or 
a suitable foster mother, in a clean, dry cage with adequate 
nesting material. Field voles are weaned by about 14 days, 
although they can be kept in the parental cage until 16 days, 
after which there is a small risk of juvenile females becoming 
fertile. At this age they have fi ne grey juvenile fur. From 
about 21 days the coarser adult coat develops on the head 
and then spreads down the body. It is grey with yellow –
 brown or reddish brown tips and black guard hairs on the 
upper side, and on the underside cream to pale grey. 

 Bank voles are born in essentially the same state as the 
young of fi eld voles, and the pelage goes through the same 
stages as in fi eld voles, though the hair colour is a richer 
brown. Because sucking bank voles develop a little more 
slowly than fi eld voles, they are removed them from the 
parental cage at the age of 18 rather than 16 days. 

 Following weaning, males and females should be housed 
separately to avoid unwanted pregnancies. Adult females, 
which have been living separately, can be put together in a 
cage without the risk of stressful interactions, but if sexually 
mature males from different cages are put together they will 
fi ght vigorously, with consequent severe wounding. Even 
those which have been living together since weaning can 
start fi ghting when they become sexually mature.   

  Laboratory  p rocedures 

  Transport and  h andling 

 Clear national guidelines covering transport of laboratory 
and other animals can be found elsewhere (eg, for UK see 
Laboratory Animal Science Association (LASA)  2005 ). This 
section will provide some practical advice to support these 
guidelines. As with other species, voles should be trans-
ported in escape - proof containers that protect the animals 
from unfavourable environmental conditions, ensuring they 
arrive alive and well at their destination. In general, voles 
can be transported in a similar fashion to laboratory mice. 
Containers should be made of rigid plastic, or similar 
escape - proof materials such as metal. Adequate bedding 
(for warmth and the absorption or containment of urine and 
faeces), food and a source of water must be provided, and 
for long journeys the container should have an inspection 
fl ap. Voles from the wild can be transported for short periods 
(say up to 3   h) in the  ‘ Longworth ’  traps in which they had 
been caught. Traps should always be well stocked with oats, 
fresh carrot and meadow hay. 

 For transport over long distances and lasting some hours, 
by road in a supervised vehicle, or by air freight, a purpose -

     Figure 26.1     Adult female bank vole following capture in 
Longworth trap. Note small ano - genital distance, and restraint by 
fi rm grasp of fur at back of next, whilst supporting weight of body. 
 (Photo: Charles Deeming.)   
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  Administration of  m edicines 

  Anaesthesia 

 Alphaxalone mixed with alphadolone acetate (such as 
Saffan: Glaxovet Ltd, Uxbridge) is a good anaesthetic for 
simple surgery of fi eld voles and bank voles (gonadectomy, 
vasectomy, manipulating the uterus, intravenous adminis-
tration of drugs). A dose of 0.1   ml Saffan per 10   g body 
weight is appropriate, administered intraperitoneally. This 
dosage seems quite reliable with voles weighing between 20 
and 30   g, though the relationship between body weight and 
anaesthetic dose seems more variable with larger animals. 
Isofl urane, administered through a mask as a vapour from 
a small anaesthetic machine, has been found to be a very 
safe anaesthetic for voles. Sodium pentobarbital, at a con-
centration of 72   mg/kg, has also been used (the dose for a 
25   g fi eld vole is about 0.03   ml). However this is a less safe 
method and success depends on the state of the animal: 
stressed animals can die quickly, and very active or excited 
animals may need a slightly higher dose (a further 0.01   ml). 
In simple surgical procedures, fi eld and bank voles need be 
anaesthetised and immobile for no more than about half an 
hour. It is important to keep animals warm as they recover 
from anaesthesia, for example by nestling them within a 
cage in clean, non - absorbent cotton wool and beneath a 
warming light bulb. Flecknell  (2009)  provides general infor-
mation and principles relevant to rodent anaesthesia.  

  Dosing and  i njecting 

 Subcutaneous injections are easily given under the skin of 
the neck or back. It is helpful to shave the site, or part the 
fur by blowing, in order more easily to guide the needle 
subcutaneously, to see the bleb at the injection site or to 
detect any leakage. Light anaesthesia makes the procedure 
less stressful for lively voles and the experimenter. The skin 
of the back or neck is held between index fi nger and thumb, 
the needle of the syringe inserted low down between fi nger 
and thumb through the fold of skin, and checked by touch 
and visually for correct positioning. Volumes of up to 0.2   ml 
can be injected in this fashion. 

 Intraperitoneal injections can be given by fi rst grasping 
the vole by the loose skin of the back with the index fi nger 
and thumb which can then rotated so that the animal, with 
its belly uppermost, is supported by the palm. The needle 
should be inserted a couple of millimetres at an angle of 
about 45    ° , then the angle changed so that the needle is 
nearly parallel to the surface of the belly, and fi nally the 
needle should be pushed a little forward before discharging 
the fl uid. Intravenous injections can be made into the exter-
nal jugular vein, accessed as described above for taking a 
blood sample. The neck incision should be sutured follow-
ing surgery. See JWGR  (2001)  for detailed information about 
administration of substances.   

  Euthanasia 

 It is possible for trained personnel to cull sick individuals in 
emergencies using dislocation of the neck by instantaneous 

carried by fi eld and bank voles, careful hygiene procedures 
should be followed.    

  Physiological  m onitoring 

  Blood  s amples 

 Some people report that (in a warm room and with practice) 
up to 200    μ l of blood can be obtained by snipping no more 
than 1   mm from the tip of the tail. An analgesic or anaes-
thetic should be given when this method is used. Blood 
samples can be taken easily from the external jugular vein 
under alphaxalone/alphadolone anaesthesia using a 
0.5   mm    ×    16   mm needle attached to a 1   ml plastic syringe. 
Clotting of blood in the syringe can be prevented by wetting 
the inside of the syringe with a solution of heparin (1000   U/
ml, made up in 0.9% saline), shaking out fl uid remaining in 
the nozzle. To facilitate blood collection, an incision should 
fi rst be made in the neck, then fat overlying the external 
jugular parted, and the hypodermic needle inserted into the 
vein by passing it under the delicate pectoral muscle. This 
muscle, by its tension, serves to reduce bleeding which, with 
practice in delicate manipulations, becomes virtually non -
 existent. Nevertheless, the neck incision should be sutured, 
following sampling. 

 Terminal samples can be obtained from the heart under 
isofl urane anaesthesia, using an 0.8   mm    ×    16   mm needle, and 
a 1 or 2   ml syringe. It is much easier to take such samples if 
the manipulations are carried out while observing the site 
with an operating or a dissecting microscope. The needle is 
inserted in the midline, directly behind the sternum, at an 
angle of about 30    °  to the horizontal. It is possible routinely 
to get 0.75 – 1.25   ml of blood from fi eld voles in this way. 
Taking terminal blood samples requires that an overdose of 
anaesthetic is given at the end of the procedure. 

 Valuable general information and principles about collec-
tion of blood samples is provided by Joint Working Group 
on Refi nement (JWGR)  (1993)  and by the NC3Rs at their 
blood sampling microsite 1 .  

  Vaginal  s mears 

 These can be easily taken using a small platinum wire loop 
(c.1.0   mm diameter) fi xed into a glass or metal rod. After 
fl aming the loop to remove debris, it can be used to transfer 
a drop of physiological saline onto a clean microscope slide, 
again dipped in saline and then carefully inserted into the 
vagina. The loop is then dabbed in the drop of saline on the 
slide. Cells from the vagina are thus transferred to the slide 
which can be immediately examined as a wet, unstained 
preparation with the simplest of monocular microscopes 
(total magnifi cation  × 60). Smears comprise: nucleated epi-
thelial cells; or cornifi ed epithelial cells; or leucocytes; or a 
mixture of two or all three cell types. Air - dried smears can 
be stained, for example, with 0.04% aqueous toluidine blue, 
and made into permanent preparations.   

  1       http://www.nc3rs.org.uk/bloodsamplingmicrosite/page.
asp?id=313  
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hantaviruses (Kaplan  et al.   1980 ; Flowerdew  et al.   1985 ; 
Bennett  et al.   1997 ; Barnard  et al.   2002 ; Harris  &  Yalden  2008 ). 
The latter group is responsible for important rural and 
sometimes urban public health problems throughout some 
parts of Europe and Asia (for example, Korean haemor-
rhagic fever, nephropathia epidemica). The infective agent(s) 
can occur in urban and laboratory rodents from which 
people have apparently become infected. The mite  Laelaps 
hilaris  Koch is often found in small numbers in the perineal 
region of fi eld voles, feeding on host body secretion, and 
apparently causing little harm. Bank voles are hosts for the 
sheep tick ( Ixodes ricinus ) which transmits the spirochaete 
 Borrelia burgdorferi  responsible for Lyme disease (Randolph 
 &  Craine  1995   ). Infection can have arthritic, cardiac and 
neurological consequences for people. Bank voles are also 
competent hosts for the protozoan  Babesia microti  which can 
cause illness in people. This protozoan is transmitted by the 
ectoparasitic tick  Ixodes trianguliceps  (Randolph  1995   ). 

 When wild voles are brought into the laboratory for out-
crossing of the breeding stock or for experimental purposes, 
a protocol for quarantine, screening and, where appropriate, 
treatment, for any parasitic or other infectious agents should 
be carefully devised and implemented. In order to guard 
against infection of laboratory workers, colonies of wild 
voles should be kept well separated from breeding colonies 
of the same or other laboratory rodent species.  

  Behaviour and  w elfare 

  Aggressive Interactions 

 Sexually mature male voles from laboratory stock are often 
very aggressive towards each other. This has been seen in 
groups of male voles housed in laboratory cages (Sorensen 
 &  Randrup  1986 ) as well as larger more naturalistic enclo-
sures with high stocking densities (Clarke  1955, 1956 ). 
Sexually mature males may fi ght viciously if they are put 
together and fi ghting can also occur amongst sexually 
mature males which have cohabited since weaning (whether 
from the same or different litters). In cages with high levels 
of aggressive encounters the problem can be moderated by 
identifying and removing the principle aggressor(s). It may 
be possible to identify such individuals from size and muscle 
tone and also from bite marks. They will tend to be larger 
animals with a muscular feel when handled due to little 
subcutaneous or abdominal fat. They may have small 
wounds on the nose infl icted by the defensive actions of 
subordinate voles. The latter, in contrast tend to have 
wounds anywhere on the body but especially on the hind-
quarters, incurred as they fl ee from the aggressor. 
Alternatively, given the risk of aggressive encounters in 
group - housed males and the potential for harm, avoid 
group housing males in stock cages. Females do not tend to 
have serious aggressive interactions, except perhaps when 
they are pregnant or lactating, so group housing is less prob-
lematic with female voles.  

  Social  i solation and  d istress 

 The prairie vole has been used to investigate the effects of 
social isolation on stress physiology (Kim  &  Kirkpatrick 

sharp pressure using the index fi nger and thumb, though 
researchers and technicians may prefer euthanasia by injec-
tion or inhalation for aesthetic reasons. If inhalation is to be 
used the same guidelines and advice apply to voles as to 
similar sized mice. High concentration of carbon dioxide 
within a chamber connected to a carbon dioxide cylinder 
causes rapid loss of consciousness followed by death in voles, 
though it is not known how aversive they fi nd the short expo-
sures to this potentially noxious gas. In other rodents, eutha-
nasia using a rising concentration of warmed hydrated 
carbon dioxide has been recommended as this appears to 
render animals unconscious before they experience highly 
noxious concentrations of carbon dioxide. More recent work, 
however has suggested that some rodents can detect carbon 
dioxide and fi nd it aversive even at these low concentrations. 
As voles are an uncommon laboratory species no systematic 
research has been conducted into their perception of eutha-
nasing agents and if small numbers of animals are to be 
killed, then an overdose of an injectable anaesthetic agent as 
a humane means of killing should be considered. Finally, if 
surplus stock need to be disposed of, and if local regulations 
permit, then it may be worthwhile considering releasing 
them back into the wild. However, this introduces a number 
of welfare and ethical issues, in particular whether captive -
 reared voles will be equipped with the skills required to 
forage and avoid predation, and also the potential distur-
bance to resident voles. For these reasons the matter would 
need to be carefully researched and it is likely also that there 
would be a need for careful screening for infectious diseases 
which might affect released animals or those with which they 
may come in contact. To date, no studies have tracked sur-
vival of laboratory - reared voles, following release into the 
wild, or their impact on resident populations.   

  Common  w elfare  p roblems 

  Health,  d isease and  z oonosis 

 Voles in a healthy state have a shiny coat and are vigorous. 
Ill animals are often hunched with fl uffed - up, dull fur. It is 
essential that any animals showing signs of illness be exam-
ined and either treated or euthanased promptly. The 
abdomen of adult voles may occasionally become greatly 
enlarged without any matching increase in body weight, so 
that the females in such cases are clearly not pregnant. Such 
animals should be culled.  Post - mortem  examination will 
reveal that the small intestine is grossly distended with gas, 
or that the caecum is greatly engorged with digesta. 

 Wild voles can carry a number of ectoparasites, including 
fl eas, ticks and mites, the human ringworm fungus, endopar-
asitic protozoa (including  Toxoplasma ), trematodes, cestodes 
and nematodes, as well as  Mycobacterium tuberculosis  and the 
spirochaete  Leptospira . Tuberculosis can be endemic in wild 
populations of voles, and infected animals may have exten-
sive caseous areas in subcutaneous tissue, lungs and else-
where in the body. Antibody reacting with orthopoxvirus 
(cowpox virus) has been detected in both fi eld and bank 
voles from the wild and both species are susceptible to a 
number of other viruses, including spontaneous mouse 
encephalomyelitis and encephalomyocarditis and various 
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responses and the development of the behaviour, suggests 
those voles which show the highest amount of locomotor 
behaviour following disturbance in the absence of cover are 
most likely to develop stereotypies, suggesting a develop-
ment from this active response. Finally, whilst environmen-
tal enrichment such as housing voles in larger cages with 
more shelter can prevent the performance of stereotypies, 
this is less effective for older voles (Cooper  et al.   1996 ). It is 
therefore recommended that to minimise stereotypic activi-
ties, voles should be housed from weaning in large cages 
provided with both shelter and nesting material.         

  References 

    Barnard ,  C.J.  ,   Behnke ,  J.M.  ,   Bajer ,  A.    et al.  ( 2002 )  Local variation in 
endoparasite intensities of bank voles ( Clethrionomys glareolus ) 
from ecologically similar sites: morphometric and endocrine cor-
relates .  Journal of Helminthology ,  76 ,  103  –  112   

    Beardsley ,  A.  ,   Vagg ,  M.J.  ,   Beckett ,  P.H.T.    et al.  ( 1978 )  Use of the fi eld 
vole ( M. agrestis ) for monitoring potentially harmful elements in 
the environment .  Environmental Pollution ,  16 ,  65  –  71   

    Bennett ,  M.  ,   Crouch ,  A.J.  ,   Begon ,  M.    et al.  ( 1997 )  Cowpox in 
British voles and mice .  Journal of Comparative Pathology ,  116 , 
 35  –  44   

    Blake ,  B.H.   ( 1992 )  Ultrasonic vocalization and body temperature 
maintenance in infant voles of three species (Rodentia: 
Arvicolidae) .  Developmental Psychobiology ,  25 ,  581  –  596   

    Burthe ,  S.  ,   Telfer ,  S.  ,   Begon ,  M.    et al.  ( 2008 )  Cowpox virus in natural 
fi eld vole  Microtus agrestis  populations: signifi cant negative 
impacts on survival .  Journal of Animal Ecology ,  77 ,  110  –  119   

    Chitty ,  D.H.   ( 1952 )  Mortality among voles ( Microtus agrestis ) at Lake 
Vyrnwy, Montgomeryshire in 1936 – 39 .  Philosophical Transactions 
of the Royal Society B ,  236 ,  505  –  520   

    Chitty ,  D.H.   ( 1996 )  Do Lemmings Commit Suicide? Beautiful Hypotheses 
and Ugly Facts .  Oxford University Press ,  New York   

    Christiansen ,  E.   and   D ø ving ,  K.B.   ( 1976 )  Observations of the mating 
behaviour of the bank vole,  Clethrionomys glareolus  .  Behavioural 
Biology ,  17 ,  263  –  266   

    Clarke ,  J.R.   ( 1955 )  The infl uence of numbers on reproduction and 
survival in two experimental vole populations .  Proceedings of the 
Royal Society of London ,  144 ,  68  –  85   

    Clarke ,  J.R.   ( 1956 )  The aggressive behaviour of the vole .  Behaviour , 
 9 ,  1  –  23   

    Clarke ,  J.R.   ( 1985 )  The reproductive biology of the bank vole 
( Clethrionomys glareolus ) and the wood mouse ( Apodemus sylvati-
cus  ). In:  The Ecology of Woodland Rodents Bank Voles and Wood Mice . 
Eds   Flowerdew ,  J.R.  ,   Gurnell ,  J.   and   Gipps ,  J.H.W  ., pp.  33  –  59 . 
Symposia of the Zoological Society of London Number 55. 
 Clarendon Press ,  Oxford   

    Cooper ,  J.J.  ,    Ö dberg ,  F.O.   and   Nicol ,  C.J.   ( 1996 )  Limitations on the 
effectiveness of environmental improvement in reducing stereo-
typic behaviour in bank voles ( Clethrionomys glareolus ) .  Applied 
Animal Behaviour Science ,  48 ,  237  –  248   

    Crouch ,  A.C.  ,   Baxby ,  D.  ,   McCracken ,  C.M.    et al.  ( 1995 )  Serological 
evidence for the reservoir hosts of cowpox virus in British wild-
life .  Epidemiology of Infection ,  115 ,  185  –  191   

    Cushing ,  B.S.  ,   Martin ,  J.O.  ,   Young ,  L.J.    et al.  ( 2001 )  The effects of 
peptides on partner preference formation are predicted by habitat 
in prairie voles .  Hormones and Behavior ,  39 ,  48  –  58   

    Fentress ,  J.C.   ( 1968 )  Interrupted ongoing behaviour in two species 
of vole ( Microtus agrestis  and  Clethrionomys brittanicus ). I. Response 
as a function of preceding activity and the context of an appar-
ently  ‘ irrelevant ’  motor pattern .  Animal Behaviour ,  16 ,  135  –  153   

    Flecknell   P.A.   ( 2009 )  Laboratory Animal Anaesthesia ,  3rd edn .  
 Academic Press ,  London   

 1996 ). Under laboratory conditions, pairs of prairie voles 
develop close relationships, spending much of their time 
sitting side by side (Insel  &  Shapiro  1992 ; Insel  1997 ). This 
contrasts markedly with the closely related, but polyga-
mous, montane vole ( Microtus montanus ), as well as the 
meadow, fi eld and bank voles described earlier, which gen-
erally avoid contact with conspecifi cs in both laboratory and 
natural conditions except when mating. Housing adult 
female prairie voles in isolation causes chronic distress and 
has been described as leading to anxiety and depression, 
and consequently has been used as a model for these 
responses in man. Isolation leads to elevated serum corticos-
teroid and reduced body weight, whilst behavioural conse-
quences of isolation include anhedonia as measured by 
decreased sucrose intake, a decline in swimming in a forced 
swimming task, which are used as measures of depression, 
and also reduced time in open arms of raised plus maze 
(Grippo  2009 ) which has been developed as a measure of 
anxiety. This extreme response to social isolation indicates 
the importance of maintaining prairie voles in stable pairs 
in breeding colonies both in terms of their welfare and in 
terms of successful breeding programmes.  

  Stereotypic  b ehaviour 

 Stereotypic behaviour can be reliably induced in voles and 
consequently they have been used as a model species to 
investigate the causes and effects of repetitive, invariant 
apparently functionless activities. These behaviours, espe-
cially the sustained gnawing of the wire mesh of cages, as 
well as some weaving, jumping and somersaulting (Sorensen 
 &  Randrup  1986 ), have been found in fi eld voles, but are 
more commonly observed in bank voles ( Ö dberg  1987 ), 
where they can lead to injuries such as broken tails and 
facial lesions due to repeated collision with cage features. 

 Voles readily develop stereotypies in standard laboratory 
conditions without the use of drug treatments. In addition, 
vole stereotypy can be varied by manipulation of dopamine 
activity, in a similar way to rat and mouse stereotypy, with 
dopamine antagonists blocking the performance of stereo-
typies, and agonists increasing their occurrence (Randrup  et 
al.   1988 ). Stereotypic behaviour can be manipulated in bank 
voles by simple changes to cage conditions, for example by 
increasing cage size or more effectively by providing cover 
in the form of hay or straw ( Ö dberg  1987 ; Cooper  et al.   1996 ). 
For example, rearing voles in 33   cm    ×    15   cm    ×    13   cm cages 
with sawdust litter and no bedding leads to an incidence of 
locomotor stereotypic behaviour approaching 100%; 
whereas providing a handful of bedding (eg, hay) results in 
only 50% of the population exhibiting the behaviour. The 
use of larger cages (eg, 45   cm    ×    28   cm    ×    13   cm) with ample 
bedding, nesting and/or sheltering substrates results in a 
very low incidence of stereotypic behaviour (Cooper  et al.  
 1996 ). 

 The motivation underlying the performance of stereotyp-
ies in voles appears to be persistence of locomotor behav-
iour, possibly related to motivation to escape from the cage. 
Stereotypies can be initiated by an alarming stimulus (for 
example running a pen along the cage bars), and providing 
extensive shelter appears to be the most effective means of 
reducing the behaviour. Fine detailed observation of 



Voles 379

Working Group established by LASA .  Laboratory Animals ,  39 , 
 1  –  39   

    Leslie ,  P.H.   and   Ranson ,  R.M.   ( 1940 )  The mortality, fertility and rate 
of natural increase of the vole ( Microtus agrestis ) as observed in 
the laboratory .  Journal of Animal Ecology ,  9 ,  27  –  52   

    Little ,  J.L.   and   Gurnell ,  J.   ( 1989 )  Shrew captures and rodent fi eld 
studies .  Journal of Zoology ,  218 ,  329  –  331   

    Lim ,  M.M.  ,   Wang ,  Z.  ,   Olazabel ,  D.E.    et al.  ( 2004 )  Enhaned partner 
preference in a promiscuous species by manipulating the expres-
sion of a single gene .  Nature ,  429 ,  754  –  757   

    Macdonald ,  D.W.   (Ed.) ( 2001 )  The New Encyclopaedia of Mammals : 
 Oxford University Press ,  Oxford   

    Milligan ,  S.R.   ( 1979 )  The copulatory pattern of the bank vole 
( Clethrionomys glareolus ) and speculation on the role of penile 
spines .  Journal of Zoology ,  188 ,  279  –  300   

    Musser ,  G.G.   and   Carleton ,  M.D.   ( 2005 )  Superfamily muroidea . In: 
 Mammal Species of the World a Taxonomic and Geographic Reference . 
Eds   Wilson   D.E.   and   Reeder   D.M  ., pp.  894  –  1531 .  Johns Hopkins 
University Press ,  Baltimore   

     Ö dberg .  F.O.   ( 1987 )  The infl uence of cage size and environmental 
enrichment on the development of stereotypies in bank voles 
( Clethrionomys glareolus ) .  Behavioural Processes ,  14 ,  155  –  173   

    Ophir ,  A.G.  ,   Wolff ,  J.O.   and   Phelps ,  S.M.   ( 2008 )  Variation in neural 
V1aR predicts sexual fi delity and space use among male prairie 
voles in semi - natural settings .  Proceedings of the National Academy 
of Sciences of the United States of America ,  105 ,  1249  –  1254   

    Randolph ,  S.E.   ( 1995 )  Quantifying parameters in the transmission 
of  Babesia microti  by the tick  Ixodes trianguliceps  amongst voles 
( Clethrionomys glareolus ) .  Parasitology ,  110 ,  287  –  295   

    Randolph ,  S.E.   and   Craine ,  N.G.   ( 1995 )  General framework for com-
parative quantitative studies on transmission of tick - borne dis-
eases using Lyme borreliosis in Europe as an example .  Journal of 
Medical Entomology ,  32 ,  765  –  777   

    Randrup ,  A.  ,   Sorensen ,  G.   and   Kobayashi ,  M.   ( 1988 )  Stereotyped 
behaviour in animals induced by stimulant drugs or by a 
restricted cage environment: relation to disintegrated behaviour, 
brain dopamine and psychiatric disease .  Japanese Journal of 
Psychopharmacology ,  8 ,  313  –  327   

    Roberts ,  R.L.  ,   Williams ,  J.R.  ,   Wang ,  A.K.    et al.  ( 1998 )  Cooperative 
breeding and monogamy in prairie voles; infl uence of the sire and 
geographical variation .  Animal Behaviour ,  55 ,  1131  –  1140   

    Spears ,  N.   and   Clarke ,  J.R.   ( 1987 )  Effect of nutrition, temperature 
and photoperiod on the rate of sexual maturation of the fi eld vole 
( Microtus agrestis ) .  Journal of Reproduction and Fertility ,  80 , 
 175  –  181   

    Sorensen ,  G.   and   Randrup ,  A.   ( 1986 )  Possible protective value of 
severe psychopathology against lethal effects of an unfavourable 
milieu .  Stress Medecine ,  2 ,  103  –  105   

    Young ,  L.J.  ,   Young ,  A.Z.M.   and   Hammock ,  E.A.D.   ( 2005 )  Anatomy 
and neurochemistry of the pair bond .  The Journal of Comparative 
Neurology ,  493 ,  51  –  57    

   
 

    Flowerdew ,  J.R.  ,   Gurnell ,  J.   and   Gipps ,  J.H.W.   (Eds) ( 1985 )  The 
Ecology of Woodland Rodents: Bank Voles and Wood Mice .  Symposia 
of the Zoological Society of London  Number 55.  Clarendon Press , 
 Oxford   

    Grippo ,  A.J.   ( 2009 )  Mechanisms underlying altered mood and car-
diovascular dysfunction: the value of neurobiological and behav-
ioral research with animal models .  Neuroscience and Biobehavioral 
Reviews ,  33 ,  171  –  180   

    Gurnell ,  J.   and   Flowerdew ,  J.R.   ( 1982 )  Live Trapping Small Mammals: 
A Practical Guide .  Occasional Publications of the Mammal Society , 
 Harvest House, Reading   

    Hammock ,  E.A.D.   and   Young ,  L.J.   ( 2005 )  Microsatellite instability 
generates diversity in brain and sociobehavioral traits .  Science , 
 308 ,  1630  –  1634   

    Harris ,  S.   and   Yalden ,  D.W.   (Eds) ( 2008 )  Mammals of the British Isles , 
 4th edn .  The Mammal Society ,  Southampton   

    Insel ,  T.R.   ( 1997 )  A neurological basis of social attachment .  American 
Journal of Psychiatry ,  154 ,  726  –  735   

    Insel ,  T.R.   and   Shapiro ,  L.E.   ( 1992 )  Oxytocin receptor distribution 
refl ects social organisation in monogamous and polygamous 
voles .  Proceedings of the National Academy of Sciences of the United 
States of America ,  89 ,  5981  –  5985   

    Jernvall ,  J.  ,   Keranen ,  S.V.E.   and   Thesleff ,  I.   ( 2000 )  Evolutionary 
modifi cation of development in mammalian teeth: quantifying 
gene expression patterns and topography .  Proceedings of the 
National Academy of Sciences of the United States of America ,  97 , 
 14444  –  14448   

   Joint Working Group on Refi nement  ( 1993 )  Removal of blood from 
laboratory mammals and birds. First Report of the BVA/FRAME/
RSPCA/UFAW Joint Working Group on Refi nement .  Laboratory 
Animals ,  27 ,  1  –  22   

   Joint Working Group on Refi nement  ( 2001 )  Refi ning procedures for 
the administration of substances. Report of the BVAAWF/
FRAME/RSPCA/UFAW Joint Working Group on Refi nement . 
 Laboratory Animals ,  35 ,  1  –  41   

    Kalscheuer ,  V.  ,   Singh ,  A.P.  ,   Nanda ,  I.    et al.  ( 1996 )  Evolution of the 
gonosomal heterochromatin of  Microtus agrestis : rapid amplifi ca-
tion of a large, multimeric, repeat unit containing a 3.0 - kb 
(GATA) 11   –  positive, middle repetitive element .  Cytogenetics and 
Cell Genetics ,  73 ,  171  –  178   

    Kaplan ,  C.  ,   Healing ,  T.D.  ,   Evans ,  N.    et al.  ( 1980 )  Evidence of infec-
tion by viruses in small British fi eld rodents .  Journal of Hygiene , 
 84 ,  285  –  294   

    Kim ,  J.   and   Kirkpatrick ,  B.   ( 1996 )  Social isolation in animal models 
of relevance to neuropsychiatric disorders .  Biological Psychiatry , 
 40 ,  918  –  922   

    Kruckenburg ,  S.M.  ,   Gier ,  H.T.   and   Dennis ,  S.M.   ( 1973 )  Post - natal 
development of the prairie vole .  Microtus ochrogaster. Laboratory 
Animal Science ,  23 ,  53  –  55   

   Laboratory Animal Science Association  ( 2005 )  Guidance on 
the transport of laboratory animals. Report of the Transport 



 The  g uinea  p ig    
  Sylvia   Kaiser  ,   Christine   Kr ü ger   and   Norbert   Sachser       
 

27
  Biological  o verview 

 The guinea pig ( Cavia aperea  f.  porcellus ) was domesticated 
about 3000 – 6000 years ago in the highlands of South America 
(H ü ckinghaus  1961 ; Gade  1967 ; Hyams  1972 ; Wing  1977 ; 
Herre  &  R ö hrs  1990 ; Benecke  1994 ). The main aim of domes-
tication was to provide the Indians with meat (Herre  &  
R ö hrs  1990 ) and guinea pigs are still one of the main sources 
of meat in some rural populations of South America. They 
have also, occasionally, been used for ritual healing (Gade 
 1967 ; Hyams  1972 ; Weir  1974 ; Wing  1977 ; Clutton - Brock 
 1989 ; Herre  &  R ö hrs  1990 ; Benecke  1994 ). Guinea pigs in 
South America today are left to scavenge in and around the 
huts of the Indians, and it may be assumed that a similar 
husbandry has always existed (Weir  1974 ; Stahnke  &  
Hendrichs  1988 ). In the middle of the 16th century the 
Spaniards discovered guinea pigs and introduced them into 
Europe. Within the European population, the animals 
rapidly became a popular pet (Gade  1967 ; Hyams  1972 ; 
Clutton - Brock  1989 ; Benecke  1994 ). Nowadays, guinea pigs 
are one of the most popular pets throughout the world, 
raised for fancy and companion uses. 

  The  w ild  a ncestor  Cavia  a perea  

 According to anatomical and morphological studies the 
domestic guinea pig derives from the subspecies  tschudii  of 
the wild cavy ( Cavia aperea ), which is among the most 
common and widespread rodents of South America 
(Nehring  1889 ; H ü ckinghaus  1961 ; Gade  1967 ; Rood  1972 ; 
Weir  1972 ; Nachtsheim  &  Stengel  1977 ; Herre  &  R ö hrs  1990 ; 
Benecke  1994 ; K ü nzl  &  Sachser  1999 ). The wild cavy and 
the domestic guinea pig belong to the order Rodentia and 
to the family Caviidae (Figure  27.1 ). All cavy - like members 
of this family (about 14 species; Wilson  &  Reeder  2005 ) are 
medium - sized, tailless rodents that have four digits on the 
front feet and three digits on the hindfeet. All digits have 
claws. All forms  –  except the domestic guinea pig  –  have 
agouti dorsal pelage and a lighter underside (Rood  1972 ; 
Wagner  1976 ). The cavy - like members of the Caviidae are 
divided into four genera ( Cavia ,  Galea ,  Kerodon  and 
 Microcavia ), which are widely distributed throughout South 
America and inhabit a wide range of ecological niches 
(Mares  &  Ojeda  1982 ; Redford  &  Eisenberg  1992 ; Eisenberg 
 &  Redford  1999 ).   

 The wild cavy is a herbivorous, neotropical rodent that 
occurs in humid grassland habitats from Colombia through 
Brazil into Argentina (Mares  &  Ojeda  1982 ; Stahnke  &  
Hendrichs  1988 ; Redford  &  Eisenberg  1992 ). 

 They live in small harem groups consisting of one adult 
male and one or a few females and their unweaned offspring 
(Rood  1972 ; Sachser  et al.   1999 ; Asher  et al.   2004, 2008 ).  C. 
aperea  is a crepuscular, non - climbing species, which does not 
dig burrows, but hides and moves through tunnels made in 
dense vegetation (Rood  1972 ; Stahnke  &  Hendrichs  1988 ; 
Guich ó n  &  Cassini  1998 ). The typical habitat of  C. aperea  
contains a cover zone with high and dense vegetation, which 
the animals use as protection from predator attacks (Rood 
 1972 ), and an adjacent, more open zone of short vegetation 
where cavies forage (Cassini  1991 ; Cassini  &  Galante  1992 ; 
Guich ó n  &  Cassini  1998 ; Asher  et al.   2008 ).  C. aperea  is a 
species diffi cult to study in the fi eld as most social activities 
occur in tall vegetation (Rood  1972 ; Asher  et al.   2004, 2008 ). 

 Under semi - natural and laboratory conditions adult male 
 C. aperea  are highly incompatible in the presence of females, 
whereas female  C. aperea  organise themselves into linear 
dominance hierarchies. The males ’  body mass is 11% higher 
than the body mass of non - pregnant females. The male –
 male competition brings about a polygynous mating system 
(Sachser  et al.   1999 ). Whenever a female comes into oestrus, 
only one male is present. This male thus mates with several 
females, whereas every female mates with a single male 
(Sachser  1998 ). Females play an active role in bringing about 
this species ’  social and mating system by displaying clear 
preferences for single males (Adrian  et al.   2008 ). Moreover, 
the low relative testis weights and the small epididymis size 
of  Cavia apera  are within the typical range of species with a 
single - male mating system (Kenagy  &  Trombulak  1986 ; 
Sachser  1998 ; Sachser  et al.   1999 ; Cooper  et al.   2000 ).  

  Behavioural and  p hysiological  c onsequences 
of  d omestication 

 As described above, the domestic guinea pigs derived from 
the wild cavy at least 3000 years ago. The process of domes-
tication is always accompanied by distinct changes in mor-
phology, physiology and behaviour (Darwin  1859, 1868 ; 
Hale  1969 ; Fox  1978 ; Haase  &  Donham  1980 ; Price  1984 ; 
Clutton - Brock  1989 ; Herre  &  R ö hrs  1990 ; K ü nzl  &  Sachser 
 1999 ). As a consequence, wild and domestic animals require 
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tions to environmental challenge than domestic guinea pigs. 
Furthermore, immediately after removing animals from 
their home cages catecholamine concentrations are distinctly 
higher in the wild than in the domesticated form. In addi-
tion, signifi cantly lower cortisol levels in response to an 
adrenocorticotropic hormone (ACTH) challenge indicate 
that there is a generalised reduction in the stress response 
of the domestic guinea pig (K ü nzl  &  Sachser  1999 ; K ü nzl  et 
al.   2003 ), and this is the physiological correlate of the reduced 
alertness, nervousness and sensitivity of the domesticated 
animals. While the reduced stress response obviously helps 
domestic animals to live in artifi cial housing conditions, it 
would be counter - selected for by natural selection in wild 
animals in their natural habitats (K ü nzl  &  Sachser  1999 ).  

  General  b iology 

 Newborn guinea pigs (body mass of about 60 – 100   g) are 
precocial, looking like small - sized adults (Table  27.2 ). They 
are fully furred, their eyes are open and the secondary teeth 
have already replaced the primary teeth during foetal devel-
opment. On the day of birth young guinea pigs start to eat 
solid food and drink water, although lactation lasts for 2 - 3 
weeks. Young males reach their sexual maturity within 2 – 3 
months of age (body mass about 500   g), while young females 
may reach sexual maturity at less than 1 month of age (with 
a body mass of around 300   g) (Table  27.3 ).   

 Guinea pigs are fully grown at the age of 8 – 12 months. 
They live up to an age of 8 years and reach a body mass of 
about 800 to more than 1000   g, which is distinctly higher 
than in the wild form. Adult guinea pigs measure up to 
30   cm in length (Sutherland  &  Festing  1987 ). 

 All teeth are open rooted and grow continuously through-
out life. The dental formula of the guinea pig is as follows: 
I 1  1 C 0  0 Pm 1  1 M 3  3 . 

 Wild cavies have an agouti dorsal pelage and a lighter 
underside (see above), but in the domestic guinea pig there 
is a wide variety of colours. The coat can be unicoloured or 
multicoloured. The most popular breed of guinea pigs in 
scientifi c research is the short - haired English, and the most 
common strain is the Dunkin – Hartley (albino outbred 
guinea pig of the English breed). Several inbred guinea pig 
strains have been produced, of which strains 2 and 13 are 

somewhat different conditions and resources to achieve 
good welfare although, in a biological sense, they still belong 
to the same species (Sachser  2001 ). 

 Behavioural studies indicate that the repertoire of behav-
ioural patterns is similar in domesticated and wild guinea 
pigs. Thus, domestication has not resulted in the loss or 
addition of behavioural elements (Rood  1972 ; Stahnke  1987 ; 
K ü nzl  &  Sachser  1999 ). Distinct differences have, however, 
developed in behavioural frequencies and thresholds (K ü nzl 
 &  Sachser  1999 ) (Table  27.1 ). Domestic guinea pigs display 
lower levels of intraspecifi c aggressive behaviour and higher 
levels of sociopositive behaviour (eg, social grooming) than 
the wild ancestors. They also show more frequent overt 
courtship behaviour and have a lower threshold for vocali-
sation. Finally, guinea pigs are less attentive to their physical 
environment and show much less exploration behaviour 
than their ancestors (K ü nzl  &  Sachser  1999 ; K ü nzl  et al.  
 2003 ).   

 These behavioural differences are associated with marked 
changes in social structure compared with the wild form. 
When domestic guinea pigs are kept in breeding groups of 
one adult male and several adult females, the mature sons 
and daughters will integrate rather peacefully into the social 
system of the groups and all animals will cohabitate in a 
non - aggressive and non - stressful way (Sachser  1998 ). When 
adult wild cavies are kept in breeding groups of one male 
and several females, a completely different picture emerges: 
the daughters integrate into the linear dominance hierarchy 
of the females. In contrast, the father and his sons 
often become incompatible when the sons attain sexual 
maturity. In most cases, the sons must then be taken out of 
the groups, otherwise the father will injure or kill them 
(Sachser  1998 ). 

 Artifi cial selection and breeding in guinea pigs has not, 
however, led to degenerated animals with impaired cogni-
tive abilities. Male and female domestic guinea pigs perform 
better in the Morris Water Maze (a frequently used test for 
the assessment of spatial learning in rodents) than their wild 
relatives (unpublished data of SK). 

 A series of experiments has been conducted to compare 
endocrine stress responses between wild and domestic 
guinea pigs (Table  27.1 ). Wild cavies respond with a signifi -
cantly stronger increase of their serum cortisol concentra-

     Figure 27.1      The wild cavy ( Cavia aperea ; left) and the domestic 
guinea pig ( Cavia aperea  f.  porcellus , right). (Photo: M. Aulbur.)  

  Table 27.1    Physiological and behavioural consequences of 
domestication: comparison between domestic ( Cavia aperea  f. 
 porcellus ) and wild guinea pigs ( Cavia aperea ) ( −  rare/low;   
+   frequent/high). For references and original data see K ü nzl and 
Sachser  (1999 ), K ü nzl  et al.  (2003) and Sachser  (2001) . 

             Domestic     Wild  

   Endocrine 
stress response   

  Adrenocortical system     −     +  
  Adrenomedullary 

system  
   −     +  

   Behaviour     Attentive     −     +  
  Vocal    +     −   
  Courtship    +     −   
  Sociopositive    +     −   
  Aggressive     −     +  
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cies of 125 – 32   000 Hertz (Harper  1976 ). The upper limit of 
their hearing is probably 40   000 – 50   000   Hz. 

 The olfactory sense is most important in social behaviour 
(Beauchamp  et al.   1979, 1980, 1982 ; Martin  &  Beauchamp 
 1982 ). Male guinea pigs mark individual females with their 
anal glands. Guinea pigs also mark the environment with 
their anal glands. Urine has a high communicative value for 
this species. Young guinea pigs, for example, discriminate 
between maternal urine and urine of an unknown lactating 
female (J ä ckel  &  Trillmich  2003 ).   

  Uses in the  l aboratory 

 The guinea pig is commonly used in scientifi c research, in 
areas such as toxicology, product development and medical 
quality control.  

  Laboratory  m anagement and  b reeding 

  Social  l ife and  w elfare:  b asic  r esearch 

 There is a long tradition of basic research concerning the 
social structure and sociophysiology of guinea pigs (Kunkel 
 &  Kunkel  1964 ; Rood  1972 ; Beauchamp  1973 ; Berryman  &  
Fullerton  1976 ; Jacobs  1976 ; Sachser  1986 ; Sachser  1994a , 
 1994b   ; Kaiser  et al.   2003a ; Hennessy  &  Morris  2005 ; Hennessy 
 et al.   2006 ; Wallner  et al.   2006 ; Bauer  et al.   2008 ; Fey  &  
Trillmich  2008 ). From this research, conclusions can be 
drawn regarding which social housing conditions can be 
recommended and which conditions should be avoided. 

  Social  o rganisation 

 As for other species, the social interactions of guinea pigs 
are composed of agonistic behaviours and the development 
of dominance hierarchies, together with positive or sexual 
interactions, which may result in the establishment of social 
bonds. The overall structure of dominance relationships and 
social bonds constitute the animals ’  social organisation. 

  Low and  h igh  p opulation  d ensity 
 The effects of increasing population density on the patterns 
of social interactions and reproductive success have been 
studied by Sachser  (1986; 1994b) . Four males and two 
females were placed in a 16   m 2  enclosure and allowed to 
reproduce freely, so that after 20 months there were about 
50 individuals in the colony. Even at this high population 
density the reproductive success of females (that is, the 
number of surviving offspring/time) did not decline, and 
the number of fi ghts between individuals did not increase 
distinctly. So what mechanisms allow guinea pigs to cope 
so effectively with high population numbers? The answer is 
shown in Figure  27.2 . As population density increases, 
guinea pigs change their patterns of social interactions and 
their social relationships, that is, their social organisation 
(Sachser  1986 ).   

 At low population densities (for example, three males and 
three females) the social organisation is characterised mainly 
by a linear dominance hierarchy among the adult males. 

the most widely used (North  1999 ). If not bred on - site in the 
facility, animals are obtained from commercial breeders. 

 Female guinea pigs exhibit a post - partum oestrus which 
means they become receptive immediately after giving 
birth. If they do not become pregnant at this time, females 
show periodic oestrous cycles of about 16 days (Shi  et al.  
 1999 ). It is well known that female guinea pigs have some 
behavioural changes during their oestrous cycle (Birke 
 1981 ). The young are born after a gestation period of around 
67 days. Usually one to four (up to a maximum of seven) 
young are born in one litter (Table  27.3 ) (Sutherland  &  
Festing  1987 ; Sachser  1994a ).   

 Guinea pigs do not show a day – night cycle of activity. 
Rather, they are characterised by an ultradian rhythm, that 
is, alternating phases of activity and rest last for about 2 – 3   h. 
Thus, the activity is not dependent on the light – dark regime 
(Sachser  et al.   1992 ). 

 Guinea pigs have dichromatic colour vision with a spec-
tral neutral point centred at about 480   nm (Jacobs  &  Deegan 
 1994 ). However, guinea pigs may have poor depth percep-
tion. Guinea pigs possess two different classes of retinal 
cones with peak sensitivities of about 429   nm and 529   nm. 

 The maximum auditory sensitivity is around 500 and 
8000   Hz. However, guinea pigs are responsive to frequen-

  Table 27.2    Biological data for the guinea pig. Reprinted from 
North, D.  (1999)  with permission of Blackwell Publishing. 

   Parameter     Normal value  

  Lifespan (years)    2 – 8  

  Birth weight (g)    60 – 100  

  Adult weight (g)    700 – 1300  

  Food consumption (g/100   g body weight per 
day)  

  6  

  Water consumption (ml/100   g body weight 
per day)  

  10 – 14.5  

  Rectal temperature ( ° C)    37.2 – 39.8  

  Heart rate (beats/minute)    150 – 400  

  Blood pressure (mmHg)      
     Systolic    77 – 94  
     Diastolic    47 – 58  

  Respiratory rate (breaths/minute)    42 – 150  

  Tidal volume (ml)    1.0 – 5.3  

  Total blood volume (ml/kg)    69 – 75  
  Dental formula    I 1  1 C 0  0 Pm 1  1 M 3  3   

  Table 27.3    Reproductive data for the guinea pig. 

   Reproductive parameter     Normal value  

  Sexual maturity      
     Female     ∼ 1 month of age  
     Male    2 – 3 months of age  
  Oestrous cycle    Polyoestrus,  ∼ 16 days  
  Gestation period    63 – 72 days  
  Lactation     ∼ 21 days  
  Litter size    1 – 7  
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activity of the sympathetic – adrenomedullary system at high 
densities. In contrast, the activity of the pituitary – adrenocor-
tical system is not affected by population density. That is, a 
male living in a large colony does not have higher cortisol 
concentrations than a male living in a small group or with 
only one female. These endocrinological data support the 
behavioural fi ndings that a change in density does not nec-
essarily result in increased social stress for the individuals 
as long as a stable social environment is maintained by 
social mechanisms (Sachser  1990, 1994a ). 

 At high and low population densities, males take different 
social positions, which are stable over months. Alphas, for 
example, always clearly dominate non - alphas of the same 
subunit. These dominance relationships are independent of 
place and time. Alphas bite more often and are bitten less 
often than non - alphas, and display far more courtship and 
sexual behaviour than the lower - ranking males (Sachser 
 1990 ). Surprisingly, despite these clear differences in behav-
iour and status, alphas and non - alphas do not differ signifi -
cantly in their activity of their pituitary – adrenocortical and 
sympathetic – adrenomedullary systems (Sachser  1987, 
1994b ; Sachser  et al.   1998 ); that is, having low social status 
does not necessarily entail a higher degree of social stress 
than having high social status. This is probably because of 
the stable social relationships which result in predictable 
behaviour.   

  Social  s upport 

 In a variety of animals, the presence of specifi c social part-
ners can often inhibit or ameliorate the individual ’ s neu-
roendocrine responses in stressful situations; ie, the increase 
of the pituitary – adrenocortical and the sympathetic –
 adrenomedullary activities is reduced (Sachser  et al.   1998 ; 
Kawachi  &  Berkman  2001 ). This class of effects, often 
referred to as social buffering of the stress response, is 
clearly seen in the context of the mother – infant relationship. 
The domestic guinea pig is one of the few animals in which 
social buffering effects on HPA activity have been found in 
both infants and adults. 

 Prior to weaning, guinea pig pups show evidence of a 
specifi c attachment to their mother, and the presence of the 
mother reduces or eliminates HPA responses in a novel 
environment (Hennessy  &  Ritchey  1987 ; Hennessy  1997, 
1999 ; Hennessy  et al.   2006 ). During the pre - weaning period 
the presence of other animals, particularly adult females, 

Subordinate males retreat whenever a higher - ranking con-
specifi c approaches; this largely precludes threat displays 
and fi ghts. Individuals of identical rank are never found. 
The highest - ranking male shows much more courtship 
behaviour towards each of the females than any other male, 
and he is probably the father of the offspring. Social bonds 
do not exist between males and females. Among the females 
there is also a linear rank order (Thyen  &  Hendrichs  1990 ). 
However, their agonistic interactions are less pronounced 
than those among males. Between the sexes fi ghting and 
threat displays do not occur. 

 When individual numbers increase, guinea pigs change 
their social organisation. Groups of 10 – 15 or more split into 
subunits, each consisting of one to four males and one to 
seven females. The highest - ranking male of each subunit, 
the alpha - male, establishes long - lasting social bonds toward 
all females of his subunit. The alphas guard and defend their 
females around oestrus, and they sire more than 85% of 
offspring, as shown by DNA fi ngerprinting (Sachser  1998 ). 
The lower - ranking males also have bonds with the females 
of their subunits, ie, they interact predominantly with these 
animals. Alphas of different subunits respect each other ’ s 
bonds, that is, they do not court other alphas ’  females even 
if these are receptive. In general, individuals belonging to a 
given subunit live in an area that does not overlap with the 
area of other subunits. It is in these areas that most of the 
social interactions are displayed, and where the individuals 
have their resting and sleeping places. The alphas defend 
the borders of these areas around the time of their females ’  
oestrus (Sachser  1986, 1994b ). 

 Social organisation at high population densities is there-
fore characterised by the following: (1) the splitting of the 
whole group into subunits provides all individuals with 
social and spatial orientation; (2) escalated fi ghting is rare 
because alphas respect the male – female bonds of other 
alphas; (3) the individuals ’  different social positions are 
stable over months, and the basic patterns of social organisa-
tion are independent of individual animals. Thus the change 
in social organisation from a strictly dominance - structured 
system to a system in which long - lasting bonds are pre-
dominant seems to be a mechanism for adjusting to increas-
ing population density.  

  Physiological  c onsequences of  s ocial  s tratifi cation 
 When male guinea pigs living at different population densi-
ties are compared, those at high densities show increased 

     Figure 27.2      Social organisation in guinea pigs at 
high and low densities. Low density at the left 
side: arrows among males indicate direction of 
aggressive behaviours. High density at the right 
side: lines between males and females indicate 
individual social bonds. Alpha - males (circled 
males) dominate non - alpha males (non - circled 
males). Dotted lines represent the borders of 
 ‘ territories ’  (Sachser  1986 ). Reproduced from 
Sachser N ( 1998 ): Of domestic and wild guinea 
pigs: studies in sociophysiology, domestication 
and social evolution, Naturwissenschaft, 
copyright 1998 with kind permission of Springer 
Science and Business Media.  
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 &  Lick  1991 ). However, this  ‘ peaceful ’  stratifi cation into dif-
ferent social positions requires that the opponents, around 
puberty, have previously had agonistic interactions with 
older dominant males, which is the case in individuals 
reared in colonies. In these encounters as a subdominant 
individual, they acquire the social skills needed to adapt to 
conspecifi cs in a non - aggressive and non - stressful way 
(Sachser  &  Lick  1991 ; Sachser  1993 ; Sachser  et al.   1994 ). 

 In contrast, a male that has grown up singly or with a 
female does not experience agonistic interactions around 
puberty (since in this species no fi ghting and threat displays 
are found between the sexes) and thus does not learn these 
social skills. If two of these males confront one another in 
the presence of an unfamiliar female in an unfamiliar enclo-
sure, high levels of aggressive behaviour occur, and esca-
lated fi ghting is frequent which, if not stopped, may lead to 
severe injuries or deaths. During the fi rst days of the con-
frontation no stable dominance relationships are established 
but once this has occurred marked and persistent increases 
in pituitary – adrenocortical system activities occur in the 
subdominant males (Sachser  &  Lick  1991 ; Sachser  et al.  
 1994 ). The evidence is that it is not fi ghting ability that 
determines the outcome of such contests, but that the 
winners are the males that succeed in establishing a bond 
toward the female. 

 The crucial role of social experiences has also been shown 
in a study taking a different approach (Sachser  &  Renninger 
 1993 ). Colony - reared males introduced singly into unfamil-
iar colonies of conspecifi cs easily adjust to this new social 
situation. They explore the new environment, but do not 
court any female, thereby avoiding attacks from the male 
residents, which have established bonds with the females. 
The colony - reared males gradually integrate into the social 
network of the established colonies and may even gain a 
higher social rank than they had in their native colonies. In 
contrast, individually reared males placed into a colony of 
conspecifi cs are frequently involved in threat displays and 
fi ghts (Sachser  &  Lick  1991 ; Sachser  &  Renninger  1993 ) and 
may lose body weight and die, even when not injured or 
attacked by the residents. 

 In contrast, female guinea pigs reared in colonies or in 
pairs can adapt to introduction into a group of unfamiliar 
conspecifi cs without the occurrence of overt aggression and 
high degrees of social stress. Thus female guinea pigs are 
able to adapt to unfamiliar conspecifi cs independent of their 
social rearing conditions (Kaiser  et al.   2003c ).  

  Effects of the  p renatal  s ocial  e nvironment on  p hysiology 
and  b ehaviour 

 Instability of the social environment during pregnancy and 
lactation (through exchange of females between groups) 
alters the development of guinea pig offspring. Behaviour, 
endocrine systems and brain development of daughters and 
sons, whose mothers have lived in a stable social environ-
ment during pregnancy and lactation, differ in a sex - specifi c 
fashion from those whose mothers lived in an unstable 
social environment during this period of life (Sachser  &  
Kaiser  1996 ; Kaiser  &  Sachser  1998, 2005 ; Kaiser  et al.   2003b, 
2003d ). Daughters whose mothers have lived in an unstable 
social environment show conspicuous behavioural mascu-

has also been found to reduce HPA activity in pups, but not 
as consistently as the presence of the mother (Hennessy  &  
Ritchey  1987 ; Ritchey  &  Hennessy  1987 ; Sachser  et al.   1998 ; 
Graves  &  Hennessy  2000 ; Hennessy  et al.   2002a, 2002b ). The 
spatial environment also seems to infl uence the neuroendo-
crine and behavioural responses of guinea pig pups to a 
threatening situation. For example, the pups express more 
distress calls in an unfamiliar than in a familiar environment 
irrespective of whether their mothers are present or absent 
(Pettijohn  1979 ). Furthermore, cortisol concentrations in 
infant guinea pigs do not increase after separation from their 
mother when they stay in their familiar enclosure together 
with familiar group members (Wewers  et al.   2003 ). 

 Among adults, males and females form attachment - like 
bonds with opposite - sex partners (see earlier in this chapter) 
(Jacobs  1976 ; Sachser  1986 ). As regards interactions with an 
individual colony - living male, females can be placed in 
three categories: (1) his bonded females with whom most 
amicable interactions take place; (2) females which live in 
the same colony, and with whom he is familiar but has no 
social ties; and (3) unfamiliar females which live in a differ-
ent colony, and which he has never encountered before. 
Interestingly, the male ’ s endocrine stress response  –  ie, 
increase in activity of his pituitary – adrenocortical system  –  
when placed in an unfamiliar cage is sharply reduced when 
a female with which he is bonded is present. In contrast, the 
presence of an unfamiliar female or of one with whom he is 
merely acquainted has little effect. Thus, the effect of various 
types of relationships differs remarkably, and substantial 
social support is given only by the bonded partner (Sachser 
 et al.   1998 ; Hennessy  et al.   2006 ). 

 The presence of the bonded partner also leads to a sharp 
reduction in the acute stress response in female guinea pigs 
living in large mixed - sex colonies. Thus, in guinea pigs, 
there is a two - way provision of social support between male 
and female bonded pairs. However, female guinea pigs 
show a different reaction to males in the presence of a famil-
iar conspecifi c, who is not the bonded partner. In this case 
their stress response is lower than in the absence of a famil-
iar conspecifi c. Thus, a familiar social partner can provide 
social support for females but not for males (Kaiser  et al.  
 2003a ).  

  Effects of  s ocial  e xperiences on  p hysiology and  b ehaviour 

 Guinea pigs can co - exist in a non - stressful and non - aggres-
sive way even at high densities. This can be attributed to 
three factors: (1) a greater tolerance toward conspecifi cs, 
which has been acquired during the process of domestica-
tion (see earlier in this chapter); (2) the ability to establish 
and to respect dominance relationships; (3) the ability to 
establish and to respect social bonds. However, whether 
these features are expressed depends on the social condi-
tions under which the individuals were reared. 

 When two adult males reared in different large colonies 
are placed into an unfamiliar enclosure in the presence of an 
unfamiliar female they quickly establish stable dominance 
relationships without displaying overt aggression. No sig-
nifi cant changes in pituitary – adrenocortical system or sym-
pathetic – adrenomedullary system activities are found, 
either in the dominant or in the subdominant male (Sachser 
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linisation (Sachser  &  Kaiser  1996 ) displaying signifi cantly 
more behaviours which are essential parts of the male court-
ship behaviour, such as intensive nasoanal sniffi ng and 
rumba (a swinging movement of the posterior part of the 
body), than daughters whose mothers have lived in a stable 
social environment. The behavioural masculinisation is 
accompanied by increased testosterone concentrations and 
an elevated activity of the sympathetic – adrenomedullary 
system as indicated by greater adrenal tyrosine hydroxylase 
activity (Kaiser  &  Sachser  1998 ). Daughters whose mothers 
have lived in an unstable social environment show an up -
 regulation of androgen receptors and oestrogen receptor -  α  
in specifi c areas in the limbic system of the brain compared 
to daughters whose mothers have lived in a stable social 
environment (Kaiser  et al.   2003b ). 

 Sons of mothers from unstable social environments show 
a behavioural infantilisation that is accompanied by signifi -
cantly decreased adrenal tyrosine hydroxylase activities and 
a delayed development of the adrenocortical system (Kaiser 
 &  Sachser  2001 ). Furthermore, these males show a down -
 regulation of androgen receptors and oestrogen receptor -  α  
in specifi c parts of the limbic system such as the medial 
preoptic area of the hypothalamus and the hippocampus 
compared to males whose mothers have lived in a stable 
social environment (Kaiser  et al.   2003d ). Thus, early social 
stress induces changes in endocrine, autonomic and limbic 
brain function, which are mirrored by changes in male and 
female adult social behaviour.   

  Social  h ousing of  g uinea  p igs 

 This section provides recommendations on the social 
housing of guinea pigs that are based on fi ndings from 
basic research into their social life and welfare. Table  27.4  
summarises the housing conditions which can be recom-
mended and those which should be avoided (see Sachser 
 et al.   2004 ).   

  Table 27.4    Benefi cial and detrimental housing conditions for 
guinea pigs. Reproduced from Sachser  et al.   (2004)  The welfare of 
laboratory guinea pigs, In: The welfare of laboratory animals, E. 
Kaliste (ed.), copyright with kind permission of Springer. 

   Housing condition     Recommended     To be 
avoided  

  Solitary        X  

  Pair: 1 male, 1 female    X      

  Harems (1 male, several 
females)  

  X      

  Female groups: 2 females    X      
    > 2 females    X      

  Male groups: 2 males    X      
    > 2 males        X  

  Small mixed - sex groups    X      

  Large mixed - sex groups    X      

  Single  h ousing 

 Domestic guinea pigs still bear the heritage of their wild 
ancestors the cavy ( Cavia aperea ). Thus, we should not expect 
that they are able to adjust to any artifi cial housing but 
instead require at least some essential features of the envi-
ronment in which their wild ancestors evolved (Sachser 
 2001 ). Since the ancestor of the guinea pig is a socially living 
wild species, it seems likely that single housing is not appro-
priate for its domesticated counterpart. Single - housed male 
guinea pigs cope with stress situations in a less effective way 
than guinea pigs living in social groups (Sachser  1994a ).  

  Housing in  p airs ( o ne  m ale,  o ne  f emale) 

 This housing condition is appropriate for guinea pigs. In this 
species, no fi ghting or threat displays are found between the 
sexes. Moreover, pair - reared males can cope with adversity 
in a much more effective way than solitary housed 
conspecifi cs.  

  Housing in  h arems 

 This housing system is also appropriate for guinea pigs. 
Agonistic interactions do occur between females, but such 
aggression is rare and of low intensity: escalated fi ghts and 
bites almost never occur.  

  Female  g roups 

 Guinea pigs can be satisfactorily housed in all - female 
groups. The number is limited only by the enclosure size 
(with a maximum of about 0.25   m 2 /animal), since females 
can be housed without problems in large groups. It is true 
that in all - female groups levels of aggression are slightly 
higher than in groups with one male and several females 
(Thyen  &  Hendrichs  1990 ) but aggression is rare and of low 
intensity. As in groups of one male and several females, 
escalated fi ghts and bites almost never occur. Females living 
in large all - female groups do not experience high levels of 
stress.  

  Male  g roups 

 In groups consisting of two males, agonistic behaviour is 
rarely or never found. In contrast, in groups of more than 
two males, escalated agonistic interactions frequently occur 
beginning when the animals reach about 3 – 4 months. 
Additionally, animals that live in groups of two or four 
individuals show lower concentrations of the stress hormone 
cortisol than animals living in groups of six or twelve (Beer 
 &  Sachser  1992 ). Thus there seems to be good welfare when 
guinea pigs are housed in groups of two males, while indica-
tors of social stress regularly occur in larger groups. So 
where mixed - sex housing is not possible we recommend 
keeping male guinea pigs in groups of two. 

 Males show courtship and sexual behaviour towards each 
other in the same way as males usually court females: 
pseudo - copulations occur including mounts and ejacula-
tions. Specifi c males also display female - typical behaviour. 
These individuals, termed  ‘ pseudofemales ’ , not only toler-
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 It is important to provide enough space. High stocking 
densities can lead to endocrine stress reactions and high 
frequencies of aggression. The recently revised Council of 
Europe Appendix A and the European Directive Annex II 
give guidelines for the accommodation and care of guinea 
pigs (Council of Europe  2006 ; European Commission  2007 ). 
These recommend a minimum enclosure size of 2500   cm 2  
and a fl oor area per adult animal ( > 700   g body weight) of 
900   cm 2 . Sachser  et al.   (2004) , however, suggest providing a 
fl oor area of about 2500   cm 2  per adult animal if possible. 
According to the European documents a minimum enclo-
sure size of 1800   cm 2  for smaller animals ( ≤ 450   g body 
weight) is possible. However, the usual height of 20   cm in 
Makrolon cages type III is not suffi cient, since this impairs 
playing behaviour ( ‘ frisky hops ’ ) of juveniles and prevents 
adult individuals from fully standing on their hindlegs. A 
minimum height of 23   cm is recommended by Appendix A, 
whereas Sachser  et al.   (2004)  recommend 30   cm. 

 Specifi c forms of grid fl oors (eg, in metabolic cages) can 
cause problems and therefore should be used only for short 
periods during experiments. Grid fl oors are often the cause 
of diseases (eg, pododermatitis). Young animals ’  extremities 
are especially vulnerable if the mesh is too wide. On the 
other hand, openings have to be big enough to ensure the 
passage of faeces. If solid fl oors are not possible for experi-
mental reasons, so that grids or wire mesh have to be used, 
then at least a solid or bedded area should be provided on 
which the animals can rest. Furthermore, it is important to 
check the grid fl oors closely to ensure that there is no risk 
of injury from loose or sharp projections. Pregnant and lac-
tating females should always be kept on solid fl oors with 
bedding. 

 The most important environmental enrichment for the 
guinea pig is the social group. However, some physical 
enrichment should also be provided, eg, structural division 
of the environment by, for example, refuges or plastic 
piping into which all animals can retreat. It is important, 
however, to provide suffi cient ventilation holes. Piping 
should be short enough to prevent more than two 
animals using it simultaneously. If more animals can enter 
it, a number of animals may press into the piping and 
there is a risk that animals in the middle will be asphyxiated. 
Branches for gnawing are a very easy kind of enrichment 
but should be autoclaved before use. Hay provides a 
substrate and is a useful enrichment (see section on 
feeding). Where hay is not used reproductive performance 
may be reduced.  

  Environmental  p rovisions 

 Accommodation must provide draught - free ventilation. 
Relative humidity should be around 50 – 60%. The optimal 
temperature is around 18 – 22    ° C (according to the European 
convention, Appendix A, 20 – 24    ° C (Council of Europe 
 2006 )). Guinea pigs are better able to withstand cold than 
heat. There are some indications that reproduction will 
decrease if temperature exceeds 30    ° C. 

 Guinea pigs should be kept neither in constant light nor 
in constant darkness. A light – dark rhythm of about 12   h 
light and 12   h dark and also the natural light – dark rhythm 
are suitable (eg, if the animals are living in outdoor pens). 

ate the courtship and mounting by others, but also actively 
display defence urine - spraying, a behavioural pattern which 
is typical for females and usually serves to keep off courting 
males. The other males of the group behave towards these 
pseudofemales as towards real females and compete with 
each other for them. The pseudofemales do not take part in 
the aggressive confl icts. They rarely receive aggressive 
behaviour. Physiological stress indicators show that 
pseudofemales are subjected to lowest stress in the group 
(Beer  &  Sachser  1992 ).  

  Mixed -  s ex  g roups of a  f ew  m ales and  f emales 

 Housing guinea pigs in small mixed - sex groups can also be 
acceptable. However, the formation of such a group with 
animals of unknown social rearing experience should be 
avoided since it frequently leads to intensive threat and 
fi ghting behaviour, extreme stress responses and injuries 
(see paragraph on effects of social experiences on physiol-
ogy and behaviour).  

  Mixed -  s ex  g roups of  m any  m ales and  f emales 

 The housing condition, which we most favour for guinea 
pigs, is the large mixed - sex colony. In this, dominant as well 
as subordinate animals live a good life and are not subjected 
to high degrees of stress. All animals are able to learn the 
social skills which are necessary for interactions with con-
specifi cs (see earlier). However, such a large mixed - sex 
group should have a varied age structure. The best system 
is to allow a small mixed - sex group to increase to the desired 
size. The assembly of a large group, using animals coming 
from pairs or solitary housing as well as with animals of 
unknown origin, should be avoided since it frequently leads 
to intensive threat and fi ghting behaviour, extreme stress 
responses and health problems.   

  Physical  h ousing and  c are of  g uinea  p igs 

  Housing 

 Guinea pigs from commercial breeders are frequently used 
as specifi c pathogen free (SPF) animals. Such guinea pigs 
have to be housed under barrier conditions (eg, separated 
positive - pressure rooms) to prevent introduction of patho-
gens. It is also possible to house guinea pigs in individually 
ventilated cages (IVCs) such as 1500   cm 2  or 2000   cm 2  cages 
for rats, but the space of the smaller ones does not comply 
with the revised Council of Europe recommendations 
(Appendix A, ETS 123) or the revised Annex II to the 
European Directive. Moreover, the 2000   cm 2  cages are very 
diffi cult to handle, and are therefore not in common use. 

 Guinea pigs can be kept in pens or cages (Figure  27.3 ). The 
authors also have experience with keeping guinea pigs in 
pens on the fl oor, and recommend this type of housing. In 
this case bedding (eg, wood shavings) is necessary. However, 
certain fl oor covering materials such as fl agstones can 
become contaminated with uroliths because adequate clean-
ing at regular intervals is diffi cult. For this reason, rooms 
should be emptied periodically for cleaning, descaling and 
disinfection.   
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by all animals. Pellets have to be small (with a diameter of 
about 3   mm), enabling the guinea pigs to take them directly 
by mouth. It is important to ensure the availability of vita-
mins, especially of vitamin C, since guinea pigs are suscepti-
ble to vitamin C defi ciency. Signs of defi ciency include: poor 
skin, poor haircoat, weight loss, stiffness, diffi culties in 
walking, and even paralysis and poor bone and tooth devel-
opment. If the vitamin C content in the food is insuffi cient (it 
remains active in pellets for only 90 days), ascorbic acid can 
be added to the drinking water (0.5   g/l). This should be 
freshly made as dissolved vitamin C decomposes within 24   h. 

 Guinea pigs should be protected against loud noise, 
which can cause panic reactions, leading to injuries.  

  Feeding 

 Guinea pigs are herbivores. Their wild ancestors live on 
grass, roots and seeds. In the laboratory, guinea pigs are 
usually fed with commercial plant - based pellets. The food 
has to be stored in cool, dry conditions and be protected 
against contamination. It should be available  ad libitum . It is 
essential that food is provided in such a way to ensure access 

(a) (b)

(c)

(d)

     Figure 27.3      Different types of cages suitable for housing of guinea pigs as well as fl oor housing.  
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nique and it is becoming an increasingly important tool in 
animal sciences. Even very small animals can be individu-
ally marked using small encapsulated RFID transponders. 
The animals can be identifi ed with suitable readers, but only 
at short distances. 

 Guinea pigs are very easy to sex (Figure  27.4 ). Male and 
female guinea pigs can be differentiated by gentle pressing 
around the genital area. The penis is easily extruded. In 
older animals, the testes are also apparent, but can be lifted 
through the open inguinal ring into the abdominal cavity. 
In females, this technique will expose the vaginal membrane 
which closes the vagina (except during oestrus and 
parturition).     

  Health  m onitoring 

 Guinea pigs should undergo regular health checks: appear-
ance should be assessed (skin state, teeth, claws, eyes, nose, 
anal region) and the body weight should be measured regu-
larly. Furthermore, behavioural abnormalities should be 
recorded and investigated. Incoming animals should be 
quarantined and screened for potential infections. 

 When laboratory guinea pigs are kept as SPF animals, care 
must be taken to maintain this status for microbiological 
standardisation. Therefore, besides well organised housing, 
the colony should be involved in health - monitoring pro-
grammes. On the one hand, such programmes serve to 
prevent the facility from introducing pathogens by newly 
arrived animals; on the other hand, long - term colony health 
status will be monitored for accidental infections. Monitoring 
protocols, including the number of animals tested, can vary 
based upon the number of animals in the colony and the 
duration of their husbandry. Recommendations for reason-
able monitoring design are provided by the Federation of 
European Laboratory Animal Science Associations (FELASA 
 2002 ) (Table  27.5 ).     

  Laboratory  p rocedures 

  Handling 

 Guinea pigs are normally relatively docile and they bite very 
rarely. They should be picked up gently with both hands: 
one hand should hold fi rmly the shoulder or chest, the other 
hand has to support the hindquarters. In the case of preg-
nant guinea pigs, this is particularly important because they 
can become very heavy. After picking them up, guinea pigs 
should be held against the handler ’ s body (Figure  27.5 ).    

  Sampling  t echniques 

  Blood  c ollection 

 Choosing the right site for blood sampling depends on the 
size of the guinea pig and the amount of blood needed. For 
single blood collection no more than 10% of the total blood 
volume (approximately 75   ml/kg of the body mass) should 
be taken. Weekly collected blood volumes should not exceed 
7.5% and daily collected volumes should not exceed 1% of 
the total blood volume (Joint Working Group on Refi nement 

 Good - quality hay should always be available. Besides 
diet - related benefi ts (eg, it may protect against digestive 
disturbances), hay is used for play as well as a material in 
which to burrow and hide. Due to the high proportion of 
fi bre, hay also seems to prevent alopecia and teeth over-
growth (Wolf  &  Kamphues  2004 ; Wasel  2007 ). Since hay can 
represent an infection risk, heat treatment at 70    ° C is recom-
mended (autoclaving at higher temperatures may lead to 
injury due to hardening of the halms). 

 Feeding dishes or food hoppers should be designed and 
positioned so as to prevent animals being able to defecate 
or urinate into them. Guinea pigs often spill food, and on 
grid fl oors (which should be avoided, see Housing section), 
the food will be wasted. There are available some suitable 
hoppers that reduce wastage. The water supply should be 
spatially separated from the feeding dish because guinea 
pigs tend to dribble water into the feeding dish, resulting in 
agglutinated pellets. Guinea pigs will rapidly learn to use 
drinking nipples attached to bottles or automatic systems. 
Stainless steel sipper tubes and nipples should be used 
because the animals like to gnaw at them.  

  Bedding 

 The bedding material, eg wood fi bres or granulate, has to 
be dry and absorbent. It should be free of toxic residue (eg, 
timber preservative), parasites and infectious agents. Dust 
should be kept to a minimum. The interval between cleaning 
depends on the kind of cage or pen used. Normally, once a 
week is reasonable.  

  Housing and  c hange 

 Guinea pigs react highly sensitively to changes of environ-
ment. Thus it is important to habituate them slowly to new 
conditions. The combination of several factors  –  each of 
which individually would have no negative effects  –  may 
result in strong stress responses and severe health problems. 
For example, the simultaneous provision of a new cage and 
a new drinking bottle should be avoided. New drinking 
bottles should be offered together with the old one until the 
animals begin to drink from the new one. Also unfamiliar 
food should be mixed with the familiar food, and the portion 
of the old food should be reduced step - by - step. When trans-
ferring animals to a new cage, no other modifi cations, such 
as providing new food or removing a social partner, should 
be made simultaneously. Whether or not an animal can 
adjust to a new situation can be assessed reliably from its 
drinking and feeding behaviour. If the animals are feeding 
and, particularly, drinking, then they can adapt to the new 
situation. In contrast, refusing water and food, scrubby fur 
and apathy point to extremely poor welfare.  

  Identifi cation and  s exing 

 Coloured animals can be identifi ed individually by natural 
markings without problems. Albino animals can be col-
oured, eg with food colouring on the fur. The dyes have to 
be renewed at regular intervals (3 – 4 weeks). 

 A frequently used method for permanent marking is ear 
tattooing. Another method is to implant microchips. Radio 
frequency identifi cation (RFID) is a rapidly evolving tech-
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ing the skin the ear vessels are punctured with a sterile 
disposable needle (0.6    ×    25   mm (23   G)) and the blood is col-
lected, for example, in heparinised capillaries.   

 The lateral saphenous vein is another site for blood col-
lection (Figure  27.6 ). After shaving the fur from the back of 
the hindlimb and disinfecting the skin, one person restrains 
the guinea pig with one hindlimb extended backwards. The 
vein runs laterally to the Achilles tendon, and the insertion 
site is close to the tendon in the middle third of the lower 
leg. Even if the vein is not visible, the needle (0.7    ×    30   mm 
or 0.6    ×    25   mm) can be inserted at a 30 – 45    °  angle from disto-
caudal direction and blood can be collected in a vial. 

 To collect larger volumes, the jugular vein or the cranial 
vena cava can be used as a survival method, although there 
is a risk of haemorrhage or cardiac tamponade. Usually the 
procedure is done under anaesthesia in dorsal recumbancy. 
The puncture site is the thoracic inlet left or right of the 
sternum. A needle with a 2   ml syringe is inserted at a 45    °  
angle while pulling back the plunger until blood appears in 
the syringe. After removal of the needle, pressure should be 
applied to the site of puncture. Hillyer  et al.   (1997)  described 
a method to collect blood from the jugular vein without 
anaesthesia by restraining the animal with the forelegs 
extended down over a table edge and head and neck 
extended up. This procedure appears to be very stressful 
and should be done by trained personnel only, since location 
of the vein is often diffi cult. 

 Cardiac puncture is only recommended as terminal pro-
cedure under anaesthetic because of the comparatively high 
risk of cardiac tamponade. The heart can be punctured later-
ally in the area where the strongest heartbeat can be felt, or 
from a caudal direction with the insertion site behind the 
xiphoid. 

 The retro - orbital sinus may be used for blood sampling 
under anaesthesia, but access to the sinus is more diffi cult 
than in rats and mice and may result in severe complications 
(eg, exophthalmus). JWGR  (1993)  consider that this 

(a) (b)

     Figure 27.4      Sexing a guinea pig. (a) In the 
female the vaginal membrane will be 
exposed. (b) In the male the penis is easily 
extruded from the genital opening using 
gentle pressure.  

  Table 27.5    FELASA recommendations for the health monitoring of 
guinea pig colonies. 

   Disease     Test frequency  

   Viruses       
  Guinea pig adenovirus    3 months  
  Sendai virus    3 months  
  Guinea pig cytomegalovirus    Annually  

   Bacteria, mycoplasma and fungi       
   Bordetella bronchiseptica     3 months  
   Chlamydia psittaci     3 months  
   Corynebacterium kutscheri     3 months  
  Dermatophytes    3 months  
  Pasteurellaceae    3 months  
   Salmonella  spp.    3 months  
   Streptobacillus moniliformis     3 months  
  Streptococci  β  - haemolytic    3 months  
  (not group D)      
   Streptococcus pneumoniae     3 months  
   Yersinia pseudotuberculosis     3 months  
   Clostridium piliforme     Annually  
  (Tyzzer ’ s disease)      

   Parasites       
  Ectoparasites    3 months  
  Endoparasites:    3 months  
   Encephalitozoon cuniculi     3 months  
  Pathological lesions observed    3 months  

(JWGR)  1993 ). Since rodent blood often coagulates within 
the needle, short needles are recommended and sometimes 
it may be useful to remove the cone of the needle from the 
syringe before puncturing a vessel. 

 For collecting small amounts of blood, the ear vessels may 
be punctured (Figure  27.6 ). In coloured animals a cold point 
lamp behind the ear increases the visibility of the blood 
vessels. In albinos this is not necessary. To increase blood 
fl ow, the veins can be compressed manually. After disinfect-
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(a) (b)
     Figure 27.5      Methods of handling a guinea 
pig.  

(a)

(b)

(c)

     Figure 27.6      Blood sampling procedures. (a) Ear vessels. (b, c) Saphenous vein.  
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by intraperitoneal injection, but care has to be taken to avoid 
injuries to the internal organs or injecting the substance into 
the caecum, where it may not be absorbed. If the substance 
is irritant, peritonitis or adhesions of the caecum can result. 
Although access to superfi cial veins is sometimes diffi cult 
in guinea pigs, intravascular administration is also possible. 
The auricular veins are the most suitable. Fine needles are 
recommended; veins may be dilated by warming before 
injection; and injection must be performed very slowly by a 
trained person. 

 Injection sites should be clipped, shaved and then swabbed 
with a suitable antiseptic. Depending on the kind and the 
amount of the substance which is administered, it may be 
necessary to use multiple injection sites.  

  Anaesthesia and  a nalgesia 

 Anaesthesia should be used for all procedures causing more 
pain or stress than the anaesthesia itself. Guinea pigs, like 
other small rodents, have a high metabolic rate and oxygen 
consumption, so hypoglycaemia, dehydration, hypothermia 
and hypoxaemia can develop rapidly. For this reason, 

technique, which samples a mixture of blood and tissue 
fl uid, is only appropriate under terminal anaesthesia.  

  Urine  c ollection 

 Urine may be collected manually by applying gentle pres-
sure over the caudal abdominal area. This method will 
provide a cleaner sample than collecting urine in a metabolic 
cage, where faeces may contaminate the urine sample. 
Uncontaminated urine samples can be collected via cysto-
centesis. For this, the guinea pig should be prepared as for 
surgery. Anaesthesia may be necessary for safe restraint and 
the bladder should be fi xed manually while it is punctured 
with a fi ne needle through the abdominal wall. 

 A method to introduce a fi ne, fl exible catheter into the 
urethra of male and female guinea pigs has been described, 
but there are risks of pathogen introduction into the bladder 
and mucosa injury, particularly in males (Ewringmann  &  
Gloeckner  2005 ; Wasel  2007 ).   

  Administration of  m edicines 

 For general principles of administering substances see 
JWGR  (2001) . Oral medications can be administered by 
adding small quantities of liquids or solids to the feed or 
drinking water. However, using this method it is not pos-
sible to determine or ensure the dose consumed. Furthermore, 
the intake may be infl uenced by drug - related changes of 
appearance or taste of feed or water. Another method is to 
take a syringe or dosing needle with a rounded end to drop 
the liquid onto the back of the tongue. A rat dosing needle 
or a polyethylene catheter with outside diameter 1.0 – 1.3   mm 
can also be used. The catheter should be introduced via the 
interdental space. Care has to be taken that the animals have 
enough time to swallow during these procedures. For appli-
cation of exact or larger doses of compounds, oral gavage 
via a gastric tube can be performed (Figure  27.7 ). For this, 
another person has to restrain the animal and a mouth gag 
with a hole in its middle should be placed behind the inci-
sors to prevent the animals from biting into the tube. 
Subsequently, the moistened tube can be inserted carefully 
into the oesophagus. If coughing or dyspnoea occurs during 
administration of the compound, the procedure must be 
stopped immediately and the tube has to be reinserted.   

 Parenteral administration may be done in several ways. 
Subcutaneous or intramuscular injections (Figure  27.7 ) are 
both suitable methods, even though, depending on the 
agent to be administered, the subcutaneous method may be 
generally preferred. For administration of small volumes 
intramuscular injections into the thigh muscles of the hind-
limbs can be performed. The needle should not be intro-
duced too far, to avoid damage of the femur or nervus 
ischiadicus with associated bruising, periostitis or nerve irri-
tation. No more than 0.3   ml should be injected into one site 
(Terril  &  Clemons  1998 ; North  1999 ) to minimise risks of 
muscle necrosis. Subcutaneous injections can be used for 
application of larger volumes (up to 3   ml per site) under the 
skin of the neck, back, or fl anks of the animal. For intrader-
mal injections (maximum 0.1   ml) the usual sites are the fl ank 
or the dorsum. Larger volumes of up to 10   ml can be given 

(a)

(b)

     Figure 27.7      Administration techniques. (a) Intramuscular injection 
into the hindlimb of a guinea pig. (b) Oral gavage via gastric tube. 
A mouth gag prevents the guinea pig from biting into the tube.  
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people while sevofl urane may lead to asphyxia in guinea 
pigs (Henke  &  Erhardt  2004 ). An anticholinergic medication 
should be administered before inhalation anaesthesia to 
decrease secretion. Some authors practise endotracheal intu-
bation of guinea pigs with a tube size of 1.5 – 3.5   mm (Blouin 
 &  Cormier  1987 ), but long and narrow approaches to the 
trachea can make this diffi cult. In addition, food remnants 
stored in the cheeks may lead to obstruction or aspiration 
pneumonia. Therefore, intubating guinea pigs is an uncom-
mon method and face masks are used instead. For induction 
4 – 5% isofl urane is adequate and anaesthesia can be main-
tained with 2 – 4%.  

  Injectable  a naesthesia 

 Various combinations of anaesthetics are widely used for 
injectable anaesthesia. Compared to inhalation anaesthesia 
the precise control of depth of anaesthesia and attainment 
of a surgical stage is more diffi cult when using injectable 
agents. Exact dosing may be diffi cult due to variable gas-
trointestinal content and its effect on body weight. Sedative 
and analgesic agents may be used for premedication or in 
combinations to induce general anaesthesia. Various anaes-
thetics and their dosages are sum marised in Table  27.6 . 

animals should not be fasted except for intubation or experi-
mental reasons and oxygen should be administered if pos-
sible. If fasting is necessary, fasting time should not exceed 
4   h (Abou - Madi  2006 ). To avoid hypothermia heating pads 
or lamps may be used, only small areas of fur should be 
clipped for surgery, and warmed fl uids can be given subcu-
taneously (10 – 20   ml/kg). Anticholinergics like atropine 
(0.05   mg/kg sc) and glycopyrrolate (0.01 – 0.02   mg/kg sc) 
(Mason  1997 ) can be recommended to avoid excessive 
salivation, bronchial secretion and vagally induced 
bradycardia. 

  Inhalation  a naesthesia 

 Because of its potential to induce respiratory depression as 
well as excessive salivation and secretion, inhalation anaes-
thesia alone is possible but is not the best method for general 
anaesthesia of guinea pigs. It is better to use a balanced 
technique that takes advantage of both sedative and analge-
sic effects of the injectable compounds. The main advan-
tages of inhalants are their good controllability and rapid 
recovery of the animals. Currently, isofl urane seems to be 
the agent of choice for inhalants, because halothane and 
methoxyfl urane may represent a health risk to exposed 

  Table 27.6    Sedative and anaesthetic agents for guinea pigs. 

   Anaesthetics     Dosage     Route     Comments     Reference  

  Diazepam/midazolam    2.5 – 5   mg/kg    im    Only sedation    Henke  &  Erhardt  2004 , Terril  &  
Clemons  1998   

  Xylazine    3 – 5   mg/kg    im/ip    Pre - anaesthetic, sedation    Terril  &  Clemons  1998   

  Medetomidine    0.15 – 0.5   mg/kg    im    Pre - anaesthetic, sedation    Henke  &  Erhardt  2004 , North 
 1999   

  Ketamine + 
 Xylazine  

  25 – 80   mg/kg 
 0.15 – 13   mg/kg  

  im/ip    Variable effect and duration, 
surgical anaesthesia possible  

  North  1999 , Radde  et al.   1996 , 
Terril  &  Clemons  1998   

  Ketamine   +   
Medetomidine  

  40 – 60   mg/kg 
 0.25 – 0.5   mg/kg  

  im/ip    Surgical anaesthesia    North  1999 , Pfi zer product 
information  

  Ketamine + 
 Diazepam  

  44 – 125   mg/kg 
 0.1 – 5   mg/kg  

  im/ip        North  1999 , Radde  et al.   1996   

  Pentobarbital    15 – 35   mg/kg    ip    Lasts 2   h, no analgesia    Radde  et al.   1996 , Terril  &  
Clemons  1998   

  Fentanyl + 
 Midazolam   +   
Medetomine  

  0.025   mg/kg 
 1   mg/kg 
 0.2   mg/kg  

  im    Surgical anaesthesia    Henke  &  Erhardt  2004   

  Fentanyl + 
 Midazolam + 
 Xylazine  

  0.05   mg/kg 
 2   mg/kg 
 2   mg/kg  

  im    Surgical anaesthesia    Henke  &  Erhardt  2004   

   Reversal agents:                   

  Naloxone + 
 Flumazenile + 
 Atipamezole  

  0.03   mg/kg 
 0.1   mg/kg 
 1   mg/kg  

  sc        Henke  &  Erhardt  2004   

  Tiletamine   +   Zolazepam 
(Zoletil  ®  )  

  10 – 80   mg/kg    im    Minor procedures, more effective 
when combined with xylazine  

  Jacobson  2001 , Terril  &  
Clemons  1998   
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  Table 27.7    Analgesic drug dosages for guinea pigs (NSAIDs: non - steroidal anti - infl ammatory drugs). 

   Analgesic     Dosage     Route     Reference  

   Opioids               
  Buprenorphine    0.05 – 0.5   mg/kg 

 q8 – 12   h  
  sc/im    Dobromylskyj  et al.   2000 , Terril  &  Clemons  1998 , Wasel  2007   

  Butorphanol    0.025 – 0.4   mg/kg 
 q4   h  

  sc/im    Terril  &  Clemons  1998   

  Morphine    2 – 10   mg/kg 
 q2 – 4   h  

  sc/im    Terril  &  Clemons  1998   

  Pethidine (meperidine)    10 – 20   mg/kg 
 q2 – 4   h  

  im    Dobromylskyj  et al.   2000 , Terril  &  Clemons  1998   

   NSAIDs/mild analgesics               
  Carprofen    4   mg/kg 

 q24   h  
  sc/im    Henke  et al.   2003   

  Flunixin    2.5   mg/kg 
 q12 – 24   h  

  sc/im    Mason  et al.   1997   

  Meloxicam    0.2   mg/kg 
 q24   h  

  po/sc    Henke  et al.   2003   

  Metamizol (dipyrone)    80   mg/kg 
 q24   h  

  po    GV - SOLAS  2002   

Increased dosages often lead to a longer anaesthetic time. In 
general, anaesthetics should be administered intramuscu-
larly because subcutaneous applications often prove insuf-
fi cient. Where appropriate, depending on the anaesthetic 
agents used, antidotes like naloxone and atipamezole should 
be given to promote rapid recovery.   

 Local anaesthetics can be used to reduce dose of general 
anaesthetics or for minor procedures in combination with 
some premedication. Usually, they are injected subcutane-
ously. Lidocaine 0.5 – 2% may be used in small volumes of 
0.5 – 2   ml (5   mg/kg), diluted if necessary. For further advice 
see Flecknell  (2009) .  

  Analgesia 

 To control pain during and after surgery, analgesics should 
be administered pre - emptively, intra -  and/or post - opera-
tively, depending on the type of anaesthesia and the severity 
of the intervention. Different types of analgesics like NSAIDs 
or opiods may be used as a single treatment or combined as 
multimodal pain therapy. A list of analgesics and suggested 
dosages is provided in Table  27.7 .     

  Euthanasia 

 Several methods for euthanasia are described in the litera-
ture. Currently, the American Veterinary Medical Association 
(AVMA)  Guidelines on Euthanasia   (2007)  are considered the 
main reference for humane methods to euthanase animals. 
Furthermore, recommendations for euthanasia of laboratory 
animals have been published by the European Commission 
(Close  et al.   1996, 1997 ). See also Chapter  17 . 

 For guinea pigs, an overdose of injectable anaesthetic is 
preferred; the most suitable agent is sodium pentobarbital 
(200 – 400   mg/kg ip); this can be given by the intracardiac 
route only under anaesthesia. T - 61  ®   (a mixture of three 
drugs especially produced for euthanasia) should never be 

used without anaesthesia, due to induction of respiratory 
paralysis. It can be dosed intracardially or intrapulmonally. 
Inhalant agents like carbon dioxide or volatile anaesthetics 
are also commonly used, but these can be irritant to the 
animals. However, carbon dioxide is still widely used 
because it is a practical method for larger numbers of 
animals (and it can be an advantage in some studies that no 
chemical residues remain in tissues). Decapitation by guil-
lotine and exsanguination subsequent to stunning are pos-
sible methods, but require well trained personnel. Cervical 
dislocation is not recommended for this species due to its 
short and strong neck.   

  Common  w elfare  p roblems 

  Assessing  w elfare in  g uinea  p igs 

 As for other mammals, the welfare of guinea pigs can be 
assessed from: (1) the guinea pig ’ s general appearance; (2) 
body weight; (3) behaviour; and (4) physiological parame-
ters (eg, Broom  &  Johnson  1993 ). See Chapter  6  for general 
aspects of welfare assessment. 

  1.     General appearance of the animals: Experienced animal 
technicians, who know the normal appearance and 
behaviour of the animals, are well suited to monitor 
their health. The fur should be sleek and not scrubby, 
the claws should be short, the eyes clear and lucent, not 
clotted and dull, and the nose and anal region should 
be clean. Abnormal respiratory rate and pattern can 
point to disease and/or pain.  

  2.     Body weight records: This parameter is a non - specifi c, 
but extremely reliable, indicator of welfare. Body 
weights of infant guinea pigs should increase regularly. 
In contrast, the body weights of adult animals should 
remain relatively constant. If there are modifi cations to 
their environment, guinea pigs can lose body weight. If 
an adult guinea pig loses more than 10% of its body 
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procedure, and, since it is not necessary to anaesthetise 
the animals, later samples are not infl uenced by previ-
ous exposure to anaesthesia (Sachser  1994a ). This sam-
pling procedure is described in detail earlier in this 
chapter. Blood samples should to be taken within a time 
span of 5 minutes as glucocorticoid concentrations do 
not increase until 5 minutes after exposure to a stressor. 
Recently non - invasive techniques to assess degrees of 
stress have been developed. For example, glucococorti-
coids can be determined from saliva. In guinea pigs, 
saliva can be sampled very easily by putting a piece of 
cotton wool (eg, cotton bud) into the mouth of the 
animal for several minutes. Aside from endocrinologi-
cal stress parameters, other indicators such as immune 
parameters can contribute to the diagnosis of stress and 
welfare in guinea pigs. Furthermore, measurements of 
haematological parameters as well as of blood biochem-
istry are helpful to indicate abnormal physiological 
states.    

 For haematological and biochemical data see Tables  27.8  
and  27.9 .    

  Disease 

 Details of diseases of guinea pigs are given among others in 
Seamer and Chesterman  (1967) , Wagner and Manning 
 (1976) , Harkness and Wagner  (1989) , Owen  (1992) , 
Huerkamp  et al.   (1996) , North  (1999)  and Harkness  et al.  
 (2002) . Signs of diseases may be non - specifi c, including 
symptoms like weight loss, lethargy or a rough coat. First 
indications of diseases are described in the section on welfare 
assessment. Routine checks should include observation of 
the behaviour, gait, urine and faeces. Animals should be 
regularly examined with special attention paid to their coat, 
eyes, nose, ears, mouth and teeth, as well as feet and nails. 

 Bacterial diseases, like salmonellosis, pneumonia and 
 Staphylococcus aureus  infections, viral diseases, like adenovi-
rus, parainfl uenza virus and herpesvirus infections, as well 
as parasitic diseases like mite and lice infestations can cause 
problems in guinea pigs. Non - infectious diseases include 
behavioural problems, nutritional imbalances and defi cien-
cies (eg, hypovitaminosis C) and reproductive problems. In 

weight within 3 days, the former housing conditions 
should be restored immediately (Beer  et al.   1994 ; Sachser 
 et al.   2004 ). Weight increase in adults should be inves-
tigated as tumour growth may lead to unexpected 
increase in weight.  

  3.     Behaviour: In general, normal frequencies of courtship, 
comfort, feeding, drinking and locomotor activity point 
to good welfare of the individuals. In juveniles, play 
behaviour ( ‘ frisky hops ’ ) should be displayed regularly. 
In contrast, high frequencies of aggression, apathy and 
absence or reduced frequencies of feeding, drinking 
and comfort behaviour indicate high degrees of stress. 
Such behavioural patterns are often paralleled by 
extreme neuroendocrine stress responses. Moreover, in 
guinea pigs there are specifi c vocalisations which signal 
stress: In juveniles the so - called  ‘ distress call ’  occurs. It 
is a high - pitched whistle, which indicates excitement or 
anxiety. The distress call can be repeated several times 
in a bout of calls. Distress calls are most frequently 
encountered upon separation of the juveniles from their 
mothers. Frequent occurrence of the vocalisation  ‘ chirp ’  
is also a stress indicator. This call is emitted in situations 
of discomfort (Rood  1972 ). Chirps are a rapidly repeated 
series of high - pitched birdlike notes. The animal is in 
an alert posture and the body twitches at each note. 
Chirps may be given in a continuous series lasting for 
10 or 15 minutes. Vocalisation in response to handling 
can indicate pain or stress.  

  4.     Physiological parameters: Stress levels can be diag-
nosed reliably from endocrine parameters. In mammals, 
two stress axes exist: the pituitary – adrenocortical and 
the sympathetic – adrenomedullary systems (Henry  &  
Stephens  1977 ; Sachser  1994a ; von Holst  1998 ). These 
systems play a major role in adjusting an individual to 
its physical and social environment. The activation of 
each of these systems provides the organism with 
energy and shifts it into a state of heightened reactivity 
that is a prerequisite for responding to environmental 
changes in an appropriate way. Although the short -
 term or moderate activation of both systems represents 
an adaptive mechanism to cope with confl ict situations, 
the long - term hyperactivation of both the pituitary –
 adrenocortical and the sympathetic – adrenomedullary 
systems is related to the aetiology of irreversible injury 
and even death (Henry  &  Stephens  1977 ; von Holst 
 1998 ). Serum glucocorticoid concentrations represent a 
good indication of the activity of the pituitary – adreno-
cortical system. Good indicators for the activity of the 
sympathetic – adrenomedullary system are: the serum 
concentrations of catecholamines (epinephrine, nore-
pinephrine); the heart rate; and the adrenal tyrosine 
hydroxylase activity (Sachser  1994a ; von Holst  1998 ). 
However, it should be mentioned that to determine 
adrenal tyrosine hydroxylase activity the animals have 
to be killed fi rst. The most common method to assess 
stress in guinea pigs is to determine concentrations of 
serum cortisol (in guinea pigs cortisol is the main glu-
cocorticoid (Jones  1974 ; Fujieda  et al.   1982 ). Blood 
samples for this (about 200    μ l blood) can be taken from 
the ear vessels (Sachser  &  Pr ö ve  1984 ). Guinea pigs 
rarely struggle or vocalise during sampling with this 

  Table 27.8    Guinea pig haematological data. Reprinted from 
North, D.  (1999)  with permission of Blackwell Publishing. 

   Haematological parameter     Normal value  

  Erythrocytes (10 6 /mm 3 )    4.4 – 8.2  

  Packed cell volume (haematocrit) (%)    37 – 48  

  Haemoglobin (g/dl)    11 – 15  

  Total leucocytes (10 6 /mm 3 )    4 – 18  
     Neutrophils (%)    17 – 44  
     Lymphocytes (%)    32 – 72  
     Eosinophils (%)    1 – 16  
     Monocytes (%)    1 – 12  
     Basophils (%)    0 – 3  

  Platelets (10 3 /mm 3 )    250 – 850  

  Total blood volume (ml/kg)    69 – 75  
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  Table 27.9    Guinea pig biochemical data. Reprinted from North, 
D.  (1999)  with permission of Blackwell Publishing. 

   Blood biochemistry parameter     Normal value  

  Serum blood glucose (mg/dl)    60 – 125  

  Blood urea nitrogen (mg/dl)    9 – 31.5  

  Total plasma protein (g/dl)    4.2 – 6.5  

  Albumin (g/dl)    1.8 – 3.9  

  Globulin (g/dl)    0.8 – 2.6  

  Creatinine (mg/dl)    0.6 – 2.2  

  Total bilirubin (mg/dl)    0.3 – 0.9  

  Cholesterol (mg/dl)    20 – 43  

  Serum calcium (mg/dl)    4.5 – 12  

  Serum phosphate (mg/dl)    3.0 – 7.6  

  Table 27.10    Common diseases of guinea pigs (Noonan  1994 ; 
Schaeffer  &  Donnelly  1997 ; Wasel  2007 ). 

   Organ system     Diseases  

  Skin    Dermatophytosis (mainly  Trichophyton 
mentagrophytes )  

  Ectoparasites (mites like  Trixacarus caviae, 
Chirodiscoides caviae , lice like  Gliricola 
porcelli, Gyropus ovalis )  

  Pododermatitis  
  Endocrine alopecia (gestational, ovarian 

cysts)  
  Bite wounds  
  Barbering  

  Gastrointestinal 
tract  

  Malocclusion (incisors as well as back 
teeth)  

  Antibiotic - associated enterotoxaemia  
  Bacterial enteritis ( Salmonella  sp., 

 Clostridium  sp.,  Escherichia coli, 
Yersinia pseudotuberculosis, Clostridium 
piliforme  etc)  

  Parasitic diarrhoea ( Eimeria caviae, 
Paraspidodera uncinata )  

  Respiratory 
tract  

  Bacterial pneumonia ( Bordetella 
bronchiseptica, Streptococcus 
pneumonia, Streptococcus 
zooepidemicus, Pasteurella multocida, 
Klebsiella pneumoniae )  

  Viral pneumonia (adenovirus)  

  Urogenital 
tract  

  Cystitis  
  Urolithiasis  
  Chronic interstitial nephritis (found in 

older animals)  
  Ovarian cysts  
  Endometritis  
  Dystocia  
  Pregnancy toxaemia  
  Mastitis  

  Nervous 
system  

  Lymphocytic choriomeningitis (LCM 
virus), zoonotic disease!  

  Torticollis (caused by progressive otitis 
media/interna,  Streptococcus 
pneumonia, Streptococcus 
zooepidemicus, Bordetella 
bronchiseptica , etc)  
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  General  b iology 

 The laboratory rabbit is descended from the European wild 
rabbit ( Oryctolagus cuniculus ) (Harcourt - Brown  2002 ), which 
appears to have had a widespread distribution across 
Europe before the last Pleistocene glaciations 1.8 million to 
10   000 years ago (Flux  1994 ). After the last Ice Age (20   000 
years ago), it was confi ned to the Iberian Peninsula and 
small areas of France and northwest Africa (Parker  1990 ; 
Wilson  &  Reeder  1993 ). However, the spread of the rabbit 
over the world has mainly been the result of man ’ s activities 
(Flux  1994 ). Due to the adaptability of the species the 
European rabbit exists in the wild on every continent except 
Asia and Antarctica (Parker  1990 ; Wilson  &  Reeder  1993 ). In 
many places where rabbits have been introduced, the lack 
of predators has lead to an explosion in the number of 
animals, leading them to become pests. In order to fi nd ways 
to diminish the high population of wild rabbits their behav-
iour and reproduction have been investigated in a large 
number of ecological studies. 

 There are different views on exactly when rabbits were 
domesticated; from the fi rst century  BC  (Nachtsheim  1949 ) 
to the sixth to the tenth century  AD  (Zeuner  1963 ). It has also 
been reported that rabbits were kept in fenced hunting areas 
by the Romans as long ago as 2000 years ago (Meredith 
 2000 ). Domestication probably occurred in the French mon-
asteries, where several different breeds were developed 
(Zeuner  1963 ). These were further developed to create a 
large number of breeds for different purposes during the 
past century. In 2001 the British Rabbit Council 1  recognised 
57 breeds of fancy fur and Rex rabbits, whereas the American 
Rabbit Breeders ’  Association in 2006 recognised 47 rabbit 
breeds 2 . 

 When the behaviour of European wild rabbits has been 
compared with domestic strains of rabbits kept in semi -
 natural enclosures their behaviour has been found to be very 
similar in most aspects (reviewed by Bell  1984 ); however, 
there are some differences. Domestic rabbits spend more 
time resting above ground during the day (Stodart  &  Myers 
 1964 ). Bucks chin - mark more often (Kraft  1979 ) and will do 
so in unfamiliar territory (Mykytowycz  1968 ). Stodart and 

Myers  (1964)  found that domestic does had fewer days out 
of reproduction than wild does, and therefore produced 
more litters with a larger mean size. When European wild 
rabbits were brought into the laboratory they failed to breed, 
and females born into the laboratory as a result of egg trans-
fer from wild to domestic mothers retained their nervous 
disposition and failed to mature sexually (Adams  1982 ). 
European wild rabbits may be used for experimental 
research, but there are several problems in keeping and 
breeding them (Bell  1999 ), and they also may bring in several 
infectious agents that are normally excluded in barrier 
housing. 

 Of the 12.1 million animals used for experimental and 
other scientifi c purposes in the member states of the 
European Union in 2005, 2.6% (314   600) were rabbits 
(Commission of the European Communities  2003 ). In 
general, the number of rabbits used in research has declined. 
As an example, in Sweden the number of rabbits used has 
decreased from 7141 in 1993 to 1808 in 2006 (Swedish Board 
of Agriculture  2007 ). 

 The most common breed used for laboratory research is 
the New Zealand White (NZW), which was originally bred 
for meat production (Bennett  2001   ). Other breeds used 
include the Dutch and the Half Lop (Batchelor  1999 ). A 
major breeder in Europe is currently breeding NZW, 
Chinchilla Bastard and Himalyan rabbits. The Watanabe 
heritable hyperlipidaemic (WHHL) rabbits have been devel-
oped as a model to study hypercholesterolaemia and athero-
sclerosis  in vivo  (Wetterholm  et al.   2007 ), and the myocardial 
infarction - prone Watanabe heritable hyperlipidaemic 
(WHHLMI) rabbits have been developed as a model to 
study human acute coronary syndromes (Shiomi  &  Jianglin 
 2008 ).  

  Size  r ange and  l ifespan 

 The European wild rabbit has been reported to vary widely 
in both adult weight range and lifespan both within and 
between populations. From northern to southern Europe the 
body weight (Rogers  et al.   1994 ) and skull size (Sharples  et 
al.   1996 ) are reduced. It has been suggested that this is due 
to phenotypic rather than genetic variation (Sharples  et al.  
 1996 ). In a long - term study the body weight of European 
wild rabbits in East Anglia, UK, was found to be 1.3 – 2.1   kg 
in males and 1.3 – 2.3   kg in females (Bell  1999 ). In the 

  1       http://www.thebrc.org/  
  2       http://www.arba.net  
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iour. The rabbit spends a rather large portion of its daily 
activity in either direct or indirect aggression (Mykytowycz 
 &  Rowley  1958 ; Mykytowycz  &  Fullager  1973 ), and this may 
underlie the social and territorial organisation that infl uence 
the numbers of free - living populations (Mykytowycz  1960 ). 
It is a general perception that bucks are involved in more 
fi ghting, but does have been found to be more aggressive 
than bucks (Southern  1948 ; Myers  &  Poole  1961 ), or to fi ght 
as strongly as bucks (Lockley  1961 ). The does mainly fi ght 
over breeding nests (Cowan  &  Garson  1985 ), and are more 
aggressive towards juvenile does than towards juvenile 
bucks (Cowan  1987 ). When the number of rabbits living 
together increases, fi ghting increases dramatically (Myers 
 1966 ; Myers  et al.   1971 ). Young bucks normally move to a 
new social group before starting their fi rst breeding season, 
while young does stay on to breed in their natal group (Parer 
 1982 ; Webb  et al.   1995 ). 

 In a study of NZW rabbits kept in a semi - natural 
enclosure, a total of 20 different social behaviours and 
their changes with age were described (Lehmann  1991 ). 
Lehmann grouped the behaviours into indifferent contacts, 
amicable behaviour, subdominant behaviour, aggressive 
behaviour and actual fi ghts. When male and female 
European wild rabbits and NZW rabbits were tested with 
paired encounters in a home pen it was found that NZW 
rabbits showed as much agonistic behaviour as the wild 
rabbits, aggression was equally prevalent in both sexes and 
inter - sexual fi ghting occurred just as frequently as fi ghting 
between members of the same sex (Mykytowycz  &  
Hesterman  1975 ). 

 The rabbit has three specialised scent glands. These are 
located in the anal region, the groin and under the chin 
(Mykytowycz  1968 ). Rabbit territory is scent - marked by 
placing faeces in dunghills, and by pressing the under - chin 
against structures in the environment so that droplets from 
the rabbit ’ s submandibular glands are excreted through 
pores of the skin (Mykytowycz  1968 ). Male rabbits scent -
 mark more intensively than females and dominant indi-
viduals more than subdominant animals; this is correlated 
with larger anal and submandibular glands in dominant 
males (Mykytowycz  1968 ) with the heaviest anal glands 
being found in the most dominant animals. Bucks also scent 
mark does and young rabbits of their breeding group by 
spraying urine on them (Mykytowycz  1968 ). Does scent 
mark their young, attack other young within the same 
breeding group, and may chase and even kill young from 
other breeding groups (Mykytowycz  1968 ). Does may attack 
even their own young if they have been smeared with 
foreign urine (Mykytowycz  1968 ).  

  Biological  d ata 

 Basic biological data are presented in the different sections 
of this chapter where they are of specifi c interest. The data 
presented here may be of interest for research purposes as 
well as for checking animal health. Cardiovascular and res-
piratory functions are of great importance for anaesthesia 
and normal values are presented in Table  28.1 . Haematology 
and blood chemistry parameters can be used to assess the 
homeostasis of the animals prior to surgery or dosing as well 

domesticated rabbit, differences in weight between breeds 
are large: from around 1   kg (Netherland Dwarfs) to 5   kg 
(New Zealand White) and up to 10   kg (German Grey Rabbits) 
(Sawin  1950 ; Bennett  2001   ). There is large variation in the 
size and position of ears, body conformation, fur quality and 
coat colour between breeds of rabbits (Sawin  1950 ; Bennett 
 2001   ). 

 The European wild rabbit has no dimorphism in adult 
body size (Webb  1993 ). The only difference in appearance 
between males and females is that bucks have a more 
rounded, broader appearance to the front of the head, 
whereas does have a more pointed head (Bell  1999 ). 
Domesticated rabbit breeds do not seem to have developed 
dimorphism in size either. The NZW rabbit should have an 
ideal weight of 4.5   kg in adult bucks (8 months of age and 
over) and 5.0   kg in adult does (Sawin  1950 ). When kept as 
laboratory rabbits NZWs tend to lay down excessive 
amounts of body fat in the abdominal cavity and around the 
chin when they grow older. This occurs irrespective of 
whether they are kept single housed in a cage or group 
housed in a pen (Batchelor  1999 ). 

 In the European wild rabbit, mortality in the wild is very 
high during the fi rst year of life and can reach up to 90% 
(Macdonald  1984 ; Nowak  1999 ), mainly due to myxomatosis 
and predation (Bell  &  Webb  1991 ; Rogers  et al.   1994 ). In a 
long - term English study maximum age of bucks was 8 years 
and of does 9 years (Bell  1999 ), whereas Gibb  (1993)  had 
rabbits living over 10 years in a study in New Zealand. 
Domestic rabbits have been reported to have an average 
lifespan of 9 years 3 , and Comfort  (1956)  stated that lifespan 
can exceed 15 years and gave examples of bucks reaching 
10 – 14 years old.  

  Social  o rganisation 

 European wild rabbits live in small, stable, territorial breed-
ing groups (Parer  1977 ; Gibb  et al.   1978 ; Cowan  1987 ; Bell  &  
Webb  1991 ). This is the social unit and consists of one to four 
males and one to nine females, but different breeding groups 
may comprise colonies of up to 70 rabbits (Meredith  2000 ). 
The breeding group defends its territory, a core area with a 
warren within a larger home range, by patrolling the borders 
and scent - marking (Bell  1999 ). A warren is an area of soil or 
sand containing underground tunnels and nests made by 
the rabbits. Breeding groups can either occupy single 
warrens (Myers  &  Schneider  1964 ; Bell  1977 ) or multiple 
warrens (Dunsmore  1974 ; Parer  1977 ; Wood  1980 ; Daly 
 1981 ; Cowan  1987 ). Each warren has several entrances 
which allow quick escape from predators (Cowan  1987 ). 
Neighbouring breeding groups can move out from their 
territories to forage in communal grazing areas at dawn and 
dusk (Bell  1980 ). 

 Dominance hierarchies are formed within each sex for 
each breeding group, and they are stable over time (Bell 
 1983 ). The hierarchy is maintained by rabbits keeping a fi xed 
distance from one another and exhibiting submissive behav-

  3       http://animaldiversity.umm.umich.edu/site/accounts/
information/Oryctolagus_cuniculus.html  
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ears are richly vascularised and are used in regulating body 
temperature (Kawoto  et al.   1989 ). 

 It is normal for the urine of rabbits to vary widely in 
colour, from different shades of yellow, light brown and 
even reddish; various degrees of turbidity are also normal 
because of the high concentration of calcium and mucus, 
among other reasons (Jenkins  2008 ). Red coloration of urine 
may result from porphyrins excreted by the kidneys depend-
ing on the diet, and this may be mistaken for blood (Jenkins 
 2008 ). The urine volume produced daily is 50 – 75   ml/kg and 
the urinary pH is 8 – 9 (Jenkins  2008 ). Rabbit urine is alkaline 
due to the herbivorous diet although lower urinary pH can 
result from high protein intake and catabolic states such as 
starvation and severe disease (Jenkins  2008 ).  

  Reproduction 

 The European wild rabbit is a seasonal breeder, with sea-
sonality determined by the interaction of day length, climate, 
nutrition, population density, social status and other factors 
(Bell  &  Webb  1991 ; Bell  1999 ). In Australian wild rabbits 
sexual maturity occurs at the age of 5 – 7 months in bucks 
and 9 – 12 months in does depending on climate (Myers  et al.  
 1994 ). Domestic rabbits of medium size should be at least 5 
months of age at the fi rst mating, but they are sexually 
mature earlier (Bennett  2001   ). The smaller breeds are sexu-
ally mature earlier than the medium and larger breeds 
(Bennett  2001   ). 

 Before mating an elaborate courtship takes place  –  the 
rabbits circle around each other, parade side by side, jump 
over each other and sniff the genital region (Lehmann  1991 ). 
Hafez  (1960)  described seven degrees of sex drive, which 
ranged from aggressive with immediate mounting and ejac-
ulation to offensive reaction with general smelling of the 
skin, biting and no ejaculation. When the doe allows mating 
she raises the hindquarters (Bennett  2001 ). Mating takes 
only a few seconds, after which the buck falls to one side or 
backwards (Bennett  2001 ). Ovulation is induced by the act 
of coitus and conception occurs 8 – 10   h after mating (Bennett 
 2001 ). The doe can mate immediately following parturition, 
and if the young are removed after delivery the doe will be 
sexually receptive for at least 36 days (Hagen  1974 ). 

 Gestation in European wild rabbits lasts 28 – 30 days (Bell 
 1999 ) and in domesticated rabbits 28 – 34 days, with most 
litters being born on day 31 (Bennett  2001 ). In nature, some 
days before the birth, the doe digs a short underground 
tunnel or stop either within the main warren or separately 
from it and within this constructs a nest (Bell  1999 ). High -
 ranking does often give birth in a special breeding chamber 
dug as an extension to the warren, whereas some of the 
subordinate females are chased away from the warren and 
forced to give birth in isolated breeding  ‘ stops ’  (Mykytowycz 
 1968 ). The survival rate of the young is much higher for 
high - ranking than the low - ranking females (Mykytowycz 
 1968 ). Does of both European wild rabbits and NZW rabbits 
collect and carry grass to their burrows and shortly before 
giving birth pluck their own fur from the belly, sides and 
dewlap, which is placed on top of the grass (Gonz á lez -
 Mariscal  et al.   1994   ; Bell  1999 ). When domestic rabbits are 
kept in cages, the does also construct nests as in the wild, 

  Table 28.1    Normal values of cardiovascular and respiratory 
functions in rabbits (Gillett  1994 ; Flecknell  1996 ). 

   Parameter     Values  

  Respiratory rate (breaths/min)    40 – 60  

  Heart rate (beats/min)    200 – 300  

  Tidal volume (ml/kg)    4 – 6  

  Arterial systolic pressure (mmHg)    90 – 130  

  Arterial diastolic pressure (mmHg)    80 – 90  

  Arterial blood pO 2  (kPa)    11 – 12.5  

  Arterial blood pCO 2  (kPa)    5 – 6.5  

  Arterial blood pH    7.35 – 7.45  

  Table 28.2    Normal values of haematology in rabbits (Jenkins 
 2008 ). 

   Parameter     Values  

  Erythrocytes (count) ( × 10 6 /mm 3 )    5.4 – 7.6  

  Haematocrit/packed cell volume (%)    33 – 50  

  Haemoglobin (g/dl)    10.0 – 17.4  

  Mean corpuscular volume ( μ m 3 )    60 – 69  

  Mean corpuscular haemoglobin (pg)    19 – 22  

  Mean corpuscular haemoglobin concentration (%)    30 – 35  

  Leucocytes ( × 10 3 /mm 3 )    5.2 – 12.5  

  Lymphocytes (%)    30 – 85  

  Neutrophils (%)    20 – 75  

  Eosinophils (%)    1 – 4  

  Basophils (%)    1 – 7  

  Monocytes (%)    1 – 4  

  Platelets ( × 10 3 /mm 3 )    250 – 650  

  Table 28.3    Normal values of blood clinical chemistry in rabbits 
(Jenkins  2008 ). 

   Parameter     Values  

  Alanine aminotransferase (IU/l)    27.4 – 72.2  

  Aspartate aminotransferase (IU/l)    10.0 – 78.0  

  Creatine kinase (IU/l)    58.6 – 175.0  

  Bilirubin (mmol/l)    2.6 – 17.1  

  Blood urea nitrogen (mmol/l)    4.6 – 10.7  

  Creatinine ( μ mol/l)    74 – 171  

  Glucose (mmol/l)    5.5 – 8.2  

  Calcium (mmol/l)    2.2 – 3.9  

  Phosphorus (mmol/l)    1.0 – 2.2  

as after any experimental procedure. Normal haematology 
values are shown in Table  28.2  and normal values of clinical 
blood chemistry are shown in Table  28.3 .   

 The body temperature of rabbits varies from 38.5 – 39.5 ° C 
(Ruckebusch  et al.   1991 ). A calm and resting rabbit has a 
lower body temperature than the agitated animal. Rabbits ’  
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habitat depends on the opportunities to fi nd shelter and 
protection; where the soil is loose it digs burrows, and where 
the soil is more compact it often seeks protection in dense 
vegetation (Kolb  1994 ). 

 Foraging is performed over an area known as the home -
 range; this is much larger than the  ‘ territory ’  that breeding 
groups defend. The size of the home - range varies depending 
on food availability, number of rabbits in the group and 
other factors (Donnelly  1997 ). Wild rabbits have been found 
to gather in large colonies of up to hundreds of animals 
under good feeding conditions or at high population densi-
ties (Myers  &  Poole  1963 ). The home - range of European wild 
rabbits has been found to vary between studies from 5   ha 
(Myers  et al.   1994 ), 0.4 – 2.0   ha (Cowan  &  Bell  1986 ) and 0.8   ha 
(Vastrade  1987 ). In nature, rabbits mainly eat grass and 
herbs, but also fruit, roots, leaves and bark (Cheeke  1987 ). 
Rabbits need coarse fi bre for their digestion, not just lush 
grass (Brooks  1997 ; Meredith  2000 ). The colon of the rabbit 
separates faecal waste from the B vitamin - rich faecal pellets, 
made up of microbes that the rabbit will ingest (Bj ö rnhag 
 1972 ). These smaller, soft and green coated faecal pellets 
produced by the caecum 4 – 8   h after feed intake (Carpenter  et 
al.   1995 ; Brooks  1997 ) are picked up directly from the anus, 
whereas the fi brous pellets are placed on specifi c latrines 
close to the territory borders (Donnelly  1997 ). 

 The rabbit is a prey animal with many enemies. When 
threatened, rabbits stamp with their hindfeet and show their 
scut, as warning signals to other rabbits. If it is too late to 
fl ee, the rabbit may freeze. Normally, rabbits do not often 
vocalise within the auditory spectrum of man, but if caught 
by a predator they may emit a high - pitched distress scream 
(Cowan  &  Bell  1986 ), which may cause the predator to 
release it. Apart from this and some low sounds during 
mating and mother – young care, rabbits are silent animals. 

 Rabbit movement consists of hopping, crawling and 
intensive locomotion (ie, running, start - and - stop, jumping, 
double and capriole) (Kraft  1979 ; Lehmann  1989 ). Hopping 
is used to travel longer distances; whereas crawling is per-
formed when feeding on grass or exploring on the spot and 
during social encounters (Lehmann  1989 ). Rabbits rear 
when they are looking at their surroundings (Lockley  1961 ) 
The rabbit has a light and fragile skeleton that only makes 
up 7 – 8 % of the body weight (Donnelly  1997 ). 

 Rabbits have good eyesight with a maximum fi eld of 
vision of almost 360 °  (Peiffer  et al.   1994 ). They use their 
whiskers, the sensitive lips, scent and taste during foraging 
(Meredith  2000 ). The whiskers are also used during orienta-
tion in the burrows and dens (Meredith  2000 ). Scent and 
taste are more important than vision in identifying members 
of their own breeding group (Meredith  2000 ). Rabbits have 
good hearing, and the big ears make up about 12% of the 
total body surface area (Meredith  2000 ). Rabbits regularly 
perform comfort behaviours such as licking and scratching 
themselves, shaking the body, rubbing against objects and 
stretching their body.   

  Sources/ s upply/ t ransport  c onservation  s tatus 

 Laboratories usually buy rabbits of defi ned health status 
from accredited breeders (Townsend  1969 ; Eveleigh  &  Pease 

and often, the better the construction of the nest, the higher 
the survival rate of the young (Canali  et al.   1991 ). 

 Rabbits are born with no, or only little, hair cover, and are 
deaf and blind (Batchelor  1999 ). They weigh around 50   g at 
birth and gain about 30   g per day (Falkmer  &  Waller  1984 ). 
The size of the litter is fi ve to six young for European wild 
rabbits (Vaughan  et al.   2000 ), and four to twelve young for 
domesticated rabbits (Batchelor  1999 ). At birth, the young 
rabbits are very sensitive to cold but, as their fur starts to 
grows some days after birth, they become less sensitive 
(Bennett  2001 ). The eyes open at 10 – 11 days (Kersten  et al.  
 1989 ; Batchelor  1999 ), and hearing develops at the same 
time. Once the young are born, the doe leaves the burrow 
and covers the entrance with soil, urine marks it, and then 
leaves (Mykytowycz  1968 ). She returns to the burrow once 
daily, and then digs herself into the burrow and nurses her 
young for just a few minutes (Bell  1999 ). In a study of Dutch 
Belted rabbits the nursing took place in the early morning 
and lasted for 2.7 – 4.5 minutes (Zarrow  et al.   1965 ). The com-
position of the milk is very nutritious with 10% protein, 12% 
fat and 2% lactose (Harkness  &  Wagner  1995 ). Does do not 
retrieve their young if they are placed outside the nest (Ross 
 et al.   1959 ). After 21 days, the doe ceases closing the burrow 
or breeding stop and the young come up to the surface (Bell 
 1999 ). In NZW does, the young are about 18 days old when 
she stops closing the entrance to the breeding stop and the 
young are nursed outside (Lehmann  1989 ). 

 At 4 weeks of age the young are very mobile, and soon 
after emergence they leave their breeding stop and do not 
return to it again (Lloyd  &  McCowan  1968 ). They start 
seeking forage, but continue to suckle for several more 
weeks. A study on NZW rabbits indicated that the mothers 
were not preferred social partners for the young except 
during suckling attempts (Lehmann  1989 ). Milk production 
reaches a maximum about 2 weeks after giving birth, then 
declines during the fourth week, although lactation may 
continue for an additional 2 – 4 weeks (Hagen  1974 ). Lehmann 
 (1989)  also found that, in NZW rabbits, nursing was uncom-
mon after 4 weeks and the doe littered again within a few 
days, although suckling attempts occurred up to 60 days. At 
8 weeks of age, the young consume approximately 90% of 
their intake in the form of plant proteins (Hagen  1974 ).  

  Normal  b ehaviour ( w ild and  c aptive) 

 The rabbit is a nocturnal animal, which rests in the burrows 
of the warren during the day, and emerges in late afternoon 
(Fraser  1992 ). The old bucks emerge fi rst, about 4   h before 
sunset (Mykytowycz  &  Rowley  1958 ), and at sunset 90% of 
the rabbits have emerged from the burrows up to the ground 
(Fraser  1992 ). The rabbits are above ground for 11 – 14   h of 
the diurnal cycle (Mykytowycz  &  Rowley  1958 ). When they 
are above ground they spend about 44% of their time eating, 
33% inactive, 13% moving and 10% on other activities (Gibb 
 1993 ). Young NZW rabbits were active for an average of 30% 
of the daytime, during which, feeding on pellets occupied 
one third of this time, grazing took one third of this time, 
and the remaining one third was spent in exploring, 
gnawing, intensive locomotion and, for the older rabbits, 
sexual behaviour (Lehmann  1989 ). The rabbit ’ s choice of 
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loss in live weight (Swallow  1999 ). Research on the effect of 
providing male rabbits with or without hay and with change 
or no change in the feed after a 10   h transport by truck, plane 
and truck showed that the provision of hay signifi cantly 
reduced the occurrence of diarrhoea (L. Lidfors unpublished 
observation).  

  Uses in the  l aboratory 

 The use of laboratory rabbits has declined over the last 
decade (Swedish Board of Agriculture  2007 ). A database 
search shows a gradual and slight decline of the use of poly-
clonal antibodies produced in rabbits but there is still a need 
for these antibodies since they are quicker and easier to 
produce than the monoclonal antibodies (Cooper  &  Paterson 
 2008 ). Rabbits are still being used in pyrogen testing of intra-
venous fl uids and other technical products intended for 
patients even though other test methods without live 
animals are being evaluated (Hoffman  et al.   2005 ). Rabbits 
remain popular models for  in vivo  experimentation, for 
example in the development of bio implant products such 
as dental implants and devices for orthopaedic surgery 
(Batchelor  1999 ). 

 Rabbits are used in the study of atherosclerosis after being 
given high - fat and high - cholesterol diets, which lead to the 
development of atherosclerotic lesions in the major arteries 
after approximately 2 months. Rabbits of a spontaneously 
mutated strain called the WHHL (Watanabe heritable 
hyperlipidaemic) develop atherosclerotic lesions in their 
blood vessels even without the high - fat diet (Clarkson  et al.  
 1974 ) and a total of 594 scientifi c papers on this strain of 
rabbit were produced during the years 2001 – 2008 4 . 

 In toxicology, rabbits are used to detect teratogenic effects 
of candidate drugs because the embryological development 
of the rabbit foetus is well known, the gestation period is 
short and rabbits produce a fairly large number of offspring 
(Wooding  &  Burton  2008 ). For the same reasons, rabbits are 
used in experimental teratology (Hartman  1974 ). Rabbits 
have also been used for cardiac surgery and disease, joint 
surgery, ophthalmology and studies of hypertension.  

  Laboratory  m anagement and  b reeding 

  Housing 

 Laboratory rabbits have traditionally been housed individu-
ally in cages for up to several years, depending on the 
research purpose. One reason for individual housing has 
been the problems with aggression that may arise in group 
housing, especially between males. Three main types of 
cages have been used: (1) wire; (2) sheet metal with wire 
front; and (3) plastic with wire front (Stauffacher  et al.   1994 ; 
Morton  et al.   1993 ). In the past, often no enrichments were 
provided and the cage sizes were such that rabbits were 
unable to hop around or sit upright with erect ears. Cages 
with solid sides, back and top tend to isolate the animals, 

 1976 ; Eveleigh  et al.   1984 ). During the last 10 – 15 years there 
has been a decline in the total number of breeding units in 
Europe. The reason is mainly the declining use of rabbits in 
laboratory animal experimentation. Another reason is the 
higher demands on animal health and health monitoring 
documentation. Health screening and documentation are 
expensive and higher hygienic standards are required 
within the breeding unit. Costs and higher quality require-
ments have reduced the number of suppliers. The major 
laboratory animal breeders are somewhat reluctant to breed 
rabbits because they require careful management, which 
affects profi tability. Several of these breeders have found it 
diffi cult to relocate a colony of breeding rabbits because 
these animals are sensitive to disturbances of their environ-
ment, and changes are immediately refl ected in their breed-
ing performance. 

 Most rabbits have to be transported from the breeder to the 
laboratory, and this may be done by car, truck, railway or 
plane. The rabbits should be in good condition before trans-
port. Rabbits are most often transported in containers made 
of sheet metal, fi breglass, fi breboard, rigid plastic, strong 
welded wire mesh or wood lined with wire mesh (Swallow 
 et al.   2005 ). The minimum stocking density in transport con-
tainers can be found in Swallow  et al.   (2005) . The height of 
the container should be restricted to prevent back injury 
caused by the rabbit kicking out (Swallow  et al.   2005 ). If the 
containers are constructed without a wire mesh liner it must 
have wire screening cover on all air vents (Swallow  et al.  
 2005 ). A grid fl oor or area for rabbits to separate excreta from 
the lying area may be necessary for long journeys (Swallow 
 et al.   2005 ). If journeys are longer than 24   h provisions for 
feeding and watering are needed, even though rabbits rarely 
eat or drink during a journey (Swallow  et al.   2005 ). See also 
Chapter  13  for a general discussion of transport. 

 Transportation vehicles should be equipped with devices 
for monitoring temperature, and provided with ventilation 
that can cool the air during warm weather and provide 
heating during cold weather. A source of water, for example 
a gel, and feed, has to be provided (Batchelor  1999 ; Olfert  et 
al.   1993 ). After arrival at the new animal housing the rabbits 
should be checked for any health problems and injuries, 
which could either be caused by the transport or have been 
acquired before the transport. Rabbits should be given time 
for acclimatisation after the transport before they are used 
for research. The time period needed for acclimatisation 
depends on the stress that the animals have experienced 
during transport, which in turn depends on many factors 
such as the duration of the transport, the age of the animals 
and the change of the social environment (European 
Commission  2007 ). It is also important to match care rou-
tines with those of the supplier. 

 Very little research has been done into the effect of trans-
port on rabbits. Batchelor  (1999)  found considerable differ-
ences in body weight in rabbits that were housed in group 
pens compared to solitary in cages after transportation. The 
loss of weight in rabbits after transport is mostly due to a 
loss of gastrointestinal contents, which account for about 
10% of the total body weight (Swallow  1999 ). These losses 
are probably maximal after about 15   h of transport and 
similar to depriving animals of food and water for the same 
time (Swallow  1999 ). It can take up to 7 days to recover the   4       http://www.med.kobe-u.ac.jp/iea/whhl-1.html  
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  Table 28.4    Recommendations for minimum enclosure dimensions and space allowance for one or two socially harmonious rabbits over 10 
weeks of age or a doe plus litter with additional area for nest boxes, and optimum shelf size and height from the enclosure fl oor (Council of 
Europe  2006 ; European Commission  2007 ). 

   Final body weight 
(kg)  

   Minimum fl oor 
area (cm 2 )  

   Minimum 
height (cm)  

   Addition for nest 
boxes (cm 2 )  

   Optimum shelf 
size (cm)  

   Optimum height of 
shelf (cm)  

   < 3    3500    45    1000    55    ×    25    25  

  3 – 5    4200    45    1200    55    ×    30    25  

   > 5    5400    60    1400    60    ×    35    30  

     Figure 28.1     A new type of fl exible rabbit cage with a 
pair of rabbits  (Photo: Ann - Christine Nordstr ö m.)   

and prevent them from seeing the source of disturbance, 
which may cause them to be startled, and in breeding units, 
lead to losses due to cannibalism (Stauffacher  et al.   1994 ). It 
is therefore recommended that barred  ‘ windows ’  occupy 
30 – 50 % of the total wall area (Stauffacher  et al.   1994 ). 

 In order to allow rabbits to perform normal hopping 
movements and to sit upright the regulations in several 
countries have required larger cages for over 15 years. 
Appendix A of the European Convention for the protection 
of vertebrate animals used for experimental and other sci-
entifi c purposes (Council of Europe  (2006)  recommends 
larger areas and heights than in the preceding Convention 
from 1986, and these have been adopted by the Commission 
(European Commission  2007 ). The minimum fl oor area and 
minimum height for rabbits over 10 weeks of age and for 
does with a litter is presented in Table  28.4 . These recom-
mendations are for both cages and pens. The weights are for 
the fi nal body weight that any rabbit will reach in the 
housing. The minimum fl oor area is for one or two socially 
harmonious animals. In cages, a raised area should be pro-
vided. If there are scientifi c or veterinary justifi cations for 
not providing a raised area then the fl oor area should be 33% 
larger for a single rabbit and 60% larger for two rabbits. 
Some European countries have previous stronger national 
regulations for housing laboratory rabbits, whereas others 
are currently incorporating the new minimum recommen-
dations into their national regulations.   

 Improved cages have been developed and tested in paral-
lel with the development of new regulations for housing 

rabbits. These cages generally have a larger fl oor area and 
greater height to enable more upright sitting, a shelf for 
rabbits to hop up onto or hide under, racks to make hay 
feeding easier and fl exible cage racks so that several cages 
can be built together (Figure  28.1 ). A recent resource pro-
duced by the RSPCA and UFAW 5  provides practical sugges-
tions on how to house and manage laboratory rabbits based 
on their needs. Caged rabbits use boxes and shelves as 
sources of enrichment and lookout posts (Hansen  &  
Berthelsen  2000 ), and the presence of the shelf reduces rest-
lessness, grooming, bar - gnawing and nervous responses 
when being captured (Berthelsen  &  Hansen  1999 ).   

 During the last 10 – 20 years the approach to housing 
rabbits has changed considerably, and group housing in 
fl oor pens has been introduced in many laboratories and 
countries (Figure  28.2 ). In the 2003 Guidelines for the 
Housing of Rabbits in Scientifi c Institutions in Australia 
(Animal Research Review Panel  2003 ) 6  two key recommen-
dations are that  ‘  Rabbits should be housed in groups in pens  ’  
and  ‘  Rabbits should not be housed singly in conventional (un -
 enriched) cages except in exceptional circumstances  …   ’ . European 
guidelines (Council of Europe  2006 ; European Commission 
 2007 ) also recommend that wherever it is possible, rabbits 
should be kept in pens. Housing in pens enables rabbits to 

  5       http://www.rspca.org.uk/researchrabbits  
  6       http://www.animalethics.org.au/__data/assets/pdf_fi le/0013/

222511/housing-rabbits-scientifi c-institutions.pdf  
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(a) (b)

     Figure 28.2     Group housing of does in a research laboratory in Sweden (a) and in a pharmaceutical company in Denmark (b)  (Photos: a) 
Lena Lidfors, b) with kind permission of Novo Nordisk A/S.)   

express social behaviours and to exercise (Heath  &  Stott 
 1990 ; Batchelor  1991 ). The RSPCA/UFAW resource recom-
mends that young rabbits and older females should be 
housed in harmonious pairs or social groups unless veteri-
nary advice or study design recommends differently. Adult 
entire males should, on the other hand, be singly housed 
due to their territorial behaviour and the consequent risks 
of serious injury.   

 Floor pens should be large enough for the rabbits to be 
able to carry out basic behaviours such as locomotion, 
rearing, grooming and avoiding cage mates, etc. European 
Commission ( 2007 , Table B.1) recommends that rabbits 
should be provided with the same pen fl oor area as in cages, 
and an extra fl oor area of 3000   cm 2  per rabbit should be 
added for three to six rabbits and thereafter 2500   cm 2  for 
every additional rabbit over six. This is much less than rec-
ommended by Morton  et al.   (1993) , who suggested that 
group houses should have a clear area of 20   000   cm 2  with an 
overall minimum fl oor area of 6000 – 8000   cm 2  per rabbit for 
groups up to six rabbits. One problem with using weight as 
a criterion for determining fl oor area is that young animals 
are more active and might need more space to carry out play 
behaviours (Stauffacher  et al.   1994 ). Swiss legislation from 
1991 requires that each rabbit must be able to hop for several 
steps or to jump up and down onto a shelf. This may help 
to maintain a level of fi tness and reduce the occurrence of 
disuse osteoporosis (Morton  et al.   1993 ). European 
Commission  (2007)  recommends that rabbits younger than 
10 weeks should be provided with a minimum enclosure 
size of 4000   cm 2  and a minimum fl oor area per animal of 
800   cm 2  from weaning to 7 weeks and 1200   cm 2  from 7 – 10 
weeks. 

 The height of fl oor pens should be 1.25   m, and enrichment 
objects should be placed so that they cannot be used 
for jumping over walls (Morton  et al.   1993 ). Table B.1 in 
European Commission  (2007)  recommends the same 
minimum height for pens as for cages, but this is too low to 
stop rabbits from jumping out of the pen. The pen should 

contain structures that subdivide the space so that the 
animals are able to initiate or avoid social contact. Examples 
of group housing of NZW does in a research laboratory are 
shown in Figure  28.2 . 

 The fl oor should be solid and provided with bedding or 
perforated, rather than grid or wire mesh (European 
Commission  2007 ). Wire fl oors should not be used unless a 
resting area is provided which is large enough to hold all 
rabbits at any one time (European Commission  2007 ). 
Dimple fl oors were regarded as the best type of fl oors in 
metal cages by Morton  et al.   (1993) .  

  Social  h ousing 

 The major factors that need to be considered when group -
 housing rabbits are: compatibility of individual animals; 
size of pens; stocking density; husbandry practices; and 
environmental enrichment (Morton  et al.   1993 ). Rabbits can 
either be group - housed in fl oor pens or in cages. In the latter 
case, weight and size limitations usually restrict this to pair -
 housing (Bigler  &  Oester  1994 ; Huls  et al.   1991 ; Stauffacher 
 1993 ). This combines the benefi ts of cage - housing (eg, 
hygiene and experimental purposes, with animal welfare 
interests) and has been established in several countries 
(Stauffacher  et al.   1994 ). While Stauffacher  et al.   (1994)  report 
that groups of up to 20 laboratory rabbits have been success-
fully managed as stock and for the production of polyclonal 
antibodies, for monitoring and observation reasons the 
number of rabbits kept in group pens should not exceed six 
to eight mature animals (Morton  et al.   1993 ; Stauffacher  et 
al.   1994 ). 

 Incompatible rabbits fi ght when placed together in a 
group, and the greatest problems occur when placing adult 
males together (Morton  et al.   1993 ). There are strain differ-
ences in aggressiveness: Dutch rabbits are more aggressive 
than NZW, whereas Lops are more docile (Morton  et al.  
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 et al.   1993 ). However, individually caged adult female 
rabbits of strains that are known to be docile can be paired 
successfully, preferably in structured cages (Stauffacher 
 1993 ). It is very important to provide refuge and hiding 
places for subordinate animals (Morton  et al.   1993 ).  

  Environmental  e nrichment 

 Abnormal behaviours in rabbits can be reduced by provid-
ing environmental enrichment in their cage or fl oor pen (See 
also Chapter  10 ). Roughage, hay blocks and chew sticks are 
recommended as suitable enrichment (Council of Europe 
 2006 ; European Commission  2007 ). Morton  et al.   (1993)  sug-
gested the following enrichment for caged rabbits: straw, 
hay, hay blocks, hydroponic grass, pieces of wood or chew 
sticks, hay rack, small cardboard boxes, taking them out of 
the cage for handling/petting or for exercise and relief of 
boredom, provision of bedding, vet beds for pregnant and 
nesting does and background noise. Gunn  (1994)  found that 
stereotypic behaviour in caged rabbits was reduced by the 
provision of hay, wooden sticks and wire balls. Singly 
housed male rabbits interacted most often with hay, less 
with hay blocks, even less with a plastic box and least with 
chewing sticks (Lidfors  1997 ), and showed the highest pref-
erence for hay, then hay blocks, chewing sticks and lastly a 
plastic box (Lidfors  1996 ). 

 The enrichment items used most often are those that the 
rabbits can chew on (Huls  et al.   1991 ; Lidfors  1997 ; Berthelsen 
 &  Hansen  1999   ) and high - fi bre objects are preferred, with 
hay or straw remaining effective enrichments for long 
periods (Brummer  1975 ; Lidfors  1997 ). If the supplementary 
hay is ground, it is ineffective at reducing problem behav-
iours, demonstrating a need for long fi bre (Mulder  et al.  
 1992 ). Hay and straw also cause less weight gain than pro-
prietary fi bre sticks or compressed grass cubes (Lidfors 
 1997 ). Studies on dietary enrichments, including the supply 
of fi brous food to reduce boredom, are: hay (Berthelsen  &  
Hansen  1999 ); grass cubes or hay in a bottle (Lidfors  1997 ); 
and fresh grass (Leslie  et al.   2004 ). Abnormal maternal 
behaviours and trichophagia or fur - chewing (Brummer 
 1975 ; Mulder  et al.   1992 ) are eliminated in caged rabbits 
when hay or straw is given (Beynen  et al.   1992 ). 

 Mirrors placed in the living area of caged rabbits increase 
the time they spend there, and especially the time that they 
spend investigating their environment and feeding (Jones  &  
Phillips  2005 ). The mirrors probably stimulate activity by 
increasing the amount of movement perceived by the rabbit 
(Jones  &  Phillips  2005 ). If the racks are placed opposite to 
each other so that the rabbits can see other rabbits that may 
also be a form of enrichment (Morton  et al.   1993 ). 

 A technique that has been used in certain Swedish animal 
laboratories for individually caged male rabbits that cannot 
be castrated, is to place them individually in an exercise 
arena at regular intervals. This allows them to move around 
on a larger fl oor surface, to investigate enrichment objects 
and to be exposed to odours from other males that have 
been exercised before them. To the authors ’  knowledge this 
has not been scientifi cally validated, and the procedure 
could be stimulating or stressful.  

 1993 ). Some of the small strains of rabbits may show more 
aggression than the larger strains (Stauffacher  et al.   1994 ). 
Individual animals may be highly aggressive, and fi ghts can 
occur unexpectedly, even in groups that have been stable 
for a long time and in which an apparently stable dominance 
hierarchy has formed (Morton  et al.   1993 ). Therefore, groups 
of rabbits need to be carefully selected and regularly moni-
tored. The best option is to form female groups from litter 
mates which have been kept together from weaning 
(Zain  1988 ). Groups of intact, mature females not intended 
for breeding can be kept together (Morton  et al.   1993 ). 
During resting, does, bucks and older young kept in 
mixed groups congregate and snuggle against each other or 
engage in mutual grooming (Stauffacher  1992 ). Does have 
demonstrated a weak preference for a large, enriched, soli-
tary pen over a group pen, but a strong preference for a 
group pen over a smaller, barren, solitary pen (Held  et al.  
 1995 ). Fighting can occur in groups of does, and a dominant 
female in oestrus can mount and damage the skin on the 
backs of other females and harass the group (Morton  et al.  
 1993 ). The degree of compatibility of grouped rabbits 
depends on factors such as strain, individual characteristics, 
sex, age and weight, size and structuring of pens, methods 
of husbandry and the interest and ability of the animal care 
staff (Bell  &  Bray  1984 ; Zain  1988 ; Morton  et al.   1993 ; 
Stauffacher  1993 ). 

 From around 10 weeks of age it may be necessary to 
house males individually to avoid fi ghting (Morton  et al.  
 1993 ). Groups of males kept in proximity to females tend to 
fi ght and urinate more frequently (Portsmouth  1987 ). 
Castration of males kept for longer periods in the laboratory 
may be one solution to keeping them in groups, although 
this raises ethical issues, as discussed in the RSPCA/UFAW 
booklet 7 . The practical experience from castration of males 
is that aggression is reduced and stable for a long time after-
wards (L. Lindberg, personal communication). Castration 
should be carried out only by qualifi ed persons when the 
males reach sexual maturity and before they start to show 
aggressive behaviour, about 3 – 4 weeks after weaning 
(Morton  et al.   1993 ; Stauffacher  et al.   1994 ). The testicles 
move down during sexual maturation, but can be with-
drawn again via the cremaster muscle. Another considera-
tion is the type of research the animals will be used for, as 
castration has an effect on the animal ’ s physiology and 
behaviour. 

 When establishing new groups of rabbits in fl oor pens, the 
best option is to wean and mix at the same time around 6 
weeks of age and to place 6 – 10 rabbits preferably of the same 
sex in one group (Morton  et al.   1993 ). The easiest approach 
is to group - house animals which have been kept in groups 
since birth (Zain  1988 ; Stauffacher  1993 ). Smaller groups 
may be more stable (Love  &  Hammond  1991 ). Some animals 
do not appear to settle well in groups, either because they 
are too dominant and bully the others or are too timid and 
prone to be bullied (Morton  et al.   1993 ). When grouping 
rabbits that have been caged for 6 months or more it may 
be diffi cult to avoid fi ghting or self - infl icted injuries (Morton 

  7       http://www.rspca.org.uk/researchrabbits  



The laboratory rabbit 407

 Ammonia level should never exceed 10   ppm. High ammo-
nium levels can inactivate the cilia in the airways of rabbits. 

 The rabbit moults two to three times per year. Rabbit hair 
may also be released during handling.   

  Food and  w ater 

 Rabbits are nocturnal and in the wild they usually graze 
during their active periods at dawn and dusk (Lockley 
 1961 ), or during early morning and at night (Cheeke  1987 ). 
However, laboratory rabbits in cages are almost invariably 
not fed the diet of grass for which they are adapted. There 
is little evidence that they prefer a grass diet to one based 
on compound feed (Leslie  et al.   2004 ). Despite this, it is often 
benefi cial to supplement their ration of proprietary com-
pound pellets with dietary enrichment, which as well as 
providing adequate nutrients (National Research Council 
(NRC)  1966 ), in particular fi bre (Lehmann  1990 ), will increase 
the time spent procuring food and reduce abnormal behav-
iours such as chewing their cage (Leslie  et al.   2004 ). The 
visual stimulus of a varied diet is particularly important 
(Ruckebusch  et al.   1971 ). A mixed diet is also a feature of 
natural herbivore feeding behaviour; due to their need to 
sample regularly in case of the disappearance of one feed 
(Parsons  et al.   1994 ). Hay can make up a larger part of the 
feed intake of adult rabbits, and at the same time be an 
important enrichment (see section on Environmental 
enrichment). 

 Water should always be available  ad libitum  (Mader  1997 ). 
Rabbits fed on dry diets require approximately 120   ml 
water/kg body weight (Cheeke  1987 ), or 10% of the body 
weight per 24   h (Meredith  2000 ). More water should be pro-
vided for growing animals, pregnant and lactating females 
and for rabbits fed high - fi bre diets (Cizek  1961 ).  

  Hygiene 

 Since rabbits have a sensitive digestive system with inten-
sive interaction between the intestine and its microbiological 
fl ora, the hygiene of the cage or pen where the rabbit is held 
is important. Rabbits are coprophagic, but they ingest only 
one type of faecal pellet. The remaining faeces may contain 
coccidia spores and pinworm eggs that can re - infect the 
animal and the heavy breeds may develop cutaneous infec-
tions on their hindlegs from soiled bedding or wire fl oors 
(Bergdall  &  Dysko  1994 ). 

 The frequency of cleaning out and disinfection of pen 
fl oors, cage waste pans or other areas where the faeces and 
urine of the animals may accumulate depends on the number 
of animals in each cage or pen, the sizes of the animals, their 
diet and on other physical and practical arrangements in the 
animal rooms such as the effi ciency of the ventilation equip-
ment, etc. It is not possible to give specifi c recommendations 
because circumstances vary between laboratories. The room 
air should be perceived as fresh and clean without any 
smell. If there is any doubt, ammonia levels in the air can be 
measured. The animals should have clean fur coats and be 
clinically healthy. Over - zealous cleaning of any animal envi-

  Environmental  p rovisions 

  Temperature and  h umidity 

 European guidelines recommend a mean room temperature 
for rabbits of 18 ° C with a range of 15 – 21 ° C (Council of 
Europe  2006 ; European Commission  2007 ). In rabbits the 
low critical temperature is  − 7 ° C and the high critical tem-
perature is 28 ° C (Spector  1956 ). Rabbits only have sweat 
glands on their lips, and are less able to ventilate through 
their mouth than dogs (Donnelly  1997 ). Wild rabbits avoid 
high temperatures and stay away from sunshine, and during 
the day they stay in the cooler burrows (Gibb  et al.   1978 ). 
The ears of the rabbit are highly vascular and can function 
as radiators (Harkness  &  Wagner  1995 ). 

 The relative humidity in rabbit facilities should not be less 
than 45% (European Commission  2007 ).  

  Light and  n oise 

 Batchelor  (1999)  recommends that the rabbit room has a 
regular light – dark cycle and that it is isolated from external 
lighting fl uctuations. The lights in many laboratories are 
usually put on a 12   h:12   h light – dark cycle. Some laboratory 
facilities have introduced artifi cial dawn and dusk periods, 
which usually last 30 minutes. Sudden illumination of active 
rabbits may cause them to leap and possibly fracture the 
spine (Adams  1982 ). If there is a need to observe rabbits 
during the period of activity a partially reversed lighting 
schedule can be used, because rabbits are more nocturnal 
than diurnal in their activity pattern (Batchelor  1999 ). The 
normal diurnal cycle can be disrupted by noise or scheduled 
feeding in the laboratory (Jilge  1991 ). 

 According to Iwarsson  et al.   (1994)  the optimal light inten-
sity in rabbit rooms should be 200 lux at 1   m above the fl oor. 
However, if the illumination level is too high it can lead to 
retinal degeneration in some albino mammals, which may 
also apply to NZW rabbits (Batchelor  1999 ). Cages with 
solid sides reduce the amount of light, and cages higher up 
in the rack have a higher light intensity (Batchelor  1999 ). In 
fl oor pens, shelves and boxes may provide hiding places 
from high light intensity. 

 The rabbit ’ s hearing threshhold has been reported to be 
75 – 50   000   Hz with the most sensitive hearing between 2000 
to about 9000   Hz (Iwarsson  et al.   1994 ). The rabbit is there-
fore sensitive to high - pitched sounds (Milligan  et al.   1993 ), 
but sudden noise may scare rabbits and lead to injures. A 
common practice is to use background music to attempt to 
mask sudden sounds, and this is claimed by some to result 
in lower excitability (Batchelor  1999 ).  

  Ventilation 

 European guidelines recommend 15 – 20 air changes per 
hour (Council of Europe  2006 ; European Commission  2007 ). 
However, it is possible to have 8 – 10 air changes per hour if 
cleaning routines are of high standard and stocking density 
is low (Adams  1982 ). There should be no draughts or turbu-
lence in the rabbit room. If the ventilation is not working 
properly, high levels of ammonia and carbon dioxide may 
become a problem for the rabbits. 
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by 2 – 4 days when she refuses to mate (Patton  1994 ). 
However, there have been several cases where does have 
been receptive for 14 – 16 days followed by a period of non -
 receptivity for 1 – 2 days (Patton  1994 ). 

 Does may vary in receptivity due to individual differ-
ences, sexual stimulation and environmental factors, such as 
nutrition, light and temperature (Cheeke  et al.   1987   ). 
Sometimes does refuse to mate with a certain buck, possibly 
because the buck adopts a poor mounting position or 
because of his aggressiveness (Patton  1994 ). When the doe 
is receptive the vulva changes colour (Cheeke  et al.   1987 ) and 
it changes to a darker pink or red and becomes swollen and 
moist (Patton  1994 ). 

 In captivity, the male ’ s courtship behaviour is often 
restricted to tail fl agging, urination and licking the genitalia 
(Patton  1994 ). A jet of urine (enurination) may also be 
directed at a doe (Patton  1994 ). 

 For mating, the doe should be taken to the buck ’ s cage to 
avoid territorial behaviour, ie, either the doe attacking the 
buck or the buck showing more interest in exploring and 
marking the new territory (Patton  1994 ; Bennett  2001   ). If 
the doe is not receptive she becomes aggressive and pro-
duces a special vocalisation (B. -  Å . Sandeberg, personal 
communication). When a receptive doe has been placed in 
the buck ’ s cage she raises her hindquarters to allow 
copulation (see Reproduction section for more details). If 
copulation does not occur within 2 minutes after the doe has 
been placed in the buck ’ s cage she should be removed as 
injuries and stress to both doe and buck may occur if they 
are left together too long and bucks may become poor breed-
ers if they are repeatedly rejected by does (Patton  1994 ). 
Bucks are very fertile, even if they are used daily or several 
times per day (Patton  1994 ). If bucks are used several times 
in a 24   h period they are often rested on the next day, but 
they can also be used for multiple breeding several days in 
a row and then be rested for several days (Patton  1994 ). A 
common practice is to keep one buck for every 10 does, but 
many breeding facilities use one buck per 25 does (Patton 
 1994 ). 

 Ovulation is induced by mating, and occurs 10 – 13   h after 
coitus (Patton  1994 ); it may also be induced artifi cially by 
injecting luteinising hormone or human chorionic gonado-
tropin, electrical or mechanical stimulation or after contact 
with other does (Patton  1994 ). Some does may fail to ovulate 
after coitus, possibly as a result of a defi ciency of luteinising 
hormone (Fox  &  Krinsky  1968 ). The number of ova released 
has been found to be correlated with body weight (Staples 
 &  Holtkamp  1966 ), so that heavier does tend to get larger 
litters compared to does with lighter weights. High ambient 
temperature has been found to depress the conception rate, 
especially when the temperature is high for longer periods 
(Sittman  et al.   1964 ). 

 Pregnancy can be determined by palpating the develop-
ing foetuses at 12 – 14 days of pregnancy (Cheeke  et al.   1987 ), 
looking at swelling of the mammary glands in late gestation 
(Patton  1994 ) or by radiographic confi rmation after 11 days 
(Hafez  1970 ). 

 The gestation length is 31 – 32 days (Cheeke  et al.   1987 ), and 
a large - scale study found that 85.5% of NZW litters were 
born on days 31 and 32 (Templeton  1939 ). Larger litters were 
carried for shorter times than smaller litters (Templeton 

ronment could be stressful to the animals because of changes 
to the olfactory environment (Batchelor  1999 ). 

  Health  m onitoring,  b arrier  s ystems and  q uarantine 

 High health standards result in good welfare and good 
science. Today most breeders use barrier breeding systems 
with regular health monitoring. The biosafety strategy of 
breeders includes: control of entry of staff and goods into 
the breeding rooms; procedures for sterilisation of goods 
such as bedding, diets and other materials; and regular edu-
cation and awareness training for staff. Strict barrier regimes 
avoid introduction of animals from elsewhere, but rely on 
re - deriving rabbit pups from pregnant does by caesarean 
section, after which the young are hand - reared. Some breed-
ers even have regularly scheduled refurbishments of their 
breeding units as a part of their biohazard management. 

   Animal health records should show the frequency and 
interval of different samples taken, the result of analysis and 
the methods used as well as which laboratory was used. In 
Europe FELASA, the Federation of European Laboratory 
Animal Science Associations, has issued recommendations 
for health monitoring laboratory animals in different situa-
tions, at the breeding site and in the research laboratory 
(FELASA  2002 ). 

 When rabbits are introduced to a colony, quarantine can 
be used as a precaution if there is any doubt about their 
health status, but most health problems of laboratory 
animals nowadays are subclinical. Thus, it is unlikely that 
there will be clinical signs of disease during the period of 
quarantine. The establishment ’ s quarantine procedures in 
combination with serological sampling for the more com-
monly occurring infectious agents could be used, but this 
can be time consuming and result in extra costs.   

  Breeding 

 Females can be mated for the fi rst time at 4 – 5 months if 
they are of a small breed, 4.5 – 5 months if they are of a 
medium breed (for example NZW) and 6 – 9 months if they 
are of a large breed (Harkness  &  Wagner  1995 ). Bucks are 
usually used for breeding for the fi rst time at about 6 months 
of age (Harkness  &  Wagner  1995 ). The decision to use a 
female for breeding is based on her age (4 – 6 months), 
clinical condition, weight (3 – 4   kg for NZW) and observation 
of periodic congestion of the vulva (Harkness  &  Wagner 
 1995 ). 

 Follicle - stimulating hormone (FSH) induces growth of 
ovarian follicles with development of ova, and the follicles 
produce oestrogens, which cause the female to be receptive 
to the male (Patton  1994 ). Follicular development occurs in 
waves, and follicles at several stages of development are 
always present (Patton  1994 ). When follicles reach mature 
size they produce oestrogens for 12 – 14 days, but if ovulation 
does not occur they degenerate with a corresponding reduc-
tion in blood concentration of oestrogens and sexual recep-
tivity (Patton  1994 ). After about 4 days, new follicles start 
producing oestrogens and the doe becomes receptive again 
(Patton  1994 ). This leads to the doe having a cycle of 16 – 18 
days during which she is receptive for 12 – 14 days followed 
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  Laboratory  p rocedures 

  Handling 

 Handlers should keep in mind that rabbits, as prey animals, 
naturally try to fl ee if they perceive a threat. Rabbits are able 
to recognise individual humans which they can recognise 
by voice. Rabbits are rarely aggressive if handled in a calm 
and steady manner without intimidating the rabbit by unfa-
miliar sounds or odours. 

 To pick up an animal, the scruff of the neck is grasped 
fi rmly with one hand; the animal is lifted up, using the other 
hand to support the body, and placed on the other arm with 
its head in the opening between the elbow and the body of 
the handler (Figure  28.3 ). For transport over a short distance, 
this lets the animal rest in a normal posture on the forearm 
of the handler with its head hidden whilst the hand of the 
handler holds the scruff (Stein  &  Walshaw  1996 ). It is also 
possible to transport the rabbit a very short distance by 
holding the scruff of the neck with one hand and supporting 
the rabbit under the hindlegs with the other hand. While 
handling rabbits, it is advisable to wear long - sleeved gar-
ments because the claws of rabbits may scratch the skin of 
the handler ’ s arms if they are unprotected by clothing 
(Suckow  &  Douglas  1997 ). Because rabbits have a fragile 
skeleton and strong hindleg muscles, struggling may cause 
fracture of the spinal vertebrae (Marston  et al.   1965 ).    

  Training/ h abituation for  p rocedures 

 Rabbits can be accustomed to laboratory procedures just as 
any other animals. It has been shown that early handling of 
rabbits results in more active, alert and exploratory animals, 
which approach novel stimuli more often (Harkness  &  
Wagner  1995 ). Animals which are well acquainted with their 
handlers and environment are less stressed in experimental 
situations and this improves the outcome of the scientifi c 
work (Toth  &  January  1990 ). See also Chapter  16 .  

  Physiological  m onitoring 

 Rabbits are often used in immunisation studies involving 
blood sampling. General advice on blood sampling tech-
niques can be found in Joint Working Group on Refi nement 
(JWGR)  (1993) . Blood can be taken from the marginal ear 
vein (Figure  28.4 ), from the central artery of the ear or by 
cardiac puncture. Cardiac puncture is carried out with the 
animal in dorsal recumbency and only under anaesthesia 
(Batchelor  1999 ). After cardiac puncture the animal should 
be immediately killed because of the risk of damage to the 
pericardium and subsequent heart tamponade. When using 
the marginal ear vein, application of a local anaesthetic oint-
ment 15 minutes earlier facilitates the removal of blood from 
those animals which are distressed by the insertion of the 
needle into the ear vein (Batchelor  1999 ).   

 For collecting larger volumes of blood, the central ear 
artery is a better choice since the blood fl ow is stronger here 
but care must be taken to ensure that the puncture site is 
compressed afterwards in order to stop the vessel from 

 1939 ). Parturition usually occurs during the morning (Sawin 
 1950 ). The birth of each young takes less than 30 minutes, 
but young may be born several hours or days apart (3 days 
for live young (Patton  1994 )). Foetuses older than 35 days 
die, and if they are not expelled can prevent future preg-
nancy (Adams  et al.   1967 ). 

 Rollins  et al.   (1963)  found that the most important infl u-
ence on litter size was the parity of the doe, with second and 
third litters having the highest number of young, fewer 
young in fourth and fi fth litters and least young in fi rst 
litters. Sittman  et al.   (1964)  demonstrated seasonal variation 
in litter size, with the highest born in February and the 
lowest in September. 

 Post - partum mating usually occurs 4 – 8 weeks after birth 
of a litter, when the young have been weaned (Patton  1994 ). 
Does will mate immediately following parturition, and if the 
young are removed sexual receptivity continues for at least 
36 days (Patton  1994 ). Post - partum receptivity declines 
during lactation and increases again once the young are 
feeding themselves (Patton  1994 ). Females are most diffi cult 
to breed at the peak of lactation  –  approximately the third 
week (Cheeke  et al.   1987 ), which may be a result of loss of 
body weight (Patton  1994 ). 

 Pseudo - pregnancy may be caused by an infertile mating, 
sexual excitement being caused by one doe mounting or 
being mounted by another or by injecting luteinising 
hormone (Patton  1994 ). It lasts for 16 – 17 days and ends 
when the doe attempts to make a nest at 18 – 22 days (Patton 
 1994 ). During pseudo - pregnancy the corpora lutea secret 
progesterone, which causes the uterus and mammary glands 
to grow (Asdell  &  Salisbury  1933 ). For more information 
about maternal behaviour and nursing see the section on 
Reproduction. 

 In commercial rabbit breeding, both for laboratory and 
food production purposes, the young are weaned and sepa-
rated from the doe at 6 – 7 weeks of age (Hagen  1974 ; Bennett 
 2001 ), but some commercial breeders of laboratory NZW 
rabbits wean the young at 5 weeks (B. -  Å . Sandeberg, per-
sonal communication). 

 When breeding rabbits are kept in groups, the groups 
should be composed of four to six females, one male and 
their offspring until they are weaned at 30 days of age 
(Stauffacher  et al.   1994 ). A group breeding housing and man-
agement system has been developed in Switzerland 
(Stauffacher  1989 ) and used in agricultural rabbit farming, 
but not, to the authors ’  knowledge, for breeding laboratory 
rabbits.  

  Identifi cation and  s exing 

 Young rabbits are weaned at 5 – 7 weeks. At this time the 
young are also sexed and males and females placed in sepa-
rate cages. This procedure requires some training. The male 
rabbit ’ s penis can be extruded from the age of 2 months 
which is considerably later than weaning age (Harkness  &  
Wagner  1995 ). 

 Many breeders also perform identity marking at weaning 
using ear tattoos, tags, etc, or subcutaneously implanted 
microchips. As a general principle the least invasive method, 
compatible with the end use, should be chosen.   
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bleeding after sampling. This can be achieved using manual 
compression or a temporary compression bandage. Up to 
10% of the total blood volume of the rabbit can be removed. 
If multiple samples are taken, the rabbit should have a 

(a)

(c)

(b)

(d)

     Figure 28.3     A rabbit, its movement restrained (a), taken by the scruff with one hand and carefully moved through the air (b), and held 
towards the body resting on the other arm with the face tucked under the arm (c). When the rabbit is lifted back to the cage again the other 
hand supports the body of the rabbit (d).  (Photos: Ann - Christine Nordstr ö m.)   

     Figure 28.4     Collection of blood from the ear vein of a rabbit. 
 (Photo: Ann - Christine Nordstr ö m.)   

recovery period of 2 – 3 weeks after the maximal amount of 
10% of the blood volume has been sampled. Rabbits have 
60 – 70   ml blood per kg body weight. 

 The body temperature of rabbits should be taken by a 
suitable thermometer that has been lubricated for ease of 
introduction into the anus (Batchelor  1999 ). The rabbit 
should be gently restrained, the tail lifted and the thermom-
eter inserted without any force. The thermometer should be 
left  in situ  for 1 – 2 minutes. In rabbits the normal rectal tem-
perature is 38.5 – 39.5 ° C (Ruckebusch  et al .  1991 ).  

  Administration of  m edical  t reatment 
or  c ompounds 

 General advice on the administration of substances can be 
found in JWGR  (2001) . Rabbits are easily dosed subcutane-
ously under the skin of the neck and the upper back area. 
The drugs or compounds given should be pH neutral 
because rabbits tend to develop subcutaneous abscesses 
after injections of irritant substances. Intramuscular injec-
tions can be given in the hindleg, in the quadriceps muscle; 
they can also be given into the dorsal lumbar muscles but 
there is a risk of damage to the ischiatic nerve running down 
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  Euthanasia 

 Euthanasia of rabbits is most commonly performed by intra-
venous injection of an overdose of anaesthetic agent, such 
as sodium pentobarbital or anaesthetic mixtures. Captive 
bolt followed by exsanguination is another method for 
euthanasia that can be used by experienced personnel if the 
use of chemical euthanasia is for some reason unsuitable or 
contraindicated. Physical dislocation of the neck followed 
by exsanguination is an option for rabbits up to 1   kg body 
weight. Concussion and exsanguination can be done on 
unconscious animals. Decapitation should only be carried 
out on animals weighing less than 1   kg, which are already 
unconscious.   

  Common  w elfare  p roblems 

  Health 

 The clinical health of modern laboratory animals is rarely a 
major issue; more important are subclinical infections and 
the ways they may affect and alter research results. For 
example, it is quite possible for rabbits not to show clinically 
obvious signs or symptoms of disease unless they are nega-
tively infl uenced by multiple agents or other stressors simul-
taneously (Nerem  1980 ). However, there are some differences 
between rabbits and more commonly used species  –  mice 
and rats. Health management of mice and rats is an issue 
mainly of maintaining freedom from pathogens of viral, 
bacterial and more rarely parasitic origin; rabbit health man-
agement is mainly concerned with maintaining freedom 
from parasites and to some degree from bacteria. All major 
breeders of laboratory rabbits use a health - monitoring pro-
gramme and these programmes comprise microbiological 
testing and some pathology surveillance. In Europe the 
Federation of European Laboratory Animal Associations 
(FELASA  2002 ) recommendations are widely accepted 

 A healthy rabbit has alert and clear eyes and well groomed 
fur. Even if the animal is well accustomed to being handled 
by humans, it will jump in an effort to escape if startled by 
a handler. A daily health check should include observation 
of the animal ’ s posture, its eyes and nose to look for dis-
charge and the state of the fur. When rabbits are group -
 housed, a check for wounds infl icted by other animals 
should also be made at least once daily. The faeces and urine 
should also be checked for abnormalities. Normal faeces 
should consist of dry pellets of a uniform size and normal 
urine can vary in colour from yellow to dark red and is often 
cloudy due to the excretion of calcium 8 . 

 The FELASA recommendations are based on the inci-
dence of different infections and vary depending on the size 
and purpose of each colony. When the FELASA guidelines 
for health monitoring of laboratory rabbits are followed, the 
animal can be called a  ‘ health defi ned rabbit ’ . There are 
similar terms of earlier origin that are sometimes used for 
the same purpose, (SPF, specifi c pathogen free or VAF, virus 
antibody free animal). These different terms aim to provide 
information about the microbiological health status of the 

the back and lateral part of the hindleg. In general, intra-
muscular injections should be avoided because they are 
often painful for the animal and the rate of absorption is not 
much quicker than from subcutaneous sites. 

 It is relatively easy to perform intravenous injections 
with a needle or infusions using an indwelling catheter 
placed in the marginal ear vein, and this route has many 
advantages such as quick onset of action of the injected 
compound. 

 Intraperitoneal (ip) injections can also be used but there 
is a great variability in the rate of uptake after injecting ip 
since there is a likelihood that at least some of the material 
injected will enter the gut (caecum), fatty tissue or the 
urinary bladder rather than the serosal cavity. Rabbits which 
are not trained usually struggle when restrained with their 
belly upwards for receiving the ip injection and this increases 
the risk of a less than perfect injection. 

 For enteral administration, gavage can be performed with 
a soft tube passed into the rabbit ’ s stomach. This technique 
must be learnt under supervision of a person skilled in the 
procedure. Rabbits can be trained to ingest sweetened fl uids 
from a syringe and it is possible to dose rabbits orally by 
this route, for example to provide post - surgical pain relief.  

  Anaesthesia/ a nalgesia 

 Suitable anaesthetic and analgesic regimes should be chosen 
in co - operation with the laboratory animal veterinary 
surgeon. Depending on the equipment available, a regime 
based on injectables alone or a combination of injectable 
agents and gaseous anaesthesia may be used. Rabbits 
are sensitive to smells of anaesthetic gas, which renders 
induction of the anaesthesia diffi cult using gaseous 
agents (Svendsen  1994 ). Induction by injectable agents is 
preferable, followed by gaseous anaesthesia, which 
allows easy control of the depth and length of the anaesthe-
sia (Svendsen  1994 ). When using only injectable agents, the 
use of a continuous infusion can be considered because 
it is easier to adjust the duration of anaesthesia to suit the 
length of the surgical procedure than with bolus administra-
tion (Svendsen  1994 ). Further advice can be found in 
Flecknell  2009 . 

 Post - surgical care of rabbits includes placing them in a 
recovery cage, the box they were placed in before surgery 
or the home cage which has been lined with a tray liner 
(Batchelor  1999 ). The liner may be folded over the animal to 
minimise hypothermia. Commercially available veterinary 
bedding may also be used. The liner or bedding should be 
removed about 30 minutes after the animal has regained 
consciousness and is sitting up (Batchelor  1999 ). 

   If several group - housed animals have undergone surgery, 
the last animal must be completely conscious before all the 
animals are returned to the pen simultaneously (Batchelor 
 1999 ). If animals are returned to a group pen whilst still 
recovering consciousness they may be subjected to aggres-
sion (Batchelor  1999 ). Incision sites should be covered with 
a clear plastic dressing spray. Rabbits may occasionally 
interfere with their stitches (Batchelor  1999 ), and if this 
happens a plastic collar can be used to restrict the animal ’ s 
access to the surgical wound (Batchelor  1999 ).    8       http://www.aquavet.i12.com/Rabbit.htm  
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intermittent diarrhoea, whereas older animals rarely show 
any signs at all (Peeters  1986 ). 

  Passalurus ambiguus , the rabbit ’ s pinworm, can colonise 
the caecum and colon and its eggs are passed in the faeces 
but these infections seldom affect the animals to such a 
degree that signs can be seen. 

  Encephalitozoon cuniculi , an intracellular protozoan, gives 
rise to a disease called encephalitozoonosis or nosematosis. 
This disease is common in pet and wild rabbits and regu-
larly occurs in laboratory rabbits. The parasite is transmitted 
by the urine of infected animals via the oral route to the 
intestine and tissues of susceptible rabbits. Clinical signs are 
not always apparent, but heavy infections damage the 
kidneys and the brain of infected animals. 

 The two most common ectoparasites of pet rabbits are ear 
mites and fur mites, although these are rare in laboratory 
rabbit colonies.  Psoroptes cuniculi , the ear mite, causes 
wounds on and around the ears. The fur mite,  Cheyletiella 
parasitivorax , along with other mites, fl eas and lice of rabbits, 
can cause considerable suffering and may induce self -
 infl icted wounds. Itching and anaemia caused by these 
blood - sucking insects result in poor general condition in the 
rabbit.  

  Traumatic  i njuries 

 Among animals that are housed in pairs or groups, the most 
common cause of traumatic injury is fi ghting. Both sexually 
mature males and females that are not acquainted with each 
other can fi ght aggressively. The likelihood of fi ghting 
increases when groups of animals are housed in over-
crowded pens with too few water bottles or food hoppers. 
The wounds infl icted by fi ghting males can be severe and 
need suturing but may often be concealed by the fur of the 
animal if they are small. 

 The skeleton of rabbits is fragile in comparison to its mus-
cular hindleg strength (Rothfritz  et al.   1992   ), and rabbits 
which are not accustomed to handling by humans may 
struggle forcefully when picked up in the cage, resulting in 
vertebral fracture.  

  Diseases  a ssociated with  h ousing,  f eeding and 
 b reeding  r egimes 

 The standards of housing, maintenance routines, hygiene 
measures and feeding and watering regimes all affect the 
health and well - being of rabbits. Animals held in pens on 
fl oor or in solid - bottom cages need management and thor-
ough cleaning and disinfection of the pen or cage in order 
to minimise the spread of intestinal parasites and bacteria. 
Keeping the litter dry prevents coccidia from multiplying 
and minimises the need for frequent changes, which may 
then be as low as once monthly. Perforated cage fl oors that 
allow droppings to fall down onto a tray underneath help 
reduce the number of coccidian spores and bacteria in the 
immediate environment of the animal. 

 If larger rabbit breeds are kept in poorly designed perforated 
or wire mesh fl oors  ‘ sore hocks ’  or pododermatitis can occur. 
Some individuals seem to be sensitive to wood shavings and 
other materials commonly used as bedding material in pens or 
solid - bottom cages. Inadequate hygiene is a predisposing 

rabbits in a colony. Health monitoring results are always 
historical and documentation should be read carefully with 
attention to how often the samples are taken, which method 
of evaluation has been used and the rationale for why certain 
agents are or are not evaluated in the specifi c colony.  

  Infectious  d iseases 

  Bacterial  a gents 

 The main infective causes of respiratory infl ammations are 
 Pasteurella multocida  and  Bordetella bronchiseptica , which 
cause symptoms such as sneezing, coughing, nasal dis-
charge and lethargy. Abscesses in subcutaneous tissues, 
behind the eye bulb or in internal organs, as well as infl am-
mation of the mucous membranes of the eyes and middle 
ear are often caused by  Pasteurella multocida  and  Staphylococcus 
aureus . Bacterial eye infections by  Moraxella catarrhalis  can 
also occur in laboratory rabbits. 

 Young rabbits are particularly susceptible to bacterial 
imbalances within the intestine leading to conditions such 
as mucoid enteritis. Depression, anorexia, diarrhoea and 
mucus in the stool are the main symptoms; the cause is 
multifactorial with the bacterium  Clostridium spiroforme  
being one of the major factors (Peeters  1986 ). Bacterial 
enteritis associated with diarrhoea as main symptom may 
also be caused by  Escherichia coli  and other strains of 
clostridia. Nutritional imbalance and lack of dietary fi bre 
can predispose rabbits to enteritis.  

  Viral  i nfections 

 Even though viral infections are not a major problem in 
barrier - bred laboratory rabbits, it is important to be aware 
of the potential of viral causes of disease. Mild diarrhoea 
may be caused by rotavirus and rabbit enteric coronavirus. 
Breeders and owners of pet rabbits fear rabbit viral hemor-
rhagic disease (RVHD). The symptoms of RVHD include 
lethargy, anorexia, diarrhoea and haemorrhage from body 
openings such as the nose and urogenital openings. This 
disease is unlikely to occur within a modern laboratory 
rabbit colony. Myxoma virus can be transferred to labora-
tory rabbits by vectors such as fl eas and other insects. 
Because myxomatosis is common in wild rabbits it is pos-
sible for laboratory rabbit colonies located in areas with 
large populations of wild rabbits to be infected.  

  Parasites 

 Endoparasites (parasites inside the body) are more common 
than ectoparasites in laboratory rabbits; among endopara-
sites, coccidiosis is the greatest problem. This disease is 
caused by different strains of  Eimeria . For example,  E. stiedae  
is a strain infecting the liver and causes a wide range of 
symptoms from slight growth retardation to death. Several 
 Eimeria  strains such as  E. perforans  and  E. magna  affect the 
intestine of rabbits. The symptoms of coccidiosis depend on 
the location and number of coccidia in the gut and on the 
susceptibility of the animal. Younger animals more often 
show symptoms such as weight loss and mild to severe 
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sive locomotion, for example associated with play, when 
compared to those reared in outdoor enclosures (Lehmann 
 1989 ). The most common movement pattern, crawling, 
occurs at a slightly lower frequency in the cages (Lehmann 
 1989 ). In cages, rabbits often perform interrupted jumps, 
where the hindlegs are only lifted slightly and then put 
down again, so that the musculoskeletal system is not used 
as in normal hopping (Lehmann  1989 ). Rabbits may also 
show abnormal postures because of spatial constraints, for 
example when lying stretched out during resting or when 
performing stretching behaviour (Gunn  1994 ). 

 Rabbits may also show restlessness, such as non - func-
tional bouts of activity with disconnected elements of 
feeding, comfort, resting, alertness and withdrawal behav-
iour alternating with locomotion with social and temporal 
disorder in behaviour, and panic (Lehmann  &  Wieser  1985 ; 
Bigler  &  Lehmann  1991 ; Stauffacher  1992 ). 

 A variety of disturbances to sexual behaviour have been 
described, some of which may lead to low conception rates 
(30 – 70 %) (Stauffacher  1992 ). For example, abnormal mating 
behaviour following placement of the doe into the buck ’ s 
cage has been described as rape (Stauffacher  1992 ). The doe 
may show disturbed nesting behaviour and nesting stereo-
typies which may lead to rearing losses (Wieser  1986 ; 
Wullschleger  1987 ; Loeffl er  et al.   1991 ). In addition, the doe 
may show disturbed nursing and cannibalism associated 
with restlessness which may also increase rearing losses 
(Bigler  1986 ; Brummer  1986 ; Stauffacher  1992 ).   
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  Biological  o verview 

  General  b iology 

 The domestic ferret belongs to the family Mustelidae which 
includes stoats, weasels, badgers and mink. All mustelids 
secrete a strong - smelling musk from their anal glands, and 
ferrets are no exception. They have the Latin name  Mustela 
putorius furo , which translates as  ‘ stinky raging thief ’ . 

 Ferrets are thought to be a domesticated form of the 
European polecat ( Mustela putorius putorius ), with which 
they can interbreed, although their masks are different and 
polecats have darker fur (Ryland  &  Gorham  1978 ). Ferrets 
are more docile than polecats, but have retained many of 
their natural behaviour patterns. Different varieties of 
domestic ferret can be distinguished based on fur coloration. 
The most common or wild type variety is known as  ‘ fi tch ’  
or  ‘ polecat ’  (black guard hair, cream undercoat, black points, 
lighter facial fur with dark mask, dark brown or black eyes). 
This fur pattern is very similar to that of the wild European 
polecat, and has led to confusion between feral pigmented 
ferrets and wild polecats. Other colours include cinnamon 
(beige guard hair, cream undercoat, no mask) and the albino, 
or English ferret. Albinos have yellow or white fur and pink 
eyes. The albino variety is genetically recessive to the pig-
mented wild type. 

 Both male and female ferrets show marked seasonal vari-
ations in coat and body weight (Lloyd  1999 ). The overall 
coat colour and pigment distribution are similar throughout 
the year, although under natural lighting conditions they 
moult in the autumn. The coat in males is usually not fully 
replaced until the end of the breeding season. In females, a 
moult follows the fi rst ovulation of the season and usually 
subsequent ones, but may be delayed during lactation. 
Moulting can sometimes result in marked alopecia. 

 The natural history of the domestic ferret is uncertain due 
to the lack of written records, but it is likely that ferrets have 
been domesticated for at least 2500 years (Lloyd  1999 ; Porter 
 &  Brown  1997 ). Early Greek and Roman records describe an 
animal that was almost certainly the ferret, and pictures 
have been found in Egyptian tombs of ferret - like animals on 
leads. It is not certain for what purpose the ferret was origi-
nally domesticated, but they have been used for hunting 
small game such as rabbits, and for the control of rodents 
and snakes. The general external morphology of the ferret 
resembles that of other members of the family Mustelidae, 

having the typical characteristics of a sleek, fl exible, elon-
gated tubular body, relatively short legs and small rounded 
ears. These characteristics allow the animal to work in con-
fi ned spaces, as they can move freely and turn round in 
narrow tunnels. Ferrets can be trained to work on leads or 
lines and to come to call and have been used to lay cables. 
They have also been bred for their fur, known as fi tch. 
Ferrets are still used for hunting today but increasingly are 
kept simply as pets. 

 Ferrets are highly intelligent, agile, lively, playful and 
curious. Their natural instinct is to explore and, if kept and 
handled appropriately, they do not develop a fear of humans 
or human environments (Porter  &  Brown  1997 ). Their moti-
vation to explore needs to be taken into consideration when 
designing cages and pens, as the curious nature of these 
animals leads them to test all avenues of escape and adven-
ture. Any hole large enough to get a head through will allow 
the animal to escape, with potentially tragic consequences 
for the ferret itself or neighbouring rodent or bird popula-
tions (Lewington  2000 ). Cage furniture should also take this 
inquisitiveness into account. Tubes, tunnels, boxes and 
paper bags can all help to provide a more interesting and 
stimulating environment, which is essential for the well -
 being of ferrets, but must be designed such that the animals 
cannot chew and swallow them, leading to gastrointestinal 
foreign bodies. 

 Ferrets have an undeserved reputation for being aggres-
sive. Ferrets certainly play roughly with each other, drag-
ging other ferrets by the neck and ears with lots of squealing, 
and may mistake a tentatively approaching hand for food, 
but they respond well to frequent handling and rapidly 
become friendly. Properly handled and well kept ferrets are 
neither smelly nor aggressive.  

  Size  r ange and  l ifespan 

 Ferrets vary considerably in size according to season, sex 
and reproductive status. Both sexes show seasonal fl uctua-
tions in body weight of up to 30 – 40%, as subcutaneous fat 
is laid down in the autumn and shed in the spring (Burke 
 1988 ; Lloyd  1999 ). They range from 0.5   kg (females) to 2.5   kg 
(males) (see Table  29.1 ). They measure between 44   cm and 
60   cm in length, including their tails. Their normal lifespan 
is 5 – 10 years but under favourable conditions some may live 
considerably longer.    
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hunting expeditions. They may remain together as a group 
after weaning until they fi nally disperse in the spring fol-
lowing their birth and establish their own territories. 
However, domestic ferrets are sociable and gregarious, and 
seem to benefi t from being kept in compatible groups in 
captivity, where interaction with other animals provides 
environmental enrichment. Groups of jills without litters, 
young animals and castrated males (hobbles) can be kept 
together, although group housing is not advisable for adult 
hobs, jills with litters and females that are in oestrus or have 
been mated, which should be kept separately.  

  Standard  b iological  d ata 

 Standard biological data for ferrets is shown in Table  29.1 .  

  Reproduction 

 Ferrets, like wild polecats, are seasonal breeders. They 
become sexually mature in the spring following birth, at 
between 8 and 12 months of age (Burke  1988 ). The breeding 
season is determined by photoperiod, responses being 
mediated via the pineal body. Males are light - negative: they 
begin coming into season as the day shortens, whereas 
females are light - positive, responding to increasing day 
length. In the northern hemisphere, males are in breeding 
condition between December and July, and females between 
March and September. The seasonal nature of breeding 
means that ferrets generally have one litter per year, in the 
late spring or early summer, and may sometimes have a 
second litter at the end of the summer, although fi rst litters 
are generally superior in vigour to subsequent ones. 

 Females in oestrus develop vulval swelling which peaks 
1 month after the onset of oestrus and is easily identifi ed. 
Ferrets are induced ovulators, and remain in oestrus until 
mated, or until the end of the breeding season when the 
days begin to shorten, causing them to enter a period of 
anoestrus. Oestrous females are exposed to prolonged high 
oestrogen levels, which lead to weight loss, alopecia and 
even bone marrow depression. All bone marrow blood cell 
series may be affected, causing leucopenia, thrombocytope-
nia, or anaemia. It is recommended that females which are 
not to be used for breeding are spayed at 6 – 8 months of age 
(Burke  1988 ; Lloyd  1999 ). 

 During the non - breeding season, the testes of the male 
recede into his body, becoming almost invisible under the 
heavy winter coat. About the time of the shortest day, they 
begin to move back into the scrotum. The males need to 
come into season about 4 weeks prior to the females to allow 
for sperm maturation. The male reaches his sexual peak in 
March or April as the females begin to come into season, 
remaining in breeding condition until the end of the summer, 
when the testes begin to withdraw back into the body cavity. 

 The female is responsive to the male when there are about 
14 – 15   h of daylight. Conception can occur soon after the 
onset of vulval swelling, but the optimum time is 14 days 
after vulval swelling appears. Mating is vigorous, prolonged 
and noisy. The male will grasp the jill by the scruff of the 
neck and drag her around for up to 1 hour before coitus, 

  Social  o rganisation 

 Ferrets are domesticated animals, and are not generally 
found in the wild. Being closely related to polecats, ferrets 
can interbreed with them, and this has occasionally resulted 
in feral colonies of ferret – polecat hybrids. What is known of 
the natural social organisation of ferrets comes from studies 
of these feral ferrets and of the European polecat. These 
studies lead to the conclusion that wild ferrets are largely 
solitary (Clapperton  2001 ). The males, or hobs, occupy large 
territories, which usually include those of several females, 
or jills with whom he mates. Young ferrets are born in the 
spring or summer, and initially accompany their mother on 

  Table 29.1    Standard biological data for the ferret (Fox  1998 ; Lloyd 
 1999 ). 

   Parameter     Value  

  Adult weight  a        
     Male (kg)    1 – 2  
     Female (g)    600 – 900  

  Life - span (average) (years)    5 – 11  

  Body temperature ( ° C)    38.8 (37.8 – 40)  

  Chromosome number (diploid)    40  

  Blood pressure systole (mmHg)    140 +/ –  35  

  Blood pressure diastole (mmHg)    110 +/ –  31 Mean diastolic  

  Heart rate (beats/min)    110 – 125 (anaesthetised)  

  Cardiac output (ml/mm)    200 – 400  

  Circulation time (s)    139  

  Blood volume (ml/kg)    45 – 70  
     Male    60  
     Female    40  

  Respiratory frequency (breaths/
min)  

  33 – 36  

  Dental formula      
     Permanent    I 3  3 C 1  1 Pm 3  3 M 1  2   
     Deciduous    I 4  3 C 1  1 Pm 3  3   

  Vertebral formula    C7, T15, L5(6), S3, Cy18  

  Puberty (months)    8 – 12  

  Length of breeding life (years)    2 – 5  

  Gestation (days)    42  ±  2  

  Litter size      
     Average    8  
     Range    1 – 14  

  Birth weight (g)    6 – 12  

  Eyes open (days)    34  

  Onset of hearing (days)    32  

  Weaning (weeks)    6 – 8  

  Food consumption (g/24   h)  b      50 – 75  

  Water intake (ml/24   h)    75 – 100  

  Urine volume (ml/24   h)    26 – 28  

  Urine pH    6.5 – 7.5  

    a    Both sexes show seasonal weight fl uctuation of 30 – 40%. Fat is laid 
down in autumn and lost in winter.  
   b    Dry carnivore pelleted diet. Soak in hot water to form a paste, give 
140 – 190   g daily.   



420 The ferret

designated under the Animals (Scientifi c Procedures) Act 
1986.  

  Uses in the  l aboratory 

 The ferret is not commonly used in the laboratory. Uses of 
the ferret include research into viral diseases such as infl u-
enza, gastrointestinal disorders, neuroscience and auditory 
physiology, and pharmacological studies for which rodents 
are not suitable, such as emesis. The ferret has also been 
used in toxicology and teratology.  

  Laboratory  m anagement and  b reeding 

  General  h usbandry 

  Housing 

 When designing housing for ferrets, as natural an environ-
ment as possible should be provided, with suffi cient room 
for all their different needs. Given the choice, a ferret will 
build a burrow incorporating a sleeping area, a larder for 
food storage, several escape holes and a latrine area, usually 
a vertical surface against which defecation takes place. 

 Ferrets are inquisitive animals with an amazing ability to 
escape, and will readily destroy a cage which has any holes 
or edges unprotected (Moody  et al.   1985 ). Cages can be made 
from various materials, for example wood, plastic, metal 
(sheet or wire) or fi breglass, with solid fl oors. Ferrets adapt 
very well to fl oor pens, which allow for a far more varied 
environment. Enclosures should have a minimum height of 
50   cm and a fl oor area of 4500   cm 2 , depending on the number 
and type of animals held (see Table  29.2 ). Solid fl oors should 
be provided wherever possible, to allow for the provision of 
bedding material. In cages with wire fronts, a strip of solid 
edging around the cage may help to retain the bedding, 
which is otherwise likely to be thrown out of the cage during 
normal burrowing behaviour.   

 Ferrets are intelligent and inquisitive and their housing 
needs a suffi cient degree of complexity to cater for their 
needs. Failure to provide for these needs results in poor 
psychological well - being and ferrets may develop stereo-
typic behaviour. The inclusion of cardboard or rigid plastic 
tubes, containers of various materials and paper bags pro-
vides interest and stimulates both investigation and play. 

which can then take up to a further 3   h. Ovulation occurs 
30 – 35   h after mating. The vulval swelling recedes within a 
few days of mating. 

 Gestation lasts for 40 – 44 days and, assuming an early 
mating, litters are born in early summer when the days are 
at their longest and warmest. Up to 14 young can be pro-
duced, the average litter being seven, each kit weighing 
around 6 – 12   g. All kits have white hair regardless of their 
eventual coat colour. Jills have eight nipples but can feed 
more kits if the milk supply is good. Ferret milk contains 
23.5% solids, composed of 34% fat, 25.5% protein and 16.2% 
carbohydrate (Lloyd  1999 ). Kits have voracious appetites, 
and they   develop rapidly, doubling their birth weight in 5 
days. Although their eyes are closed until around 34 days, 
they are active from about 14 – 21 days. At this point they 
start to eat solids, and the jill can be seen taking food to the 
kits. Growth is gradual up to weaning at about 6 – 8 weeks 
of age, when body weight reaches at least 200 – 250   g. At this 
point kits fed  ad libitum  eat approximately 30   g of solid food 
and drink about 125   ml daily. The kits are weaned at the end 
of the summer and can build up their supply of body fat 
during the autumn for the coming winter. Adult weight is 
reached at approximately 16 weeks. 

 Breeding performance declines after approximately 3 
years of age in males, or after three or four litters in females.  

  Normal  b ehaviour 

 Ferrets spend up to 75% of the day asleep, and typically are 
very active for short periods then sleep soundly for several 
hours. They are more active at night (Hillyer  &  Quesenberry, 
 1997 ).They like to sleep in dark, enclosed areas such as 
wooden or cardboard boxes, and will even sleep in paper 
bags. The remainder of their time is spent actively exploring 
the environment and playing and interacting with other 
ferrets. They spend much time burrowing through their 
bedding, which often leads to bouts of sneezing, which is 
normal unless persistent. Exercise periods often coincide 
with feeding time. 

 Young ferrets play constantly. Mock aggression, play 
chasing, wrestling and pouncing may be commonly 
observed. They will nip at anything and often bite when 
fi rst handled, but become more friendly if handled 
frequently. 

 Ferrets are able to vocalise and produce a number of dif-
ferent sounds. When playing, they may hiss and chuckle, 
and when frightened or threatened they may scream. When 
foraging, they may produce a low - pitched grumble.   

  Sources of  s upply 

 The best sources of ferrets are specialist laboratory animal 
breeders or other laboratories. Although they are also avail-
able through the pet trade, from specialist breeders of 
working ferrets and private owners, such sources are not 
recommended for laboratories as there may be little quality 
control with regard to pedigree and disease status (see 
section on common diseases). In the UK it is a requirement 
that ferrets are obtained only from breeders or suppliers 

  Table 29.2    Minimum space recommendations for ferrets 
(European Commission  2007 ). 

   Animals     Minimum 
enclosure size 
(cm 2 )  

   Minimum fl oor 
area per animal 
(cm 2 )  

  Animals up to 600   g    4500    1500  
  Animals over 600   g    4500    3000  
  Adult male  *      6000    6000  
  Jill and litter  *      5400    5400  

    * Single housing recommended   
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cooled by heat loss from respiration, therefore air - condi-
tioned vehicles may be required in hot weather to prevent 
heat stroke. 

 Travel boxes with adequate ventilation must be provided, 
and care should be taken when stacking boxes to allow air 
circulation. Commercial plastic boxes with mesh liners 
provide adequate transport accommodation for one adult 
ferret, and single housed animals will invariably travel 
without problems, whereas multiple housed animals may 
fi ght or be unlikely to settle on a journey. It is important that 
a mesh liner is used to cover all vents, because ferrets will 
chew any material to assist escape. 

 Current International Air Transport Association Live 
Animal Regulations suggest the density guidelines given in 
Table  29.3 . See also Chapter  13 .    

  Breeding 

 Ferrets reach sexual maturity at 8 – 12 months and are then 
seasonal breeders, however this can be altered by manipu-
lating the light cycle. Care must be taken to provide an 
appropriate light cycle however, or problems may ensue. 
Rearing females from birth in short day conditions until 90 
days then exposing them to long days can induce them to 
reach sexual maturity by as early as 4 – 5 months of age. If 
reared on long days, the onset of oestrus can be delayed 
until the animal is around 1 year old, although some females 
may remain anoestrous thereafter. Adult females kept con-
tinually in stimulatory photoperiods (14   h light) will have 
three or four litters in succession, then reproductive per-
formance declines and eventually they fail to conceive. A 
period of 5 – 6 weeks in a winter photoperiod (6 – 8   h light) is 
then required. Mated and lactating females need to be main-
tained on long day cycles, otherwise the animals will fail to 
reproduce or maintain lactation. Males kept on short days 
of around 8   h light may remain in breeding condition for 
more than a year, but they then need a rest period of 
5 – 6 weeks in a long photoperiod to maintain breeding 
effi ciency. 

 Ferret breeding can be maintained throughout the year by 
careful manipulation of the lighting. Maintaining males in 
short photoperiods (8   h) ensures they are available for breed-
ing throughout the year. Each male should have an annual 
period of rest for 5 – 6 weeks in a long photoperiod (14   h). 
Females can also be kept in short photoperiod, and moved 
into long photoperiod to bring them into season as required. 
Females begin their season after 6 – 8 weeks on long days. 
Having two ferret breeding rooms, one on northern hemi-
sphere light cycles and one on southern hemisphere light 
cycles or one winter and one summer, allows for year - round 
breeding. 

Deep littering of group animals can also provide a stimulat-
ing and hygienic environment. Although ferrets spend a 
large proportion of the day sleeping, the active periods can 
be frantic times, even in adult animals, and an imaginative 
approach on the part of the carers can improve the welfare 
of the animals. 

 Taking into account that hobs can be twice the size of jills, 
the housing must provide adequate space for movement and 
ample height to allow the animal to stand on its back legs. The 
minimum height recommended in the revised European 
Directive Annex II is 50   cm (European Commission  2007 ).  

  Environmental  p rovisions 

 The ferret is a resilient animal that can tolerate a wide range 
of temperatures, although because ferrets have poorly devel-
oped sweat glands they tolerate extreme heat poorly and 
they are susceptible to heat exhaustion when exposed to very 
high temperatures. Experience suggests that a temperature 
range of 15 – 24    ° C with approximately 10 – 15 air changes per 
hour and a relative humidity range of 40 – 60% are satisfac-
tory. Unweaned young should be kept above 15    ° C.  

  Identifi cation 

 Ferrets can be identifi ed using a number of different 
methods. Collars can be used for short - term identifi cation, 
but the narrow head of the ferret makes it diffi cult to keep 
collars in place. Tattooing provides a permanent method if 
identifi cation, and the best site is on the inside of the thigh. 
Young animals (6 – 8 weeks) can be tattooed when conscious. 
Electronic microchips are probably the most effective 
method for identifi cation, and these can be inserted at any 
age without sedation or anaesthesia. There are numerous 
systems available. 

 The ears of ferrets are small and so do not lend themselves 
to tattooing and ear tags are liable to tear out. Albino ferrets 
may be identifi ed using dyes, but dyes have to be renewed 
on a regular basis, and care must be taken when animals are 
in moult.  

  Sexing 

 Males are usually called hobs, and females jills. Sexing 
mature ferrets is relatively easy. In mature male animals the 
tip of the penis opens onto the abdominal surface at a point 
about 5   cm from the base of the tail. This opening is usually 
obvious, but in animals with particularly long fur it may be 
partially obscured. As with other mustelidae, the male ferret 
has a penile bone (baculum) which is about 3 – 4   cm long in 
the adult animal. The testes become enlarged during the 
mating season and are visible for 5 – 6 months starting in late 
winter. In anoestrous females the anogenital distance is 
about 1 – 2   cm. Females in oestrus exhibit a signifi cantly 
enlarged vulva.   

  Transport 

 A major consideration when transporting ferrets is their 
susceptibility to heat exhaustion. Their bodies can only be 

  Table 29.3    Transport containers for ferrets. 

   Weight of animals (g)      < 2000     2001 – 5000  

  Maximum number per compartment    4    2  
  Space per animal (cm 2 )    770    970 – 1160  
  Height of box (cm)    20    25  
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protein (Porter  &  Brown  1997 ). Ferrets need a diet high in 
protein and fat but low in fi bre, and have little absolute 
requirement for carbohydrate provided there is suffi cient 
protein and fat to provide substrates for gluconeogenesis. 
They have little capacity to digest complex carbohydrates. 
They eat to calorie requirements, and their short gut transit 
time means they need highly digestible diets with high 
energy density and protein levels (Porter  &  Brown  1997 ; 
Lloyd  1999 ; Lewington  2000 ). Requirements for a typical 
ferret diet are shown in Table  29.4 .   

 Commercial ferret diets are available. Ferrets need 840 –
 1260   kJ/kg body weight (200 – 300   kcal/kg) daily, and diets 
with up to 21   000   kJ/kg diet (500   kcal/kg) may be needed for 
growth and reproduction. The diet should contain 30 – 40% 
protein, with a minimum level of 35% protein for breeding 
and young animals. The primary protein should be of 
animal origin, as the ferret digestive system is relatively 
ineffi cient at absorbing vegetable protein, and plant - derived 
proteins are associated with the formation of uroliths in 
mustelids. Breeding animals may fail to conceive or may 
suffer from lactation failure following parturition if fed 
insuffi cient animal protein (Burke  1988 ; Lloyd  1999 ). 

 A fat content of 18 – 20% is suffi cient, and linoleic acid 
should account for 7 – 15% of total fat (Fox  1998 ). Unsaturated 
fats have a tendency to become rancid, which reduces palat-
ability and leads to destruction of vitamin E, so ferret diets 
should contain adequate levels of vitamin E and be stored 
correctly to prevent this. A ratio of tocopherol (vitamin E): 
polyunsaturates (mg   :   g) of at least 0.5 is recommended   to 
prevent vitamin E defi ciency. Vitamin E defi ciency leads to 
steatitis (yellow fat disease). 

 The condition of the jill should always be checked prior 
to mating, and only animals in good condition should be 
mated. The birth process is particularly demanding on jills, 
and an unfi t female is more likely to have problems during 
pregnancy and birth, and as a result produce small, weak 
young. 

 The female should be taken to the male and left for 2 days. 
Mating is a very noisy and prolonged affair, with the male 
biting the female ’ s neck and dragging her around. This is 
entirely natural and the skin on the back of the jill ’ s neck is 
suffi ciently thick to withstand this behaviour, but injuries 
may be infl icted on occasion. 

 After mating, jills should be housed away from stud 
males, to reduce the risk of disturbance to the jill leading to 
cannibalism of the young, and they should not return to the 
same enclosure as unmated cage mates, as this can cause 
pseudopregnancy in the unmated females. Pregnant females 
should be moved into their littering cages about 2 – 3 weeks 
prior to parturition. They should be provided with a nest 
box and suitable nesting material such as shredded paper, 
wood shavings or soft straw. Jills lose their winter coat and 
may look rather scruffy during gestation, and it is important 
that they get adequate nutrition. She should be fed  ad libitum  
a diet of 35 – 40% protein and 18 – 20% fat during pregnancy, 
increasing the fat content to 30% during lactation. Nutritional 
supplementation may be required (Besch - Williford  1987 ). 

 Technicians should be wary when handling pregnant 
females, as they become more aggressive as gestation 
progresses. Jills are very protective of their young. 

 Dystocia is common, and neonatal mortality can reach 
8 – 10%, due to stillbirths, congenital defects and cannibalism 
(Besch - Williford  1987 ; Lewington  2000 ). Cannibalism is 
common with larger litters, but can also be an inherited trait. 
Hypothermia or bloat caused by poor hygiene or overeating 
may also lead to neonatal death. Mortality declines after 5 
days, and deaths after this time may be due to maternal 
neglect or agalactia, often caused by a return to oestrus. 
With litters larger than fi ve, oestrus is usually suppressed, 
but with small litters the jill may return to oestrus before 
weaning. In this case she should be mated again, as high 
oestrogen levels suppress the milk supply. The jill may also 
kill a small litter, allowing her to return into season. 

 Good management can reduce problems encountered in 
the periparturient period. The jill should be left undisturbed 
for several days post - partum, and given adequate nutrition, 
with increasing quantities of food offered from 2 – 3 days 
after birth. Calcium supplementation may be needed to 
prevent hypocalcaemia, which can occur at peak lactation 
3 – 4 weeks after birth.  

  Nutrition 

 The ferret is an obligate carnivore, their natural diet consist-
ing mainly of small mammals, with some fi sh, birds, 
amphibia and even invertebrates. Under natural conditions 
they may eat up to nine or ten small meals a day, although 
twice daily feeding is adequate. Little research has been 
done on their exact nutritional needs, but important consid-
erations seem to be the energy concentration of the diet, the 
amino acid composition and the digestibility of dietary 

  Table 29.4    Requirements for a typical ferret diet (Lloyd  1999 ; Fox 
 1998 ). 

   Diet component     Quantity  

  Energy (kJ/kg diet)    21   000  

  Protein (%)    30 – 40 (min 35% for production)  

  Fibre (%)    2 (low level required)  

  Carbohydrate (%)    22 – 44 (no absolute requirement)  

  Fat (%)    18 – 20  

  Vitamin A (IU/kg)    33   600  

  Vitamin D3 (IU/kg)    3667 (depends on Ca and P levels 
and exposure to UV light)  

  Vitamin E (IU/kg)    125 (need at least 0.5   mg vitamin 
E per g unsaturated fat in diet)  

  Thiamine (B1) (mg/kg)    8.4 – 97.8  

  Ribofl avin (B2) (mg/kg)    1.5 – 3  

  Niacin (B3) (mg/kg)    80  

  Calcium (%)    1.1 – 2.2  

  Phosphorus (%)    0.9 – 1.2 (need Ca   :   P of at least 1   :   2 
and adequate vitamin D)  

  Sodium chloride (%)     ≤ 1  

  Zinc (mg/kg)    105 – 215 (defi ciency can lead to 
skin lesions in kits, excess causes 
toxicity)  

  Copper (mg/kg)    15  
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down to the bone. Ferrets have a tenacious grip and do not 
let go easily, especially if their feet are not touching the 
ground. If this occurs, place the animal ’ s feet onto a solid 
surface and try to prise the jaws apart. If this fails, apply 
gentle pressure on the bridge of the nose, place some iso-
propyl alcohol on the gum, pinch the foot pad, or in extreme 
cases place the animal ’ s head under cold running water to 
encourage them to let go. 

 Ferrets handled regularly can become really affectionate 
and amply repay the time and effort spent on them. Ferrets 
also respond well to positive reinforcement: food, treats or 
interaction with the handler can be used as rewards when 
training ferrets to co - operate with the handler.  

  Physiological  m onitoring 

  Temperature 

 Core temperature can be monitored by the insertion of a 
thermometer into the rectum, but the probe should be less 
than 3   mm in diameter and penetration should be no more 
than 1 – 2   cm. Larger probes can cause discomfort and may 
elicit retching and defecation. Ferrets generally struggle 
when having their temperature taken and readings may be 
artifi cially elevated.   

  Collection of  s amples 

  Blood 

 Small volumes can be collected by clipping a toenail or 
pricking a footpad (local anaesthetic cream or spray may be 
applied fi rst) and collecting the blood in a capillary tube. 
When clipping the toenail, ensure that only the very end of 
the quick is cut. The use of local anaesthetic is advised for 
this. Alternatively, the cephalic or saphenous veins can be 
used (Lloyd  1999 ; Lloyd  2002a ; Hillyer  &  Quesenberry  1997 ; 
Joint Working Group on Refi nement (JWGR)  1993 ). 

 The cephalic vein is located on the upper surface of the 
forelimb and is one of the most accessible veins in the con-
scious ferret. The procedure is best performed by three 
people, one to hold the ferret by the neck and abdomen, one 
to hold one forelimb and the third to hold the other forelimb 
and take the sample. The limb should be shaved and 
swabbed. Small scissors are more suitable than clippers, 
which are noisy and tend to agitate the animal. Raise the 
vein by applying gentle pressure on the proximal part of the 
dorsal surface of the limb. This can be diffi cult because of 
the short legs of the ferret, and it may be most effectively 
achieved by using a quick - release tourniquet. The vein 
should then be palpable and a 25   G or 27   G needle or 24   G 
over - the - needle cannula can be inserted. 

 The saphenous vein is found on the lateral surface of the 
distal hindleg. The overlying fur should be shaved, then the 
vessel can be raised by applying a quick - release tourniquet 
above the stifl e. A 23   G or 25   G needle can then be inserted 
into the vein. Alternatively the vein can be cannulated with 
a 24   G over - the - needle cannula. This is made easier if the 
skin over the vein is nicked with a needle or scalpel blade 
before trying to insert the cannula. 

 Ferrets can do well on pelleted cat or kitten food with an 
appropriate protein level, which can be soaked and fed as a 
stiff paste. Tinned diets may also be used, provided that the 
protein content is derived from animal protein and the total 
protein level is in excess of 30%. Raw fi sh and eggs should 
be avoided, because they contain an excess of thiaminase 
and may predispose the ferret to thiamine defi ciency. Raw 
fi sh may also contain high levels of nitrates. Feeding utensils 
should be in good condition, and the use of galvanised 
bowls should be avoided, as ferrets are susceptible to zinc 
toxicity. 

 For pregnant and lactating females, commercial pelleted 
diets may be supplemented with tinned food to give a 
higher level of nutrition and allow for weanling animals to 
feed at 3 – 4 weeks of age. Females take meat to the litter to 
encourage feeding, and weanling animals may not easily 
consume pelleted diet. Soaking pelleted diets in clean water 
and presenting it as a mash may enable weanlings to increase 
their food intake. Dead mice, pinkies or day - old chicks may 
also be offered in addition to commercial diet, but care must 
be taken to ensure that any uneaten carcases are removed, 
as ferrets are notorious hoarders of food and will bury them 
in the bedding.   

  Laboratory  p rocedures 

  Handling and  t raining 

 Ferrets are considered to be fairly placid and friendly 
animals that respond well to frequent handling. It is impor-
tant that ferrets are handled sensitively and frequently from 
an early age. Ferrets are hunters with relatively poor eye-
sight, and their reactions are refl ex and instant. They may 
mistake a hesitantly approaching fi nger for prey, and are 
likely to bite it, but a well handled ferret approached cor-
rectly will not bite. The important rules when handling 
ferrets are: 

  1.     Be positive, calm and confi dent.  
  2.     Know what you are doing.  
  3.     Keep movements smooth and decisive.  
  4.     Use your voice as well as your hands (Lloyd  2002a ).    

 This way, the ferret will not be startled. All movements 
should be confi dent, steady and deliberate. 

 Two main methods are used for picking the animals up. 
Ferrets that have often been handled may be restrained by 
simply slipping a hand under the animal just behind the 
forelegs, supporting the rump with the other hand once the 
animal is away from the surface. Alternatively, distract the 
ferret with one hand and then quickly place the other hand 
over its shoulders and place a fi nger under the jaw to 
provide additional control. Again, support the animal ’ s 
weight by placing a hand under the rump. 

 When dealing with unknown or frightened animals it 
may be advisable to wear protective gloves. Females with 
young and sick animals are more likely to bite and should 
always be treated with care. From the handler ’ s point of 
view practice makes perfect, and from the animal ’ s point of 
view frequent handling decreases the likelihood of an 
aggressive response. A ferret ’ s bite can easily penetrate 
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  Intramuscular and  s ubcutaneous  i njection 

 Small volumes can be given into the quadriceps muscle on 
the anterior aspect of the hindleg, or into the muscles each 
side of the lumbar spine using a 25   G needle. Subcutaneous 
injections can be given under the skin of the scruff of the 
neck. The skin of the ferret is particularly thick in this area 
and a 23   G or even 21   G needle may be required.  

  Intraperitoneal 

 This route of administration is particularly useful when it is 
necessary to administer the drug in a large volume. With the 
animal held fi rmly, a 23   G 2.5   cm needle is inserted at a 
shallow angle into the caudal abdomen, 6 – 8   cm below the 
xiphisternum, slightly to one side of the midline. The needle 
should penetrate no more than 2   cm.  

 Larger samples can be taken from the jugular or tail veins. 
Jugular venepuncture is usually best achieved by having the 
person performing the technique standing with the animal ’ s 
head facing towards them, and an assistant restraining 
the animal in dorsal recumbency. The animal is fi rmly 
grasped around the anterior thorax and the forelegs extended 
down along its body, then a towel is tightly wound around 
the body, leaving the head and neck uncovered so the head 
can be extended backwards. Alternatively, the animal can 
be held prone with neck extended upwards to access the 
vein. The vein is raised by supporting the animal ’ s neck and 
applying pressure at the thoracic inlet. The vessels run cra-
niolaterally from the midline at the thoracic inlet to a point 
just below the base of the ears. A 21   G or 23   G needle can 
then be inserted into the vein facing towards the heart. The 
skin is very thick and venepuncture may be facilitated by 
bending the needle upwards by approximately 30    ° , and by 
putting the needle through the skin lateral to the vein fi rst 
and then into the vein itself. 

 The ventral tail vein and artery can be accessed by 
restraining the ferret in dorsal recumbency (this can be facil-
itated using a restraining tube). The ventral aspect of the 
proximal tail is shaved. The tail has a fl attened area on the 
ventral side for the fi rst 4 – 5   cm, representing the ventral 
concavity of the caudal vertebrae. The artery lies 2 – 3   mm 
beneath the surface, fl anked by two smaller veins. The skin 
is swabbed, then the tail is held in one hand and a 23 or 21   G 
needle inserted at a shallow angle towards the body in the 
midline, 3 – 4   cm from the base of the tail. As the needle enters 
the vessel, blood appears in the hub of the needle. 

 Ferrets have a high packed cell volume (PCV) and a slow 
erythrocyte sedimentation rate. When collecting serum or 
plasma or measuring the PCV, the blood must be centri-
fuged for 20% longer than for other species, and three times 
the required plasma volume must be collected. Normal 
values for haematology and biochemistry and sample 
volumes may be found in Table  29.5 .    

  Faeces and  u rine 

 The ferret normally defecates in one particular corner of its 
cage, and this facilitates collection of faecal samples. If fresh 
specimens are required, defecation can be readily stimulated 
by the insertion of a small blunt probe into the rectum. 
Ferrets can be induced to urinate in the same manner as the 
rat (ie, by gentle pressure on the abdomen overlying the 
bladder). Faeces - free urine samples may also be obtained by 
placing the animal in a metabolism cage. Sterile urine 
samples can be obtained by cystocentesis in the sedated or 
anaesthetised animal.   

  Administration of  s ubstances 

 This section draws on Hillyer and Quesenberry  (1997) ; Fox 
 (1998) ; and Lloyd  (1999) . See also JWGR  (2001) . 

  Intravenous  a dministration 

 Intravenous injections can be made into the cephalic, saphe-
nous, jugular or tail veins, as described for blood sample 
collection above.  

  Table 29.5    Haematological and biochemical parameters (Fox 
 et al.   1984 ; Fox  1998 ; Lloyd  1999 ). 

   Parameter     Value  

  PCV (%)    42 – 61 (varies with sex 
and strain of animal)  

  Haemoglobin (g/dl)    12.0 – 18.2  

  RBC (10 6 /mm 3 )    6.77 – 13.2  

  Platelets (10 3 /mm 3 )    297 – 910  

  WBC (10 3 /mm 3 )    4.4 – 19.1  

  Reticulocytes (%)    1 – 14  

  Neutrophils (%)    11 – 84  

  Lymphocytes (%)    12 – 69  

  Monocytes (%)    0 – 8  

  Eosinophils (%)    0 – 7  

  Basophils (%)    0 – 2  

  Blood volume (ml/kg)    70  

  Safe volume of single bleed (ml/kg)    7  

  Sodium (mmol/l)    137 – 162  

  Potassium (mmol/l)    4.5 – 7.7  

  Chloride (mmol/l)    102 – 125  

  Calcium (mg/dl)    8 – 11.8  

  Phosphorous (mg/dl)    4 – 9.5  

  Glucose (mg/dl)    62 – 207  

  Urea nitrogen (mg/dl)    10 – 45  

  Creatinine (mg/dl)    0.2 – 0.6  

  Total protein (g/dl)    3.5 – 7.4  

  Albumin (g/dl)    2.6 – 4.1  

  Globulin (g/dl)    2.5 – 4.8  

  Total bilirubin (mg/dl)    0 – 0.4  

  Cholesterol (mg/dl)    34 – 296  

  ALP (iu/l)    9 – 120  

  ALT (iu/l)    82 – 289  

  AST (iu/l)    28 – 248  
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require relatively more anaesthetic. Always administer 
oxygen, since many anaesthetics cause respiratory depres-
sion. Respiratory failure is a common cause of anaesthetic 
emergencies in ferrets. Suitable drug combinations for 
anaesthesia are given in Table  29.7 . See also Flecknell  (2009) .    

 Anaesthesia can be induced in friendly or sedated ferrets 
by intravenous injection of alphaxolone or propofol. 
Alternatively, intramuscular injection of ketamine in combi-
nation with xylazine, medetomidine, diazepam or acepro-
mazine can produce 20 – 30 minutes of surgical anaesthesia. 

 Volatile anaesthetics can be used for both induction (after 
sedation if required) and maintenance. Isofl urane is recom-
mended, with nitrous oxide for additional analgesia. If 
using an induction chamber, the same chamber that is used 
for rodents should not be used, since the smell of the ferret 
will cause distress to any rodents placed in the chamber 
subsequently. Induction takes 1 – 2 minutes. Anaesthesia is 
maintained using a low - resistance circuit, such as a T - piece. 
For short procedures a face mask can be used for mainte-
nance of anaesthesia, but for longer procedures, endotra-
cheal intubation is recommended using a 2.5 – 4   mm tube or 
a modifi ed urinary catheter. The animal is placed in sternal 
recumbency and an assistant bends the head upwards as far 
as possible by placing thumb and forefi nger in the corners 
of the mouth. The tongue is pulled forwards and over the 
lower incisors to depress the mandible. The lubricated tube 

  Oral 

 Ferrets will readily accept palatable medicines in feed or 
dissolved in milk. Liquids or suspensions can be adminis-
tered by holding the animal vertically or in dorsal recum-
bency, and inserting a suitable strong pipette into the angle 
of the mouth between the upper teeth and the dorsal surface 
of the tongue. Fluids may be given directly orally into the 
stomach by inserting a gastric tube through a hole in a 
spatula inserted between the jaws. The diameter of the 
gastric tube used should not exceed 5   mm. Ferrets retch 
readily and occasionally vomit on insertion of a tube into 
the oesophagus, and it may be necessary to sedate the 
animal to minimise trauma and facilitate administration. A 
maximum volume of l00   ml can be administered by this 
method.  

  Intranasal 

 The animal is held in a vertical position using the usual grip 
around the neck, and the substance is placed drop by drop 
in the nose. Administration must be slow and in small 
drops, or the animal will sneeze. This method can be used 
on conscious animals if they are accustomed to handling, 
but anaesthetic can be given in case of diffi culty. Aerosols 
can be administered either directly via a face mask, or indi-
rectly by placing the animal in a closed environment to 
which the aerosol has been added. With the latter method it 
is diffi cult to administer a standard dose.   

  Anaesthesia 

  Pre -  a naesthetic  c onsiderations 

 In healthy ferrets, anaesthesia should not be diffi cult or 
risky. First the cardiovascular and respiratory systems 
should be checked, and an accurate weight obtained, since 
a thick coat may lead to over - estimation of body weight and 
overdose of anaesthetic. Ferrets vomit readily, and should 
be fasted for up to 4   h prior to anaesthesia. Due to the short 
gut transit time, longer periods of fasting may lead to 
hypoglycaemia. Free access to water should be given until 
immediately prior to induction. 

 The animal should be calm before anaesthesia; premedi-
cants can be used if required, as stress increases the risk of 
problems. For short, non - painful procedures, diazepam may 
be suffi cient. For major surgical procedures, combinations 
including an analgesic are recommended. Since the airways 
are small and easily blocked, drying agents should be given 
before general anaesthesia. Table  29.6  gives suggested doses 
of sedatives and premedicants.    

  General  a naesthesia 

 General anaesthesia may be induced by intravenous or 
intramuscular injection. Administration by intravenous 
injection can be diffi cult in the conscious animal, and there-
fore preference is usually given to agents that can be admin-
istered by a different route. Injectable agents should be 
dosed by weight, but account should be taken of the time of 
year, since in the winter ferrets accumulate fat and may 

  Table 29.6    Sedatives and premedicants. Note that these doses are 
only intended as a guideline and there may be considerable 
variation between animals depending on their body weight, sex and 
general health (Lloyd  1999 ; Marini  &  Fox  1998 ; Hillyer  &  
Quesenberry  1997 ). These products may not have licences for use 
in ferrets. Rules regarding their use should be checked with the 
relevant competent authority. 

   Drug     Dose     Comments  

  Midazolam 
with ketamine  

  0.2   mg/kg with 
10   mg/kg im  

  Mix in same syringe. 
Short - term sedation 
with relaxation  

  Medetomidine    0.1   mg/kg iv, im 
or sc  

  Reverse with 
atipamezole. Useful for 
minor procedures or 
premedication  

  Diazepam or 
midazolam  

  2   mg/kg im    Reduces anxiety and 
produces relaxation. 
Can be hypotensive  

  Xylazine    1   mg/kg iv, im 
or sc  

  Hypotensive. Not 
recommended for use 
alone  

  Ketamine    20 – 30   mg/kg im    Poor muscle relaxation 
if used alone  

  Fentanyl/
fl uanisone  

  0.5   ml/kg im    Neuroleptanalgesia 
with poor muscle 
relaxation. Can reverse 
with opioid antagonists/
partial agonists  

  Acepromazine    0.05 – 0.5   mg/kg 
sc or im  

  Hypotensive  

  Atropine    0.05   mg/kg sc    Dries airway secretions  

  Glycopyrolate    0.01   mg/kg sc    As above  
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required, treatment with clavulanate/amoxicillin (12.5/
50   mg/ml) (0.2   ml/kg oral suspension twice daily), amoxi-
cillin (10 – 25   mg/kg orally or by subcutaneous injection once 
daily), or enrofl oxacin (3 – 5   mg/kg orally twice daily) can be 
given. 

  Post -  o perative  c are and  a nalgesia 

 Hypothermia under anaesthesia is common. The animal 
should be kept warm throughout the procedure by wrap-
ping it up and providing supplementary heating if neces-
sary. Following surgery, the body temperature should be 
kept up until the animal has fully regained consciousness. 
It is also important to maintain fl uid balance to prevent 
dehydration. The daily fl uid requirement is approximately 
75 – 100   ml/kg and, in addition, any blood or fl uid losses 
during surgery should be replaced. Warmed fl uids can be 
given by slow intravenous injection into the cephalic or 
saphenous veins. 

   Ferrets are stoic animals and will mask signs of pain, so 
they should be given the benefi t of the doubt and analgesics 
should be administered routinely after surgery to avoid 
unnecessary pain. Doses of suitable analgesics are given in 
Table  29.8 .   

 Post - operatively the appetite may be decreased, and solid 
food may be refused. Small amounts of liquid diet, soaked 
maintenance diet or convalescent diet for dogs and cats 
should be offered. Anorexic animals may need to be force - fed 
meat - based baby food or convalescent diet or given nutri-
tional supplements until the appetite has returned to normal. 
After abdominal surgery, food should be given in small 
amounts until digestive functions have returned to normal.    

  Common  d isease  p roblems 

  Disease  c ontrol,  v accinations and  r outine  
h ealth  c hecks 

 A programme of routine preventive care should be imple-
mented, to allow for prevention and early detection of dis-

is advanced into the mouth (a laryngoscope may help to 
visualise the larynx) and the tube is gently slid through the 
glottis. 

 At the conclusion of the procedure, the animal should be 
allowed to breathe oxygen only for a few minutes to fl ush 
out the nitrous oxide. Animals usually recover conscious-
ness in about 5 minutes.   

  Surgery 

 Ferrets have thick skin and thin abdominal musculature. 
They are keen suture chewers and are unforgiving if sutures 
are uncomfortable so care must be taken to ensure that the 
sutures are secure. Wounds in the neck appear to irritate 
more than abdominal ones, although ferrets are prone to the 
development of a serosanguinous discharge from the wound 
following abdominal surgery, which is normally self - limit-
ing (Hillyer  &  Quesenberry  1997 ; Lloyd  1999 ). It is recom-
mended that subcuticular sutures using fi ne synthetic 
absorbable suture materials are placed in the skin to reduce 
the likelihood of wound breakdown. 

 Antibiotic therapy should not normally be required after 
surgery provided aseptic techniques are employed. If 

  Table 29.7    Drug combinations suitable for anaesthesia in ferrets 
(Lloyd  2002b ). The doses may have to be modifi ed if given after 
premedication. All the times are approximate. These products may 
not have licences for use in ferrets. Rules regarding their use should 
be checked with the relevant competent authority. 

   Drug     Dose     Comments  

  Isofl urane    3 – 4% induction, 
1.5 – 3% for 
maintenance  

    

  Halothane    2 – 4% induction, 
0.8 – 2% for 
maintenance  

    

  Medetomidine 
with ketamine  

  50 – 100 μ g/kg 
with 4 – 8   mg/kg  

  Mix in same syringe, 
administer im for 30 – 60 
minutes surgical 
anaesthesia. Can reverse 
with atipamezole, 
0.25 – 0.5   mg/kg im  

  Xylazine with 
ketamine  

  1 – 4   mg/kg with 
25   mg/kg im  

  As above but with more 
respiratory depression  

  Alphaxalone    8.2 – 11   mg/kg im 
or iv  

  Premedicate with 
diazepam. Short 
anaesthesia with good 
relaxation. Incremental 
doses 6 – 8   mg/kg iv for 
prolonged anaesthesia  

  Ketamine with 
diazepam  

  25   mg/kg with 
2   mg/kg im  

  Surgical anaesthesia for 
approx. 30 minutes. Less 
respiratory depression 
than with  α  2  agonists  

  Ketamine with 
acepromazine  

  25   mg/kg with 
0.25   mg/kg im  

  As above  

  Propofol    10   mg/kg iv    Can be used for total 
intravenous anaesthesia  

  Table 29.8    Analgesics (Lloyd  1999 ; Lloyd  2002a ). These products 
may not have licences for use in ferrets. Rules regarding their use 
should be checked with the relevant competent authority. 

   Drug     Dose     Comments  

  Buprenorphine    0.05   mg/kg sc or im    Lasts up to 12   h  

  Butorphanol    0.25   mg/kg sc or im    Lasts 2 – 4   h  

  Morphine    0.5 – 2   mg/kg sc or 
im, 1   mg/kg iv  

  Lasts 3 – 4   h  

  Carprofen    1   mg/kg po or sc    Repeat after 12 – 24   h  

  Meloxicam    0.2   mg/kg sc or im, 
0.3   mg/kg po  

  Lasts 24   h  

  Ketoprofen    2   mg/kg sc    Administer once 
daily  

  Flunixin    0.5 – 2   mg/kg sc    Do not administer 
under anaesthesia  

  Aspirin    200   mg/kg po      
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 Animals should fi rst be inspected in their home cages for 
observation of natural behaviour and signs of illness, before 
being removed from the cage to make an assessment of 
provoked behaviour. Normal ferrets exhibit exploratory 
behaviour: if this is absent it may be a sign of illness. The 
gait of the animal can also be observed for hindlimb paresis 
and other musculoskeletal or neurological disturbances 
such as generalised tremor.  

  Viral  d iseases 

 Ferrets are prone to several viral diseases, the most signifi -
cant of which are Aleutian disease, canine distemper and 
infl uenza. 

  Aleutian  d isease 

 Aleutian disease is caused by a parvovirus, and although 
originally a disease of mink it is increasingly diagnosed in 
ferrets (Welchman  et al.   1993 ). Following infection there is 
persistent viraemia and hypergammaglobulinaemia, leading 
to immune complex deposition in many organs including 
liver, kidneys, spleen and thyroid. Clinical signs depend on 
the organs most affected. Frequently, there is central nervous 
involvement, with a non - suppurative encephalomyelitis. 
The virus can spread both vertically and horizontally, 
although the transmission rate appears to be low. 

 There may be no clinical signs, or variable signs including 
anorexia, posterior paralysis and ataxia, quadriplegia, 
chronic wasting, cachexia, melaena, ill - thrift, poor reproduc-
tive performance, collapse and sudden death. Animals may 
have repeated episodes of posterior paresis but remain 
bright and alert and otherwise unaffected. Clinical disease 
can be precipitated by stress. Infection may also increase the 
animal ’ s susceptibility to other diseases. Animals of any age 
may be affected, and the signs may develop over 24   h or 
progress over several months. 

 Diagnosis can be made by counter - immunoelectrophore-
sis (CIEP) on a sample of plasma, raised plasma globulin, or 
by histopathology of affected tissues. However, there may 
be no histopathological changes, and there are no consistent 
haematological changes. 

 There is no treatment. Animals may respond to support-
ive therapy, corticosteroids and antibiotics although they 
will remain infected and present a risk to other animals. 
Culling of infected animals is recommended. Since the trans-
mission rate is low, it is possible to test individual animals, 
and cull those testing positive. Two tests 3 weeks apart 
should allow the virus to be eradicated from a colony.  

  Canine  d istemper  v irus 

 Canine distemper virus (CDV) produces an acute disease 
with nearly 100% mortality (Burke  1988 ; Lloyd  1999 ). 
Transmission is by contact or droplet infection, with an incu-
bation period of 10 – 12 days. There is fever, loss of appetite, 
and an initially serous then mucopurulent ocular and nasal 
discharge, which can stick the eyelids together. There may 
be photophobia and blepharospasm. A rash develops under 
the chin and in the inguinal area on day 10 – 12, and there 

eases. Young ferrets should be given a health check and fi rst 
vaccination at 6 – 8 weeks of age, and then an annual check 
until 4 – 5 years old. Older animals are more prone to dis-
eases, and benefi t from twice - yearly health checks. Table 
 29.9  gives an example of a health monitoring protocol for 
ferrets.   

 It is recommended that ferrets acquired from dealers or 
other laboratories should be quarantined for 40 days before 
introduction to a colony, to minimise the risk of introducing 
infections. 

 Ferrets should be vaccinated against canine distemper 
(Burke  1988 ; Oxenham  1990 ; Lloyd  1999 ). No vaccines are 
currently licensed for use in ferrets in the UK. Vaccine pro-
duction changes continually and it is wise to check with the 
manufacturer, since insuffi ciently attenuated vaccines may 
cause disease. Ferrets are not susceptible to feline panleuco-
penia, canine parvovirus, leptospirosis or mink enteritis. 

 Ferrets of unknown health status should be tested on 
acquisition for Aleutian disease. Positive animals should not 
enter a colony since they present a health risk for the other 
animals, even if overtly well.  

  Signs of  d isease 

 Ferrets are stoic animals and often do not show clinical signs 
until a disease has reached an advanced stage. It is impor-
tant that handlers can recognise the slightest changes. 
Diseased animals become lethargic, uninterested in their 
surroundings and have a reduced food intake. Grooming 
behaviour may decrease and as a result the animal may 
appear dishevelled. The animal will offer little resistance to 
being handled, unless there is a tumour or abscess, which is 
sensitive to touch. Weight loss is also a sign of disease and 
can be confi rmed by weighing the animal over several days. 
It is possible for the animal to lose weight if it is diseased 
(for example with a tumour) even with a normal food intake. 
Vomiting does not appear to be a commonly observed 
symptom of disease, however a sudden change in the bulk, 
colour or consistency of the faeces not associated with a 
change in diet may indicate illness. 

  Table 29.9    Routine health monitoring schedule. Routine health 
checks are recommended annually until 4 – 5 years of age, then 
every 6 months. Animals of unknown origin should be tested for 
Aleutian disease virus (Lloyd  2002a ). 

   Age (weeks)     Procedure  

  6 or 8  *      First distemper vaccine if needed (endemic 
areas), faecal screen  

  10 – 12  *      Second distemper vaccine if needed  

  12 – 14    First (or third) distemper vaccine, rabies 
vaccine if required, faecal screen  

  26 – 32    Spay or castrate, faecal screen  

  1 year    Rabies booster if required (annual)  

  3 years    Distemper booster (every 1 – 3 years)  

    *    Earlier vaccination for kits of non - vaccinated dams and in endemic 
areas.   
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 Clinical signs include lethargy, anorexia and weight loss, 
vomiting, ptyalism and tooth grinding. Chronic cases may 
be dehydrated. There may also be melaena, peripheral lym-
phocytosis and regenerative anaemia. The presence of black 
tarry stools with tooth grinding are highly suggestive of 
gastroduodenal ulceration. 

 If the animal is not vomiting, frequent, small meals of a 
bland, highly digestible diet can encourage the animal to eat 
and break the cycle that allows ulcers to form. If the animal 
is vomiting, food should fi rst be withheld for 6 – 12   h until 
vomiting ceases. Parenteral fl uids and electrolytes may be 
needed.  Helicobacter mustelae  can be treated using a combina-
tion of antimicrobials and bismuth subsalicylate for at least 
14 days. It may take 4 weeks or more for ulcers to heal com-
pletely and recurrence is common.  

  Botulism 

 Ferrets are susceptible to botulism, and care must be taken 
in feeding raw meat (Ryland  &  Bernard  1983 ). The disease 
is usually fatal. The symptoms of muscular stiffness and 
coordination appear 12 – 96   h after eating contaminated food. 
The animal eventually dies of anoxia due to paralysis of the 
respiratory muscles.  

  Abscesses 

 Subcutaneous abscesses in group - housed ferrets are common 
and are often associated with staphylococcal or streptococ-
cal infections in skin wounds resulting from neck biting 
during the early breeding season (Burke  1988 ). Abscesses 
seen in this region are manifested by large swellings that 
may involve the salivary glands and even erosion of bone 
at the base of the skull.  

  Vaginitis and  p yometra 

 Vaginitis and pyometra may be seen in oestrous females, 
secondary to immune suppression (Burke  1988 ; Lloyd  1999 ). 
Jills produce a mucoserous discharge during oestrus which 
causes the perineal area to become wet, predisposing to 
infection. Vaginitis may also be caused by irritation from 
bedding adhering to the vulva. Pyometra leads to lethargy, 
and there may be a purulent discharge from the vagina and 
enlarged uterine horns. Treatment consists of removal of 
the source of irritation, and the use of broad - spectrum 
antibiotics.  

  Mastitis 

 Mastitis is quite common in ferrets, occurring immediately 
after parturition or at peak lactation. It can manifest as cel-
lulitis, mammary abscesses, necrotic mastitis or chronic 
mastitis. Necrotic mastitis presents rapidly with large areas 
of liquefactive necrosis extending into surrounding tissues. 
Affected areas can become gangrenous within hours of 
infection and the jill can become very ill. Immediate surgical 

may be keratitis of the footpads producing classical hardpad. 
The disease progresses to tracheitis, bronchitis and severe 
bronchopneumonia. Death usually follows on day 12 – 25 
depending on the strain. If animals survive this phase, they 
develop a central nervous system (CNS) phase within a few 
weeks, characterised by hyperexciteability, excess saliva-
tion, muscle tremor, convulsion, coma and death. Vomiting 
and diarrhoea are uncommon. CDV causes suppression of 
cell - mediated immunity, predisposing to secondary bacte-
rial infection. 

 CDV should be suspected in unvaccinated ferrets showing 
the typical signs. This can be confi rmed by virus isolation, 
immunofl uorescence on smears of conjunctival epithelium, 
blood, lymph node, bladder epithelium or cerebellum or 
examination of conjunctival, bladder or tracheal epithelium 
for typical distemper inclusion bodies. 

 There is no treatment, and affected animals should be 
euthanased. In the face of an outbreak, affected animals 
should be separated and healthy animals vaccinated imme-
diately. The virus is labile and easily destroyed by disinfect-
ing the environment. Cages, equipment and rooms should 
be disinfected and sterilised, and the source of infection 
identifi ed and eliminated.  

  Infl uenza 

 Ferrets can catch infl uenza from people, and it can then be 
spread by droplets from ferret to ferret, or back to people. 
The disease in adult ferrets is usually mild, but it can cause 
mortality in kits. The virus causes catarrhal infl ammation in 
the upper respiratory tract leading to congestion, oedema 
and some necrosis in the nasal mucosa. 

 Clinical signs may develop within 48   h. Affected animals 
develop a biphasic fever (40 – 41    o C), they become anorexic 
and listless, then begin sneezing and coughing, with a nasal 
discharge. There may be sensitivity to light. The disease 
rarely progresses further, and recovery usually begins after 
the second pyrexic episode. Supportive therapy and occa-
sionally antibiotics may be needed to control secondary 
infection. Recovery is followed by a short - lived period of 
immunity to reinfection by the same strain of virus. 
Occasionally, the disease may progress to pneumonia. 

 Diagnosis can be confi rmed by virus isolation or rising 
antibody titres. Vaccination is not indicated, since protection 
is short lived and there are many antigenically distinct 
strains of the virus.   

  Bacterial  d iseases    

   Helicobacter  m ustelae  and  g astroduodenal  u lcers 

  H. mustelae  is increasingly implicated in gastroduodenal 
ulceration in ferrets (Lloyd  1999 ). It is found in the 
pyloric area in up to 100% of animals, and although clinical 
disease is rare it can produce ulceration and death, particu-
larly at times of stress. Large ulcers can erode into submu-
cosal blood vessels causing rapid death. Ulcers cause 
anorexia and stress, leading to further development of the 
disease and a progressive deterioration in the animal ’ s 
condition. 
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 The signs include a bilaterally symmetrical alopecia on 
the ventral abdomen and tail, weight loss, enlarged vulva 
and a serous or mucopurulent vaginal discharge. This may 
progress to anorexia, depression and lethargy, and general-
ised weakness. There may be pale mucous membranes, 
haemorrhages, a systolic murmur and secondary bacterial 
infections. Subdural haematomas may lead to posterior 
paralysis. 

 The diagnosis can be made on history and clinical signs, 
and confi rmed by haematology. A PCV of less than 20% 
with depression of all blood cell series is highly indicative. 

 Ovariohysterectomy is the fastest way to remove the 
source of oestrogens, although initial treatment must be dic-
tated by the PCV. In severe cases, a blood transfusion may 
be required fi rst. Ferrets have no detectable blood 
groups, and there is little risk of a transfusion reaction. In 
milder cases, hormone treatments (such as proligestone 
(Delvosteron, Intervet) 0.5   ml sc) can be used to induce ovu-
lation before ovariohysterectomy. The vulva will soften 
within 3 – 4 days and all signs of oestrus will then abate 
usually within 10 – 11 days, sometimes up to 3 – 4 weeks. 
Supportive treatments may be necessary, and it may take up 
to 4 months for the anaemia to resolve. 

 The prognosis depends on the length of time the animal 
has been in oestrus, and on the PCV on presentation. If the 
PCV is 25% or above, the prognosis is good. If it is below 
15%, the outlook is poor and very intensive therapy includ-
ing multiple blood transfusions will be required for several 
months. 

 To prevent a recurrence, females should not remain in 
heat for longer than 1 month. Ovariohysterectomy at 6 – 8 
months of age is recommended for jills that are not to be 
bred. Ovulation can be induced by mating jills in oestrus 
with a vasectomised male. Hormone treatments can also be 
used to postpone oestrus until the following breeding 
season.  

  Dilated/ c ongestive  c ardiomyopathy 

 This is increasingly recognised in middle - aged to older 
animals (Lloyd  2002b ). Affected animals develop lethargy, 
weight loss, anorexia, depression, exercise intolerance and 
respiratory distress over a period of several months. The 
condition can be diagnosed by radiography, ultrasound or 
on electrocardiogram (ECG). 

 Treatment is aimed at maintaining cardiac output. 
Oxygen, vasodilators, positive inotropes and diuretics may 
be benefi cial, and thoracocentesis may be required to remove 
pleural fl uid. A low salt diet and exercise restriction can be 
of benefi t. Treatment failure is not uncommon.  

  Foreign  b odies 

 Intestinal foreign bodies are common in ferrets, because 
they are inquisitive and playful. Gastric foreign bodies may 
cause lethargy, inappetence, diarrhoea with or without tarry 
stools, weakness and dehydration. Vomiting is uncommon, 
although nausea can lead to ptyalism and face rubbing. 
Foreign bodies lodged at the pylorus can ulcerate through 
the stomach wall. Intestinal foreign bodies may cause 
sudden collapse with a painful abdomen. 

treatment may be required to remove the affected areas. In 
chronic mastitis, mammary tissue is gradually replaced by 
fi brous tissue and milk production falls, resulting in the loss 
of the litter and possibly the jill herself. Antibiotic therapy 
and possibly surgical removal of the affected glands may be 
necessary. Mastitis is usually very infectious, and sucking 
kits can transfer infection from one gland to another. 
Affected jills should be isolated from the remainder of the 
colony to avoid spreading infection, and should not be used 
for breeding again. Kits should be left with their mother 
while she is undergoing treatment: fostering them may 
spread the infection to other jills, and removing the milk 
from affected glands aids recovery.  

  Parasitic  d iseases 

  Ear  m ites 

  Otodectes cynotis  is common in ferrets, particularly young 
kits and old animals. The adult mite spreads by direct 
contact. Often, there are no signs, or there may be pruritus, 
rubbing the ears or head shaking, leading to reddening and 
ulceration of the pinna. Secondary bacterial infection can 
lead to otitis media and a head tilt. There is infl ammation of 
the ear canal with a thick, brown or black waxy exudate. 
Adult mites, larvae and eggs are visible in the exudate under 
a microscope. 

 All susceptible animals should be treated concurrently. 
The ears of affected animals should be cleaned using a pro-
prietary cleaner (usually under general anaesthesia) before 
using an insecticide such as ivermectin, topically or by 
parenteral administration. Eradication of  Otodectes cynotis  
from a ferret colony can be achieved by treatment of all 
individuals in the colony with ivermectin every 3 weeks for 
three or four treatments (authors).  

  Endoparasites 

 In general endoparasitic infestation is comparatively rare in 
the ferret under hygienic conditions. Ferrets may be 
experimentally infected with  Dirofi laria immitis  (dog heart 
worm) (Burke  1988 ), and coccidiosis,  Toxoplasma gondii  and 
various gastrointestinal helminths have been reported in 
ferrets (Thornton  &  Cook  1986 ; Rehg  et al.   1988 ; Lewington 
 2000 ).   

  Non -  i nfectious  d iseases 

  Hyperoestrogenism 

 Jills are induced ovulators, and if not bred may remain in 
oestrus for the duration of the breeding season. The high 
levels of oestrogens produced may cause bone marrow 
depression, with leucopenia, thrombocytopenia and aplastic 
anaemia. All jills develop a mild anaemia during oestrus at 
some point, and up to 50% of jills with prolonged oestrus 
will develop aplastic anaemia. If animals remain in oestrus 
for more than 2 months, the reduction in platelet count may 
lead to haemorrhage and death (Lloyd  1999 ; Hillyer  &  
Quesenberry  1997 ; Lewington  2000 ). 
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 1998 ). Animals less than 1 year old tend to develop an acute 
lymphoblastic form with thymic involvement, and animals 
over 2 years old tend to develop a more chronic lymphocytic 
disease with lymphadenopathy. Males and females are 
equally affected, as are neutered and entire animals. The 
leukaemic form is relatively rare, but may be seen in the 
later stages of both juvenile and adult forms of the disease. 

 The clinical signs depend upon the site of the lesion and 
are often non - specifi c. In the acute lymphoblastic form, 
animals exhibit a rapidly progressive loss of condition, with 
anorexia, weakness and lethargy. Dyspnoea is common, but 
lymphadenopathy is rare. Young animals are more likely to 
die from the disease than adults are. 

 In adults, there is usually peripheral and visceral lym-
phadenopathy, with some organ involvement later in the 
course of disease. Animals may have cycles of non - specifi c 
signs such as recurrent infections, anorexia, weight loss and 
lethargy over months or years. Splenomegaly is common. 

 Diagnosis can be diffi cult. Lymphosarcoma may be diag-
nosed provisionally on the history and clinical signs, and 
confi rmed by cytology or histology on blood, tissue aspi-
rates or biopsies. 

 The choices for treatment are surgery, chemotherapy, 
radiotherapy or combinations of these. However, the prog-
nosis is guarded since, even if there appears to be only one 
organ affected, the disease is likely to be systemic.  

  Insulinoma 

 Tumours of the  β  - cells of the islets of Langerhans are report-
edly common in the USA. They produce excess insulin, 
leading to hypoglycaemia. It is commonly seen in animals 
of 4 – 5 years. Animals present with variable neurological 
signs caused by hypoglycaemia, such as weakness, apparent 
blindness, muscle twitches, or seizures. Signs are intermit-
tent initially and may become more prolonged as the disease 
progresses. Diagnosis is made on clinical signs and on meas-
urement of blood sugar. Medical treatments can be used in 
older animals or those with intercurrent disease, although 
surgical removal is indicated in young animals (Lewington 
 2000 ).  

  Adrenal -  r elated  e ndocrinopathy 

 Adrenal tumours are again reportedly common in the USA 
but are rare in Europe. This may be due to differences in 
husbandry: early neutering and housing in artifi cial light 
cycles appear to predispose to the condition. Animals 
over 2 years of age are typically affected. One or both 
adrenals may be affected, and tumours typically secrete 
androgens, oestrogens or progestagens, rather than gluco-
corticoids, so the signs are similar to those of hyperoestro-
genism rather than typical Cushing ’ s syndrome (Hillyer  &  
Quesenberry  1997 ). Increased aggression, bilaterally sym-
metrical alopecia and pruritus are common. Females may 
develop vulval swelling, and males stranguria due to pros-
tatic cysts. Vulval swelling that does not respond to hormone 
treatment may be due to an adrenal tumour rather than 
hyperoestrogenism. 

 Diagnosis can be made on clinical signs and analysis of 
hormone levels. Surgery to remove the affected glands is 

 The diagnosis may be made on the history, clinical signs 
and a careful clinical examination. Radiography is 
essential. 

 Foreign bodies rarely pass unaided and removal under 
general anaesthesia is usually required after the animal has 
been stabilised. Prevention of a recurrence may be achieved 
by  ‘ ferret - proofi ng ’  the environment carefully, and by the 
regular use of a palatable cat laxative if necessary to reduce 
the formation of hairballs.  

  Posterior  p aresis and  a taxia 

 Posterior paresis and ataxia are common in ferrets. The 
animal presents with abducted, uncoordinated hindlimbs, 
or a frog - legged appearance. The body may lose its curved 
appearance as the animal is unable to fl ex the spine as much 
as usual. The withdrawal and placing refl exes may be 
absent, and the animal may be incontinent. Often, the animal 
remains bright and alert and otherwise normal. There are 
many possible causes, including neurological conditions 
(eg, intervertebral disc disease or Aleutian disease), diseases 
causing generalised weakness, cardiac disease, abdominal 
pain, and metabolic diseases (eg, hypocalcaemia, thiamine 
defi ciency and hypoglycaemia). 

 Specifi c treatment depends on the diagnosis. Non - specifi c 
supportive therapy, cage rest and prednisolone may be 
effective in cases of disc disease, or viral myelitis. However, 
recurrence is common and the prognosis is guarded.  

  Milk  f ever 

 Milk fever may occur at peak lactation, 3 – 4 weeks post -
 partum. It can lead to posterior paralysis and convulsions. 
Treatment with calcium borogluconate is usually 
successful.  

  Neoplasia 

 Reports of neoplasia in ferrets are increasing (Beach  &  
Greenwood  1993 ; Lloyd  1999 ). Primary neoplasms have 
been reported in all organ systems except the cardiovascular 
system, although tumours of the respiratory tract and CNS 
are extremely rare. Tumours of the reproductive tract and 
lymphoid system occur most commonly in the UK. It is quite 
common for two or more different neoplasms to be found 
in the same animal. Nearly half of all tumours reported have 
been malignant. 

 Most cases occur in ferrets between 4 and 7 years of age, 
but some have occurred in younger animals. Any neoplasm 
may metastasise, although it is rare for abdominal tumours 
to spread into the chest cavity, and vice versa. Resection of 
the tumour is usually the best treatment, however recur-
rences at the site or in local lymph nodes may occur. 
Neoplasms in the distal forelimb may best be treated by 
amputation, and ferrets can do well with only three legs.  

  Lymphosarcoma 

 Lymphosarcoma is relatively common in ferrets, and there 
may be solid tumours in parenchymal organs, disseminated 
lesions throughout the body, or leukaemic spread (Fox 
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recommended in young animals, older animals may be 
treated medically.    
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   Biological  o verview 

  General  b iology 

 The dog ( Canis familiaris ), which has been domesticated for 
at least 14   000 years (Clutton - Brock  1995 ), is a monogastric 
carnivore, capable of exploiting a wide range of food types. 
As a result of selection by man, the species has diversifi ed 
immensely from its assumed ancestor, the Asiatic wolf 
( Canis lupus pallipes ). 

 The anatomy of the dog is comprehensively described by 
Evans  (1993) . The purebred dog population consists of over 
300 partially inbred genetic isolates known as breeds. A 
comprehensive review of the genetics of different breeds 
and strains is provided by Willis  (1989) . The canine karyo-
type consists of 78 chromosomes.  

  Size  r ange and  l ifespan 

 The life expectancy of a dog is around 12 – 16 years with 
larger breeds tending to have a shorter lifespan. The pur-
pose - bred beagle is most commonly used in research owing 
to its compact shape and size (adult weight is generally 
between 7 and 17   kg), short coat, co - operative and docile 
nature, proclivity for large kennel environments, regulatory 
requirements regarding its use for toxicology studies and 
because of the wealth of background data on this breed.  

  Social  o rganisation 

 Dogs are highly gregarious mammals with complex social 
behaviour (Serpell  1995 ). Most breeds of domesticated dog 
have a looser pack structure than their wild predecessors 
(Boitani  et al.   1995 ; MacDonald  &  Carr  1995 ) and are able to 
readily form social relationships with human beings as well 
as with conspecifi cs (Fox  1975 ). 

 Communication is important in developing social relation-
ships in a kennel environment and consideration should be 
given to allowing this through appropriate housing design 
Joint Working Group on Refi nement (JWGR  2004 ). Auditory 
signals are important and a dog ’ s hearing may be particularly 
sensitive to the frequency range of maximum energy in the 
bark (Sales  et al.   1996 ). It also appears that visual signals are 
important in canine communication, and ensuring that dogs 

in a kennel environment have clear lines of sight to each other 
may reduce barking. In addition to being a nuisance and a 
health hazard for people, barking can be an indication that a 
dog is anxious about a potential threat. 

 The signifi cance of olfactory signals, including urination, 
which dogs use to communicate sexual and social status and 
to mark territory, is often underestimated (Sommerville  &  
Broom  1998 ).  

  Standard  b iological  d ata 

 A wealth of biological data can be found in Altman and 
Dittmer  (1972, 1973, 1974) . Some of the more commonly 
needed values are shown in Table  30.1 . Values for haematol-
ogy can be found in Spurling  (1977) , while Kaneko  et al.  
 (2008)  and Loeb and Quimby  (1989)  have provided compre-
hensive reference values for the clinical chemistry of canine 
body fl uids. An analysis of cerebrospinal fl uid can be found 
in Rushton  (1981) . Wherever possible, reference values 
derived from the source colony and analysing laboratory 
should be used for comparison.    

  Reproduction 

 Some reproduction data for the laboratory beagle are sum-
marised in Table  30.2 . Allen  (1992)  provides a detailed 
review of fertility and obstetrics in the dog. Pre - weaning 
losses in beagles (including stillbirths and neonatal losses) 
should be less than 12% of all births.    

  Normal  b ehaviour 

 Dogs have a rich repertoire of visual and vocal displays. 
These are illustrated in Shepherd  (2002)  and handlers should 
become familiar with the patterns of behaviour associated 
with greeting, sexual behaviour, nervousness, submission 
and aggression. Similar signals are used towards both 
humans and conspecifi cs and the displays are good predic-
tors of future behaviour. For example, a young dog that 
comes forward confi dently to greet human visitors to its 
kennel is likely to adapt well to a laboratory environment. 

 It is now well accepted that there is a critical period 
between 3 and 13 weeks of age during which puppies should 
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 The number of dogs used in research has been on a down-
ward trend over the last 20 years. Figures for the UK show 
some 20   500 procedures performed on carnivores (the major-
ity being dogs) in 1988 compared with 9000 in 2007 and a 
similar decline in numbers is also seen in the USA. An esti-
mated 140   000 dogs are used worldwide in research and 
testing every year (JWGR  2004 ). Nevertheless, the species 
represents a very small proportion of overall animals used 
 –  less than 0.25% in the UK (Home Offi ce  2009 ). This prob-
ably refl ects the widespread view, also embodied in many 
regulatory systems, that alternative species should be used 
wherever possible. 

 In Europe, there is a legal requirement that prevents the 
use of non - purpose bred animals unless the proposed use 
is carefully justifi ed on scientifi c and welfare grounds 
(European Community  1986, 2008 ). In the USA, a committee 
of the Institute for Laboratory Animal Research (ILAR) con-
cluded that, under some circumstances, dogs with qualities 
of random source animals may be desirable and necessary. 
However, it was not necessary to obtain such dogs from 
dealers since direct acquisition from breeders, individual 
owners, or from shelters was both preferable and feasible as 
an option (National Research Council  2009 ). JWGR  (2004)  
provide a helpful comparison of the benefi ts of purpose -
 bred dogs over dogs from random sources. 

 If it is proposed to use non - purpose - bred animals, there 
should be strong justifi cation for this use, such as in the 
study of a genetic defect only seen in a breed not available 
from a purpose - bred colony. Economic reasons alone are not 
suffi cient. It is advisable to obtain written confi rmation from 
the supplier that the animal has been obtained legally. Even 
so, it is important to appreciate the reasons for widespread 
public concern surrounding such acquisitions. 

 The option of homing dogs at the end of their experimen-
tal use is being increasingly considered, although experience 
has shown that this is not always an easy task. It is important 
to consider the temperament of each individual in deciding 
whether this is feasible. A veterinary certifi cate of health and 
suitability is desirable and, in some countries, may be a legal 
requirement. After selection, a socialisation programme 
should be used to prepare the animal psychologically for its 
new environment (Laboratory Animal Science Association 
(LASA)  2004 ). 

  Transport 

 General advice on transport is provided in LASA  (2005) , and 
see also Chapter  13 . Transport of animals causes stress and 
ideally only healthy subjects should be moved, even for 
short distances. Prior to their journey, dogs should be habit-
uated to their crate to minimise fear and apprehension. This 
can be done by placing the crate in the dog ’ s pen. Social 
groupings can be conserved by selecting dogs to travel in 
compatible pairs or small groups, although it may be safer 
to transport each dog in its own crate. 

 Acceptable designs and dimensions for crates for trans-
port by air are detailed in International Air Transport 
Association (IATA) Live Animals Regulations  (2009) , which 
take the size of dog into account in their recommendations. 
These standards may also be suitable for dogs travelling by 

  Table 30.1    Some typical physiological values for the laboratory 
beagle. 

   Parameter     Normal value  

  Adult weight (kg)    7 – 17  

  Life span (years)    10 – 15  

  Rectal temperature    37.5 – 39.2    ° C (99.5 – 102.5    ° F)  

  Mean heart rate (beats per 
minute)  

  60 – 120  

  Mean arterial blood pressure 
(mmHg)  

  90 – 120  

  Arterial blood pH    7.36 – 7.46  

   P aO 2  (mmHg)    85 – 105  

   P aCO 2  (mmHg)    30 – 44  

  Respiratory rate (breaths per 
minute)  

  10 – 30  

  Tidal volume (ml/kg)    10 – 15  

  Table 30.2    Breeding data for the laboratory beagle. 

   Parameter     Normal value  

  Age at puberty (months):  
     Male    7 – 8  
     Female    8 – 14  

  Gestation period (days)    63    ±    4  

  Oestrus interval (months)    7 – 8  

  Average litters born per bitch per year    1.3  

  Average litter size (puppies):  
     Born    6.6  
     Weaned    6.2  

be familiarised with humans. Handling and socialisation 
should start from birth and training for experimental proce-
dures from about 3 weeks of age (Boxall  et al.   2004 ) including 
exposure to novel toys, brushes, bins, coverall suits, clippers 
and handlers with glasses. By 14 weeks, a dog deprived of 
such socialisation may show fear - motivated aggression, 
timidity or hyperactivity and may become stressed and 
experience poor welfare when subjected to even simple, 
non - invasive procedures (reviewed in Hubrecht  1995 ). 
Physiological values in such dogs may fall outside normal 
limits (Vanderlip  et al.   1985a, 1985b ).   

  Sources of  s upply 

 Dogs are, by nature, pack animals and usually live well in 
a kennel environment with a defi ned social order. Purpose -
 bred animals develop within this background and are likely 
to be, temperamentally, more suited to the laboratory envi-
ronment than those with either a free - ranging or domestic 
history such as stray animals or pets. For the most part, 
purpose - bred animals are used, particularly for pharmaco-
logical and toxicological experiments. For example, a total 
of 4271 dogs were used in the UK in 2008 of which 4240 were 
purpose - bred beagles, and only 31 were other breeds which 
may not have been purpose-bred (Home Offi ce  2009 ). 
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tions including those associated with complex genetic traits. 
Mapping techniques, such as linkage disequilibrium and 
whole - genome radiation hybrids, have identifi ed some 724 
markers (235 genes and 489 microsatellites) (Ostrander  &  
Wayne  2005 ). Over 360 genetic disorders in dogs have been 
described, at least half of which resemble specifi c human 
disorders (Patterson  2000 ). 

 Among those disorders for which the mode of inheritance 
is known, over 70% are inherited as autosomal recessive, 
X - linked, or genetically complex traits and 46% are believed 
to occur predominantly or exclusively in one or a few breeds. 
This is the largest set of genetic disorders in any non - human 
species and, together with the mapping information, 
presents opportunities for research relevant to human 
disease (Switonski  2004 ). 

 The range of research areas in which the dog has played 
a role is very extensive, including studies of: 

   •      degenerative problems and carcinogenesis;  
   •      aging and its associated disorders;  
   •      cardiovascular diseases, both congenital and induced, 

including hypertension and heart failure;  
   •      haematological disorders and immunodefi ciencies, 

including autoimmune diseases;  
   •      organ transplantation and open - heart surgery;  
   •      neurological, ophthalmological and orthopaedic 

disorders;  
   •      radiation - induced injuries;  
   •      early studies of gene transfer and genetic modifi cation 

which have paved the way for human clinical gene 
therapy.    

 Laboratory dogs are also used to develop and test veterinary 
products for companion dogs such as vaccines, worming 
and fl ea treatments, antibiotics, non - steroidal anti - infl am-
matory drugs (NSAIDs), cardiac drugs and prescription 
diets. 

 Increasing pressure to justify the selection of the dog in 
all research means that other species such as the minipig are 
being selected where appropriate. In the UK, over 80% of 
procedures using dogs are for toxicology tests, most of 
which are performed to satisfy legislative requirements. In 
a recent study (Olson  et al.   2000 ), it was found that non -
 rodents (primarily dogs) predicted 63% of human toxicities 
observed in clinical studies for pharmaceuticals compared 
with only 43% in rodents.  

  Laboratory  m anagement and  b reeding 

  General  h usbandry 

  Enclosures 

 Housing systems in Europe have undergone signifi cant 
change over the last two decades based upon greater under-
standing of the natural behaviour of the laboratory dog. 
These changes have been refl ected in new guidelines 
and regulations (Council of Europe  2006 ; European 
Community  2008 ). Hubrecht and Buckwell  (2004)  provide 
extensive information about appropriate housing and care 
systems for laboratory dogs, largely based upon behavioural 

sea, road or rail. It is generally recommended that any crate 
used for transport, no matter how brief the journey, should 
be large enough to allow the dog to stand in a natural posi-
tion, turn around and lie down (Animal Transportation 
Association  2000 ). 

 Glass fi bre and rigid plastic are the best materials for 
transport crates. Commercially manufactured models are 
available that come in a range of sizes, are designed for the 
purpose and can be readily sanitised. Particular care should 
be taken to ensure adequate ventilation, usually by making 
the whole of one end of the crate open with a mesh door 
that is nose and paw proof. The crate should be designed to 
prevent adjacent crates being stacked too close together and 
there should be side ventilation. 

 Road vehicles, trains and boats should be ventilated with 
air of adequate quality. Airlines should always place dogs 
in pressurised compartments. Prolonged exposure to tem-
peratures below 7    ° C or above 29    ° C should be avoided 
during transport, ideally by using temperature - controlled 
vehicles. 

 In many countries, it is illegal to transport puppies under 
8 weeks of age without their mother. With this exception, 
puppies under 4 months old should not be transported in 
the same primary container as adult dogs. Pregnant bitches 
should not normally be more than two thirds of the way 
through pregnancy and should be accompanied by a veteri-
nary certifi cate stating that there is no expectation of birth 
occurring during transit. It is advisable that all transported 
dogs should undergo a veterinary examination within a few 
days beforehand to ensure they are fi t for the proposed 
journey. For international transportation, this examination 
is often specifi ed by the importing country ’ s regulations. A 
journey plan should be prepared, and it is advisable, and in 
some countries mandatory, to use an authorised animal 
transporter. 

 Adult dogs should be fed about 2   h before despatch and 
gently exercised to encourage defecation before being placed 
in the crate. An interval of up to 24   h can elapse between 
feeds for adult dogs but puppies require feeding at shorter 
intervals (up to 12   h depending on age) and this should be 
taken into account when planning journeys of more than 8   h 
duration. 

 For long journeys, water should be offered at intervals or 
provided in a spill - proof container. Written instructions for 
feeding and watering in transit, together with any instruc-
tions for special care, should be attached to the primary 
container in such a way that they can be easily seen and 
read. Food and water deprivation are major contributors to 
the accumulated stress of transport.   

  Uses in the  l aboratory 

 The Committee on Dogs of the US National Research Council 
has reviewed a range of research areas in which the dog is 
commonly used (National Research Council  1994 ). The 
review not only expands on the uses, but also on the special 
considerations for husbandry and veterinary care of dogs 
during such studies. 

 The dog has many physiological functions similar to those 
of humans and so can be used as a model for many condi-
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 Open fl ooring (perforated, grids or mesh) has been subject 
to criticism since the animal ’ s weight is borne on a relatively 
small area of the foot pad. Such fl ooring should not be used 
without strong justifi cation and never for pre - weaning 
pups, lactating or periparturient bitches. If its use can be 
justifi ed, it is generally accepted that it should be covered 
with smooth, soft plastic for tactile warmth as well as 
improved cleanliness and dogs should also have access to a 
solid fl oor over part of the available living area.  

  Environmental  p rovisions and  e nrichment 

 Modern dog pens are designed to allow fl exibility with 
respect to pen size and interconnections between pens. Thus 
pens designed to separate single animals for short periods 
(eg, for feeding) can be readily reconnected to maintain 
social groups. Stainless steel is generally used for structural 
frames in preference to galvanised metal which may have 
toxic effects due to the surface zinc. 

 Materials used in panels between pens may consist of 
stainless steel rods, strengthened glass, or plastics (which 
must be of Food Grade Approved standard), which are 
warmer to touch and absorb some of the noise generated by 
barking. Horizontal bars are preferred in panels over mesh 
(which creates a visual barrier) or vertical bars (which 
provide no support for the dogs ’  paws, and which reduce 
lateral visibility through the bars). 

 It is important to ensure that each pen has suffi cient space 
and resources to provide for all the functional requirements 
of the occupants. This should include separate areas for 
urination and defecation, for resting or sleeping, for breed-
ing where appropriate, and for social interaction such as 
play. Good modern dog enclosures are sub - divided and 
furniture is provided. These allow for normal behaviour 
patterns (see Figures  30.2  and  30.3 ) including avoidance of 
aggressive encounters and play behaviour.   

 Hubrecht and Buckwell  (2004)  have suggested that practi-
cal experience indicates that a dog pen of 4.5   m 2  (as used in 
the UK at the time of writing) provides suffi cient space for 

considerations. In addition, JWGR  (2004)  describe a range of 
refi nements to dog husbandry and care and provide a 
number of recommendations that are now becoming widely 
accepted. 

 In general, dogs should be housed in indoor pens, prefer-
ably with adjacent outdoor runs for exercise. Where the 
exercise run is outdoors and in a populated area, considera-
tion should be given to the noise nuisance in the neighbour-
hood. Such a problem is not suffi cient grounds for  ‘ debarking ’  
dogs. Some recent facility designs based upon indoor 
housing also offer secure outdoor exercise areas by locating 
them within the perimeter of the building (Figure  30.1 ).   

 Outdoor access helps to provide a stimulating environ-
ment for dogs so it is unfortunate that the actions of extrem-
ists in some countries (or the fears of such action) have led 
to the common practice of housing dogs entirely indoors. In 
such situations, some access to daylight is desirable, either 
through windows or skylights, and access to an indoor run, 
in which individuals or small groups of dogs can regularly 
exercise, is essential. 

 Exercise runs, whether indoors or outdoors, should be 
designed to provide a stimulating environment (Figure 
 30.2 ), and human contact during exercise periods should be 
encouraged. In some countries, climates are suffi ciently 
mild that dogs can be housed almost entirely outdoors, 
nonetheless, they should still be given access to protective 
shelter at all times.   

 Floor materials for dog facilities are often a problem. 
These should be smooth and resistant to corrosion, denting, 
cracking or chipping. Sealed junctions between fl oor and 
walls are important with coving to ensure dirt traps are 
avoided. Modern epoxy fi nishes can be ideal but, if inade-
quately installed, may cause costly long - term problems. 

 Bare solid fl oors, particularly with under - fl oor heating, 
may present a cleaning problem since faeces and urine will 
accumulate. Experience has shown that even a small amount 
of substrate, such as sawdust or woodchips scattered on a 
solid fl oor, will help with cleaning and assist the animal in 
maintaining a healthy coat and paws. 

     Figure 30.1      A secure outdoor run provided within the 
perimeter of the surrounding building.  (Reproduced with 
permission of Astra Zeneca.)   
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onstrated the clear benefi ts of enriched environments for 
dogs, including the desirability of providing raised plat-
forms in pens and areas of restricted visibility into which 
dogs can withdraw or hide. These allow the occupants to 
make choices in relation to the complexity of their environ-
ment, permit use of the third dimension of height, and can 
be designed to not disrupt routine husbandry practices and 
animal observation. 

 Dogs are naturally inquisitive and actively seek informa-
tion about their environment. The use of a raised 
platform and ramp is especially benefi cial allowing some 
privacy from neighbouring dogs but also allowing good 
vision of the surroundings (Figure  30.3 ). Since dogs natu-
rally chew, objects which are safe and possibly fl avoured, 
such as rawhide or other commercially produced chews, 
may be suspended within the pen enclosure (Hubrecht  1993, 
1995 ) avoiding monopolisation, soiling or the blocking of 
drains. 

 Dogs need a warm dry area for sleeping. In pens with 
under - fl oor heating this may be an intrinsic part of the 
design. In other housing systems a raised bed should be 
provided, preferably made of a plastic material such as poly-
ethylene or polypropylene, or a high - quality compacted 
building panel which is resistant to chemicals. Wood can be 
diffi cult to sanitise but, in some situations, it may be accept-
able to provide wooden beds that are routinely replaced. If 
wood is used, the life may be extended by framing the edges 
of the beds in stainless steel to reduce damage from chewing. 
The size of the bed will vary with the size of the dog but it 
is not normally necessary to allow for the dog to fully stretch 
out. Thus a bed area of 0.5   m 2  is adequate for an adult beagle. 
Soft veterinary bedding material may be appropriate but it 
will be damaged by chewing and need to be regularly 
cleaned. An alternative is commercially available shredded 
paper bedding. 

 Although dogs may have been kept in cages in the past, 
such conditions are not able to meet their essential needs 
in relation to space for locomotion, social contact with con-
specifi cs and environmental enrichment. Dogs are members 
of a family of active, cursorial mammals so should prefer-
ably be housed in fl oor pens with environmental choice 
incorporated into their design. Bebak and Beck  (1993)  have 
looked at the effect of cage size on play and aggression and 
shown the benefi ts of spacious environments for beagles. If 
dogs must be caged for anything more than the briefest 
of periods, there should be an opportunity for vigorous 
activity at least once a day for not less than 30 minutes 
(O ’ Donoghue  1993 ). 

 Visual contact with other dogs and humans is very impor-
tant and singly housed or caged dogs should be visited and 
handled regularly throughout the day to reduce the 
development of stereotypical behaviour which may persist 
even after the animal is returned to its pen. Strict 
limits should always apply to the maximum acceptable 
periods in single housing or cages and this should be con-
sidered as part of the  ‘ cost ’  to the animals in a cost – benefi t 
analysis. 

 Metabolism cages for dogs allow separate collection of 
faeces and urine but inevitably restrict the animal ’ s move-
ment and use of space. Recent moves toward larger cage 
areas have lead to designs for folding metabolism cages 

     Figure 30.2      Suitable equipment in an exercise area will stimulate 
play behaviour. Active human contact is also important. 
 (Reproduced with permission of Astra Zeneca.)   

     Figure 30.3      Glass panels between pens can improve overall 
visibility and reduce levels of barking.  (Reproduced with permission 
of Astra Zeneca.)   

sub - division and enrichment to allow functional use of 
space for two adult beagle dogs. Within Europe somewhat 
smaller minimum dimensions of 4   m 2  (representing a dou-
bling of the existing single housing) have been recom-
mended for one or two dogs in order to encourage social 
housing without requiring an increase in existing building 
sizes (European Commission  2007 ). If an animal must be 
single - housed, it should be provided with the same space 
(Council of Europe  2006 ). It should also be remembered that 
these are minimum dimensions and it is possible that dogs 
benefi t from the greater opportunities for enrichment and 
activity that are possible in larger enclosures. 

 Enrichment within the enclosure is critically important. It 
is important that the pen design incorporates features that 
are stimulating to the occupants. Hubrecht  (1993)  has dem-
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  Dietary  r equirements 

 The dietary requirements of dogs are detailed by the US 
National Research Council  (1985)  together with specifi c pro-
cedures to be followed to ensure that foods do not become 
nutritionally defi cient during storage. Essentially, a mainte-
nance diet should provide 22% digestible protein and 5% 
fat, when calculated on a dry matter basis. 

 Because the dog is an extremely adaptable animal, defi -
ciencies of nutrients are unusual except in highly productive 
or rapidly growing animals. For example, the dog can use 
over 96% of its dietary fat and the essential fatty acids are 
all interconvertible in the tissues. Therapeutic diets are 
available for dogs with special nutrient requirements caused 
by disease but these should only be used under veterinary 
direction. For example, low - salt diets are useful in the man-
agement of experimentally hypertensive dogs. Simpson and 
Anderson  (1993)  describe clinical aspects of nutrition in the 
dog.  

  Water 

 The water content of the diet will vary between about 80% 
in canned diets and less than 10% in dried diets. Thus the 
need for drinking water will vary not only with the size of 
the dog and its water loss through urine, faeces and expired 
air, but also with its type of food. The total daily water 
requirement in a temperate environment is 70 – 80   ml/kg 
body weight. It is essential to provide unrestricted drinking 
water.  

  Presentation of  f ood and  w ater 

 Feeding bowls should have broad fl at bases for stability and 
be made of a material that will resist chewing. Stainless steel 
is the most satisfactory. A metal retaining device can be used 
to prevent movement of the bowl during eating. Alternatively, 
a stainless steel food hopper can be incorporated into the 
design of the pen. Food dispensers should be positioned so 
as to prevent soiling. Hoppers should be inspected at least 
daily to ensure they do not contain caked or unfi t food. This 
creates a useful opportunity to socialise with the dogs asso-
ciated with feeding. Hoppers should also be emptied and 
thoroughly cleaned at least twice weekly. 

 Dried diet can be fed  ad libitum  from a food hopper but 
this may promote obesity and increased oral bacterial 
growth and tartar production. In the wild or feral state, a 
signifi cant proportion of a dog ’ s day might be spent acquir-
ing food by hunting and scavenging. It may be benefi cial in 
the captive environment to simulate this, for example with 
pet toys made of natural rubber into which food can be 
inserted, since it may reduce boredom. However these prod-
ucts may be rapidly destroyed by chewing. It is also impor-
tant to avoid competitive aggression over restricted food 
supplies and careful supervision during feeding times is 
important. Pen mates may need to be separated during 
feeding. Diet aversion can occur if a diet becomes associated 
with negative physiological effects, such as with a drug dose 
with unpleasant consequences (JWGR  2004 ). 

 Water should be constantly available either from a fi xed 
water bowl, or preferably from an automatic drinking 

which provide more generous space for the dog (up to 2   m 2 ) 
yet can be moved through doorways and packed away 
when not in use. These larger folding cages can often be 
located in the animal ’ s home pen so that visual contact with 
familiar animals is maintained. Alternatively it may be pos-
sible to locate metabolism cages within a laboratory area so 
dogs have human company for large parts of the day or are 
within sight of other dogs in similar cages. 

 Facilities must also be available for the isolation of sick 
animals or those needing special attention. These are nor-
mally cages made of fi breglass or similar warm material 
with a mesh front to permit easy observation. Cages designed 
for clinical veterinary practice are suitable.   

  Feeding and  w atering 

 Dogs vary enormously in both adult size and in absolute 
growth rate but most will grow to at least 40 times their birth 
weight during their fi rst year. Beagles, and dogs of similar 
size, reach their mature weight at about 18 months of age, 
so experimental animals below this age will require a diet 
capable of supporting growth during the experiment. 
Pregnant and lactating bitches have special nutritional 
requirements but a carefully balanced diet is also needed 
during the non - productive periods if the bitch is to achieve 
her full breeding potential. 

  Natural and  l aboratory  d iets 

 Most laboratory dogs have all their dietary needs provided 
in the form of a commercially prepared dried diet. The dried 
diets are generally produced in an expanded form and 
should be fed with free access to drinking water since they 
themselves contribute negligible water. Ideally, dried diets 
should be available  ad libitum  enabling the animal to develop 
a nibbling pattern of feeding. In many dogs, this leads to 
obesity so that restricted meals offered once or twice daily 
become preferable (Markwell  &  Butterwick  1994 ). Dried diet 
has the advantage that it can be fed from a hopper where it 
will remain fresh for several days. 

 Alternatively, a satisfactory diet can be provided in 
canned or semi - moist form. Some canned diets contain 
added cereals so that they constitute a complete diet, whilst 
others with a higher protein content are intended to be fed 
together with a cereal biscuit. The semi - moist diets usually 
constitute a complete diet and should be fed with an ample 
supply of drinking water. Both canned and semi - moist diets 
have the disadvantage of being perishable so that they must 
be provided fresh each day. Diets should be fed according 
to the manufacturers ’  recommendations with regular body 
condition scoring to ensure optimal weight. 

 The nature of the diet may infl uence the incidence of 
dental disease with the accumulation of tartar. This can be 
a signifi cant problem in dogs in colonies from as early as 1 
year of age with a reported 84% incidence in beagles aged 
more than 3 years (Kortegaard  et al.   2008 ). Problems occur 
both directly through dental disease and indirectly through 
possible systemic effects leading to histopathological 
changes in kidney, myocardium and liver (DeBowes  et al.  
 1996 ). Regular dental checks should be performed.  
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  Identifi cation 

 In the past, puppies have been permanently marked at 4 – 6 
weeks of age using tattooing forceps on the ear fl ap. This 
causes signifi cant discomfort and the technique has been 
superseded by microchipping. 

 Electronic microchips have been shown to provide 
reliable identifi cation over prolonged periods. Microchips 
can be obtained pre - programmed with identifi cation 
codes, or can be programmed at the time of insertion. 
Special chips are also available which indicate the dog ’ s 
body temperature in addition to its unique identifi er. These 
may be useful during clinical examinations and during 
surgery. Microchips are inserted subcutaneously, usually in 
the scruff of the neck between the shoulder blades, without 
the need for anaesthesia. A reader is used to scan the 
microchip. There are occasional problems of migration 
or chip failure that make scanning diffi cult or impossible. 
However, the incidence of total loss of microchips is 
very low making this the method of choice for 
identifi cation.  

  Physical  e nvironment 

  Temperature 

 Dogs are extremely adaptable with regard to their tempera-
ture requirements and thrive in climatic conditions ranging 
from the arctic to the tropics. Dramatic changes in the 
ambient temperature should be avoided. At lower tempera-
tures it is important that dogs should have access to a 
shelter, preferably with a source of heat. In hot environ-
ments, access to a shaded shelter is essential. 

 The temperature of indoor dog pens is usually kept 
between 18    ° C and 21    ° C. It is important to avoid extreme 
fl uctuations in the temperature though grouped animals in 
pens will usually be better able to cope with lower tempera-
tures than animals housed singly.  

  Ventilation and  r elative  h umidity 

 A ventilation rate of 10 – 12 air changes per hour should be 
provided in all indoor accommodation. Provided the air is 
evenly distributed, this will prevent unacceptable build - up 
of foul odours at recommended stocking densities. Air -
 handling devices should be designed to avoid draughts 
and to distribute the air evenly to all of the animal area. It 
is best to provide 100% fresh air to the ventilation system. 
If recirculation units are used, effective air cleaning 
and fi ltration should take place to remove smell, moisture 
and chemicals such as ammonia, as well as potential 
pathogens. 

 Extremes of humidity should be avoided but this may be 
diffi cult during cold weather where cleaning is performed 
by hosing down. Not only will high levels of humidity pre-
dispose dogs to respiratory infections, but the effects of 
condensation on the building structure can also be very 
damaging.  

system. Dogs will rapidly learn to drink from such a system, 
which has the advantage of avoiding static water in bowls 
which may become soiled. Pipework used for drinking 
water systems should be of high - quality stainless steel 
to prevent corrosion and contamination of the water. 
Drinking valves are generally reliable and rarely block or 
leak but it is essential to check the operation of each valve 
at least twice daily, and always when dogs are placed in a 
previously vacant pen to ensure that an intact water supply 
exists.   

  Social  h ousing 

 Social housing is always preferable to single housing. Hetts 
 et al.   (1992)  examined the infl uence of single housing condi-
tions on beagle behaviour and found that solitary dogs have 
a reduced behavioural repertoire, sleep less and tend to 
vocalise more than dogs with social contact. 

 Puppies should be reared in groups which provide both 
the opportunity to interact with peers and a situation in 
which they can indulge in complex social play. Being natu-
rally gregarious animals, older dogs should be kept in pairs 
or small groups though separation may be necessary during 
feeding unless the diet is supplied  ad libitum . Male dogs are 
generally more aggressive than bitches and as they pass 
through puberty they may become more hostile to other 
males. Different breeds of dog vary in their reactions to 
other dogs and in some cases unfamiliar adults are hostile 
and cannot easily be introduced into a group without fi ght-
ing. When dogs are kept socially, care should be taken to 
ensure that low - ranking individuals are not deprived of 
resources such as food or access to a resting area. 

 In some experimental situations it may be useful to be 
aware of the individual ’ s social status as this can affect 
physiological measures such as corticosteroid levels and 
resting heart rate. Klumpp  et al.   (2006)  showed that housing 
with a familiar conspecifi c resulted in lower haemodynamic 
parameters and fewer vocalisations. 

 Dogs should not be housed singly unless there is strong 
scientifi c justifi cation or in the interests of animal welfare 
(eg, following anaesthesia and surgery). Where it is neces-
sary to singly house a dog, the housing should be designed 
so that the isolated animal is always able to choose visual 
contact with other dogs and receives regular contact with 
humans. A good relationship with humans will be invalu-
able during experimental procedures. 

 Surgically prepared dogs with exteriorised implanted 
devices may need to be isolated although totally implanta-
ble devices are now available and should be used wherever 
possible. If this is not possible, other means of protecting the 
protruding devices, such as tethers or jackets, should be 
used if necessary. 

 In toxicity trials, dogs are usually housed in pairs or small 
groups though separation for short periods (4   h or less 
is common practice) should be feasible for feeding and 
dosing and for individual observation. However, it is prefer-
able not to separate dogs for individual food and water 
consumption unless absolutely necessary. In many cases, 
comparative consumption data across entire dose groups 
can be used.  
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should be emptied periodically, deep cleaned and disin-
fected thoroughly. This may be feasible between studies 
especially in toxicology facilities. 

 If access to the outside is constantly available, an adult 
dog will usually not soil its indoor pen. Faecal material 
should be removed from the outside run regularly through-
out the day and the fl oor and walls should be washed daily. 
Puppies are less fastidious in their habits and a pen contain-
ing a group of weanling animals may need to be thoroughly 
cleaned many times during the day.  

  Health  m onitoring,  q uarantine and 
 b arrier  s ystems 

 Laboratory dog colonies can be divided into two main cat-
egories with regard to health monitoring and disease control. 
The fi rst, and most common, is the closed or semi - closed 
colony (eg, a breeding colony or a long - term experimental 
colony) where few introductions of new animals occur and 
always from reliable sources. In such a colony, the major 
threat is from new dogs, which should always have been 
effectively immunised against the common canine infec-
tious diseases in compliance with the vaccine manufactur-
ers ’  data sheets or according to the WSAVA Guidelines for 
the Vaccination of Dogs and Cats (Day  et al.   2007 ). A well 
managed personnel barrier, involving at least a change of 
outer clothing and hand - washing, is also important to avoid 
humans acting as vectors of disease. 

 Some infectious pathogens are of particular concern to 
breeding colonies such as canine herpesvirus (CHV) which 
can cause abortions and neonatal deaths and  Brucella canis  
which is also a zoonosis. Since no vaccine is available against 
the latter, a serological sample collected on arrival may be 
checked for antibodies. 

 The second type of colony receives frequent introductions 
of new dogs, some of which may be from sources where the 
health status is unreliable. Effective quarantine may be very 
diffi cult but should always be the aim. Newly arrived dogs 
should be housed in groups according to their source and 
receive a veterinary examination soon after arrival. 
Unvaccinated dogs should not normally be accepted and 
must be kept in strict isolation and immunised as soon as 
possible. 

 Health monitoring of established colonies should follow 
a defi ned programme of sample collection including faecal 
and blood samples (Federation of European Laboratory 
Animal Science Associations (FELASA)  1998 ). In a breeding 
colony, careful examination of breeding and puppy growth 
data is also important. 

 A health programme should also be implemented to 
protect personnel based upon medical advice. As a 
minimum, this should include tetanus vaccination for all 
personnel. In countries where rabies occurs, vaccination 
against rabies should also be considered, and special atten-
tion should be paid to any scratch or bite injuries to ensure 
personnel receive prompt medical attention. 

 A quarantine facility should be designed to provide phys-
ical barriers to disease spread, including the possibility of 
air - borne spread, and should preferably have its own animal 
care staff. Dogs should be checked at regular intervals 

  Lighting 

 Lighting systems should provide suffi cient illumination for 
easy observation of animals and a safe working environ-
ment for personnel performing husbandry and hygiene 
tasks (National Research Council  1996 ). Natural lighting, 
with its seasonal variation, is normally acceptable though 
this may affect breeding patterns. In artifi cial lighting, the 
daylight period should be at least 10   h and normally 12   h in 
duration. Simulating dawn and dusk by slowly increasing 
or decreasing light intensity can avoid startling dogs with 
sudden changes. 

 A thoughtful approach to the use of lighting, which is 
functional yet attractive, can provide a congenial environ-
ment both for staff and animals. This can be important to 
create good staff morale which may refl ect a more caring 
approach to husbandry. Attractive features such as bright 
wall colours, decorative tiles, glass and colourful plastic 
panels, skylights, murals and appropriately placed vegeta-
tion can all be used to good effect without major additional 
cost. Such an approach has been exemplifi ed very well by 
Loveridge  (1994) .  

  Noise 

 There is currently a lack of adequate guidelines for noise in 
dog kennels in spite of the recognition that noise levels regu-
larly reach values between 85 and 122 decibels throughout 
a working day. These levels will cause annoyance, stress and 
damage to human hearing and personal protective equip-
ment should be provided for personnel. There is increasing 
evidence that excessive noise in the kennel environment 
may be a welfare issue (Sales  et al.   1997 ). Hubrecht  et al.  
 (1997)  measured noise levels and made some useful recom-
mendations to reduce levels in kennels using sound - absorb-
ent materials and small group sizes. 

 Barking is often triggered by human activity and changes 
to husbandry practices may reduce noise levels. Recent 
experience using glass partitions that allow dogs to have 
clear vision of the activity of humans and of other 
dogs across an entire kennel area suggest that barking is 
reduced in such environments (Figure  30.3 ). Herringbone 
patterns allow dogs to see activity in the room from within 
the pen and may reduce barking. Further studies need to 
be done to confi rm these approaches, which may result 
from animals not being surprised by events in their 
surroundings.   

  Hygiene 

 Faecal material should be regularly removed throughout the 
day from indoor pens. Dogs tend to defecate shortly after 
feeding and so removal is especially required during this 
period. Thorough washing of the pen should also be carried 
out daily. Where possible, pen washing, particularly where 
pressure hoses are used, should be performed when dogs 
are outside the pen, either socialising or undergoing proce-
dures. If sawdust is used on the fl oor, this should be swept 
up prior to washing and replaced after the pen is dry. 

 Disinfectants should be chosen and used carefully to 
avoid skin irritation. Ideally, complete rooms of dog pens 
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   •      metoestrus  –  epithelial cells of varying size and shape, 
variable number of leucocytes and debris;  

   •      anoestrus  –  epithelial cells with cytoplasmic granules or 
vacuoles, variable number of leucocytes.    

 Additionally, plasma progesterone concentrations can be 
used to augment the assessment of vaginal cytology; con-
centration is low during anoestrus and pro - oestrus, increas-
ing when pre - ovulatory follicular luteinisation occurs, 
followed by a rapid rise after ovulation (England  1998a ).  

  Breeding  s ystems 

 Dogs will breed in groups of one stud male with up to 12 
bitches. If several bitches are in oestrus simultaneously, the 
male may be unable to impregnate all of them. Once each 
bitch is obviously pregnant she should be removed to sepa-
rate accommodation for whelping. This system has the 
advantage that oestrus detection by animal care staff is 
unnecessary. 

 An alternative system involves examining each bitch 
daily for signs of pro - oestrus. A bitch is then put with a male 
on about the 10th day following pro - oestrus detection and 
remains for about 5 days. Bitches normally ovulate about 2 
days after a surge of luteinising hormone which may occur 
as early as 5 days after the onset of pro - oestrus or as late as 
21 days (Wright  &  Watts  1998 ). To address this variation, 
introductions can be made daily over this period, lasting for 
about 1 hour each day, until a successful mating has been 
observed on at least two occasions. 

 A variation of this system would involve housing the 
bitch with the male from the onset of pro - oestrus until 
several matings have been observed. Some bitches have a 
short interval from onset of observable pro - oestrus to their 
fertile period so that waiting until 10 days after the start of 
pro - oestrus may result in no pregnancy. However this 
system has the disadvantage that a stud male can cover only 
one bitch at a time.  

  Conception and  p regnancy 

 Canine spermatozoa can survive for many days in the uterus 
and are only able to fertilise the ovum some 2 – 3 days fol-
lowing ovulation. 

 The preferred imaging technique for pregnancy detection 
is ultrasonography, which allows foetuses to be seen from 
15 days after ovulation (England  1998a ). It is diffi cult to 
count foetuses precisely ultrasonographically but this can 
best be done about 1 month after conception with signifi -
cantly lower accuracy in late pregnancy. The gestation 
period in the bitch, if measured from mating to parturition, 
is variable due to the delay which occurs between insemina-
tion and fertilisation. Yeager and Concannon  (1990)  demon-
strated ultrasonographic detection of pregnancy from day 
16 and noted that gestational age was best estimated based 
upon the day of the preovulatory surge of luteinising 
hormone. Embryonic mass and heart beat were fi rst detected 
at 23 – 25 days after the LH surge. Kutzler  et al.   (2003)  were 
able to predict parturition date very accurately (85% accu-
racy within  ± 2 days) using foetal measurements obtained by 
ultrasonography. 

throughout the day ( Department for Environment, Food and 
Rural Affairs  (DEFRA)  2007 ).  

  Breeding 

  Identifying the  f ertile  s tate 

 Dogs become sexually mature at 6 – 12 months of age; small 
breeds normally reach puberty earlier than large breeds. 
Following puberty in the bitch, oestrous cycles continue 
throughout life, each cycle being divided into four stages: 
pro - oestrus, the beginning of the sexual season; oestrus, the 
period of receptivity; metoestrus, the period of subsiding 
activity; and anoestrus, the period of quiescence. 

 The bitch is monoestrous since several months of sexual 
inactivity elapse between breeding periods regardless of 
pregnancy. The concept of two oestrous cycles a year is 
erroneous since most reports give an average oestrous inter-
val of 7 – 8 months, but with a variation ranging from 4 – 14 
months reported. 

 Colony breeding data tend to show some seasonal infl u-
ence, with increased incidence of oestrus in late winter and 
spring. This implies that either light intensity or duration 
affects the breeding cycle of the bitch. 

 Pro - oestrus is fl agged by enlargement of the external geni-
talia. Within 2 – 4 days a sanguinous discharge appears 
from the vulva, usually regarded as the fi rst day of 
pro - oestrus. Discharge continues for 6 – 10 days during 
which the female is attractive to, but will not accept, the 
male. When oestrus commences, the female will accept the 
male showing a characteristic stance of arched back and 
elevated tail. At the same time, the sanguinous discharge 
begins to subside. Following acceptance of the male with 
intromission, the two usually remain  ‘ tied ’  in the coital lock 
for 10 – 40 minutes. 

 Oestrus lasts from 6 – 12 days during which time the female 
may continue to allow coitus. Ovulation normally occurs 
within 1 – 2 days after fi rst acceptance of the male and is 
spontaneous. The female refusing coitus marks the start of 
metoestrus and is characterised by a gradual decrease in size 
and turgidity of the vulva. A portion of the metoestrus may 
be associated with pregnancy or pseudopregnancy and 
anoestrus commences when the desquamated endometrial 
lining has been regenerated. 

 The female, when approaching puberty, may occasionally 
show an episode of false pro - oestrus with an increase in 
turgidity of the vestibular wall sometimes accompanied by 
a slight sanguinous discharge. Acceptance of the male does 
not occur and it is usually several weeks before true pro -
 oestrus begins. The condition does not recur at later oestruses 
and fertility is not affected (Harvey  1998 ). 

 Vaginal cytology can be used to estimate the best time for 
breeding. The technique has been described by Concannon 
and DiGregorio  (1986)  and the following microscopical fea-
tures may be seen: 

   •      pro - oestrus  –  abundant erythrocytes and  ‘ cornifi ed ’  
cells with pyknotic nuclei, leucocytes sparse;  

   •      oestrus  –  abundant  ‘ cornifi ed ’  cells, many without 
nuclei, and a moderate number of erythrocytes, few 
leucocytes;  
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   •      prolonged gestation  –  greater than 70 days from fi rst 
mating, or 59 days from fi rst day of cytological dioe-
strus, or 66+ days from the luteinising hormone peak.     

  Nutrition  d uring  p regnancy and  l actation 

 During the fi rst 5 – 6 weeks of pregnancy, a bitch can be fed 
the same amount as before mating. During the last 3 – 4 
weeks, the foetal puppies are growing very rapidly and the 
diet must be increased according to the manufacturers ’  rec-
ommendations. The gravid uterus often limits intake so this 
should be provided in small frequent meals. 

 Lactation is nutritionally very demanding and the bitch 
will require 3 – 4 times her maintenance level of food when 
milk production reaches its peak 3 – 4 weeks post - partum. 
This should be fed as frequent small meals.  

  Reproductive  p roblems 

 Pseudopregnancy is a common reproductive problem, 
occurring in about 16% of bitches during metoestrus, the 
incidence increasing with age. It is characterised by a varying 
degree of abdominal distension and mammary develop-
ment, some bitches actually lactating about 60 days after 
ovulation. It is thought that falling progesterone precipitates 
a rise in prolactin in affected animals. The condition is self -
 limiting and does not usually require intervention (Feldman 
 &  Nelson  1987 ). Cabergoline can be used to selectively 
inhibit prolactin in bitches distressed by false pregnancy. 

 False oestrus has been reported (Shille  et al.   1984 ) in which 
the bitch will mate but fail to conceive since no ovulation 
occurs. This may be followed a few weeks later by true 
oestrus. Bitches which repeatedly show this pattern can 
have a very disruptive effect on a breeding colony and 
should normally be culled, unless of special value. Culling 
based on small litter size, problems with whelping or mater-
nal behaviour, chronic infertility, age or persistent anoestrus 
is also appropriate. 

 Methods for the assessment and treatment of infertility in 
both the male and female dog have been reviewed by 
Johnston and Romagnoli  (1991) .  

  Rearing the  y oung 

  Early  d evelopment 
 Cannibalism of puppies is unusual though a bitch will often 
reject a weak or  ‘ runted ’  offspring, thus allowing it to die. 
Primigravid bitches are sometimes apprehensive of their 
litter initially, but usually settle down once the puppies start 
sucking. Sedation (eg, acepromazine) may be useful for 
these fi rst hours, once parturition has been completed. 

 Newborn puppies do not have fully developed tempera-
ture control and require a higher ambient temperature than 
adults to avoid hypothermia. Some of this warmth can be 
provided by the bitch and littermates but an ambient tem-
perature of 26 – 28    ° C will be needed for at least the fi rst 5 – 10 
days. Local heat, using an infra - red lamp, is suitable but the 
lamp and fl ex should be hung out of reach of the bitch and 
at least 1   m above the litter. 

 Newborn puppies commence sucking immediately after 
they have been licked clean by the bitch. During the fi rst 

 Manual palpation of the standing bitch can be used at 
28 – 32 days after ovulation when foetuses may be felt as a 
chain of discrete fi rm swellings, each about 2   cm in diameter. 
After 32 days, palpation becomes increasingly diffi cult until 
very late in pregnancy when the foetal heads may be felt. 
By this time, mammary development is also obvious. 

 There is little difference in progesterone concentration 
between pregnant and non - pregnant bitches (England 
 1998a ).  

  Parturition 

 Signs of impending parturition (whelping) in the bitch have 
been described by Johnson  (1986) . A fall in body temperature 
to less than 37.2    ° C normally occurs within 24   h before partu-
rition accompanied by palpable relaxation of pelvic and 
abdominal musculature. Increased friendliness, restlessness 
and loss of appetite may also occur. For several days prior to 
expected parturition, a bed should be provided using a 
bedding material that is designed to drain fl uid to the base of 
the bed leaving the bitch and puppies relatively dry. 

 Jones and Joshua  (1988)  have described the pattern of 
normal whelping together with excellent advice on coping 
with problems which may arise. The fi rst stage of parturi-
tion begins with the onset of uterine contractions. This may 
last for 6 – 12   h during which time the bitch may appear 
agitated. 

 Stage two commences when the cervix is fully dilated. The 
allantochorion or  ‘ water bag ’  of the fi rst foetus appears at 
the vulva and is often ruptured by the bitch. By now, the 
bitch is exerting obvious abdominal contractions. Shortly 
after, the fi rst foetus is presented in the cervix and expulsion 
may take from only a few minutes to a couple of hours. It is 
natural for the bitch to chew the umbilical cord and eat the 
placenta. Her continual licking of the puppy stimulates res-
piration during the fi rst few minutes of independent life. 
Further puppies will follow at intervals of 20 – 60 minutes 
(maybe as long as 2   h). A non - purulent greenish discharge 
may precede the fi rst and subsequent foetuses. 

 Stage three begins after delivery of the puppies and ends 
with the passage of all placentae. A bitch with multiple 
puppies may alternate between stages two and three. 

 Commonly the foetal head will present towards the 
maternal pelvis, although many foetuses in other presenta-
tions are delivered unassisted and should not be considered 
abnormal. Diffi culties may be encountered if the fi rst foetus 
is in posterior presentation since the dilating affect of the 
head on the cervix and vagina will be absent. The following 
are indications of a diffi cult birth (dystocia) that may require 
intervention (Tilley  &  Smith  2004b   ): 

   •      30 minutes of strong persistent abdominal contractions 
or straining without delivering a puppy;  

   •      more than 4   h from the onset of stage two to the delivery 
of the fi rst puppy;  

   •      more than 2   h between the birth of each puppy;  
   •      failure to deliver more than 24   h after the rectal tem-

perature falls to less than 37.2    ° C or within 36   h of serum 
progesterone being less than 2   ng/ml;  

   •      the bitch shows visible signs of pain or is constantly 
licking the vulva while attempting to deliver;  
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week, sucking occurs about every 2   h after which the fre-
quency reduces to every 4   h. It is very important that puppies 
feed adequately during the fi rst 24   h of life as it is during 
this time that they receive high levels of colostrum which 
provides important passive immunity. Puppies are born 
with their eyes and ears closed. The eyelids gradually sepa-
rate until the eyes are fully open by day 10 – 14. By this time 
the ears are also patent. Puppies are usually able to stand 
by day 10 and walk steadily by day 21. Voluntary control of 
micturition and defecation begins between days 16 and 21.  

  Hand  r earing 
 By far the best method of hand rearing puppies is by foster-
ing onto a lactating female. Docile bitches with a litter of 
similar age and size, or a pseudopregnant bitch, will often 
accept one or more foster puppies. Puppies can be success-
fully hand reared using a commercial milk substitute formu-
lated for dogs. 

 It is vital to provide an environmental temperature of 
30 – 32    ° C for newborn orphan puppies. After 7 days this can 
gradually be lowered to about 24    ° C by 4 weeks of age. At 
these temperatures, the puppy should be fed at 3 - hourly 
intervals between 08.00 and midnight for the fi rst 3 weeks. 
At lower temperatures, an overnight feed will be necessary. 
Thereafter feeds should be reduced in frequency to four 
times daily by 6 weeks of age. Solid food should be offered 
from 4 weeks of age. A detailed review of rearing orphaned 
puppies is given by Edney  (1982) .  

  Weaning and  r earing 
 Puppies will start eating solid food at about 3 weeks of age 
and can be separated from the bitch at 7 – 8 weeks. The nutri-
ent requirements of the weaned puppy are about double 
those of an adult dog of the same weight. This food should 
be given in several small meals as shown in Table  30.3 . 
Commercial puppy foods should be fed according to the 
manufacturer ’ s recommendations. Acceptability and palat-
ability of the food is most important during this period of 
rapid growth and, if biscuit or a dried diet is used it may be 
moistened to soften it prior to feeding.     

  Selection of  b reeding  s tock 

 Future breeders should be selected on the basis of parental 
performance, temperament and conformation. Litters from 
primiparous females should be avoided since parental 
performance will not yet have been adequately assessed. 
Detailed records must be maintained for each breeding 
animal showing date and size of litters born, stillbirths, 
neonatal deaths, size of litters weaned, sex of offspring 

  Table 30.3    Frequency of meals for puppies after weaning. 

   Age (months)     Meals per day  

  1 ½  – 3    4  

  3 – 4    3  

  4 – 6    2  

  Over 6    1 or 2  

and identity of the sire. If oestrus detection is being 
practised, the frequency of oestrus must be recorded 
together with dates of mating. All these records must be 
considered in assessing parental performance when select-
ing bitches. 

 Standard growth curves 1  of a colony can be maintained to 
ensure selection from healthy stock of near average weight. 
Individual examination is of paramount importance to 
assess the temperament of the animal and to ensure good 
health and avoid detectable inherited defects. 

 Selection of good - quality stud males is of even greater 
importance due to the wider impact on the colony compared 
with bitch selection. In addition to many of the selection 
criteria mentioned above, potential studs can have semen 
samples collected by manual ejaculation and testicular ultra-
sound can also be performed to evaluate fertility. Once 
selected, the libido of a stud male should be assessed at 
regular intervals. 

 Care must be taken to avoid unintentional inbreeding, 
particularly in a small breeding colony where random 
mating would lead to a signifi cant increase in inbreeding 
coeffi cient. It has been estimated that a ratio greater than 
two males for each 10 females is needed to prevent an 
increase in the coeffi cient of inbreeding (Shultz  1970 ). 
Unrelated stud dogs should also be selected to mitigate 
against this effect. 

 The ability of female beagles to breed reaches a peak at 3 
years of age and then wanes from 4 – 8 years of age (Andersen 
 &  Simpson  1973 ). During this latter period there is an 
increase in the number of mated females who fail to whelp, 
a decrease in the number of pups born per litter and an 
increase in the pre - weaning losses. Extended oestrous cycles, 
1 year or more in length, are common in beagles over 8 years 
of age.  

  Production of  g notobiotic and  s pecifi c  p athogen 
 f ree ( SPF )  s tock 

 Griesemar and Gibson  (1963)  have described techniques for 
obtaining gnotobiotic puppies. It would appear that the last 
few days  in utero  are important for the production of vigor-
ous puppies. Therefore the accurate detection of imminent 
parturition is essential to ensure correct timing of the hys-
terectomy. Gnotobiotic puppies are commonly infected with 
the roundworm  Toxocara canis  and, in countries where it is 
endemic, the hookworm  Ancylostoma caninum  but this 
should be a limited contamination if appropriate sterile hys-
terectomy techniques are used. Dosing with an appropriate 
anthelmintic (eg, fenbendazole 50   mg/kg/day) during preg-
nancy will signifi cantly reduce this parasite burden in the 
puppies after the hysterectomy (Burke  &  Roberson  1983 ; 
Fisher  2001 ). 

 Since they have never been exposed, either naturally or 
through vaccination, to the relevant infectious agents, SPF 
dogs can be used for research into canine infectious diseases 
and for vaccine development and testing. It may also be 
preferable to use SPF dogs in transplantation studies since 

  1        http://www.marshallbio.com/docs/pub/Refdata/Reference_b_
growth.pdf  
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similar attention in their breeding facility and during quar-
antine when they are adapting to their new environment. 
Dogs are generally amenable creatures and any tendency to 
aggression is usually due to nervousness. A quiet, gentle 
approach will frequently overcome any problems. Rarely, 
nervous dogs may snap at their handlers and need to be 
muzzled for minor procedures. Use of such dogs should be 
avoided, especially for long - term procedures. If a dog devel-
ops nervousness over time, sensitive remedial training may 
be able to resolve the problem. 

 Dogs can easily be trained to walk on a lead and this 
experience is benefi cial in bonding the dog with its handlers. 
This may be facilitated by use of head collars designed to 
prevent pulling. Dogs not so trained, and weighing up to 
about 15   kg, may be carried (Figure  30.4 ). Larger animals 
should be moved in a wheeled box or crate to which they 
should be habituated.   

 In addition to lead training, dogs can readily be trained 
to relax in a body sling or small study cubicle for periods of 
8   h or more. This is important where animals have been 
surgically instrumented to permit monitoring of physiologi-
cal parameters whilst fully conscious. These and other forms 
of training, including habituation to electric clippers, and 
sitting still for blood sampling, provide environmental 
enrichment for these intelligent animals and give opportuni-
ties for close human contact. JWGR  (2004)  provide useful 
advice on socialisation, habituation and training of labora-
tory dogs and the benefi ts which accrue.  

  Physiological  m onitoring 

  Recording  b ody  t emperatures 

 Rectal temperature can be measured with a digital or 
mercury thermometer. The normal range is 38 – 39    ° C. The 

latent viruses in non - SPF dogs may be activated during 
profound immunosuppression and cause disease.  

  Artifi cial  i nsemination 

 Methods of collection, storage and insemination of canine 
semen have been described by Farstad  (1998) . Semen 
samples can be evaluated for a variety of characteristics 
including motility, sperm count, pH and live to dead ratio. 
Canine semen is ejaculated in three fractions: the second, the 
sperm - rich fraction, is used for insemination. Fresh semen 
can be stored at 4    ° C. If appropriately diluted, sperm motility 
remains almost normal for 3 – 4 days and for 1 day if stored 
undiluted (Morton  &  Bruce  1989 ). Alternatively, semen can 
be stored frozen. Freezing techniques have stringent require-
ments for rate of thawing, dilution and site of deposition 
which must be followed (England  1993 ). Sperm normally 
die within a few hours of thawing so precise timing of 
insemination is critical to success. 

 In nature, the semen is deposited into the anterior vagina, 
but reaches the uterus and oviducts within 1 – 2 minutes 
post - coitus. Concannon and Battista  (1989)  have described 
a technique of intrauterine artifi cial insemination with a 
50 – 90% conception rate. Kim  et al.   (2007)  compared intrau-
terine and intratubal insemination and showed low concep-
tion rates (20%) with the latter technique. The best time for 
insemination is usually shortly after oocyte maturation 
which occurs 5 – 6 days after the initial rise in progesterone 
and around the time of the surge in luteinising hormone. 
Most successful inseminations take place 2 – 4 days before the 
decrease in vaginal cornifi cation.  

  Oestrus  c ontrol and  i mpact on  r esearch 

 England  (1998b)  has comprehensively reviewed the phar-
macological control of oestrus in the bitch. Oestrus can be 
postponed or prevented in the bitch. Progesterone or pro-
gestagens are most commonly used and are available in a 
variety of formulations, including depot preparations and 
tablets, to be given orally. Androgens may also be given in 
anoestrus to prevent the return to cyclical activity, either as 
a prolonged release implant or as a depot injection of mixed 
testosterone esters. The mechanism of action of androgens 
is not clear. 

 Kutzler  (2005)  reviewed methods of oestrus induction and 
synchronisation of ovulation for embryo transfer pro-
grammes. He concluded that methods vary widely in effi -
cacy of inducing oestrus as well as fertility. Chandra and 
Adler  (2008)  reviewed the frequency of different oestrus 
stages to permit interpretation of morphological changes in 
toxicity studies. They found that more than 80% of the 
animals studied were in the anoestrus – dioestrus stage at the 
time of autopsy.    

  Laboratory  p rocedures 

  Handling and  t raining 

 Puppies should be handled frequently to accustom them to 
human company. Purchased animals should be given 

     Figure 30.4      The correct way of carrying a medium - sized dog. 
 (Crown copyright.)   
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  Collection of  s pecimens 

  Blood 
 General advice on blood sampling is available in JWGR 
( 1993 ). Blood samples may be conveniently and safely taken 
from three veins in the dog, namely, the cephalic, external 
jugular and lateral saphenous veins. 

 The cephalic vein runs along the dorsal surface of the 
forelimb from the medial to the lateral side. It can be dilated 
by compressing the upper surface of the limb at the elbow 
as shown in Figure  30.5 . Blood can be collected by syringe 
and needle (0.6   mm outside diameter (od)    ×    16   mm or 
0.8   mm    ×    16   mm) using a steady gentle pull on the plunger. 
Compression of the vessel should be maintained during 
collection of the sample, but relaxed before the needle is 
withdrawn. Compression should then be applied over the 
puncture site for about a minute to prevent haemorrhage 
and haematoma formation. When repeated samples are 
required it is better to place a fl exible cannula in the vein. 
This can be fi xed in place with adhesive tape and, provided 
it is fl ushed with heparinised saline (5   IU/ml) about every 
4   h, it will remain patent for 24   h or more. Bandaging may 
prevent some dogs removing the cannula but must not 
tightly encircle the limb as venous drainage will be occluded. 
Alternatively, a dog can be fi tted with a protective plastic 
collar and singly housed to prevent itself or other dogs 
chewing the cannula.   

 The external jugular vein is a larger vessel and is appro-
priate for routine blood sampling as well as catheterisation 
of the right heart and pulmonary artery. The dog is held 
either sitting or standing as in Figure  30.6  and the vessel is 
dilated by applying pressure in the jugular furrow at the 
base of the neck. Venepuncture is made from the lateral side 
directed cranially for a venous sample or caudally for 
catheterisation.   

 The lateral saphenous vein is less easily stabilised for 
puncture but is a useful alternative for single samples. The 
animal is held as in Figure  30.7 . It is also useful for catheteri-
sation, especially for dogs supported in slings.   

technique is slow since the thermometer should be 
placed in the rectum for at least 2 minutes before being 
read. Continuous or remote recordings are not possible 
by this method. Microchips which include a temperature 
sensor are available for subdermal implantation but may be 
less reliable than rectal probes due to their peripheral 
position. 

 In anaesthetised animals, temperature probes may be 
sited in the rectum or lower oesophagus for core tempera-
ture measurements. A nasopharyngeal reading can be taken 
as an estimate of brain temperature. Inspired and expired 
air temperature can be measured by a probe placed in the 
trachea.  

  Telemetry 

 Telemetric devices can be surgically implanted for recording 
physiological values such as body temperature, electrocar-
diogram (ECG), blood pressure (arterial, venous and left 
ventricular), intraocular pressure, kidney pressure, electro-
myogram, electroencephalogram (EEG), electro - oculogram, 
respiratory rate and motor activity in the conscious dog. 
Texts are available to assist the interpretation of these 
recordings including for ECGs (Tilley  1992 ) and EEGs 
(Redding  &  Knecht  1983 ). 

 Telemetric methods are used widely to monitor cardio-
vascular and neurobehavioural effects of potential pharma-
ceuticals (Tontodonati  et al.   2007 ). By mounting the receiver 
above the pen, recovered animals can move freely whilst 
continuous remote recordings are taken. A signifi cant 
advantage is that results are not masked by the effects of 
handling stress. Recording can also be conducted for pro-
longed periods without human presence. 

 Careful consideration should be given to housing a com-
panion animal with the telemetered animal for social enrich-
ment and to inhibit development of stereotypic behaviour. 
Many modern telemetry devices have batteries which can 
be switched on and off giving 3 – 5 years ’  service before the 
implant fails. Repeat surgery for battery replacement may 
become necessary but strict limits should be applied to the 
number of times this may be done with up to two replace-
ment surgeries normally considered to be maximum. 

 In many countries it is permitted to re - use animals in 
telemetry and other monitoring studies under strict regula-
tory controls. The rationale is that, once a dog has been 
surgically prepared, it can be used for a number of studies 
with minimal distress. If a fresh animal was surgically pre-
pared for each use, the overall distress would be greater. 
Furthermore, an animal can act as its own control, thereby 
reducing the number required for statistical signifi cance. It 
is important that there should be frequent veterinary checks 
to ensure dogs remain fi t for subsequent use, and only dogs 
selected for a temperament which suits them for laboratory 
life should be used. 

 A new approach to gastrointestinal (GI) monitoring uses 
an ingestible wireless capsule that can measure pressure, pH 
and temperature as it transits the GI tract. This can be used 
to provide gastric emptying time, combined small and large 
intestine transit time, pressure contraction patterns and 
motility indices. The data receiver can be fi tted into a jacket 
for protection.  

     Figure 30.5      Collection of blood from the cephalic vein.  (Crown 
copyright.)   
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  Urine 
 A metabolism cage which incorporates adequate separation 
of faeces and urine should be used for the collection of a 24   h 
urine sample. However, it will not be suitable for bacterio-
logical examination, this requiring a sample obtained by 
cystocentesis to ensure no contamination. Sterile plastic 
catheters are available for both the dog and the bitch and 
should be used with full aseptic technique to prevent infec-
tion of the urinary tract. Repeated catheterisation is unwise 
as the abrasive effect on the urethra may predispose to pain 
and infection.  

  Faeces 
 Faeces can be collected in a metabolism cage, or from the 
fl oor of an ordinary cage or pen soon after defecation. 
Alternatively, a spatula or gloved fi nger can be used to 
gently ease faeces out of the rectum.  

  Abdominal  o rgan  b iopsy 
 A percutaneous method of sampling one or more abdominal 
organs under ultrasound guidance is described by Barr 
 (1995) . Tissue core samples of good quality can be obtained 
from both liver and kidney. Endoscopic biopsy of the small 
intestine is described by Hall  (1994)  but is prone to artefacts 
due to the small sample size which may include only mucosa 
and submucosa. Biopsy of the intestine by laparotomy 
allows full - thickness samples to be obtained (Tobias  2007 ) 
and visual inspection of the alimentary tract and other 
organs.    

  Administration of  s ubstances 

 See JWGR  (2001)  for general advice on the administration of 
substances. 

  Intravenous  r oute 

 The techniques for intravenous injections are similar to 
those described for blood sampling. Compression of the 
vessel should be relaxed prior to injecting the material.  

  Intramuscular  r oute 

 Intramuscular injection can be made into the quadriceps 
muscle of the hindleg or the lumbar musculature, 
pushing the needle (0.8   mm od    ×    16   mm or 25   mm) into the 
body of the muscle before injecting the material. Kruesi 
 (2004)  describes the lumbar technique with helpful 
photographs.  

  Subcutaneous  r oute 

 Subcutaneous injection is made under the loose skin above 
the shoulder blades. A three - cornered fold of skin is raised 
with the thumb and two fi ngers. The needle (0.8   mm 
od    ×    16   mm) penetrates the dog ’ s skin under the thumb, 
pointing towards the two fi ngers and slightly downwards 
(Figure  30.8 ). This technique avoids the possibility of double 
penetration of a simple skin fold which would result in loss 
of injected material.    

     Figure 30.6      Collection of blood from the external jugular vein. 
 (Crown copyright.)   

     Figure 30.7      Collection of blood from the lateral saphenous vein. 
 (Crown copyright.)   

 Venepuncture should normally be performed under 
aseptic conditions. This would usually involve careful clip-
ping and antiseptic swabbing of the puncture area and the 
use of sterile syringes, needles and catheters. If repeated 
samples are required, it is preferable to insert a catheter to 
avoid repeated application of antiseptic and venepuncture, 
both of which may cause irritation.  

  Bone  m arrow 
 Bone marrow can be removed under general anaesthesia or 
sedation with local anaesthesia, normally from the dorsal 
iliac crest. Full surgical asepsis is essential which includes 
clipping the site, scrubbing and draping. A bone marrow 
biopsy needle 25 – 45   mm long and about 2.5   mm internal 
diameter is used. The technique is described in detail by 
Raskin  (1993) .  
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easily smelt. A small amount of fl uid should initially be 
administered and, in the absence of any choking, the remain-
der given steadily. The tube should then be fl ushed before 
being gently withdrawn to avoid refl ex vomiting or 
regurgitation.   

  Anaesthesia,  a nalgesia and  p ost -  o perative  c are 

 Basic principles and procedures for anaesthesia and analge-
sia are described by Seymour and Gleed  (1999)  while Hall 
 et al.   (2001)  include descriptions of anaesthesia for special-
ised techniques such as obstetrics and intrathoracic surgery. 
Flecknell  (2009)  considers the particular anaesthetic needs 
of the laboratory dog. Healthy dogs can readily be anaesthe-
tised and present few problems. Anaesthetic techniques 
require considerable expertise and should not be contem-
plated by an inexperienced anaesthetist. 

 Prior to administering a general anaesthetic, a thorough 
pre - operative assessment should be carried out to ensure the 
dog is fi t for anaesthesia. Food should be withheld for at 
least 6   h beforehand to reduce the risk of regurgitation. 

 Pre - anaesthetic medication is advisable, even in quiet 
animals, for the following reasons: 

   •      to alleviate anxiety;  
   •      to provide muscle relaxation and analgesia;  
   •      to suppress vomiting and regurgitation;  
   •      to provide smoother induction and recovery;  
   •      to reduce the dose of anaesthetic required.    

 A premedicant combination of an opioid analgesic and a 
sedative may also produce moderate to deep sedation 
enabling minor procedures such as radiography to be 
undertaken. Opioid analgesics are best administered pre -
 operatively prior to more major surgery since evidence sug-
gests that pain, once experienced, becomes more diffi cult to 
control. The analgesic effect may also continue into the 
immediate post - surgery period thus aiding a smooth 
recovery. 

 General anaesthesia can be maintained by intravenous 
and inhaled agents either separately or in combination. The 
former are usually administered via an in - dwelling cannula 
placed in the cephalic, external jugular or lateral saphenous 
vein (Figures  30.5 ,  30.6  and  30.7 ). Table  30.4  lists anaesthetic 
agents and adjuncts suitable for the dog with their doses, 
routes of administration and special considerations.   

 The anaesthetist should also be responsible for monitor-
ing and maintaining body temperature during the proce-
dure. Heat loss is especially signifi cant in small breeds, 
immature subjects or during prolonged anaesthesia and 
recovery. Maintenance fl uids appropriate to the procedure 
should be given and fl uid loss by bleeding should be moni-
tored and appropriately replaced. Tear formation may be 
reduced so it is benefi cial to protect the animal ’ s eyes with 
sterile lubricant. 

 Post - operative analgesia must be provided for as long as 
is needed. The opioid analgesics, for example buprenor-
phine, are suitable with the fi rst dose being given as part of 
the pre - medicant. Individual responses to all opioids are 
variable, making ongoing assessment of pain imperative to 
inform subsequent requirements. Opioid analgesics can also 

  Intraperitoneal  r oute 

 The intraperitoneal route is not commonly used and is not 
normally recommended in the dog. The site for injection is 
2 – 3   cm lateral to the umbilicus with the animal standing or 
in dorsal recumbency. The needle should be introduced at 
least 2   cm and the syringe plunger pulled back to ensure no 
blood, urine or other fl uid enters the barrel. If this occurs, 
reposition the needle before injecting. It is unwise to attempt 
intraperitoneal injections in bitches during the last 2 weeks 
of pregnancy.  

  Oral  r oute 

 If the pharmacokinetics of the product allow, oral doses can 
often be administered by mixing the dose with the normal 
diet without altering acceptability, or by concealing it within 
a treat. The giving of treats may, of course, be impractical if 
it is in confl ict with an experimental protocol. If this is not 
possible, tablets or capsules can be placed on the back of the 
dog ’ s tongue and will be swallowed if the jaw is held closed. 
Swallowing can be induced by massaging the dog ’ s throat. 
This procedure is more stressful to both animal and handler 
particularly in nervous animals. 

 Fluids can be poured into the labial pouch at the angle of 
the jaw with the muzzle held upwards. The fl uid should be 
given in small aliquots to permit swallowing and avoid 
choking. 

 Alternatively, fl uids can be orally administered by 
stomach tube which may be passed easily in trained dogs. 
A fl exible rubber or plastic tube (9   mm od) should be used 
in animals weighing over 6   kg. The length is marked in 
advance by measuring the distance from the nose, via the 
acromion of the shoulder, to the tenth costochondral junc-
tion. The fi rst few centimetres of the tube should be lubri-
cated with an appropriate water - soluble jelly. 

 The muzzle of the dog is lifted to point upwards and the 
jaws opened. The tube will then pass easily over the back of 
the tongue and into the oesophagus until the mark is level 
with the incisors. If there is any resistance, the tube should 
be withdrawn and the procedure repeated. When the tube 
is correctly placed, the odour of gastric contents will be 

     Figure 30.8      Raising a three - cornered fold of skin for a 
subcutaneous injection.  (Crown copyright.)   



The laboratory dog 447

 Regional nerve blocks can be used both during and after 
surgery to decrease the amount of other anaesthetic drugs 
needed and to lower the post - operative requirement for 
analgesics. Many minor surgical procedures can be per-
formed under local or regional analgesia although it is 
usually necessary to provide sedation as an adjunct. Specifi c 
techniques for regional anaesthesia are described by Hall 
 et al.   (2001) . 

 In the days following surgery, the dog should be observed 
to ensure that it is eating, drinking, defecating and urinating 
normally. Pain control should be carefully assessed. The 
surgical wound should be inspected daily and any sutures 
or staples removed 10 days post - operatively. Exercise 
should be restricted until this time.  

  Euthanasia 

 Euthanasia should be performed in the most humane 
manner possible to minimise both mental and physical suf-
fering and should be carried out by trained and experienced 
personnel, preferably familiar with the animal to minimise 
the distress of being handled by a stranger. The bereave-
ment distress to handlers can be considerable and should 
not be ignored (Arluke  1988 ). The World Society for the 
Protection of Animals (WSPA) provides excellent guidance 
on methods of euthanasia suitable for dogs (WSPA  2005 ) 
indicating those which are recommended, acceptable, con-
ditionally acceptable and not acceptable. Any method used 
should produce rapid unconsciousness and subsequent 
death without evidence of pain or distress. It should be safe 
for the handlers, easy to perform and cause death without 

be injected epidurally (Campoy  2004 ) to control post - surgi-
cal pain for extended periods, for example, after thoracot-
omy, with minimal systemic effects (Popilskis  et al.   1991 ). 
Modern NSAIDs such as meloxicam, ketoprofen and carpro-
fen can provide excellent relief of post - operative pain 
(Lascelles  et al.   1994 ) and can be used either alone or in 
combination with opioids. Tramadol is an opioid agonist 
that inhibits the reuptake of noradrenaline and 5 - HT, and 
stimulates pre - synaptic 5 - HT release. It provides an alterna-
tive pathway for analgesia involving the descending inhibi-
tory pathways within the spinal cord. It is available in a 
variety of formulations for human use but not yet widely 
used in dogs. However, it may be useful for the control of 
post - operative and chronic pain and avoid some of the side 
effects of NSAIDs. 

 An animal that has undergone surgery is vulnerable 
during the immediate post - operative period and it is essen-
tial that adequate facilities and care are available at this time. 
Even in the absence of emergencies, each animal should 
receive individual attention to ensure its safe recovery. Of 
paramount importance is the provision of warmth in the pen 
or cage. Adult dogs require an ambient temperature of 25    ° C 
and puppies 32    ° C and a heated mat may be used to provide 
local warmth. Food and water bowls should not be placed 
in the pen until the dog is aware of its surroundings, and no 
other animal should be present to interfere with the patient 
during the recovery period. 

 If an endotracheal tube has been used, this should be left 
in place until the swallowing refl ex has returned, when it 
can be gently withdrawn. If recovery is prolonged, the 
animal should be turned from side to side every 30 minutes 
to prevent postural hypostatic lung congestion. 

  Table 30.4    Some anaesthetic agents and adjuncts suitable for the laboratory dog. 

   Agent     Dose     Route     Effect     Comment  

  Acepromazine    0.01 – 0.1   mg/kg    im, sc or slow iv    Sedative    Dose dependent on route. Onset 20 – 30   mins 
after im administration  

  Morphine    0.5   mg/kg    im, iv    Opioid analgesic    Continuous rate infusion 0.15 – 0.2   mg/kg/hr iv  

  Methadone    0.1 – 0.5   mg/kg    im    Opioid analgesic    Duration of action 3 – 4   h  

  Buprenorphine    5 – 20    μ g/kg    im, iv or sc    Opioid analgesic    Duration  ∼ 6   h but individual variation  

  Medetomidine    10 – 30    μ g/kg    iv, im or sc    Premedicant, sedative    Used alone or in combination with an opioid 
analgesic  

  Propofol    1 – 4   mg/kg in 
premedicated animal  

  iv    Induction agent    Can be used to maintain anaesthesia by 
continuous infusion or intermittent boluses. 
Smooth, rapid recovery  

  Alfaxolone    2   mg/kg in 
premedicated animal  

  Slow iv    Induction agent    Can be used to maintain anaesthesia by 
continuous infusion or intermittent boluses  

  Sevofl urane    7 – 8% for induction; 
2 – 3% for maintenance  

  Inhaled    Fully potent anaesthetic    Good analgesia and muscle relaxation. Use 
dedicated calibrated vaporisers  

  Isofl urane    4 – 5% for induction; 
2 – 3% for maintenance  

  Inhaled    Fully potent anaesthetic    Good analgesia and muscle relaxation. Use 
dedicated calibrated vaporisers  

  Pancuronium    0.06   mg/kg    iv    Non - depolarising 
muscle relaxant  

  May require specifi c licence authority; 
demands skilled assessment of anaesthesia 
and analgesia  

  Alphachloralose    80   mg/kg    Slow iv    Long - lasting anaesthetic    Duration 6 – 10   h.  Non - recovery only   

  Urethane    1000   mg/kg    Slow iv    Long - lasting anaesthetic    Duration 6 – 10   h.  Non - recovery only   
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producing changes in tissues that might interfere with 
experimental results. 

 Intravenous injection of a lethal dose of barbiturate is the 
most common method of euthanasia of conscious dogs, nor-
mally by using a 20% pentobarbital solution rapidly injected 
at 150   mg/kg. The animal becomes anaesthetised within 
seconds and undergoes no pain or distress. Venepuncture is 
easily performed on most reasonably docile dogs by trained 
and experienced personnel. In anaesthetised animals, eutha-
nasia can be carried out by overdose of barbiturates as above 
or by increasing the anaesthetic dose to a lethal level. 

 Physical methods of euthanasia such as shooting and elec-
trocution are distasteful and dangerous to the operator and 
are no longer considered acceptable. Decapitation and 
drowning are not acceptable, even for very young puppies, 
and both are illegal in many countries. 

 Following euthanasia, death should always be verifi ed (if 
necessary by waiting for rigor mortis to set in) before dispos-
ing of the carcase.   

  Common  w elfare  p roblems 

  Health and  d isease 

  Prophylaxis 

 Dogs that are not in good health are always unsuitable for 
experimental work except in the investigation of naturally 
acquired or induced disease. 

 Dogs should be visually assessed daily to look for signs 
of health or disease (Table  30.5 ). It is important that carers 
are aware of differences in temperament and behaviour 
between individual dogs so that deviations from the norm 
are promptly recognised.   

 Regular, more detailed, health checks may be performed 
by trained technical staff and might include body weight, 
body condition, nail clipping, dental checks and ear clean-
ing. Blood samples might be taken for biochemical and hae-
matological examination to assess health status. Routine 
prophylactic treatments might accompany such examina-
tions and any necessary vaccinations administered and 
recorded. 

 In the event of concern, a veterinary surgeon should be 
consulted. This is important not only for the welfare of the 
animals involved, but also to prevent the spread of disease 
to other animals. In addition, the veterinary surgeon should 
regularly visit all areas to assure the quality of health and 
welfare of the dogs. The veterinary surgeon should also be 
responsible for the maintenance of comprehensive and accu-
rate clinical records. 

 In addition, the environment should also be checked daily 
and recorded eg, temperature, humidity and effectiveness 
of ventilation.  

  Common  d iseases 

 Table  30.6  summarises signifi cant infectious diseases in the 
dog. Clinical texts (Chandler  1994 ; Ettinger  &  Feldman  1994 ; 
Gaskell  &  Bennett  1996 ; Ramsey  &  Tennant  2001 ) should be 
consulted for a more comprehensive description including 
methods of diagnosis, prevention and treatment whilst 

  Table 30.5    Signs of health in the dog. 

   Sign     Description  

  General 
appearance  

  Active, alert, responds to presence of humans 
and conspecifi cs. Stands on all four limbs 
evenly and is neither lame nor stiff, especially 
after rest. Responds normally to being handled. 
No uncharacteristic vocalisations  

  Appetite 
and weight  

  Good appetite. Some dogs are slow eaters 
whilst others consume their ration 
immediately. Not obese or thin. Normal water 
requirement varies (eg, with diet). Beware of 
sudden changes in weight, drinking or eating 
behaviour  

  Mouth    Teeth fi rm and clean. Gums pink, smooth and 
moist. Infl ammation absent especially at gum 
margins. Absence of offensive smell  

  Eyes    Bright, clear; symmetrical appearance; absence 
of infl ammation, discharge, irritation or 
opacities of the cornea or lens  

  Ears    Clean, non - irritant; absence of infl ammation 
and offensive smell or discharge  

  Skin    Freely moveable, ribs and spine easily felt. No 
scratching; infl ammation and lesions absent. 
Coat clean, unmatted and free from parasites 
and excessive scurf. No swellings or masses. 
No areas of hair loss  

  Respiration    Regular, effortless even after moderate 
exercise. Absence of cough. No nasal 
discharge  

  Urine    Clean, straw coloured. Pus and blood absent. 
No pain or straining or altered frequency of 
urination. Normal urine marking behaviour  

  Faeces    Firm, dark brown (colour and consistency 
varies with diet but should not be pale and 
bulky). Free from blood or mucus. No pain or 
straining on defecation  

Tilley and Smith  (2004a)    provide a simple reference hand-
book. Many diseases can vary in the severity of their clinical 
signs and thus in the presenting picture. Hence, an early 
diagnosis may be diffi cult but is essential if spread of disease 
to neighbouring animals is to be avoided. The diagnosis 
must normally be confi rmed by laboratory tests and treat-
ment and a strategy for control implemented immediately. 
For these reasons, laboratory dogs, whether in a breeding 
colony or involved in an experiment, should always be 
under the care of a veterinary surgeon with direct responsi-
bility for their health and welfare.   

 These infectious diseases are generally of low incidence 
in well managed laboratory dog colonies. More common 
clinical problems may include fi ght wounds, lameness, 
dental disease, ear infl ammation, hernias, histiocytomas and 
cryptorchidism as well as complications from experimental 
procedures. It is important that all such conditions are 
promptly identifi ed as part of routine health checks and 
appropriately treated. Diarrhoea is a common clinical sign 
with a multitude of possible causes including a wide range 
of infectious agents as well as stressors, such as change of 
diet or accommodation, and experimental procedures  –  
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  Table 30.6    Infectious diseases of the laboratory dog. 

   Name     Causal agent     Clinical picture     Prevention     Comment  

  Infectious canine 
hepatitis (ICH)  

  Adenovirus    Pyrexia, anorexia, vomiting 
and diarrhoea, general 
malaise. Congested mucosae, 
leucopenia; raised liver 
enzymes. Late stage 
 ‘ blue - eye ’   

  Vaccination    Following recovery, virus 
is eliminated in urine for 
several months  

  Canine distemper    Morbillivirus 
(paramyxovirus)  

  Pyrexia, oculonasal discharge, 
anorexia and diarrhoea. May 
be secondary pneumonia. 
Enamel hypoplasia; hardening 
of footpads and nose  

  Vaccination    Neurological signs may 
appear in adults following 
an earlier episode of the 
generalised disease  

  Canine parvovirus    Parvovirus    Vomiting, diarrhoea and 
dysentery with rapid 
dehydration  

  Vaccination    Disease not seen prior to 
1978. Susceptible very 
young puppies may 
develop myocarditis with 
acute heart failure  

  Infectious canine 
tracheobronchitis 
(kennel cough)  

   Bordetella bronchiseptica , 
several viruses, 
? Mycoplasma  spp.  

  Sporadic outbreaks of mild 
respiratory disease with 
coughing  

  Vaccination available for 
 B. bronchiseptica  and 
parainfl uenza virus  

  Occurs in kennels when 
dogs from different 
sources are mixed  

  Canine herpes 
virus (CHV)  

  Herpesvirus    Infertility, abortions, 
stillbirths. Neonatal 
neurological signs and death  

  Vaccination of bitch to 
protect puppies  

  Clinical disease rare in 
dogs older than 3 – 4 
weeks  

  Rabies    Rhabdovirus    Usual route of infection via 
bite; neurological signs; fi ts or 
moroseness  

  Vaccination    Fatal zoonosis; invariably 
fatal in dogs  

  Leptospirosis     Leptospira  serovars inc. 
 L. canicola   &   L. 
icterohaemorrhagiae   

  Acute or chronic renal 
failure. Jaundice, severe 
depression and death  

  Vaccination together 
with rodent control  

  Chronic disease may 
occur following an earlier 
acute episode. Organism 
may be carried by rats  

  Brucellosis     Brucella canis     Abortion in female; orchitis in 
male  

  Screen new breeders    Zoonosis reported. 
Uncommon but 
problematical in a 
breeding colony  

  Ascariasis    Helminths, mainly 
 Toxacara canis   

  Unthriftiness and diarrhoea in 
puppies. Abdominal 
distension  

  Regular anthelmintic 
treatment  

  Zoonotic. Treat pregnant 
and lactating bitch. Other 
helminths such as 
hookworm and lungworm 
as well as tapeworm also 
occur  

  Mange    Various mites inc. 
 Sarcoptes scabiei, 
Cheyletiella  spp. 
 Otodectes cynotis  and 
 Demodex canis   

  Pruritis, alopecia and skin 
thickening. May become 
pustular. Infestation of ear 
causes severe irritation  

  Strict hygiene together 
with rodent and fox 
control. Topically 
applied acaricides  

  May be zoonotic. 
Examine incoming dogs 
very carefully to avoid 
introduction of mites  

  Ringworm     Microsporum canis   &  
 Trichophyton  spp.  

  Discrete areas of alopecia 
and broken hairs  

  Isolation and disinfection    May be zoonotic. Treat 
systemically or topically  

notably toxicology studies. Faecal examination may be 
revealing but the problem will often resolve spontaneously 
or with removal of the stressor. 

 Several spontaneously occurring disorders occur among 
laboratory dogs and are considered to have a genetic basis, 
including hypothyroidism due to lymphocytic thyroiditis, 
beagle neck pain syndrome (also known as neck pain syn-
drome, steroid responsive meningitis and necrotising vas-
culitis), distichiasis, cryptorchidism, prolapse of the gland 
of the third eyelid, idiopathic epilepsy and factor VII defi -
ciency (Mustard  et al.   2008 ).   

  Behavioural  p roblems 

 It has been recognised for many years that dogs housed in 
restricted environments tend to develop behavioural abnor-
malities (stereotypies) generally considered indicative of 
poor welfare (Luescher  et al.   1991 ). Such environments may 
be restricted either in the overall space available, or equally 
in the lack of stimulating features. 

 Hubrecht  et al.   (1992)  studied various different types of 
housing in which dogs were spending substantial propor-
tions of their time in stereotypic behaviour including repeti-
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tive jumping so the hindlegs leave the ground, circling 
around the pen, pacing usually along a fence, and social 
pacing in parallel with another dog on the other side of the 
fence. Whilst barking may be normal for the dog, in a colony 
situation some dogs develop a repetitive staccato barking 
which appears to have no communicative purpose and is 
often linked with other stereotypic behaviours. 

 Single housing of dogs is associated with passive and 
non - social repetitive behaviour probably due to the dog ’ s 
efforts to offset boredom. Housing dogs in groups tends to 
be associated with non - repetitive social behaviour, high 
activity and investigation, together with low levels of aber-
rant repetitive behaviour. This is considered to be due to 
 ‘ social buffering ’  associated with factors such as the com-
plexity of the environment (Kikusui  et al.    2 006 ). 

 Provision of human contact may be of even greater social 
value than canine contact (Wolfl e  1990 ) although it may only 
require a relatively small amount of time. Hubrecht  (1995)  
tested the effect on young puppies of human socialisation 
and environmental enrichment with toys on ultimate adult 
behaviour. He found that human socialisation and even 
simple toys were enjoyed by puppies with benefi ts in adult-
hood. Means of managing behavioural problems in dogs are 
described by Horwitz  et al.   (2002) .        

     Further  r eading 

  The range of manuals published by the British Small Animal 
Veterinary Association (BSAVA) provides excellent background 
information and clinical details for the dog including haematol-
ogy (Day  et al.   2000 ), urology (Elliott  &  Graver  2007 ), endocrinol-
ogy (Mooney  &  Peterson  2004 ) and neurology (Platt  &  Olby 
 2004 ).   
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31
  Biological  o verview 

  General  b iology 

 The domestic cat  Felis silvestris catus  used in laboratories is 
the same species that is commonly kept as a companion 
animal and which exists in substantial numbers in a feral 
state. Cats are intelligent, highly specialised mammals that 
have evolved a range of morphological adaptations and 
sensory abilities to suit their exclusively carnivorous life-
style (reviewed by Bradshaw  1992 ). A cat ’ s perception of the 
world is therefore different from ours. Hunting by sight at 
night means they see in lower light intensities than we can 
and are particularly sensitive to rapid movement. They are 
not, however, able to see in fi ne detail or to discriminate 
clearly between shades of colour (Bradshaw  1992 ). They also 
hunt by sound and are very sensitive to the ultrasonic fre-
quencies that rodents use to communicate. Their sensitive 
sense of smell helps them to locate prey although, in the fi nal 
stages of a kill, touch is the dominant sense. Smell is also 
used to select food while a second olfactory system (the 
vomeronasal organ) is used in social communication. 
Sebaceous glands are located throughout the body, espe-
cially on the head and the peri - anal area, and between the 
digits. Scratching, which deposits scent from the inter - 
digital glands, is a marking behaviour which leaves visual 
and olfactory signals, and helps to maintain the claws in 
good shape (Rochlitz  2005 ). The deposition of urine and 
faeces, and rubbing of the body against objects, may also be 
used in olfactory signalling. Allo - rubbing, where cats rub 
their face and body against each other and intertwine their 
tails, serves to exchange scent profi les between cats. 

 Standard biological data are listed in Table  31.1 .    

  Size  r ange and  l ifespan 

 Average domestic cats weigh between 2 and 5   kg. Males are 
signifi cantly heavier than females. There are breed differ-
ences; American Ragdolls or Maine Coons can be three 
times heavier than the average, whilst the small Singapura 
weighs a mere 2 – 3   kg. Well cared for domestic cats can, on 
average, expect to live for about 12 years and many cats live 
into their twenties.  

  Social  o rganisation of  f ree -  r anging  c ats 

 Cats can adapt to a wide range of population densities. Feral 
cat populations range from densities of 1 – 2000/km 2  (Izawa 
 et al.   1982 ; Izawa  1984 ; Kerby  &  Macdonald  1988 ). The 
social system feral cats adopt depends upon the 
distribution and availability of resources. The home ranges 
of breeding males are usually much larger than those of 
females. The sizes of their home ranges are determined by 
both food supply and social considerations (including 
availability of breeding females, whether females are soli-
tary or social and the degree of competition for females). 
Male home ranges encompass the territories of several 
breeding females. The home ranges of females are 
determined by the needs for shelter and food both for them-
selves and for any dependent young. Where cats have 
to support themselves solely by hunting, they are often 
solitary as their prey is unlikely to be suffi ciently abundant 
to sustain a social group. If food is more common but patch-
ily distributed, then the home ranges of cats may overlap 
though they would rarely hunt in the same area at the same 
time. 

 Social groups exist where food is locally concentrated; 
usually as a result of human activities (Kerby  &  Macdonald 
 1988 ). These groups are basically matrilineal, consisting of 
females, usually related, and their offspring (including 
immature males). The size of the groups is very variable and 
seems to be determined largely by food availability, mortal-
ity amongst kittens from a range of infectious diseases and 
extermination by humans. Females are tolerant of other 
members in the group but defend their communal core area 
(containing their den and major source of food) aggressively 
against intruders. Their aggression intensifi es if there are 
young kittens in the group. This exclusion of outsiders 
makes it diffi cult for females to move between groups. 
Males tend to disperse away from their mother ’ s home 
range when they are 2 or 3 years old. Initially they avoid 
contact with all other cats but as they mature and get 
stronger they will challenge other males for access to 
females. Mature males are only loosely associated with any 
group but in areas where most females are group - living, a 
particular male may concentrate his mating efforts within a 
single group. Further information on cat behaviour can be 
found in Thorne  (1992) ; Beaver  (2003)  and in the American 
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usually reached by the third litter. Females are optimally 
fertile between the ages of 1 and 8; subsequently their 
oestrous cycles may become irregular and litters are fewer 
and smaller. Although sperm quality declines with age, 
males can remain fertile into their twenties.  

  Breeds,  s trains and  g enetics 

 A recent genetic assessment of 979 domestic cats and their 
wild progenitors  –   Felis silvestris silvestris  (European wildcat), 
 F. s. lybica  (Near Eastern/north African wildcat),  F. s. ornata  
(central Asian wildcat),  F. s. cafra  (southern African wildcat) 
and  F. s. bieti  (Chinese desert cat)  –  indicates that each wild 
group represents a distinctive subspecies of  Felis silvestris  
(Driscoll  et al.   2007 ). As  F. s. lybica  and domestic cats fall into 
the same genetic clade (a group of species with the same 
ancestor), it is likely that the  lybica  subspecies gave rise to 
the genetic lineage that eventually produced all domesti-
cated cats. Cats were domesticated in the Fertile Crescent of 
the Near East and north Africa, probably coincident with the 
development of agricultural villages where cats fed on the 
rodents that infested the grain stores of the fi rst farmers. The 
fi rst evidence of cat remains buried together with human 
remains was found in Cyprus, and determined to be 9500 
years old (Vigne  et al.   2004 ). The earliest evidence for domes-
tication comes from Egypt in the third millennium  BC  
(Linseele  et al.   2007 ) 

 Cats have not been subject to intensive selective breeding 
programmes with most breeds originating in single gene 
mutations or a few combinations. The concept of cat breeds 
dates from the nineteenth century. Breeds are classifi ed into 
British (European or American) and Foreign on the basis of 
head shape, body conformation and coat quality. British 
types are stocky with a heavier coat. Foreign types are 
slender and smooth coated. Breeds are also classifi ed by hair 
length; Short - hairs and Long - hairs. The difference is due to 
a single gene, the allele for long coat being recessive. A more 
recent hair mutation has resulted in three new breeds; the 
Cornish Rex, the Devon Rex and the American Wire - hair. 
Colour varieties are caused by less than a dozen mutations. 
Most seem to affect only pigmentation but that producing 
blue - eyed white cats is linked with timidity, deafness, ele-
vated mortality and poor mothering ability. Breeders are 
now producing breeds in several colours; blurring the dis-
tinction between breeds and varieties (a full account of 
breeds and varieties is provided by Vella  et al.   1999 ).   

  Sources of  s upply 

 It is good practice, and a legal requirement in some countries 
(eg, in the European Union), for cats to be bred and obtained 
from approved establishments. Many laboratories use spe-
cifi c pathogen free (SPF) cats which will need to come from 
recognised SPF sources. These cats should be free from viral 
and chlamydial upper respiratory disease, FeLV (feline leu-
kaemia virus), FIV (feline immunodefi ciency virus), corona-
virus and both ectoparasites and endoparasites. Cats should 
be quarantined for at least 3 weeks before joining the colony. 
Cats from random sources would need a 6 week quarantine 

  Table 31.1    Standard biological data for the cat (after Hurni  &  
Rossbach  1987 ). 

   Parameter     Value  

  Age of replacement of deciduous 
dentition (months)  

  3.5 – 6  

  Life expectancy (years)    9 – 14 (over 20 has been 
recorded)  

  Body weight:  
     Female (non - breeding) (kg)    3 – 4  
     Male (kg)    3 – 7  
     Birth (g)    110    ±    20  

  Respiration rate (/min)    16 – 40  
     Volume (ml)    12 – 15 (0.3 – 0.4l/min)  

  Arterial blood pressure (mmHg)    120/75  
     pH    7.35  

  Blood volume:  
     Total (ml/kg body weight)    75  
     Maximum single sample (ml/kg 

body weight)  
  7  

  Pulse rate (/min)    150 – 200 (range 120 – 220)  

  Body temperature ( ° C)    38 – 39.5  

  Dental formulae:  
     Deciduous    2 (I 3  3 C 1  1 Pm 3  2 )   =   26  
     Permanent    2 (I 3  3 C 1  1 Pm 3  2 M 1  1 )   =   30  

  Oestrous cycle (days)    14 (anovular)  

  Gestation (days)    65.5    ±    1.7  

  Litter size    3 – 6 (range 1 – 10)  

  Lactation (weeks)    7  

  Weaning (weeks)    4 – 7  

Association of Feline Practitioners Feline Behaviour 
Guidelines 1 .  

  Reproduction 

 Under optimum conditions, females become sexually 
mature at around 9 months (range 4 – 18 months). Males 
(toms) are sexually mature by 8 months though some may 
be fertile earlier. Cats are normally seasonal breeders in 
temperate climates. Toms are most sexually active in spring 
though they can sire kittens at any time of the year. Females 
will breed all year round if they are kept indoors with no 
exposure to sunlight and with a 12:12 hour light – dark 
regime. Most oestrous cycles last between 18 and 24 days. 
Oestrus lasts about 4 days if mating occurs but otherwise 
between 5 and 10 days. Cats are induced ovulators (although 
see Lawler  et al.   1991 ), with foreplay and coitus stimulating 
ovulation. Sterile copulation may result in pseudopreg-
nancy which lasts about 36 days. Successful pregnancies last 
about 63 days (range 58 – 72 days). Females are capable of 
coming into oestrus 3 – 4 weeks after a litter is weaned. 

 The average litter size is 4 (typical range 3 – 10), with 104 
males born to every 100 females. Maximum litter size is 

  1        http://www.aafponline.org/resources/guidelines/Feline_Behavior_
Guidelines.pdf  
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than the quantity may often result in a better outcome for 
the cat. 

 The cat, having originated from a largely solitary - living 
species, has not developed the complex visual signalling 
that is typical of species that have had a long evolutionary 
history of social living, such as the domestic dog. As a result, 
lacking or having limited signals for avoiding confl ict such 
as appeasement (Casey  2007b ), and post - confl ict mecha-
nisms such as reconciliation (van den Bos  1998 ), they do not 
form distinct dominance hierarchies. Usually, cats will 
avoid physical confrontation by using behaviours to main-
tain distance, such as olfactory marking, posturing and 
vocalisation. Alternatively, they may try to evade threats 
from other cats by hiding or fl eeing to elevated locations. If 
housing conditions in the laboratory do not provide for 
these responses, cats may end up in aggressive encounters 
with each other. 

 The maintenance of groups is infl uenced by factors that 
include familiarity, stability, socialisation to other cats and 
availability of resources. Sibling pairs of cats have more 
amicable relationships than unrelated cats living together 
(Bradshaw  &  Hall  1999 ), and close social bonds may also 
develop between unrelated kittens that are raised together. 
Attention to the socialisation of cats with other cats at a 
young age will make them more tolerant of others in adult-
hood. Optimal socialisation to humans occurs if kittens are 
handled between the second and seventh week of life (Karsh 
 &  Turner  1988 ), and it is generally accepted that the period 
of socialisation of kittens to other cats also occurs during this 
time (Rochlitz  2005 ). 

 Housing cats at high densities increases the likelihood of 
their being stressed. While housing in groups provides 
opportunities for complex social interactions and so increases 
mental and physical stimulation (Figure  31.1 ), group com-
position should be kept fairly constant to avoid disrupting 
established group dynamics. Social cohesion is maintained 
through behaviours such as allo - rubbing, which involves 
tactile communication and the mixing and exchange of 
scent, such that all individuals in the group have a shared 
scent profi le. The frequent addition of new cats into a group 
disrupts relationships and introduces new olfactory profi les 
that interfere with social cohesion.   

 When cats are housed in groups, attention should be paid 
to the availability of resources (food, toileting sites, resting 
and hiding areas). Resources should be distributed in a 
number of places to prevent certain animals from monopo-
lising one area, and to enable them to avoid confl ict with 
others when accessing these resources. Cats which fail to 
adapt to a particular social group, for example those which 
avoid contact with all other group members, should be 
rehoused, either with a smaller group or singly.  

  Individual  h ousing 

 Sometimes cats need to be housed individually. For instance; 
post - /pre - parturition females; mature males; sick, injured or 
quarantined individuals; or as a necessary part of a specifi c 
research programme. The most specialised or extreme form 
of single housing is probably the metabolism cage which is 
used, for example, to facilitate the reliable collection and 
assessment of faeces. These cages are usually made of metal 

as their disease status would be unknown. They might also 
have behavioural and handling problems.  

  Management and  b reeding 

  General  h usbandry 

 Husbandry systems should use best health care practices, 
which emphasise good welfare and meet the animals ’  
behavioural needs. Systems should provide safe, comforta-
ble, animal - friendly conditions, environmental choice for 
the animal, sensory stimulation, physical and mental exer-
cise and should minimise disease. Detailed recommenda-
tions for cat housing exist (eg, Home Offi ce  1989 ; European 
Commission  2007 ) and provide guidelines on the design, 
construction and security of animal facilities; and on the 
environmental conditions within the facility, encompassing 
guidelines for temperature, relative humidity, ventilation 
and lighting). There are examples of innovative design 
incorporating elements intended to meet cats ’  behavioural 
needs (Loveridge  1994 ; Loveridge  et al.   1995 ). 

  Housing 

 Cats can be kept outdoors or indoors. Considerations of 
environmental control, costs and disease transmission mean 
most colonies are kept in closed indoor accommodation. 
Housing needs to be easy to clean and maintain, and com-
patible with the requirements of laboratory studies. Using 
several individual buildings reduces the potential for disease 
to spread throughout a colony (Hawthorne  et al.   1995 ).  

  Group  h ousing 

 Groupings should take account of density recommenda-
tions. In the UK for group - housed cats, recommended 
minimum fl oor area per cat is 3300   cm 2  for cats weighing up 
to 3   kg and 5000   cm 2  for cats weighing over 3   kg (Home 
Offi ce  1989 ). This rises to 5000   cm 2  and 7500   cm 2  respectively 
when cats are housed singly. The revised guidelines of 
the European Convention for the Protection of Vertebrate 
Animals used for Experimental and Other Scientifi c Pur-
poses (ETS 123), Appendix A (Council of Europe  2006   ), and 
the revised Annex II to the European Directive 86/609 
(European Commission  2007 ) require a minimum fl oor area 
of 1.5   m 2  and shelving of 0.5   m 2 , with another 0.75   m 2  of fl oor 
space and 0.25   m 2  of shelf space for every additional cat; and 
that the cage should be 2   m high. 

 A critical minimum cage size has not been established for 
cats. Some cats will show behaviour problems when con-
fi ned in cages with the dimensions given above. Indeed, 
some free - ranging cats will show behaviour problems. 
However, cats with restricted access to outdoors are more 
commonly presented with behaviour problems than free -
 ranging cats so it appears that space is limiting to some 
individuals even in relatively enriched home settings. The 
response of the individual to confi nement varies widely and 
is based on many factors. The most important of these is 
likely to be quality of the confi ned space and the cat ’ s previ-
ous experience. Investing in the quality of the space rather 
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they provide the best vantage points and protect the cat 
from being approached from behind. Cats spend a large 
portion of their day either resting or sleeping, so it is impor-
tant that there are plenty of rest areas with comfortable 
surfaces. 

 Hiding is a coping behaviour that cats often show in 
response to stimuli or changes in their environment (Rochlitz 
 2005 ). It is commonly seen when cats want to avoid interac-
tions with other cats or people, and in response to other 
potentially stressful situations. A recent study investigated 
the effect of hiding enrichment on stress and behaviour of 
kennelled cats (Kry  &  Casey  2007 ). The hiding enrichment 

(often stainless steel) with mesh fl oors. They can be stressful 
to the cats confi ned in them in many ways. The accommoda-
tion may be unfamiliar to the animal if it is normally group -
 housed. The cages are usually small and so lack space for 
normal movement. They provide only a barren environ-
ment; devoid of comfort and facilities providing physical 
and mental stimulation. The enforced social isolation may 
also cause stress to cats that are used to social contact with 
others. These cages should be made as appealing as possible 
with the addition of resting boards with covers, toys and 
visual observation of other cats and should be used for as 
short a time as possible. 

 In response to the need to improve upon such cages, 
Loveridge and co - workers  (1995)  developed a system of 
two - roomed lodges which provide individually housed cats 
with an enriched environment, freedom of choice, mental 
and physical stimulation and conditions as similar as pos-
sible to those in the main colony (Figure  31.2 ). Extensive use 
of glass throughout the building allows the individually 
housed animals to be visually stimulated by those on either 
side, by human and cat activity within the colony, and by 
activity in the grounds outside the colony building. 
Individually housed cats should have access to a larger exer-
cise area space and be given some personal attention every 
day (Figure  31.3 ). Even more recently, an organisation has 
developed a mechanical litter tray system that allows urine 
and faeces to be collected from specifi c cats housed in their 
normal group housing. Users should explore the possibili-
ties of these techniques before resorting to metabolism 
cages.    

  Environmental  p rovisions 

 An important objective of good housing is to improve 
welfare by giving the animal a degree of control over its 
environment and the opportunity to make choices (Broom 
 &  Johnson  1993 ). Good laboratory housing for cats should 
include a range of shelving at different heights, and a choice 
of resting and hiding places. Timid cats and those less well 
integrated into the social group will occupy the higher 
shelves (Rochlitz  et al.   1995 ), particularly those in corners as 

     Figure 31.1      Enriched housing provides opportunities for 
play, social contact and privacy.  

     Figure 31.2      Lodges for singly housed cats (in the background) can 
be built around central areas of activity to provide visual 
stimulation.  
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  Identifi cation and  s exing 

 In small colonies cats can be identifi ed by their markings 
and other characteristics. Microchip implants provide a 
secure, safe and permanent method of identifying individu-
als. Insertion of the microchips is less painful than tattooing. 
Collars can be used but their fi t needs to be checked regu-
larly and they are unsuitable for very young kittens. Cats 
can be sexed at birth from the ano - genital distance (about 
6   mm in females and 13   mm in males).  

  Physical  e nvironment and  h ygiene 

 The physical environment should be monitored, and 
ambient temperature and humidity adjusted for comfort 
(15 – 24    ° C and 55%    ±    10% relative humidity are recom-
mended by the UK Home Offi ce  (1989) ). Rather than having 
a homogeneous environment, creating a range of micro -
 environments is preferable as this provides a cat with some 
choice, for example: heated beds; sun - warmed ledges; and 
shaded lying areas. Even in single metabolism cages, a 
single shelf at least provides some choice of location for the 
individual. Good ventilation is important to dilute and 
remove air - borne pathogens and to disperse heat produced 
by animals and equipment. Cats need protection from 
extremes of heat and housing will need extractor fans, blinds 
or solar - absorbing glass and refl ective fi lm. 

 The combination of good design and an effective cleaning 
regimen will minimise disease transmission. All rooms and 
litter trays,  ‘ furniture ’  and other surfaces within, need daily 
cleaning with detergent and disinfectant. Cleaning materials 
need to be chosen carefully as cats are particularly sensitive 
to phenolic compounds. Aerosolisation of phenolics can 
result in corneal lesions if the cats remain in the room during 
cleaning. Chlorhexidine appears to be a safe and effective 
disinfectant for cat rooms (suggestions in Hawthorne  et al.  
 1995 ). Bedding should be disposable or washable. Only 

consisted of a cardboard box (Hide, Perch and Go ®  box, 
British Columbia SPCA), whilst control animals were pro-
vided with an open bed. A signifi cant reduction in stress 
was noted in the enriched group: these cats were more likely 
to approach humans and displayed relaxed behaviours 
much more frequently. 

 Visual barriers can be useful, to enable cats to get out of 
sight of others and also to break up the three - dimensional 
space into sections or compartments, making it more 
complex and giving the cat more choice about where it 
wants to be (Rochlitz  2005 ). Housing should incorporate 
features to provide opportunities for stimulation, and for 
environmental and social choice. For example: provision of 
internal windows to enable cats to watch other cats and 
human activity; internal arrangement of pens incorporating 
different levels to increase usable space and give opportuni-
ties for climbing, for example by imaginative use of shelv-
ing, climbing poles and ropes; semi - hidden spaces to explore 
or to withdraw from the group, for example, plastic hollow 
cubes, large children ’ s toys etc which can be moved from 
group to group; experience of the natural environment 
either by direct access (which may not be possible in a 
minimal disease system) or through glass. 

 Olfactory enrichment is relatively underused in animal 
housing, perhaps because of the relatively poor sense of 
smell of humans compared with many other species. 
Surfaces for the deposition of olfactory and visual signals 
and for claw abrasion, such as scratch posts, rush matting, 
pieces of carpet and wood, should be provided.  

  Presentation of  f ood and  w ater 

 Fresh water should always be available and, ideally, replen-
ished constantly from a chlorinated mains supply. Some cats 
prefer to drink from a water fountain. Food should be kept 
fresh. Removing food for a period each day seems to renew 
the cats ’  interest.  

Social room

Gardens

Path

Lodge Kitchen

Central Court

Planter

     Figure 31.3      Section through a facility providing single 
and group housing for cats (from Loveridge  et al.   1995 ). 
 Reproduced with kind permission of Waltham Centre for 
Pet Nutrition.   
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     Figure 31.4      Regular health checks and grooming are 
essential to ensure the well - being of individuals.  

small quantities of food should be stored within the build-
ings to avoid attracting vermin and this should be kept in 
vermin - proof containers. Every care should be taken to 
avoid any wild, stray or pet animals entering the animal 
facility. Particular care needs to be taken with drains and 
other services that penetrate the fabric of the building and 
so allow a potential route into the animal rooms.   

  Health  m onitoring,  q uarantine and 
 b arrier  s ystems 

 Cats should be handled frequently and checked daily; han-
dling and restraint techniques were reviewed by Wills, J. 
 (1993) . Every week they should have a specifi c health check 
(ears, eyes, nose, genitalia and general body condition), be 
groomed and weighed (Figure  31.4 ). Twice a year they should 
have a dental examination and a haematology and biochem-
istry screen. Colonies should be screened for viruses, bacteria 
and parasites. Viral screening should occur on an epidemio-
logical basis. Assuming a low incidence of disease a large 
number of cats may need to be screened to fi nd a problem. 
Any unexpected death should be thoroughly investigated.   

 The probability of cats contracting an infectious disease 
depends on a number of factors, including: age; genetic pre-
disposition; nutritional status; levels of stress; concurrent 
illness; level of infectious disease challenge and virulence of 
the infectious organism. 

 Separate facilities should be provided for the isolation of 
suspected infected cats and for those in quarantine. Isolation 
facilities should be completely self - contained and, ideally, 
in a separate building from the main colony. Disease trans-
mission can be limited further by housing all cats according 
to their susceptibility. Preferably each susceptibility group 
should be handled by different personnel, otherwise the 
sequence in which they are handled should be on a suscep-
tibility basis from most to least susceptible, eg: early - weaned 
kittens; queens with kittens; older cats; quarantine cats; and 

fi nally sick cats. Further details are given by Hawthorne 
 et al.   (1995) .  

  Transport 

 Cats are not good travellers. Travel causes stress in many 
individuals and therefore should be kept to a minimum 
(McCune  1994 ). Journeys of over 10   h duration appear to be 
especially stressful (Bradshaw  &  Holloran  2005 ). Preferably 
cats should be accompanied to ensure their safety and 
welfare. If cats are to travel unaccompanied, across borders, 
or by air, sea or rail then special regulations will probably 
apply. Each country and carrier will have its own regula-
tions regarding animal transport. Cats appreciate being able 
to look out of their carrier. SPF cats will need to be protected 
from infection during transit. Cats travelling by air will 
require containers approved by the  International Air Transport 
Association  ( IATA ) who revise their regulations annually (see 
also Chapter  13  and Laboratory Animal Science Association 
(LASA)  2005 ).  

  Breeding 

 For general advice see Wills, M.B.  (1993) . 

  Condition of  a dults 

 Cats are sexually mature at 8 – 9 months of age. Cats that 
begin to cycle and are not bred are likely to develop uterine 
pathology that decreases reproductive performance. 
Therefore, if the colony has reproduction as a goal, queens 
should be placed into a harem in their fi rst year. At the 
Waltham Centre for Pet Nutrition queens are retired at 8 
years and toms are retired at 10 years, but other breeders 
may continue to use their breeding animals for longer than 
this if they remain in good health.  
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  Conception and  p regnancy 

 Ovulation is triggered by mating, possibly from the stimula-
tion of the tom withdrawing his barbed penis. After copula-
tion both cats wash their urinogenital area, the female 
continues to roll for about 30 minutes before they mate 
again. Multiple copulations are normally required to trigger 
ovulation. Females may mate many times and with different 
males. Pregnancy can be reliably diagnosed by palpation at 
21 – 28 days, by ultrasound after 21 days and by radiography 
after 40 – 45 days. Pregnancy can be assessed by monitoring 
weight gain, and weight gain also gives some indication of 
the size of the litter (Loveridge  1986 ).  

  Nesting 

 Cats do not usually build nests but make use of whatever 
protective shelter is available; they will usually make use of 
boxes, newspaper, cardboard or other forms of bedding if 
provided. They like to choose where to give birth, and may 
visit suitable sites several times before coming to a decision. 
Some cats prefer dark, quiet places; a box provided in the 
breeding area will generally be used. Occasionally cats will 
transfer their kittens to a new nest site.  

  Parturition 

 Group - housed pregnant cats are moved to separate accom-
modation about 10 days before parturition to protect the 
newborn kittens from attack. Feral queens living in social 
groups do use communal dens and collaborate to nurse each 
other ’ s offspring; in large groups it tends to be mothers and 
daughters co - operating but in small groups all adult females 
may nurse each other ’ s offspring, (Bradshaw  1992 ). Confi ned 
females have been known to kill newborn kittens. Infanticide 
by tomcats has also been recorded. 

 Before giving birth the queen cleans herself thoroughly, 
particularly her ventrum around the nipples, and her ano-
genital area. Parturition is usually uneventful. The kittens 
are born at 2 – 30 - minute intervals. After the birth the queen 
removes the amniotic sac from around the kitten, severs the 
umbilical cord, eats the placenta and licks the kitten clean 
which stimulates its breathing. After delivery of the last 
kitten, the queen then encircles her litter and encourages 
them to suckle by nuzzling and licking them. Kittens fi nd 
the nipple and suckle spontaneously using innate refl exes. 
Suckling must be established promptly as neonatal kittens 
cannot withstand even short periods without food and need 
to acquire maternal antibodies from the milk. The mother 
will remain in contact with the kittens for at least the fi rst 
24   h. For the fi rst month the queen spends about 70% of her 
time in the nest caring for her kittens; initiating feeding 
bouts, grooming, and stimulating their perineal area to 
encourage urination and defecation (this must be done until 
they are about 7 weeks old).   

  Development of the  y oung 

  Sensory  d evelopment 

 Sensory systems are not fully operational in the newborn 
kitten. They are born blind, virtually deaf and completely 

  Identifying the  f ertile  s tate 

 Anoestrous females will respond aggressively to any sexual 
approach by a male. Females in pro - oestrus show subtle 
changes in their behaviour; they tend to be rather restless 
and rub up against objects. They allow males to approach 
but prolonged contact is not tolerated. Over the next 24   h the 
females rub their head and fl ank against objects with increas-
ing intensity, they roll on the fl oor, stretch, purr and rhyth-
mically open and close their paws, fl exing their claws. At 
this stage they will tolerate grooming by the male but not 
mounting. Full sexual receptivity is indicated by females 
adopting the lordosis position; the female crouches with her 
head close to the ground, her hindlegs treading and partly 
extended, and her tail laterally displaced to expose the peri-
neum (UK Cat Behaviour Working Group  1995 ).  

  Mating  s ystems 

 In the harem or group mating system, ideally one male cat 
is kept in a group of females. The dominant male will 
usually mate with more than 80% of the females. A potential 
diffi culty with this system is that the exact date of mating is 
not known and pregnancy is determined by the female 
gaining weight (Figure  31.5 ). The female should be moved 
to kittening accommodation 10 – 14 days before birth is due 
to allow her to habituate to the new surroundings.   

 A second, but perhaps less welfare friendly, system is to 
house females together in groups and to accommodate the 
males in individual housing. When signs of oestrus are 
observed, the female is taken to the chosen male and mated 
a number of times. Males need to be replaced regularly to 
avoid inbreeding. The advantage of this system is that par-
entage and date of mating are known. The disadvantage for 
the singly housed males is they have relatively little social 
contact with other cats.  
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     Figure 31.5      Weight changes during gestation and lactation in 
queens with different litter sizes (group size   =   15) (from Loveridge 
 &  Rivers  1989 ).  Reproduced with kind permission of Waltham 
Centre for Pet Nutrition.   
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 In breeding colonies, weaned kittens are usually housed 
separately from their mothers. Housing kittens aged 8 – 18 
weeks together widens their social experience and increases 
their sociability to other cats. Young toms can be allowed 
supervised socialisation with groups of kittens. This pro-
vides stimulation and activity for the tom and teaches kittens 
how to interact with adults. Older kittens are usually 
grouped with others of a similar age.   

  Selection of  b reeding  s tock 

 Cats used for breeding should be free from detectable abnor-
malities, have a good temperament, and be fastidiously 
clean. Breeding females should be good mothers and have 
produced good - sized litters with an even sex ratio and 
good - sized offspring. Immunodefi ciencies may occur in 
inbred lines. 

  Special  s ystems  –   b arrier  c olonies 

 A successful barrier colony can be established using simple 
and straightforward procedures (Loveridge  1984 ). The 
colony is set up using SPF cats and accommodated away 
from existing non - SPF catteries. Access is limited, and per-
sonnel shower and dress in a separate set of clean clothing 
before entering and only handle the barrier colony cats. 
Goods and equipment are disinfected by immersion in a 
tank containing aldehyde - based disinfectant, delicate items 
are wiped with disinfectant.   

  Feeding 

 Cats are solitary hunters and tend to take prey that is con-
siderably smaller than themselves. Although their natural 
feeding behaviour is to eat small meals through the 24   h day, 
cats are opportunistic feeders and will adjust their patterns 
of activity to suit the frequency with which food becomes 
available. Adult cats at maintenance can adapt to being fed 
once or twice a day but growing kittens and lactating queens 
require more frequent feeds. Confi ned cats are generally 
given food  ad libitum  and eat small quantities at frequent 
intervals. Cats are highly selective feeders and require their 
food to be highly palatable and fresh. Odour and texture 
play an important part in diet selection by cats. Careful 
observation is required to establish individual preferences 
and the correct level of feeding. Most cats seem to be able 
to monitor, and therefore adjust, their own calorie intake to 
match their energy requirements quite accurately. Good 
nutrition during pregnancy and lactation will give kittens 
the best start in life. 

  Natural and  p repared  d iets 

 Cats are obligate carnivores: they must eat meat products. 
Free - living cats eat most parts of their prey (small verte-
brates and insects) including skin, bones and viscera. Most 
confi ned cats are fed solely on commercially prepared 
canned or complete dry cat foods. These diets have been 
designed to supply all the key nutrients and energy needed 

dependent. They have a fully developed sense of touch, 
and can detect and respond to temperature gradients. 
Olfaction is fully developed by 3 weeks and hearing by 4 
weeks. Kittens ’  eyes open at about 6 days. They can follow 
visual cues by 3 – 4 weeks. Thereafter their visual acuity 
improves and is fully developed by about 16 weeks. Internal 
control of body temperature is not fully developed until 7 
weeks.  

  Physical  d evelopment 

 Motor skills develop in parallel with sensory abilities. 
Newborn kittens can only move by wriggling against a sub-
strate but by the third week they can stand, though their 
balance is poor, and by 5 weeks they are attempting complex 
movements. Motor control is fully developed by 11 weeks. 
Predatory behaviour is observed in cats with no experience 
of prey but they require experience to become effi cient 
hunters. Feral kittens learn by interacting with prey brought 
to the nest by their mothers. Pet kittens learn by interacting 
with toys, litter mates and their mothers. 

 Kittens ’  milk teeth begin to appear about 14 days after 
birth. Initially they are not very interested in solid food but 
by week 5 are consuming substantial quantities. Kittens can 
be weaned at 8 weeks. Sensory and physical development 
are reviewed in Robinson  (1992a) .  

  Behavioural  d evelopment 

 In the fi rst 2 weeks, kittens mainly sleep and eat. The sensi-
tive period for socialisation to people lies between the end 
of the second and seventh weeks. This is the period when 
contact with people has the greatest infl uence on a kitten ’ s 
development of friendliness to people. Kittens should be 
given plenty of opportunity to socialise with other cats and 
humans, to play and experience colony routines. Older 
kittens should continue to be given a wide range of experi-
ences as this will help them to accept novel events as adults. 
Cats that are handled from birth show more rapid physical 
development and, as adults, are more responsive to humans 
and to novel events (McCune  1992 ). Their friendliness to 
people is affected by the quality and quantity of handling 
they receive (reviewed in McCune  et al.   1995 ) but is also 
dependent on their parent ’ s temperament (McCune  1995a ). 
Kittens from confi dent fathers are more confi dent 
themselves and cope better when faced with unfamiliar situ-
ations such as being handled by strangers or being caged 
(McCune  1992 ). Consequently, it is important to consider 
temperament when selecting individuals for a breeding 
programme.  

  Weaning and  r earing 

 The queen begins weaning by spending more time away 
from her kittens and by adopting postures which make her 
nipples inaccessible. Weaning can be encouraged by provid-
ing shelving to which queens can retreat and by removing 
queens for increasingly longer periods. The kittens are 
encouraged to eat solid food from approximately 3 weeks 
of age, which helps to reduce their dependence on mothers ’  
milk. Weaning is usually complete at 8 weeks of age. 
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  Table 31.2    Energy requirements of growing cats (from the  NRC  Guidelines  2006 ). 

   Lifestage     Energy measurement     Notes  

   Adult maintenance   
  Normal    100   kcal/kg BW 0.67 /day      
  Overweight/low activity    130   kcal/kg BW 0.4 /day      

   Pregnancy     ME 140   BW 0.67    kcal/day      

   Lactation   
   < 3 kittens    ME kcal   =   maintenance   +   18    ×    BW x L    L   =   stage of lactation from week 1 to week 7 

where 
 Week 1     = 0.9  
 Week 2     = 0.9  
 Week 3     = 1.2  
 Week 4     = 1.2  
 Week 5     = 1.1  
 Week 6     = 1.0  
 Week 7     = 0.8     

  3 – 4 kittens    ME kcal   =   maintenance   +   60    ×    BW    ×    L    As above  
   > 4 kittens    MEkcal   =   maintenance   +   70    ×    BW    ×    L    As above  

   Growth   +      100    ×    BW a  0.67     ×    6.7    ×    (e ( – 0.189p)  − 0.66)    where 
  p     = BWa/BWm  
 BWa     = actual body weight (kg)  
 BWm     = expected mature bodyweight  
 E     = base of natural log  ∼ 2.718     

    +    The age at which a cat ’ s energy requirement settles to the adult level is around 40 weeks, although actual bodily development may continue 
to 12 months  –  especially for a large male cat.   

and have been tested for digestibility and palatability. Many 
come in a range of types and fl avours since cats are known 
to appreciate variety in their diet (Bradshaw  1992 ). Canned 
food is a heat - sterilised moist food and, as such, is a safe 
product with a very long storage life and so requires no 
special storage conditions. Good - quality complete dry food 
made specifi cally for cats can also be used as the sole source 
of nutrition. Dry food can be kept for many months provid-
ing it is stored in dry cool conditions. Offering some dry 
food maintains oral hygiene in cats. Its natural abrasive 
action helps to prevent build - up of plaque and reduces gum 
disease. Another advantage is that it can be left out longer 
than canned food, which allows the cats to adopt a more 
natural feeding pattern of many small meals throughout 
both the day and night. However, in general, most cats fi nd 
dry foods less palatable than moist foods like meat or canned 
foods. 

 Diets can be made directly from raw ingredients. The 
National Research Council (NRC)  (2006)  gives dietary 
guidelines for cats, both minimum requirements and 
maximum tolerable levels, and lists the composition of a 
wide range of ingredients from which diets can be formu-
lated to meet the cat ’ s nutritional requirements. Further 
information can be found in Burger  (1993)  and Markwell 
 (1994) .  

  Water 

 The requirement for fresh clean water is at least as important 
as that for other nutrients. The water content of the diet 
affects the amount of water cats drink.  

  Dietary  r equirements 

 Dietary requirements are listed in Tables  31.2  and  31.3 . 
These will change with life stage as does the way in which 
the food should be presented.   

 The NRC  (2006)  estimate energy requirements in normal 
adult cats using an exponential equation of 100   BW 0.67  kcal 
per day (BW = bodyweight in kg), which is based on data 
from lean cats using indirect calorimetry (Nguyen  et al.  
 2001 ). For overweight cats the suggested equation is 
130   BW 0.4    kcal per day (Table  31.2 ).  

  Pregnant and  l actating  q ueens 

 Pregnant and lactating queens should be fed  ad libitum  on a 
balanced diet (Figure  31.6 ). Specially formulated diets are 
available and supplements should be avoided as they can 
result in nutritional imbalances (reviewed by Legrand -
 Defretin  &  Munday  1993 ). The NRC  (2006)  recommends the 
equation for energy requirements for gestation to be 
ME   =   140   BW 0.67    kcal/day (Table  31.2 ).   

 Cats increase their food intake from the fi rst day of preg-
nancy and, on average, gain about 39% of their pre - mating 
weight during pregnancy (reviewed in Loveridge  &  Rivers 
 1989 ). Weight gain varies with the size of the litter (accord-
ing to the equation: weight gain (g)   =   888.9   +   106.5   N, where 
N is the number of kittens in the litter) (Loveridge  &  Rivers 
 1989 ). Some of the weight queens accumulate is lost at par-
turition, the rest acts as an energy reserve for lactation 
(Loveridge  1986 ). In the fi rst 4 weeks of lactation queens 
expend more energy than they can take in. They continue to 
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  Table 31.3    Nutrient requirements of cats (From the  NRC  
Guidelines  2006 ). Nutrient requirements/1000   kcal. 

   Nutrient     Units     Cat requirement  

  Protein    g    50.00  
     Arginine    g    1.93  
     Histidine    g    0.65  
     Isoleucine    g    1.08  
     Leucine    g    2.55  
     Lysine    g    0.85  
     Methionine and cystine    g    0.85  
     Phenylaline and tyrosine    g    3.83  
     Threonine    g    1.30  
     Tryptophan    g    0.33  
     Valine    g    1.28  
     Taurine    g    0.10  

  Fat    g    22.50  
     Linoleic acid        1.40  
     Arachidonic acid        0.015  

  Minerals  
     Calcium    g    0.72  
     Phosphorus    g    0.64  
     Potassium    g    1.30  
     Sodium    mg    170.00  
     Chloride    mg    240.00  
     Magnesium    mg    100.00  
     Iron    mg    20.00  
     Zinc    mg    18.50  
     Copper    mg    1.20  
     Manganese    mg    1.20  
     Iodine     μ g    350.00  
     Selenium     μ g    75.00  

  Vitamins  
     Vitamin A (retinol)     μ g    250.00  
     Vitamin D (cholecalciferol)     μ g    1.75  
     Vitamin E ( α  - tocopherol)    mg    10.00  
     Vitamin K (phylloquinone)    mg    0.25  
     Thiamin    mg    1.40  
     Ribofl avin    mg    1.00  
     Pantothenic acid    mg    1.44  
     Niacin    mg    10.00  
     Pyridoxine    mg    0.625  
     Folic acid     μ g    188.00  
     Vitamin B 12      μ g    5.60  
     Choline    mg    637.00  
     Biotin     μ g    18.75  
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lactation (mean of three kittens/litter).  

need extra energy whilst they suckle and rebuild body 
reserves. The amount of energy required depends on the 
number and age of the kittens. The NRC  (2006)  recommen-
dation for ME in lactating cats is based on the maintenance 
requirement increased by a factor determined by the number 
of kittens in the litter and the stage of lactation (Table  31.2 ).  

  Growing  k ittens 

 Nutrition is one of the major determinants of kittens ’  growth 
rate, along with freedom from disease, good husbandry, 
maternal weight and the kitten ’ s sex (Loveridge  1987 ). 
During a kitten ’ s fi rst few weeks it is entirely dependent on 
its mother ’ s milk to achieve the desired growth rate of nearly 
100   g a week. If the queen ’ s milk is insuffi cient, or kittens are 
being hand reared, specially manufactured milk replacers 
should be given at frequent intervals. Milk replacers mimic 
the composition of queen ’ s milk, are highly digestible and 
may include a probiotic to help establish a healthy gut fl ora. 
NRC  (2006)  recommends a factorial equation to estimate the 
energy requirements for kittens (Table  31.2 ). 

 Although deciduous teeth appear about 14 days after birth, 
very young kittens are not very interested in solid food. From 
about 3 – 4 weeks, they become increasingly interested in the 
solid food that their mother is eating. By week 6, kittens are 
eating for 50 minutes a day (Robinson  1992a ) and should be 
given fi nely chopped or moistened food. Commercial food 
specifi cally formulated for kittens is available; it has a higher 
concentration of energy and some nutrients than food formu-
lated for adult cats. The amount of food kittens can ingest at 
one meal is limited and, ideally, they should be fed  ad libitum.  
Weaned kittens do not need milk and become less able to 
digest lactose as their gut matures. At 6 months of age most 
kittens have gained 75% of their fi nal adult weight and can be 
given food formulated for adult cats.  

  Older  c ats 

 Most colony cats are retired when they are around 8 years 
old. If studies require geriatric cats some changes in feeding 
regimens may be required. Geriatric cats require small but 
regular feeds of a high - energy, highly palatable and digest-
ible diet (feeding frequently rather than  ad libitum  allows 
food intake to be monitored). Recent research has shown that 
their ability to digest fat, protein and energy declines with 
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the routine in the future (eg, use of clippers and being gently 
restrained on an examination table).  

  Physiological  m onitoring 

 To maximise welfare and data reliability, monitoring 
methods should be as non - invasive as possible. Procedures 
are easier with two experienced handlers; one restrains the 
cat while the other performs the procedure. The more 
relaxed the handlers and the cat are, the easier and less 
distressing the procedure. 

  Recording  b ody  t emperatures 

 Most cats can simply be held while their rectal temperature 
is taken. Cats that do object will need to be restrained.  

  Collection of  s pecimens 

  Blood 
 Samples of 1 – 2   ml are most easily obtained from the front 
leg: from the antebrachial cephalic vein. For smaller samples, 
blood can be collected directly by letting it drop out through 
the needle into the collection vessel rather than being drawn 
out by syringe. Larger samples are easier to obtain from the 
jugular veins. See Joint Working Group on Refi nement 
(JWGR)  (1993)  for general guidance, and limits to blood 
volume that can be acceptably withdrawn.  

  Urine 
 Many of the methods used to collect urine (cystocentesis, 
catherisation, manual transabdominal expression) are inva-
sive and may be traumatic, particularly when testing is 
repeated or long - term. They also interfere with the cat ’ s 
normal urination pattern (as can keeping cats on mesh fl oors 
through which urine drains). Most cats can be trained to 
urinate in a clean tray: cats accustomed to urinating and 
defecating in a litter tray can be trained to use decreasing 
amounts of litter until the tray is empty. The outlet of the tray 
can be connected to a collection vessel outside the pen, ena-
bling urine to be collected separately from faeces. Markwell 
and Smith  (1993)  describe a non - invasive collection system 
whereby urine can be continuously monitored (Figure  31.7 ).    

  Milk 
 Milk can be manually expressed with some diffi culty from 
lactating queens by gentle massaging of the teats after the 
administration of 5   IU of oxytocin (im) to stimulate milk 
fl ow (Keen  et al.   1982 ).    

  Administration of  m edicines 

 General advice on the administration of substances can be 
found in JWGR  (2001) . Most cats will detect drugs mixed in 
their food and will refuse to eat. 

  Dosing and  i njection  p rocedures 

 Oral dosing is best carried out with two handlers, one 
restrains the cat while the other gives the medicine. To give 

age (Taylor  et al.   1995 ), whilst energy requirements remain 
constant. It may be necessary to offer fi nely chopped or mois-
tened food if they have poor dentition. It is particularly 
important that elderly cats have easy access to a supply of 
fresh clean drinking water. They are inclined to become 
dehydrated because they are less sensitive to thirst and are 
less effi cient thermoregulators (Markham  &  Hodgkins  1989 ).    

  Laboratory  p rocedures 

  Handling and  t raining 

 Cats that have been handled and well socialised as kittens 
are much easier to handle and train as adults. Good han-
dling techniques help cats feel comfortable and secure. 
Grown cats can be picked up with one hand under the chest, 
just behind the front paws, and the other under the hind-
quarters (Wills, J.  1993 ). Once picked up, the cat will prob-
ably be most comfortable sitting in the crook of the handler ’ s 
arm, with its forepaws either leaning against the handler ’ s 
shoulder or held in the handler ’ s other hand. Most of the 
cat ’ s weight should be taken on the handler ’ s arms. Young 
kittens should be picked up with one hand under the chest 
and the other under the hindlegs. A young kitten will be 
small enough to sit on a palm as long as the handler sup-
ports its head with the other hand.  

  Manual  r estraint 

 The usual method of restraining a calm cat is to sit the cat 
on a surface and hold its front legs. The jaw can be gently 
but fi rmly held in the other hand to control its head. 
Alternatively, it can be wrapped securely in a blanket 
(reviewed by Wills, J.  1993 ). Further restraint may be neces-
sary for agitated or nervous cats, for example the use of an 
extending collar on a rod or crush cages. Sedation is the 
preferred method of restraint for any cat with a history of 
being fractious. In the case of blood parameters, it greatly 
diminishes the effect of stimulating the fi ght or fl ight 
response on blood values. 

 A handling technique called  ‘ clipnosis ’  or  ‘ clipthesia ’  has 
been described (Pozza  et al.   2008 ), which is used to immobi-
lise cats for nail clipping, blood sampling and other minor 
procedures. The application of spring paper clips or clothes 
pegs that gently grasp the skin along the dorsal midline of 
the neck and cranial thorax renders the cat immobile. 
Although the technique ’ s effectiveness varies between indi-
viduals, it appears to be useful for providing gentle restraint 
in most cats (Pozza  et al.   2008 ). Based on their behavioural 
responses, the application of the clips does not appear to be 
aversive to most cats.  

  Training 

 Kittens will learn from their mother to use a litter tray. 
Hand - reared kittens need to be trained to use one by putting 
them on the tray frequently, particularly when they look 
ready to urinate or defecate. Consideration should be given 
to exposing kittens to minor procedures that will be part of 
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reduce the risk of vomiting during induction or during the 
recovery period. 

 Cats object to aggressive restraint, particularly if they are 
not sedated. It is always better to give them the benefi t of 
the doubt by fi rst handling them with the minimum restraint. 
If stronger restraint is required, then premedication and 
anaesthesia may be used.  

  Premedication 
 Agents and dosages are given in Table  31.4 . Premedication 
with a sedative is advisable, even in placid cats, as it reduces 
struggling during induction. A less stressful induction has 
several advantages: a reduced dose of induction agent and 
maintenance agent is required; recovery is smoother; and 
analgesia is more effective.     

  Pain 

 Pain can be diffi cult to recognise in cats, as their behavioural 
responses may not be as overt as in other species such as the 
dog. Behaviours indicating pain can be subtle and easily 
overlooked, and there may be individual variation. Several 
studies have examined the behavioural indicators of post -
 operative pain; these indicators include the inhibition or loss 
of normal behaviour (such as decreased grooming or failure 
to eat), the expression of abnormal behaviours (such as 
altered posture or aggression) (Waran  et al.   2007 ) and 
increased reaction or sensitivity to touch (Taylor  &  Robertson 
 2004 ). Chronic long - term pain, such as that caused by degen-
erative joint disease, is likely to have a more signifi cant 
impact on the welfare of cats than is currently recognised. 
Typical signs of chronic pain include reduced activity, 
hiding, decreased interest and decreased response to sur-
roundings; there may be inappetance leading to weight loss. 
Proper assessment of pain in cats will require the develop-
ment and validation of behaviour - based, multidimensional 
pain measurement tools. These are available for dogs 
(Holton  et al.   2001 ) but are in their infancy for cats. Guidelines 
on pain management in cats have recently been published 
(Hellyer  et al.   2007 ).  

  Analgesia 

 Safe and effective methods of analgesia are now available. 
Pain should be prevented whenever possible. Pain can be 
managed more effectively if analgesia is given before the 
pain occurs. It is particularly important to consider any 
requirements for analgesia in sedated cats as they may be 
unable to demonstrate in any observable way the true level 
of pain they are experiencing. If a procedure or a disease is 
known to cause pain in other species, or it seems probable 
that it might be painful, then analgesia should be given. 
Analgesics should not be given  ‘ as needed ’ , rather they 
should be administered on a fi xed schedule which can be 
re - evaluated and changed as necessary. There should be a 
scale of assessment that all workers can use. 

 There are two approaches to analgesia: 

  1.     Non - pharmaceutical (see Post anaesthesia section);  
  2.     Pharmaceutical:  

   �      Opioids  –  morphine, oxymorphone, buprenor-
phine, fentanyl;  

a tablet grasp the cat ’ s head from above, at the points where 
the jaws meet, with forefi nger and thumb, tip the head back 
and press in with thumb and fi nger. Push on the lower 
jaw with the index fi nger of the other hand to open the 
animal ’ s mouth and drop the tablet far back on the middle 
of the tongue. Push it quickly and gently so it moves over 
the back of the tongue. Close the mouth and gently stroke 
the throat to encourage swallowing. Large tablets have to be 
broken into smaller pieces. When giving liquid medicines 
let the liquid run down the tongue drop by drop, allowing 
the cat to swallow after every two to three drops or it may 
choke. 

 Cats need to be restrained for the application of eye and 
ear drops. To give ear drops hold the cat ’ s head to one side 
and put the drops in, externally massaging the ear canal 
helps the drops to penetrate. Apply eye drops to the inner 
corner of the eye and keep the head back for a while to allow 
the drops to cover the eye ’ s surface. 

 Injections are given when the cat is restrained. 
Subcutaneous injections are usually given into the scruff of 
the neck, intramuscular injections into the muscle (quadri-
ceps) overlying the femur of the hindleg or, for small 
volumes, into the paralumbar (epaxial) muscles. Absorption 
can be accelerated by gentle massage. Cats which require 
routine subcutaneous injections (eg, diabetics) can be trained 
to accept injection without restraint by associating the pro-
cedure with a highly palatable food treat.   

  Anaesthesia and  a nalgesia 

 General advice can be found in Hall and Taylor  (1994)  and 
Flecknell  (2009) . 

  Pre -  a naesthesia 

  Preparation 
 Prior to administering an anaesthetic, food should be with-
held for 12   h (there is no need to withhold water). This will 

Urine

PC

Litter tray

Combined pH temperature probe
and meter

Glassware

     Figure 31.7      Non - invasive collection system for urine (after 
Markwell  &  Smith  1993 ).  Reproduced with kind permission of 
Waltham Centre for Pet Nutrition.   



The domestic cat 465

  Table 31.4    Sedatives, tranquillisers, analgesics, pre - anaesthetic and anaesthetic medication for use in cats (derived from  BSAVA  Small 
Animal Formulary  2005 , National Offi ce of Animal Health  2006 , Flecknell  1996 ). See also Flecknell  (2009) . Data sheets should be consulted 
for the various drugs, combinations with other drugs and their dosages and route of administration. 

   Drug     Dosage     Route     Comments  

  Atropine sulphate    0.03 – 0.05   mg/kg    sc      
  Acepromazine    0.03 – 0.125   mg/kg    sc, im      
  Diazepam    0.1 – 0.3   mg/kg    iv      

  0.2 – 0.4   mg/kg    im  

   Opioids   
     Buprenorphine    0.01 – 0.02   mg/kg    sc, im. or sublingually    Lasts 6 – 8   h  
     Morphine    0.1 – 0.2   mg/kg    sc, im    Lasts 6 – 8   h  
     Oxymorphone    0.02 – 0.1   mg/kg    im, sc    Lasts 2 – 6   h  
     Fentanyl: skin patch    0.025   mg/h patch for cats weighing 

3 – 5   kg; in smaller cats only half the 
protective liner should be removed  

  Applied to clipped and 
shaved chest wall, and 
covered with a light dressing  

  Replace every 2 – 3 days  

   Non - steroidal anti - infl ammatory drugs (NSAIDs)   
     Carprofen    4   mg/kg    sc or iv    Lasts 24   h, given as a single dose; 

one single further dose at 2   mg/kg 
may be given  

     Meloxicam    0.3   mg/kg    sc    Lasts 24   h, given as a single dose  

  0.05   mg/kg    Orally    Once daily, following initial 
0.1   mg/kg loading dose orally  

     Ketoprofen    2   mg/kg    iv, im, sc    Every 24   h for up to 3 days  

  2   mg/kg    iv, im, sc    Given once, followed by 1   mg/kg 
orally every 24   h for 4 further days  

  1   mg/kg    orally    Every 24   h for up to 5 days  

   Local anaesthetics   
     Bupivacaine 0.5%    Up to 1   mg/kg    Perineural    Duration 2 – 6   h  
     Lidocaine 2%    Up to 4   mg/kg    Perineural    Duration 1 – 2   h  

   Sedatives and anaesthetics   
     Ketamine    1 – 2   mg/kg    im    Analgesia  

  11   mg/kg    im    Minor restraint (in lower doses and 
with fewer side effects if combined 
with other drugs)  

  22 – 33   mg/kg    im    Minor surgery (in lower doses and 
with fewer side effects if combined 
with other drugs)  

  2.2 – 4.4   mg/kg    iv  

     Ketamine    5 – 10   mg/kg    im    Sedation  
     Midazolam    0.2   mg/kg  
     Ketamine    100   mg/kg    im    Anaesthesia; xylazine and atropine 

are administered fi rst, followed by 
ketamine 20 minutes later  

     Xylazine    1.1   mg/kg  
     Atropine    0.03   mg/kg  
     Ketamine    5 – 20   mg/kg    im    Sedation or anaesthesia depending 

on dose       Medetomidine    40 – 100    μ g/kg  
     Ketamine    5   mg/kg    im    Anaesthesia  
     Medetomidine    80    μ g/kg  
     Butorphanol    0.4   mg/kg  

   �      Local anaesthesia  –  lidocaine, bupivacaine;  
   �      NSAIDs (non - steroidal anti - infl ammatory drugs) 

 –  carprofen; meloxicam, ketoprofen.      
 Prolonged, effective analgesia is best achieved by using a 
combination of these drugs with non - pharmaceutical tech-
niques. The effect of opioid analgesia can be optimised by 
sedatives.  

  Anaesthesia 

 For procedures lasting 20 minutes or less, or for minor 
surgery (eg, suturing small skin wounds), cats are often 
given intravenous general anaesthetics or heavy sedation 

with analgesia (xylazine, medetomidine or ketamine). For 
longer procedures or major surgery, general anaesthesia 
is usually induced with intravenous agents and then 
maintained with a gaseous anaesthetic. The preferred 
route for intravenous administration is into the cephalic 
vein in the foreleg (using a 0.6   mm or 0.5   mm (24 – 25   G), 
16   mm needle). If this is not possible, the injection can 
be made into the medial vein of the hindleg or jugular 
veins. 

 For intubation, a selection of endotracheal tubes, from 
3.0 – 5.5   mm, should be available. Cats have a very sensitive 
laryngeal refl ex. To prevent laryngeal spasm, the larynx is 
sprayed with 2% lidocaine and the endotracheal tube is 
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  Common  w elfare  p roblems 

  Disease 

 This section summarises the diseases that most commonly 
threaten laboratory cats. More detailed reviews are pro-
vided by Chandler  et al.   (2007)  and Sherding  (2008) . See also 
King and Boag  (2007) . 

  Prophylaxis 

 Cats are susceptible to a number of viral, bacterial and para-
sitic diseases. Colony cats should be vaccinated from the age 
of 9 – 12 weeks against feline viral rhinotracheitis, feline cali-
civirus and feline infectious enteritis. It is important to use 
a killed vaccine in an SPF - derived cat to minimise the risk 
of experiencing full - blown disease. Closed colonies are 
unlikely to be exposed to the feline leukaemia virus. Cats 
entering the colony should be treated to eliminate all para-
sites; in a closed colony reinfestation is unlikely.  

  Signs of  d iseases 

 A cat ’ s behaviour and appearance refl ect its state of health. 
A healthy cat will have an alert bearing and move easily and 
confi dently about its accommodation. It will be interested in 
its surroundings and its food, and groom frequently. It will 
have clean ears, eyes, mouth and skin. Animals that show 
any deviations from these signs should be observed and 
examined carefully to investigate the cause. Any cat exhibit-
ing watery lacrimation, purulent discharges from eyes, nose, 
or ears, excessive salivation, vomiting or diarrhoea should 
be isolated immediately.  

  Viral  d iseases 

  Feline  i mmunodefi ciency  v irus ( FIV ) 
 FIV is a lentivirus that shares many characteristics of other 
lentiviruses, such as human immunodefi ciency virus. FIV is 
transmitted primarily by parenteral inoculation of virus 
present in saliva or blood, via bite and fi ght wounds. This 
accounts for the higher prevalence of the virus in adult male 
cats. Occasional transmission of virus  in utero  and post par-
turition via the milk may occur. 

 FIV infection progresses through several stages: an acute 
phase; a clinically asymptomatic phase of variable duration; 
and a terminal phase of infection often referred to as feline 
acquired immunodefi ciency syndrome (Sellon  &  Hartmann 
 2006 ). The hallmark of FIV pathogenesis is progressive dis-
ruption of normal immune function. During the last stages 
of infection, clinical signs are often a refl ection of opportun-
istic infections, neoplasia, myelosuppression and neurologi-
cal disease. However, with proper care some FIV - infected 
cats can live for many years with a good quality of life, and 
may die in old age from causes unrelated to FIV infection. 

 Diagnosis of FIV infection is made most commonly by 
detection of FIV - specifi c antibodies in blood by either 
enzyme - linked immunosorbent assay (ELISA) or rapid 
immunomigration - type assays (Sellon  &  Hartmann  2006 ). 
An FIV vaccine is available commercially (Fel - O - Vax ® , Fort 
Dodge); because the vaccine contains whole virus, cats 

lubricated with lidocaine gel. The formulation of some local 
anaesthetic sprays can cause laryngeal oedema in cats, and 
the spray should be checked before use to ensure it is safe 
for use in cats. A semi - rigid wire in the lumen of the endotra-
cheal tube can facilitate tracheal intubation. The end of the 
tube should not pass further than the point of the 
shoulder. 

  Intravenous  a gents and  d osages 
 Agents used routinely for intravenous induction of anaes-
thesia are: 2.5% thiopental (10   mg/kg iv) or propofol, 10   mg/
ml emulsion (6   mg/kg iv for a premedicated cat).  

  Gaseous  a gents 
 Gaseous agents include isofl urane, sevofl urane and haloth-
ane. Isofl urane is considered to have several benefi ts over 
halothane. Sevofl urane is relatively new to the veterinary 
market, but appears to have benefi ts over halothane and to 
be similar to isofl urane (Hammond  2007 ).  

  Muscle  r elaxants 
 With modern anaesthetics, muscle relaxants are not usually 
necessary. Their use is not recommended unless the anaes-
thetist is very experienced with feline anaesthetics.  

  Anaesthetic  p rotocol  –   b est  p ractice 
 A best practice protocol for routine surgery would be: ace-
promazine; buprenorphine; carprofen or meloxicam; intra-
venous propofol; isofl urane; and with application of local 
anaesthetic into the wound.  

  Post  a naesthesia 
 A variety of non - pharmaceutical techniques can be used to 
create the optimum conditions in the cat ’ s external and 
internal environments. Cats should be allowed to recover 
from anaesthesia in a quiet warm room. They should be 
nursed on soft bedding and kept clean and comfortable. A 
semi - enclosed box or high - sided soft bed where the cat can 
feel secure and still be monitored can be useful. Cats that 
are used to contact with humans can be given plenty of reas-
suring verbal and physical contact. Frightening noise and 
smells should be excluded from the recovery area. Any 
painful tissues should be immobilised using splints or band-
ages. The cat should be carefully monitored throughout the 
post - anaesthesia recovery period, as it is during this time 
that complications are most likely to occur.    

  Euthanasia 

 Euthanasia should be performed in a dignifi ed manner, 
minimising any mental or physical suffering to the cat, (see 
also Chapter  17 ). The method of choice is injection of an 
anaesthetic agent suffi cient to cause rapid unconsciousness 
and a certain death. A common method is to give a high 
overdose (about 200   mg/kg) of pentobarbital by intravenous 
injection. This results in an immediate loss of consciousness, 
rapidly followed by deep narcosis and respiratory and 
cardiac arrest. The cat dies within a few seconds apparently 
without pain or distress. If a cat is diffi cult to handle, it may 
need to be sedated before being euthanased.   
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are less than 2 years of age, although all age groups can be 
affected (Addie  &  Jarrett  2006 ). The risk factors for FIP 
development are age and crowding, with young cats in 
crowded catteries being most at risk. Good husbandry is 
particularly important in controlling FIP. When establishing 
a colony a decision must be made on whether to focus on 
FIP or the coronavirus family. If it is the broader family, then 
the goal should be to maintain the cats free of antibodies to 
coronaviruses. This would require a different level of sur-
veillance and then the use of vaccines. 

 An intranasal vaccine, given to cats over 16 weeks of age, 
has been developed but it is not effective if the cat has 
already been exposed to the virus. Defi nitive diagnosis of 
FIP is by  post - mortem  examination or by using DNA sequenc-
ing to detect FIP virus genes in blood, peritoneal fl uid or 
tissue biopsy.  

  Feline  i nfectious  e nteritis or  p anleucopenia ( FIE ) 
 Feline panleucopenia is a parvovirus; it is shed in all body 
secretions during acute stages of disease, but mainly in the 
vomitus and faeces. It has a short shedding period but long 
survival in the environment (Greene  &  Addie  2006 ), where 
it is resistant to heat and to many disinfectants. FIE is a 
highly infectious disease with a high mortality rate. The 
virus is usually transmitted by indirect contact of suscepti-
ble animals with contaminated premises;  in utero  transmis-
sion does occur, and may cause early foetal death and 
resorption or result in the birth of live kittens with varying 
degrees of neurological damage. 

 Subclinical cases of infection, more common in older cats, 
may go unrecognised, while severe clinical illness is the rule 
in young kittens; sudden death may occur. A presumptive 
diagnosis is usually made based on clinical signs and the 
presence of leucopenia. With appropriate symptomatic 
therapy and nursing care, cats may recover from infection. 
Immunisation has been very effective at reducing the inci-
dence of this disease.  

  Feline  v iral  u pper  r espiratory  i nfection ( c at  ‘  fl  u) 
 Between 85% and 90% of cases are caused by either feline 
herpesvirus (which causes feline viral rhinotracheitis) or 
feline calicivirus. Feline herpesvirus (FHV) generally causes 
more severe disease than feline calicivirus (FCV), but FCV 
appears to be relatively more common. The viruses are shed 
mainly in ocular, nasal and oral secretions, and transmission 
is largely by direct contact from infected to susceptible cat. 

 After FHV infection virtually all recovered cats become 
latently infected carriers, with intermittent episodes of virus 
shedding, particularly after periods of stress. FCV carriers 
shed virus more or less continuously; in some cats the carrier 
state appears to be lifelong, but most cats at some point 
spontaneously recover and appear to eliminate the virus. 

  Bordetella bronchiseptica  is also recognised as a primary 
pathogen to the feline respiratory tract, although its precise 
contribution to disease in the fi eld is not yet fully established 
(Gaskell  et al.   2006 ). 

 Although immunisation cannot guarantee complete pro-
tection from upper respiratory infection nor from the devel-
opment of latent infection, routine vaccination of kittens 
using a modifi ed live or killed bivalent vaccine, and regular 
booster vaccination, is recommended. 

respond to vaccination by producing antibodies that are 
indistinguishable from those produced during natural 
infection.  

  Feline  l eukaemia  v irus ( F  e  LV ) 
 The prevalence and importance of FeLV as a pathogen in 
cats are decreasing, primarily because of testing and eradi-
cation programmes and the routine use of FeLV vaccines. 
FeLV, a retrovirus and member of the Oncornavirus sub-
family, causes clinical illness related to the haemopoeitic 
and immune systems and neoplasia. The three most impor-
tant FeLV subgroups are FeLV - A, FeLV - B and FeLV - C; only 
FeLV - A is contagious and passed horizontally from cat to 
cat in nature. Subgroups FeLV - B and FeLV - C evolve  de novo  
in an FeLV - A - infected cat by mutation and recombination 
between FeLV - A and cellular or endogenous retroviral 
sequences contained in normal feline DNA (Hartmann 
 2006 ). 

 FeLV spreads between susceptible cats primarily via 
saliva, where virus concentration is higher than in plasma. 
Vertical transmission can also occur: kittens can be infected 
transplacentally or when the queen licks and nurses them. 
Susceptibility to infection is highest in young kittens. The 
outcome of FeLV infection mainly depends on immune 
status and age of the cat, but is also affected by virus patho-
genicity, infection pressure and virus concentration. 
Guidelines for testing cats for FeLV have been published 
(American Association of Feline Practitioners and Academy 
of Feline Medicine (AAFP/AFM)  2001 ). While persistently 
viraemic cats have a decreased life expectancy, treatments 
for the many clinical syndromes that accompany infection 
are available. A discussion of FeLV infection and outcome, 
testing and treatment can be found in Hartmann  (2006) . 

 FeLV vaccines are available but the relative effi cacy of the 
vaccines is controversial. Vaccine effi cacy testing protocols 
vary widely between studies and are complicated by the 
natural resistance of cats (especially older cats) to FeLV 
infection; none of the licensed vaccines are 100% effective. 

 An epidemiological association exists between FeLV (and 
rabies) vaccination and the later development of soft tissue 
sarcomas at the injection site, referred to as injection site 
sarcomas, vaccine - associated sarcomas and vaccine site -
 associated sarcomas (Hartmann  2006 ).  

  Feline  i nfectious  p eritonitis ( FIP ) 
 FIP is an infrequent virus infection, which is almost invari-
ably fatal. It is caused by feline infectious peritonitis virus 
(FIPV), which is generally accepted to be a mutation of feline 
enteric coronavirus (FECV) (Addie  &  Jarrett  2006 ). The latter 
is common in the domestic cat population, particularly in 
multicat households or where cats are kept in crowded con-
ditions. Transmission is primarily indirect through contact 
with virus - containing faeces or fomites, for example con-
taminated litter trays. 

 The mutation enables FIPV to infect macrophages and 
monocytes, and spread throughout the body. The damage 
caused by the virus is due to the intense immune reaction, 
localised infl ammatory response and vasculitis at the site of 
virus colonisation. 

 Two basic forms of FIP, effusive (wet) and non - effusive 
(dry) are recognised. Approximately half the cats with FIP 
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Studies of stray cats housed communally at a shelter have 
shown that most overt aggression occurs within the fi rst 4 
days and that mutual toleration is established after 2 weeks 
(Bradshaw  1992 ). However, although many of these cats will 
appear to have behaviourally habituated to confi nement at 
this stage, a recent study has shown that cats were still 
showing abnormally high urinary cortisol levels (indicative 
of increased stress) up to 5 weeks after entry to a quarantine 
cattery (Rochlitz  et al.   1995 ). Behavioural inhibition is com-
monly the response of cats to confi nement. Unlike the more 
overt forms of distress like vocalising, spitting, hissing and 
growling, behavioural inhibition is easy to miss unless 
detailed observation is made of the cat (McCune  1992 ).   

  Preventing  p roblems 

 Research animals without behavioural problems are likely 
to have better welfare and be better for research purposes. 
Many problems associated with confi nement can be pre-
vented by adequate early socialisation and careful selection 
of cats for suitable temperament (Robinson  1992b ; McCune 
 et al.   1995 ). Siegford  et al.   (2003)  developed and validated a 
test to evaluate temperament in cats. These authors found 
that cats could be ranked, using an easily scored feline tem-
perament profi le (FTP), as being more or less sociable 
toward people, and that FTP scores were fairly consistent 
over time and circumstance and correlated positively with 
responses of cats to animal care staff and unfamiliar humans. 
Cats with timid temperament, extremes of age and restricted 
experience are more likely to have problems adjusting to 
confi nement and responding to novelty. 

 There are three approaches to preventing stress in con-
fi ned cats: (1) selective breeding of the most suitable indi-
viduals; (2) an investment of time and effort in the early 
development phase of kittens; and (3) maintaining a varied 
and stimulating environment which offers cats choices 
about what they do and where they do it. 

 All these approaches have been touched on earlier in this 
chapter. The benefi ts of breeding from healthy, confi dent, 
well socialised, unrelated parents will help preserve the 
quality of a cat colony. Early socialisation is a critical time 
in the development of kittens and, if handled sensitively, 
will produce cats that are more tractable and pleasant to 
work with. The quality of the environment is also critical to 
a cat ’ s well - being. With a little imagination, there can be 
many opportunities for providing variety and reducing 
stress (reviewed in McCune  1997 ). Enriching the environ-
ment through the provision of social contact, toys and food 
presented in novel ways will help to ensure good welfare. 

 Keeping groups stable reduces confl ict. Where cats cannot 
be group - housed they can be given visual, olfactory and 
auditory contact by using glass partitions with nose - height 
holes drilled between adjacent pens. They can be given 
access to a communal room on a rota basis, each cat leaving 
olfactory and sometimes visible messages for the next 
occupant. Likewise, scratch posts can be moved from one 
pen to another (these posts carry interesting olfactory 
information). 

 Although cats normally spend a large part of their day 
asleep or resting, they can become bored. They should be 

 Cats can carry zoonotic diseases that may be a risk to 
people (reviewed by Greene  &  Levy  2006 ).   

  Reproductive  p roblems 

 Major causes of infertility in both toms and queens include 
inbreeding, poor husbandry, disease, anatomical or repro-
ductive defects and social stress. Investigation should fi rst 
eliminate any non - reproductive disorders by a thorough 
physical, haematological and biochemical examination, fol-
lowed by a thorough evaluation of the reproductive system 
and semen. 

 Prolonged anoestrus is usually a management problem. 
The cats ’  general health and nutrition should be optimised, 
and they should be exposed to 14 – 16   h of light per day and 
to reproductively active cats. Some queens cycle but do not 
show any oestrous behaviour (silent heat). They may breed 
if housed with a male. 

 Failure to mate may be caused by inexperience. Virgins 
should be partnered with an amenable, experienced mate. 
Immature toms can lack libido, some may respond after 
visual exposure to breeding males, others may need more 
time to mature. Toms should mate in familiar surroundings 
otherwise they may concentrate on territory marking instead 
of mating. Mating may fail because the cats are incompati-
ble; the cats may have defi nite mating preferences, or some 
physical incompatibility may prevent intromission. 

 Queens may not conceive after mating. Failure to conceive 
following breeding is occasionally caused by vaginal or, 
more commonly, by uterine disease. Ovulation may fail 
because of inadequate vaginal stimulation or hormonal 
insuffi ciencies. Toms may fail to inseminate; their fertility 
declines if they are mated too frequently. Failure to carry a 
pregnancy to term has been associated with environmental 
stress, dietary insuffi ciencies, or failure of extraovarian 
progesterone.  

  Effects of  n eutering 

 Neutering eliminates sexual behaviour in males and females, 
and maternal behaviour in females. It reduces the incidence 
of behaviours such as urine marking in both sexes, and 
increases tolerance towards cats from outside the social 
group (Bradshaw  1992 ). However, neutering predisposes to 
obesity by causing a reduction in energy expenditure. While 
a cat may adapt its food intake in accordance with this, the 
adaptation may take 9 – 10 weeks, by which time its body 
weight would have increased. The risk of obesity is greatly 
increased if the cat is confi ned in a small enclosure and is 
inactive.  

  Abnormal  b ehaviour 

 Specifi c problems associated with confi nement include 
boredom, aggression to people and cats, fearfulness, behav-
ioural inhibition, withdrawal, escape behaviour, hiding, 
poor reproductive success, anorexia, weight loss, tail 
chasing, stereotypies, fabric eating and self - mutilation 
(reviewed in McCune  1995b ). Introducing a new cat into a 
stable colony produces confl ict in the group until both new-
comer and residents habituate to the new social hierarchy. 
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roidism, diabetes mellitus and osteoarthritis. Sensory loss, 
such as deafness, and signs of cognitive impairment may 
become evident (Bowen  &  Heath  2005 ). Signs of cognitive 
impairment may include disorientation, altered interaction 
with others, sleep problems (usually associated with vocali-
sation), house soiling and failure of appetite. A number of 
treatment approaches may be used. Environmental modifi -
cation, by making the environment more accessible to the 
cat (for example, providing additional, lower resting and 
hiding places), exposure to play and increased social contact, 
will stimulate and maintain mental processes. Dietary sup-
plementation with a range of antioxidants, essential fatty 
acids and other additives has been shown to improve neu-
ronal metabolic function and boost central nervous system 
antioxidant reserve. While environmental enrichment and 
dietary modifi cation should be the mainstay therapies to 
delay progression of cognitive decline, and where euthana-
sia is not indicated because of the nature of the research, 
some psychoactive drugs may also be useful (Bowen  &  
Heath  2005 ).  

  Feline  f acial  p heromones 

 A range of pheromones has been isolated from feline facial 
secretions (Mills  2005 ), and two fractions are available com-
mercially: F3 and F4. The F3 fraction can be used to have a 
calming effect on cats and facilitate their adaptation to new 
environments, such as new housing or hospitalisation for 
veterinary treatment (Griffi th  et al.   2000 ), or during trans-
port. It is also used in the treatment of behavioural problems 
such as urine marking and spraying, and scratching of 
objects. It is available as a spray for application onto cages, 
tables and blankets and as a plug - in diffuser for rooms or 
treatment areas. The F4 fraction reduces the cat ’ s wariness 
of unfamiliar people, and is used to reduce the risk of 
aggression due to handling in the veterinary hospital. It is 
available as a spray that is applied to the environment or to 
the person ’ s hands prior to handling the cat.  

  Monitoring  w elfare 

 The effect of changes made to relieve stress and enrich the 
captive environment can be assessed by looking for a 
decrease in abnormal behaviours associated with long - term 
stress (Bradshaw  1992 ) and for a behavioural repertoire 
which more closely resembles that of free - ranging cats (UK 
Cat Behaviour Working Group  1995 ; see also Chapter  6 ). 
Changes over time can be assessed quickly by using a 
scoring system. A composite behavioural scale for quantify-
ing stress in confi ned cats was devised by McCune  (1992)  
and had 10 levels, which were later reduced to seven 
(McCune  1994 ). This scale was refi ned by Kessler and Turner 
 (1997)  by adding more postural elements to form the cat 
stress score (CSS), still with seven levels. This behavioural 
score correlates well with many indicators of stress (McCune 
 1992 ), although there is not always agreement between it 
and some physiological measures of stress (McCobb  et al.  
 2005 ). Casey  (2007a)  found a negative correlation between 
the rate of decline of the CSS and the rate of decline of 

     Figure 31.8      Presenting part of the food ration in a puzzle can 
provide a rewarding challenge.  

given opportunities for play, exercise and predatory behav-
iour. Food is often used as an enrichment device. Dry food 
is particularly suitable for hiding in pens or for placing 
inside containers which the cat has to work at to extract 
individual pieces. Puzzle boxes are now commercially avail-
able and can extend the handling time of the food. Small 
pieces of dry food (or toys) can be pawed through irregular 
openings in the lid of the box (Figure  31.8 ).   

 Cats socialised to humans fi nd human company stimulat-
ing and have been found to show signs of stress when the 
caretaking style becomes less interactive (Carlstead  et al.  
 1993 ). A range of activities can be engaged in, from talking 
quietly to interactive play with a range of toys. Activities 
can be selected to suit the personality and response of the 
individual cat. Cats will play with toys. They show most 
interest in toys that mimic prey but toys need to be changed 
frequently and offered in randomised rotation to sustain 
long - term interest. Rods attached to toy fi sh that can be 
jiggled to stimulate play seem particularly popular with 
younger cats. 

 In addition to providing an enriched environment, fear-
fulness can be signifi cantly reduced by consistent, positive 
handling (Gourkow  &  Fraser  2006 ). Animal care staff should 
handle the cats under their care daily, at times that are not 
part of routine caretaking procedures such as feeding or 
cleaning (Rochlitz  2000 ). Hoskins  (1995)  examined the effect 
of human contact on the reactions of cats in a rescue shelter: 
cats that received additional handling sessions, where they 
interacted closely with a familiar person, could subsequently 
be held for longer by an unfamiliar person than cats that did 
not receive additional handling sessions.  

  Older  c ats 

 A range of medical and behavioural conditions is recognised 
in older cats. Common medical conditions associated with 
aging include renal disease, dental disease, hyperthy-
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urinary cortisol to creatinine ratios for cats newly admitted 
to an animal shelter. This implies the presence of different 
 ‘ coping styles ’  in cats, where some actively respond to stress 
and adapt to the unfamiliar surrounding physiologically, 
while others appear to be more passive but change little 
physiologically. 

 All workers in an establishment should ensure they are 
using the score in the same way and are being consistent 
over time in their scoring. Although such a score does 
require training, once learnt it is a powerful means of assess-
ment as it summarises so much fi ne detail and can be quickly 
applied. 

 A combination of good innovative design and thoughtful 
husbandry enables confi ned cats to be kept in conditions 
where the demands on their welfare and the laboratory ’ s 
work schedule can be harmoniously balanced.  

  Quality of  l ife 

 Quality of life is an abstract construct that has been formally 
recognised and widely used in human medicine. In recent 
years there has been much discussion about the concept of 
quality of life and its application to companion animals. 
While it is generally accepted that quality of life has to do 
with the animal ’ s feelings, how it can be defi ned, measured 
and reported in animals is currently being explored 
(McMillan  2005 ; Scott  et al.   2007 ). Approaches include 
the observation and interpretation of the animal ’ s behav-
iour, and the use of questionnaires directed at the person 
most closely involved with the animal ’ s care (see also 
Chapter  6 ).        

  References 

    Addie ,  D.   and   Jarrett ,  O.   ( 2006 )  Feline coronavirus infections . In: 
 Infectious Diseases of the Dog and Cat ,  3rd edn.  Ed.   Greene ,  C.E.  , 
pp.  88  –  102 .  Elsevier Inc, St. Louis ,  Missouri   

   American Association of Feline Practitioners and Academy of 
Feline Medicine (AAFP/AFM): Advisory Panel Report on Feline 
Retrovirus Testing and Management  ( 2001 )  Feline retrovirus 
testing and management .  Compendium on Continuing Education for 
the Practising Veterinarian ,  23 ,  652  –  692   

    Beaver   B.V.   ( 2003 )  Feline Behaviour: A Guide for Veterinarians ,  2nd 
edn.   Saunders ,  St. Louis, Missouri   

    Bowen ,  J.   and   Heath ,  S.   ( 2005 )  Geriatric behavioural issues . In: 
 Behaviour Problems in Small Animals: Practical Advice for the 
Veterinary Team . pp.  59  –  69 .  Elsevier Limited ,  London   

    Bradshaw ,  J.W.S.   ( 1992 )  The Behaviour of the Domestic Cat .  CAB 
International ,  Wallingford   

    Bradshaw ,  J.W.S.   and   Hall ,  S.L.   ( 1999 )  Affi liative behaviour of 
related and unrelated pairs of cats in catteries: a preliminary 
report .  Applied Animal Behaviour Science ,  63 ,  251  –  255   

    Bradshaw ,  J.W.S.   and   Holloran ,  D.   ( 2005 ) Effects of air transporta-
tion on behavioural signs of stress in cats.  Scientifi c Proceedings 
of the BSAVA Congress 2005 , p.  537   

    Broom ,  D.M.   and   Johnson ,  K.G.   ( 1993 )  Stress and Animal Welfare . 
 Chapman and Hall Limited ,  London   

   British Small Animal Veterinary Association  ( 2005 )  Small Animal 
Formulary ,  5th edn.  Ed.   Tennant ,  B.    BSAVA ,  Gloucester   

    Burger   I.   ( 1993 )  The Waltham Book of Companion Animal Nutrition . 
 Pergamon Press ,  Oxford   



The domestic cat 471

    Loveridge ,  G.G.   ( 1987 )  Some factors affecting kitten growth .  Animal 
Technology ,  38 ,  9  –  18   

    Loveridge ,  G.G.   ( 1994 )  Provision of environmentally enriched 
housing for cats .  Animal Technology ,  45 ,  69  –  87   

    Loveridge ,  G.G.  ,   Horrocks ,  L.J.   and   Hawthorne ,  A.J.   ( 1995 ) 
 Environmentally enriched housing for cats when housed singly . 
 Animal Welfare ,  4 ,  135  –  141   

    Loveridge ,  G.G.   and   Rivers ,  J.P.W.   ( 1989 )  Bodyweight changes and 
energy intakes of cats during pregnancy and lactation . In: 
 Nutrition of the Dog and Cat . Eds   Burger ,  I.H.   and   Rivers ,  J.  , pp. 
 113  –  132 .  Cambridge University Press ,  Cambridge   

    Markham ,  R.W.   and   Hodgkins ,  E.M.   ( 1989 )  Geriatric nutrition . 
 Veterinary Clinics of North America: Small Animal Practice ,  19 , 
 165  –  185   

    Markwell   P.J.   ( 1994 )  Applied Clinical Nutrition of the Dog and Cat . 
 Waltham Centre for Pet Nutrition ,  Waltham - on - the - Wolds   

    Markwell ,  P.J.   and   Smith ,  B.H.E.   ( 1993 )  An effective urine pH moni-
toring system for cats .  Animal Technology ,  44 ,  239  –  245   

    McCobb ,  E.C.  ,   Patronek ,  G.J.  ,   Marder ,  A.    et al.  ( 2005 )  Assessment of 
stress levels among cats in four animal shelters .  Journal of the 
American Veterinary Medical Association ,  226 ,  548  –  555   

    McCune ,  S.   ( 1992 )  Temperament and the welfare of caged cats . PhD 
thesis, University of Cambridge.  

    McCune ,  S.   ( 1994 ) Caged cats: avoiding problems and providing 
solutions.  Newsletter of the Companion Animal Behaviour Study 
Group, 7   

    McCune ,  S.   ( 1995a )  The impact of paternity and early socialisation 
on the development of cats ’  behaviour to people and novel 
objects .  Applied Animal Behaviour Science ,  45 ,  111  –  126   

    McCune ,  S.   ( 1995b )  Environmental enrichment for the laboratory 
cat . In:  Environmental Enrichment Information Resources for 
Laboratory Animals: Birds, Cats, Dogs, Farm Animals, Ferrets, Rabbits, 
and Rodents,  AWIC Resources Series No. 2  .  Animal Welfare 
Information Centre/Universities Federation for Animal Welfare , 
 Maryland   

    McCune ,  S.   ( 1997 )  Environmental enrichment for confi ned cats  –  a 
review . In:  Proceedings of the Second International Conference on 
Environmental Enrichment . Ed.   Holst ,  B.  , pp.  103  –  117 .  Copenhagen 
Zoo ,  Copenhagen   

    McCune ,  S.  ,   McPherson ,  J.A.   and   Bradshaw ,  J.W.S.   ( 1995 ) 
 Avoiding problems: the importance of socialization . In:  The 
Waltham Book of Human - Animal Interaction: Benefi ts and 
Responsibilities of Pet Ownership . Ed.   Robinson ,  I.  , pp.  71  –  86 . 
 Pergamon Press ,  Oxford   

    McMillan ,  F.D.   ( 2005 )  Mental Health and Well - being in Animals . 
 Blackwell Publishing ,  Ames, Iowa   

    Mills ,  D.   ( 2005 )  Pheromonotherapy: theory and applications .  In 
Practice ,  27 ,  368  –  373   

   National Offi ce for Animal Health  ( 2006 )  Compendium of Data Sheets 
for Animal Medicines .  NOAH ,  Enfi eld   

   National Research Council  ( 2006 )  Nutrient Requirements of Dogs and 
Cats .  National Academies Press ,  Washington, DC   

    Nguyen ,  P.  ,   Dumon ,  H.  ,   Frenais ,  R.    et al.  ( 2001 )  Energy expenditure 
and requirement assessed using three different methods in adult 
cats .   Supplement to  Compendium on Continuing Education for the 
Practicing Veterinarian ,  23 ,  86   

    Pozza ,  M.E.  ,   Stella ,  J.L.  ,   Chappuis - Gagnon ,  A. - C.    et al.  ( 2008 )  Pinch -
 induced behavioral inhibition ( ‘ clipnosis ’ ) in domestic cats . 
 Journal of Feline Medicine and Surgery ,  10 ,  82  –  87   

    Robinson ,  I.   ( 1992a )  Behavioural development of the cat . In:  The 
Waltham Book of Dog and Cat Behaviour . Ed.   Thorne ,  C.  , pp.  53  –  64 . 
 Pergamon Press ,  Oxford   

    Robinson ,  I.   ( 1992b )  Social behaviour of the cat . In:  The Waltham Book 
of Dog and Cat Behaviour . Ed.   Thorne ,  C.  , pp.  79  –  95 .  Pergamon 
Press ,  Oxford   

    Rochlitz ,  I.   ( 2000 )  Recommendations for the housing and care of 
domestic cats in laboratories .  Laboratory Animals ,  34 ,  1  –  9   

   Home Offi ce  ( 1989 )  Code of Practice for the Housing and Care of Animals 
Used in Scientifi c Procedures .  Her Majesty ’ s Stationery Offi ce , 
 London   

    Hellyer ,  P.  ,   Rodan ,  I.  ,   Brunt ,  J.    et al.  ( 2007 )  AAHA/AAFP pain 
management guidelines for dogs and cats .  Journal of the American 
Animal Hospital Association ,  43 ,  235  –  248   

    Holton ,  L.  ,   Reid ,  J.  ,   Scott ,  E.M.    et al.  ( 2001 )  Development of a behav-
iour - based scale to measure acute pain in dogs .  Veterinary Record , 
 148 ,  525  –  531   

    Hoskins ,  C.M.   ( 1995 )  The effects of positive handling on the behaviour 
of domestic cats in rescue centres . MSc thesis, University of 
Edinburgh  

    Hurni ,  H.   and   Rossbach ,  W.   ( 1987 )  The laboratory cat . In:  The UFAW 
Handbook on the Care and Management of Laboratory Animals ,  6th 
edn.  Ed.   Poole ,  T.B.  , pp.  476  –  492 .  Longman Scientifi c  &  Technical , 
 Harlow   

    Izawa ,  M.   ( 1984 )  Ecology and social systems of the feral cat (Felis catus 
Linn.) . PhD thesis, Kuyshu University  

    Izawa ,  M.  ,   Doi ,  T.   and   Ono ,  Y.   ( 1982 )  Grouping patterns of feral cats 
( Felis catus ) living on a small island in Japan .  Japanese Journal of 
Ecology ,  32 ,  373  –  382   

   Joint Working Group on Refi nement  ( 2001 )  Refi ning procedures for 
the administration of substances. Report of the BVAAWF/
FRAME/RSPCA/UFAW Joint Working Group on Refi nement . 
 Laboratory Animals ,  35 ,  1  –  41   

    Karsh ,  E.B.   and   Turner ,  D.C.   ( 1988 )  The human - cat relationship . In: 
 The Domestic Cat: the Biology of its Behaviour . Ed.   Turner ,  D.C.   and 
  Bateson ,  P.P.G.  , pp.  159  –  177 .  Cambridge University Press , 
 Cambridge   

    Keen ,  C.L.  ,   Lonnerdal ,  B.  ,   Clegg ,  M.S.    et al.  ( 1982 )  Developmental 
changes in composition of cats ’  milk: trace elements, minerals, 
protein, carbohydrate and fat .  Journal of Nutrition ,  112 , 
 1763  –  1769   

    Kerby ,  G.   and   Macdonald ,  D.W.   ( 1988 )  Cat society and the conse-
quences of colony size . In:  The Domestic Cat: the Biology of its 
Behaviour . Ed.   Turner ,  D.C.   and   Bateson ,  P.P.G.  , pp.  67  –  81 . 
 Cambridge University Press ,  Cambridge   

    Kessler ,  M.R.   and   Turner ,  D.C.   ( 1997 )  Stress and adaptation of cats 
( Felis silvestris catus ) housed singly, in pairs and in groups in 
boarding catteries .  Animal Welfare ,  6 ,  243  –  254   

    King ,  L.G.   and   Boag ,  A.   ( 2007 )  Manual of Canine and Feline Emergency 
and Critical Care ,  2nd edition .  British Small Animal Veterinary 
Association ,  Gloucester   

    Kry ,  K.   and   Casey ,  R.   ( 2007 )  The effect of hiding enrichment on 
stress levels and behaviour of domestic cats in a shelter setting 
and the implications for adoption potential .  Animal Welfare ,  16 , 
 375  –  383   

   Laboratory Animal Science Association  ( 2005 )  Guidance on the 
transport of laboratory animals. Report of the Transport Working 
Group established by the Laboratory Animal Science Association 
(LASA)   Lab Animals ,  39 ,  1  –  39   

    Lawler ,  D.F.  ,   Evans ,  R.H.  ,   Reimers ,  T.J.    et al.  ( 1991 )  Histopathologic 
features, environmental factors, and serum estrogen, progester-
one, and prolactin values associated with ovarian phase and 
infl ammatory uterine disease in cats .  American Journal of Veterinary 
Research ,  52 ,  1747  –  1753   

    Legrand - Defretin ,  V.   and   Munday ,  H.S.   ( 1993 )  Feeding dogs and 
cats for life . In:  The Waltham Book of Companion Animal Nutrition . 
Ed.   Burger ,  I.  , pp.  57  –  68 .  Pergamon Press ,  Oxford   

    Linseele ,  V.  ,   Van   neer ,  W.   and   Hendrickx ,  S.   ( 2007 )  Evidence for 
early cat taming in Egypt .  Journal of Archaeological Science ,  34 , 
 2081  –  2090   

    Loveridge ,  G.G.   ( 1984 )  The establishment of a barriered respiratory 
disease - free cat breeding colony .  Animal Technology ,  35 ,  83  –  92   

    Loveridge ,  G.G.   ( 1986 )  Bodyweight changes and energy intakes 
of cats during gestation and lactation .  Animal Technology ,  37 , 
 7  –  15   



472 The domestic cat

    Thorne   C.J.   ( 1992 )  The Waltham Book of Dog and Cat Behaviour . 
 Pergamon Press ,  Oxford   

   UK Cat Behaviour Working Group  ( 1995 )  An Ethogram for Behavioural 
Studies of the Domestic Cat (Felis silvestris catus L.) .  Universities 
Federation for Animal Welfare ,  Potters Bar   

    van   den Bos ,  R.   ( 1998 )  Post - confl ict stress - response in confi ned 
group - living cats ( Felis silvestris catus ) .  Applied Animal Behaviour 
Science ,  59 ,  323  –  330   

    Vella ,  C.M.  ,   Shelton ,  L.M.  ,   McGonagle ,  J.J.    et al.  ( 1999 )  Robinson ’ s 
Genetics for Cat Breeders and Veterinarians ,  4th edn.   Butterworth -
 Heinemann ,  Oxford   

    Vigne ,  J.D.  ,   Guilane ,  J.  ,   Debue ,  K.    et al.  ( 2004 )  Early taming of the 
cat in Cyprus .  Science ,  304 ,  259   

    Waran ,  N.  ,   Best ,  L.  ,   Williams ,  V.    et al.  ( 2007 )  A preliminary study of 
behaviour - based indicators of pain in cats .  Animal Welfare ,  16 , 
 105  –  108   

    Wills ,  J.   ( 1993 )  Handling . In:  Handbook of Feline Medicine . Eds   Wills , 
 J.   and   Wolf ,  A.  , pp.  1  –  11 .  Pergamon Press ,  Oxford   

    Wills ,  M.B.   ( 1993 )  Dalton ’ s Introduction to Animal Breeding ,  3rd edn.  
 Blackwell Publishing ,  Oxford    

 
 
 

    Rochlitz ,  I.   ( 2005 )  Housing and welfare . In:  The Welfare of Cats . Ed. 
  Rochlitz ,  I.  , pp.  177  –  203 .  Springer ,  Dordrecht   

    Rochlitz ,  I.  ,   Podberscek ,  A.L.   and   Broom ,  D.M.   ( 1995 )  The behaviour 
and welfare of cats in a quarantine cattery . In:  Proceedings of the 
29th International Congress of the International Society for Applied 
Ethology . Eds   Rutter ,  S.M.  ,   Rushen ,  H.D.  ,   Randle ,  H.D.    et al. , pp. 
 125  –  126 .  UFAW ,  Potters Bar   

    Sherding ,  R.G.   ( 2008 )  The Cat: Diseases and Clinical Management ,  3rd 
edn.   Saunders ,  Philadelphia   

    Scott ,  E.M.  ,   Nolan ,  A.M.  ,   Reid ,  J.    et al.  ( 2007 )  Can we really measure 
quality of life? Methodologies for measuring quality of life in 
people and other animals .  Animal Welfare ,  16 ,  17  –  24   

    Sellon ,  R.K.   and   Hartmann ,  K.   ( 2006 )  Feline immunodefi ciency 
virus infection . In:  Infectious Diseases of the Dog and Cat ,  3rd 
edn.  Ed.   Greene   C.E.  , pp.  131  –  143 .  Elsevier Inc, St. Louis ,
  Missouri   

    Siegford ,  J.M.  ,   Walshaw ,  S.O.  ,   Brunner ,  P.    et al.  ( 2003 )  Validation of 
a temperament test for domestic cats .  Anthrozo ö s ,  16 ,  332  –  351   

    Taylor ,  E.J.  ,   Adams ,  C.   and   Neville ,  R.   ( 1995 )  Some nutritional 
aspects of ageing in dogs and cats .  Proceedings of the Nutrition 
Society ,  54 ,  645  –  656   

    Taylor ,  P.A.   and   Robertson ,  S.A.   ( 2004 )  Pain management in cats -
 past, present and future. Part 1. The cat is unique .  Journal of Feline 
Medicine and Surgery ,  6 ,  313  –  320   



 Pigs and minipigs    
  Wolfgang   Holtz       

32
   Biological overview 

  General biology 

 Pigs are found in almost every part of the world. Within the 
order Artiodactyla (even - toed ungulates) the Suiformes, 
encompassing pigs, peccaries and hippopotamuses, form a 
suborder of animals with a single stomach. There are two 
families: Tayassuidae (Central and South American pigs) 
and Suidae (true pigs). Within the the Suidae are the genera: 
 Potamochoerus  (bush pigs),  Phacochoerus  (wart hogs), 
 Hylochoerus  (forest hogs),  Babirussa  (Celebes hogs) and  Sus  
(European pigs). 

 All modern domestic pigs are varieties of the species  Sus 
scrofa  and have 38 (2N) chromosomes. They are omnivorous 
mammals with a high degree of adaptability and intelli-
gence, a lively temperament and high fecundity. The 
anatomy and physiology of pigs is thoroughly covered in a 
range of veterinary textbooks, most comprehensively in 
Pond  &   Mersmann  (2001) . Most of the information is also 
applicable to miniature pigs (minipigs), which are often 
used in biomedical research as an alternative to larger 
breeds. Minipigs are smaller than large domestic pigs, but 
there is close resemblance with regard to proportions and 
functions. Texts covering various aspects of minipigs are 
Glodek  &  Oldigs  (1981) , Leucht  et al.   (1982)  and Svendsen 
 (1998) .  

  Size range and lifespan 

 The typical body masses of farm and miniature pigs 
(Goettingen strain) at various ages is presented in Table  32.1 . 
The growth curve of farm pigs follows the classical sigmoid 
pattern (Figure  32.1 ), whereas in minipigs it is more linear, 
with the point of infl ection appearing at about 250 – 300 days 
of age (Brandt  et al .  1997 ; Koehn  et al .  2008 ). Farm pigs reach 
their adult body mass of 180 – 250   kg, or sometimes more, at 
an age of 3 years. According to information compiled by 
Swindle  (2007) , amongst the miniature pig breeds the 
Goettingen miniature pig is the lightest, approaching 35 –
 45   kg at the age of 2 years. In order of increasing adult mass, 
other breeds are the Yucatan micro, Sinclair, Yucatan and 
Hanford. Adult pigs fed a high - energy diet while not breed-
ing tend to grow excessively obese. The average life expect-
ancy is 10 – 20 years.      

  Social organisation 

 Wild pig social groups consist of small numbers of females 
and their offspring. Adult males tend to be solitary except 
during the mating season. In groups of domestic pigs, a 
social dominance order is quickly established. Generally, the 
level of aggression, mainly expressed by butting and biting 
the neck and ears, soon subsides. Rarely, fi ghting continues 
to the state of total exhaustion. Sexually mature males may 
fi ght fi ercely, especially in the presence of females. 

 Within a litter of newborn piglets a social hierarchy is 
established within 3 – 4 days after birth. From then on each 
piglet suckles its individual teat, with dominant piglets 
usually gaining the more productive anterior teats. 
When piglets from different litters are mixed after weaning, 
they establish a new dominance hierarchy. Usually, ranking 
is established through aggressive interaction, but may 
take place without overt aggression. Dominant – subordinate 
relationships remain unchanged as long as a group 
stays together. Subordinates that have been separated from 
a group will be attacked after reintroduction, whereas 
reintroduction of dominant animals rarely results in 
aggression.  

  Reproduction 

 Domestic pigs are prolifi c and reproduce at all times of the 
year. They are polytocous and the uterus consists of two 
long convoluted horns. The oestrous cycle averages 21 (17 –
 25) days. First signs of heat (pro - oestrus) make their appear-
ance 2 – 3 days before the onset of oestrus. Oestrus, which is 
characterised by the standing refl ex, lasts for 2.5 (1 – 5) days, 
and within another 2 – 3 days the symptoms gradually 
subside (post -  or metoestrus). Ovulation occurs early in the 
second half of standing oestrus (Figure  32.2 ) and extends 
over 1 – 4   h. Signs of oestrus include swelling and reddening 
of the vulva, restlessness, increased interest in other animals, 
especially males, mounting of other animals, occasionally 
growling sounds and, eventually, display of the standing 
refl ex in the presence of a male or if mounted by another 
female.   

 Mating is preceded by foreplay: the male circling, sniffi ng 
and nudging the female and attempting to mount. If the sow 
displays the standing refl ex, intromission occurs and the 
corkscrew - shaped tip of the penis is locked into the cervix 
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of the sow. Copulation lasts 3 – 10 minutes and the semen is 
deposited in the uterus. Intrauterine sperm transport is 
rapid and fertilisation occurs in the ampullar segment of the 
oviduct. Embryos enter the uterus 2 – 3 days after fertilisation 
at the four - cell stage. Six days after fertilisation the blasto-
cysts hatch from the zona pellucida, start migrating through-
out both uterine horns and are eventually evenly distributed. 
Attachment to the endometrium begins 2 weeks after con-
ception. There are no specialised areas of contact ( placenta 
diffusa ) and, compared with primates, attachment is rather 
superfi cial (epitheliochorial). The average length of the ges-
tation period is 115 days in farm pigs and 114 days in mini-
pigs, plus or minus 3 days. Small litters are carried a day or 
two longer than larger ones. The embryology of the pig is 
described in great detail in Patten  (1948)  and Marrable 
 (1971) . Corresponding information on minipigs may be 
found in Glodek  &  Oldigs  (1981) . 

 In most domestic farm breeds 11 – 16 ovulations are typical 
for primiparous and 14 – 18 for pluriparous females. Typically 
more than 90% of the ova are fertilised, but early embryonic 
mortality, occurring within the fi rst 30 days of pregnancy, 
generally amounts to 30 – 40%. In well managed herds, 
typical pregnancy rates are 80 – 90% with litter sizes of 9 – 12 
piglets born to primiparous and 11 – 14 to pluriparous 
females. In Goettingen, our experience with miniature pigs 
is that litter size for both primiparous and pluriparous 
females is much less (fi ve to eight and six to eight, respec-
tively). Typical reproductive parameters are summarised in 
Table  32.2 .   

 Sows produce milk rich in dry matter, containing about 
9% fat, 6% protein, 5% lactose and 0.7% minerals. Colostrum 
contains close to 20% protein, comprising mainly gamma-
globulins that act as antibodies. These need to be imbibed 
by the piglets within the fi rst few hours after parturition to 
cross the wall of the alimentary tract and provide passive 
immunity. Milk production of suckling sows increases up to 
the third week of lactation and declines gradually thereafter. 
The daily milk production of a sow suckling 10 piglets is 
about 8   l. Data on milk production in minipigs are not avail-
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     Figure 32.1     Growth curves for farm pigs and Goettingen miniature 
pigs. Whereas the former shows the classical sigmoid pattern, the 
latter is almost linear.  

  Table 32.1    Typical body masses (kg) of female breeding stock of 
farm pigs ( ad libitum  feeding, fi gures assembled from several 
sources) and Goettingen miniature pigs (restricted feeding, fi gures 
from the breeding herd at Dalmose/Denmark). 

   Age     Farm pigs     Miniature pigs  

  Newborn    1.3    0.45  

  4 weeks (weaning)    7.5    2.5  

  3 months    33    7  

  6 months    90    13  

  1 year    150    26  

  2 years    200    35  

  3 years    230    45  
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     Figure 32.2     Oestrous symptoms and the best time 
for having sows mated or inseminated (arrows). The 
oestrous cycle of approximately 21 days is divided 
up into 2 – 3 days of pro - oestrus, 2 – 3 days of 
 ‘ standing ’  oestrus, 2 – 3 days of post - oestrus and the 
inter - oestrous period. In the absence of a boar the 
standing refl ex will be elicited 12   h later than 
indicated in the diagram.  
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Differences between various pig breeds and among farm 
pigs and miniature pigs at a comparable stage of develop-
ment are comparatively minor. Differences between adult 
miniature pigs and weight - matched farm piglets, however, 
may be substantial because of the difference in the physio-
logical state of maturity. Likewise, biological parameters 
originating from anaesthetised animals do not necessarily 
agree with those of conscious animals, depending on the 
anaesthetic used. Factors that may be responsible for vari-
ability include: immobilisation, transportation or fasting of 
the animals, sampling site and method (venepuncture or 
permanently indwelling catheter). 

 Table  32.3  provides some values for vital functions and 
Table  32.4  provides physiological means and ranges of rel-
evant blood parameters typical for farm and miniature pigs.   

  Breeds, strains and genetics 

 There are close to 100 known breeds of pigs mostly reared 
for pork and bacon production. Breeding stock have been 
selected with an emphasis on growth rate, feed conversion 
and lean content, as well as fecundity and mothering ability. 
The most common domestic breeds are Yorkshire and 
Landrace (white), Pietrain and Hampshire (spotted or 
belted) and Duroc (red). In commercial pork production, 
hybrid crosses of two, three or more breeds are common. 

 Miniature pig breeds were established for the purpose 
of biomedical research. They are smaller than farm pigs, 
but resemble them in proportion and physiology. Many 
of the present breeds of miniature pigs have their origin 
in the Minnesota (Hormel) minipig, which was developed 
in 1949 at the Hormel Institute in Austin, USA. Miniature 
pigs derived from this population are the Goettingen 
minipig, developed in 1961, the NIH (Beltsville) minipig 
and the Sinclair minipig. Others are the Pitman - Moore and 
the Hanford (derived from the Pitman - Moore). A Mexican 
feral pig was used in research in 1960 and later referred 
to as Yucatan mini -  and micropig. In addition, breeds 
such as the Minisib minipig (Siberia), Ohmini and Clawn 
minipigs (Japan) and several other breeds have been 
established. 

 Colonies bred for biomedical research may be random -
 bred, outbred or (partially) inbred. In commercial pig 
farming, random breeding and crossing are typical. Purpose -
 bred pigs and minipigs for biomedical research typically 
originate from colonies with outbred genetics. 

 Pigs have 18 autosomal chromosome pairs plus the X and 
Y chromosomes. A map of the entire genome is close 
to being fully established (Swine Genome Sequencing 

  Table 32.2    Typical reproductive data for adult farm pigs (fi gures 
from various sources) and miniature pigs (Goettingen strain, fi gures 
from Goettingen, Germany and Dalmose, Denmark). 

   Parameter     Farm pig     Minipig 
(Goettingen 
strain)  

  Age at puberty (months)    7    4  

  Minimum breeding age 
(months)  

  8    5  

  Length of oestrous cycle 
(days)  

  21    19.5  

  Duration of oestrus (days)    2.5    2.9  

  Number of ovulations    20    11  

  Gestation period(days)    115    114  

  Litter size    11    6  

  Birth weight/piglet (g)    1300    450  

  Interval weaning - oestrus 
(days)  

  5    7  

  Ejaculate volume (ml)    250    90  

  Spermatozoa/ejaculate (10 9 )    50    10  

  Spermatozoan motility (%)    75    75  

  Table 32.3    Typical resting values for some vital functions for farm and miniature pigs (fi gures assembled from several sources). 

   Age 
 (weeks)  

   Heart rate 
 (beats/min)  

   Mean arterial blood 
pressure (mmHg)  

   Respiratory rate 
 (breaths/min)  

   Rectal. temperature 
 ( ° C)  

  1    220     –     50    39.5  
  3    150     –     40    39.5  
  6    120    120    30    39.5  

  12    100    135    25    39.0  
  52    70    150    15    38.9  

able. The natural suckling period may extend to 10 weeks, 
and in extreme cases up to 17 weeks. In commercial produc-
tion units piglets are usually weaned at around 4 weeks, but 
sometimes at 5 or 6 weeks of age. While suckling, sows 
usually do not come into oestrus. The fi rst post - partum 
oestrus, which is accompanied by ovulation, is usually 
recorded 4 – 8 days after weaning. In primiparous sows and 
under unfavourable environmental conditions the return to 
oestrus may be delayed. Heat symptoms that are observed 
about 3 days after parturition in many animals are not asso-
ciated with ovarian function and ovulation.   

  Standard biological data 

 Published information on biological parameters of the pig is 
inconsistent. Reference values for cardiovascular, respira-
tory, haematological and clinical chemical parameters vary 
within a wide range. Some variation may be explained by 
genetic differences; however, age, reproductive status and a 
variety of environmental factors such as husbandry system, 
microbiological status and conditions under which the 
information was obtained have a much greater impact. 



476 Pigs and minipigs

  Table 32.4    Physiological values of some haematological and 
clinical chemical parameters for adult farm and miniature pigs 
(values assembled from various sources). 

   Parameter     Mean     Range  

  Blood volume (ml/kg)    65    55 – 75  
  Erythrocyte count (10 9 /ml)    7    5 – 9  

  Haematocrit (%)    33    30 – 50  

  Haemoglobin (mg/ml)    125    90 – 180  

  Leucocyte count (10 6 /ml)    13    12 – 17  

  Neutrophils (%)    48    40 – 55  

  Eosinophils (%)    1.5    0 – 4  

  Basophils (%)    0.5    0 – 1  

  Monocytes (%)    3.5    1 – 7  

  Lymphocytes (%)    50    35 – 60  

  Thrombocytes (10 6 /ml)    450    200 – 500  

  Total protein (g/dl)    7    6 – 9  

  Albumin (g/dl)    4    3 – 5  

  Aspartate aminotransferase(AST) (U/l)    38    20 – 200  

  Creatine kinase (CK) (U/l)    450    100 – 3000  

  Alkaline phosphatase (AP) (U/l)    60    30 – 130  

  Table 32.5    Conditions for accommodation of various categories of pigs for experimental purposes   (Hansen  1997 )  . 

   Condition     Conventional     SPF or MD     Microbiologically defi ned  

  Caesarean originated     −     +    +  
  Quarantine regulation     −     +    +  
  Change of dress     −     +    +  
  Shower in     −     +    +  
  Decontamination of:              
     Diet     −      −     +  
     Equipment     −      −     +  
     Water     −      −     +  
  Absolute fi lter ventilation     −      −     +  
  Health monitored     −     +    +  

Consortium (SGSC)  2009 ), which will facilitate research on 
locating genes associated with traits of economic or disease 
importance. The similarity of the human and porcine 
genome maps suggests that there will be further develop-
ment of the pig as a model for human diseases and in 
xenotransplantation research.   

  Sources of supply 

 Pigs from random - bred sources are typically of farmed 
strains, whose breeding has been focused on production 
rather than family genetics. In these populations individual 
genetic and phenotypic variation is high, and such animals 
may not be suited for certain experiments. Purpose - bred 
pigs and minipigs for biomedical research typically origi-
nate from a closed colony with outbred genetics. These 
populations require genetic management to ensure contin-

ued genetic variability. Monitoring may involve biomedical, 
immunologic or DNA markers or quantitative genetic anal-
ysis of physiological variables. Some minipigs are partially 
inbred as a result of selection for a specifi c phenotype, such 
as expression for major histocompatibility complex (MHC) 
homozygosis (eg, the NIH minipig). 

 Pigs and minipigs may be sourced from breeders with 
different health status, such as conventional, minimal 
disease (MD), specifi c pathogen free (SPF) and microbiologi-
cally defi ned. Whereas MD, SPF and biologically defi ned 
pigs are produced under barrier protection with increasing 
security (Table  32.5 ), conventional pigs are kept in a less 
rigidly controlled environment with a regular health moni-
toring schedule and thus have a largely unknown microbio-
logical status.    

  Uses in the laboratory 

 Pigs and minipigs are valuable models in various areas of 
biomedical research, including: physiology, pharmacology, 
toxicology, radiology, surgery and organ transplantation, 
traumatology, pathology, embryology and paediatrics. 
Characteristics that make them particularly suitable for 
research include: 

  1.     a convenient body size for most clinical and surgical 
experiments or trials involving repeated collection of 
blood samples, biopsies, etc;  

  2.     many similarities with the human, in particular, skin, 
skeleton and joints, teeth, gastointestinal tract, pan-
creas, liver and kidney, cardiovascular system, lung, 
immune system and physiological state of the newborn;  

  3.     the ease and safety of handling and housing under con-
fi ned conditions;  

  4.     the relatively low price of acquisition and 
maintenance;  

  5.     a vast literature extending from embryonic develop-
ment to modern genomics as well as the expertise of 
highly specialised commercial farmers and 
veterinarians;  

  6.     the availability of reproductive technologies, including 
collection, storage and manipulation of gametes, well 
in advance of what is available for most other labora-
tory species.    
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subsided) until the danger of crushing is over. Various far-
rowing and nursing pen types are dealt with in a report by 
European Food Safety Authority (EFSA  2007) .   

 For experimental purposes pigs are occasionally housed 
in special crates or cages. Up to a body mass of 30   kg they 
may be kept on perforated or wire mesh fl oors for limited 
periods (at the most for a few weeks), provided the cages 
are located in a room with perfectly controlled climate and 
ventilation. However, since pigs lack an insulating coat, 
cage - rearing is a vulnerable system requiring constant care. 
Several manufacturers supply special miniature - pig cages, 
including metabolism cages that permit collection of urine 
and faeces. Dog facilities can usually be modifi ed to house 
young pigs or minipigs. Partitions between cages should be 
1.00 – 1.10   m high. Individually penned pigs must be in visual 
or olfactory contact with other pigs. Cages should be large 
enough for the confi ned animal to turn around and should 
have separate sleeping and dunging areas. Minimum fl oor 
space recommended by various sources varies considerably. 
The most recent proposal of the Commission of the European 
Community in the Directive of the European Parliament and 
of the Council on the Protection of Animals Used for 
Scientifi c Purposes 1 , to take effect in 2017, calls for a 
minimum pen size of 2   m 2 . Guidelines for minimum fl oor 
space per animal are provided in Table  32.6 . They represent 
a reasonable compromise between the requirements of the 
animals and practical and economic considerations of space 
limitation. More confi ned enclosures may be justifi ed for 
limited periods to serve special experimental conditions, for 
example, when monitoring individual feed consumption, or 

   Laboratory management and breeding 

  General husbandry 

  Housing 

 Wild pigs roam in forests with no permanent retreat except 
when they build a nest to raise a litter. Their domesticated 
descendents are less hardy and, in cold climates, are kept 
indoors during the winter months. All year round indoor 
housing is also a common practice to protect the herd from 
parasites and epidemics. This, however, can confl ict with 
the pig ’ s natural qualities of alertness and curiosity and 
restricts activity. In regions with mild climatic conditions 
(eg, UK and France), the use of huts or kennels on pasture 
for breeding sows has gained some popularity. 

 Detailed information on the housing of farm pigs may be 
found in husbandry texts (see Further reading section). In a 
typical commercial piggery, separate quarters are provided 
for: 

  1.     young stock from weaning to breeding age (growing 
quarters);  

  2.     weaned sows and gilts that are to be mated and are, 
therefore, kept in close proximity to a boar (mating 
quarters);  

  3.     pregnant sows (gestation quarters);  
  4.     parturient and nursing sows (farrowing quarters).    

 Young gilts and pregnant sows are usually housed in 
groups. During the fi rst 4 weeks and at an advanced stage 
of gestation sows should be able to enter a protected area, 
especially when feeding, otherwise fi ghting and crushing 
against rails can lead to abortion. When farrowing, sows 
have traditionally been caged in special farrowing crates 
(Figure  32.3 ). The crates are equipped with rails to prevent 
the sows from the lying on and crushing their young. They 
also provide hygienic conditions and protect the stock 
person from sow aggression while managing the litter. 
Farrowing crates, however, seriously compromise sow 
welfare by restricting nest building behaviour and other 
periparturient behavioural patterns and are, therefore, much 
disputed and banned in some countries. Loose farrowing 
and other pen systems under investigation have, under most 
practical farming conditions, failed to provide viable 
alternatives as far as piglet losses (Cronin  &  Smith  1992 ; 
Kamphues  et al .  2003 ) and other economic considerations 
such as barn space and labour requirements are concerned. 
If crates are to be abandoned, pen systems must be devised 
that provide most of the benefi ts of farrowing crates. From 
a welfare point of view ideally the sow should have enough 
space to turn around and the fl oor should be, at least in part, 
solid and covered with shavings or chaff. Anti - crushing rails 
and a separate heated creep area for the protection of the 
piglets and provision for temporary fi xation of the sow are 
necessary. Ideally, the sow should be able to leave her nest 
to move to a separate dunging area as was possible with 
early farrowing crates when the sows were group - fed twice 
daily outside the farrowing area. Until more suitable systems 
have been devised the period of confi nement in a farrowing 
crate should be limited to the period of 3 – 4 days from the 
onset of parturition (when the urge for nest building has 

Trough and drinker
for sow

Creep with
heat lamp
and/or
heat pad

Slatted area Feed hopper and drinker
for piglets

     Figure 32.3     Top view of a traditional farrowing crate. 
Confi nement of the sow should preferably be restricted to the 3 – 4 
days following commencement of parturition. Loose housing 
farrowing systems favour the well - being of the sow, though usually 
at the price of increased piglet losses.  

  1       http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:
52008PC0543:EN:NOT  
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exceeded. Air speed must not exceed 0.2 – 0.3   m/s for adult 
animals and 0.1   m/s for piglets. 

 Pens should be cleaned out frequently, and on concrete 
fl oors dry bedding is most desirable. The daily excretions of 
an adult farm pig amount to 0.5 – 3.0   kg faeces (water content 
55 – 75%) and up to 6   l of urine. Once a month, pens should 
be emptied for thorough cleaning and disinfection. Floors, 
walls and caging utensils should be soaked and scrubbed or 
washed down with a high - velocity water jet and treated 
with a disinfectant. The animals should be returned to the 
pens once they are dry.  

  Environmental provisions 

 Like their wild ancestors, domestic pigs and minipigs are 
sociable, lively and exploratory animals. They spend 70 –
 80% of their time lying or sleeping; during the remaining 
time they like to romp, wallow and root in soil or bedding. 
When given the opportunity, pigs are clean, choosing spe-
cifi c sites for defecation and urination, and keeping their 
sleeping area dry. In modern pig farming, however, animals 
are commonly kept in less welfare - friendly conditions such 
as single stalls or crowded pens, on slatted fl oors with no 
bedding. Moreover these environments are often defi cient 
in external stimuli and objects to keep them occupied. 
Tethering of sows used to be common but is now banned. 
Pigs, being curious and agile animals, will suffer from 
boredom if not given the opportunity to perform a range of 
activities (Wemelsfelder  2005 ). Common enrichment items 
include the provision of hanging chains or objects in the 
pens. Straw provides comfortable bedding, keeps the 
animals occupied with rooting and chewing activities, and 
serves as low - calorie fodder, providing a feeling of satiation 
without leading to obesity. Therefore, clean, dry straw may 
contribute substantially to the well - being of pigs. Unless 
experimental conditions require otherwise, the best way of 
accommodating pigs or minipigs is by housing them in 
groups of up to 10 or 15 in spacious pens with straw - covered 
fl oors. In a number of countries, rules and regulations are 
laid down to improve husbandry conditions for pigs (eg, 
European Council  1991 ; European Commission  1997 ; New 
Zealand National Animal Welfare Advisory Committee 
 2005 ; EFSA  2007 ).  

  Social grouping 

 Socialisation within groups and the establishment of a social 
hierarchy are behavioural traits typical of free - ranging pigs. 
These behavioural patterns should be taken into account 
when housing pigs in pens. Isolated housing of individuals 
should be avoided, with the exception of adult males and 
farrowing sows. When animals are grouped, they should be 
of similar size and, if feed is restricted, trough space should 
be suffi cient to permit all animals to feed at the same time. 
Ideally, partitions should be provided, enabling weaker 
animals to evade aggression from others. If group size 
exceeds 10 – 15, agonistic behaviour tends to be increased 
because no lasting hierarchy is established. This is not always 
the case, however, because in addition to the amount of 
space, the quality of space is also important (pen divisions, 
availability of substrates, feeding places etc). If possible, 

taking serial samples. As a rule of thumb, adult miniature 
pigs require about half the space of adult farm pigs.    

  Physical environment and hygiene 

 With their scanty hair covering and lack of sweat glands, 
pigs are sensitive to temperature extremes. A particularly 
effi cient heating and ventilation system is required when 
they are kept on perforated fl oors. Optimum environmental 
temperatures for pigs vary with age. Newborns thrive best 
at temperatures of 30 – 32    ° C. The temperature may be 
lowered by 1    ° C for every day of the fi rst week and by 1    ° C 
each week for the second, third and fourth weeks of age. 
Adult animals housed singly and without bedding feel com-
fortable at 20    ° C or more. With an insulated fl oor and abun-
dant bedding, they will tolerate temperatures as low as 10    ° C 
without ill effect, especially in a group - housing system 
where they are able to huddle. In order to satisfy the special 
temperature needs of the young without exposing the 
mother to heat stress, farrowing pens should be provided 
with a heated creep area (Figure  32.3 ). In hot climates, the 
lack of shade and of wallows or sprinklers may lead to 
sunburn or heat stroke. 

 The favourite relative humidity for pigs is around 60 –
 70%. It should not range beyond extremes of 50% or 90%. 
Ventilation is critical to keep the concentration of potentially 
harmful gases low, especially in densely stocked quarters. 
Concentrations of 10   ppm for ammonia, 0.15 vol% for carbon 
dioxide and 5   ppm for hydrogen sulphide should not be 

  Table 32.6    Recommended minimum enclosure dimensions and 
space allowances for the accommodation of farm and miniature 
pigs. Figures were assembled from various sources, in particular the 
commission recommendations of the European Convention (2007) 
( http://eurlex.europa.eu/LexUriServ/site/en/oj/2007/l_197/l_
19720070730en00010089.pdf ) and the Council of Europe (2006) 
Multilateral Consultation of Parties to the European Convention for 
the Protection of Vertebrate Animals used for Experimental and 
other Scientifi c Purposes (ETS 123) Appendix A. Cons 123 (2006) 3 
( http://www.coe.int/t/e/legal_affairs/legal_cooperation/biological_
safety,_use_of_animals/laboratory_animals/2006/
Cons123(2006)3AppendixAen.pdf ). 

   Body 
mass 
 (kg)  

   Pen length 
 (m)  

   Enclosure 
size (m 2 )  

   Floor area 
 (m 2 /animal)  

   Lying 
space  *  *   
 (m 2 /animal)  

   ≤ 10    1.0    2.0    0.25    0.11  

  11 – 20    1.4    2.0    0.35    0.18  

  21 – 30    1.6    2.0    0.50    0.24  

  31 – 50    1.8    2.0    0.70    0.33  

  51 – 70    2.0    3.0    0.80    0.41  

  71 – 100    2.1    3.0    1.00    0.53  

  101 – 150    2.5    4.0    1.35    0.70  

   > 150    2.5    5.0    2.50    0.95  

  Adult 
boar  *    

  2.7    7.5    7.50    1.30  

    *    Miniature pig boars require half the space at the most  
   *  *    Thermoneutral conditions   
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should ideally originate from a caesarean - derived colony, be 
kept in a protected environment (see Sources of supply) and 
have a regular health - monitoring programme; as is common 
practice in laboratory rodent colonies (Table  32.5 ). Staff 
should not have contact with other pigs, and all materials, 
including feed, bedding and equipment, needs to be steri-
lised (autoclaved, fumigated or otherwise). Embryo transfer 
is an important technique for introducing genetic material 
into a closed unit. 

 The Scandinavian Federation for Laboratory Animal 
Science (Scand - LAS) has published guidelines for health 
monitoring of pigs (Hem  et al .  1994 ), and the Federation 
of European Laboratory Animal Science Associations 
(FELASA) has a working group on animal health establish-
ing similar guidelines (Rehbinder  et al.   1998 ).  

  Transport 

 Transportation is stressful for pigs. To reduce physical strain 
the animals should be deprived of feed for at least 12   h 
beforehand. Hot, humid conditions should be avoided, as 
should extremely low temperatures and draught. 

 Large pigs are generally transported by truck or trailer. A 
space of 0.5   m 2 /100   kg body mass should be allowed. Floors 
must not be slippery and should be fi tted with battens or 
covered with a deep layer of sand. Large loading surfaces 
should be subdivided by partitions. When driving or loading 
animals, it is important to understand that they are bewil-
dered and anxious, rather than stubborn. Therefore, be 
patient, determined and fi rm, but never rough. Pigs are 
apprehensive of sloping surfaces, especially if these are 
unstable or slippery, and do not like entering dark or 
brightly lit areas. 

 Miniature pigs and young farm pigs may be transported 
in portable dog kennels or custom - made durable crates. 
The fl oor and bottom part of the sides must be closely 
boarded to avoid spillage of excreta. Ample straw or 
shavings must be provided to furnish soft bedding and 
absorb moisture. There should be openings for fresh air 
and suffi cient space for all animals to lie down comfortably. 
Feed should be made available at least once, and water at 
least twice daily. Under certain conditions, the use of a 
tranquillising agent may be useful. Additional information 
may be obtained from the latest issue of Live Animals 
Regulations by the International Air Transport Association 
(IATA) 2 . 

 Microbiologically defi ned or SPF pigs or minipigs should 
preferably be transported in air - conditioned vans equipped 
with fi ltered ventilation to prevent infection. 

 Within the laboratory, animals may either be walked from 
one place to another, or transported in a trolley; the sides of 
which should be high enough to prevent the animals from 
jumping out, but not too high to make it impractical to lift 
them in and out. When driving pigs, a group always handles 
better than single individuals. Training the animals by 
rewarding them with tasty morsels will make operations 
easier and faster.  

stable groups should remain together. When animals are 
mixed from different pens, fi ghting can be minimised by 
grouping them just before feeding or sleeping time, prefer-
ably in an unfamiliar pen. The animals ’  individual scent may 
be camoufl aged by sprinkling the animals with anything 
from cresol to eau - de - cologne. In critical cases, the injection 
of a tranquillising agent may be necessary. 

 Adult boars tend to live a solitary life when given the 
opportunity. Therefore, for them, individual housing is 
appropriate. Nonetheless, it is possible to group - house 
boars, with the exception of particularly aggressive indi-
viduals, provided they have been reared together or given 
the opportunity to get accustomed to each other under 
unconfi ned conditions, such as on pasture or in a yard. The 
level of aggressiveness in males is reduced to that of females 
if they are castrated at an early age (barrows).   

  Presentation of food and water 

 Pigs are generally fed once or twice a day. Dry pelleted 
rations may be presented on the bare, clean concrete fl oor 
as long as there is a suffi cient distance from the dunging 
area. More commonly, the feed is presented in a trough or 
bowl of non - corrosive material installed at or close to ground 
level. Trough space per animal should be 20 – 40   cm depend-
ing on body size. The feed may be dry or mixed with water 
or whey to make a gruel or soup. Self - feed hoppers for con-
centrates, sometimes equipped with a built - in spray nipple 
for moisturising the feed, are also common. When dry feed 
is not provided, troughs need to be cleaned daily. Stale feed 
may lead to digestive disorders. As adult pigs tend to put 
on excessive fat, transponder systems with computer - 
controlled feeding stations have been designed. One of these 
stations will serve 40 – 50 animals. A hayrack with freshly cut 
green fodder, hay or straw is valuable from a nutritional and 
behavioural point of view. 

 Clean drinking water should be available at all times, so 
automatic drinkers (nipple or bowl type) are recommended. 
Nipples should be installed at an adjustable height of 15 –
 50   cm, depending on the size of the animals, preferably 
above the trough or, otherwise, in the pen area where the 
animals are expected to defecate and urinate. If automatic 
drinkers are not available, the usual practice is to mix water 
with the feed and refi ll the trough with water after the pigs 
have fi nished eating (see Feeding section). Farrowing pens 
should be equipped with an extra easy - to - operate automatic 
drinker for the piglets (Figure  32.3 ).  

  Health monitoring, quarantine and 
barrier systems 

 Existing systems for disease control in pigs are generally 
aimed at improving the economy of farming operations. 
Specifi c pathogen free (SPF) or minimal disease (MD) 
animals may be infected with pathogens which, although of 
little economic relevance, could interfere with experiments 
by changing physiological responses through: immunosup-
pression, contamination of biological products, anaesthetic 
death, etc. Therefore, pigs bred for biomedical research   2       http://www.iata.org.  
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every 21 days. Males are always ready to mate. Ovulation 
is accompanied by characteristic oestrous symptoms climax-
ing in the standing refl ex. 

 Heat checks should be performed at least once daily at a 
time when animals are not occupied by feeding or the like. 
Vulvar and behavioural signs are used for testing for oestrus. 
When there is no teaser boar available, tactile and olfactory 
stimuli can be imitated by applying manual pressure to the 
sow ’ s back and by spraying synthetic boar taint (Figure 
 32.5 ). Standing heat lasts longer when the boar is present.   

 The optimal time to have a sow mated or inseminated is 
about 24   h after the onset of standing oestrus if oestrus is 
detected with the aid of a boar and about 12   h after the onset 
of oestrus in the absence of a boar. Additional matings at 
about 16   h intervals should be allowed as long as sexual 
receptivity persists. 

 It is possible to avoid having to detect oestrus by control-
ling the oestrous cycle and conducting fi xed - time insemina-
tion. In prepubertal gilts and freshly weaned sows this is 
done by injecting equine and human chorionic gonadotro-
pins (eCG and hCG), in cycling females, by oral administra-
tion of the progestagenic compound altrenogest, followed 
by withdrawal and an eCG injection (Wallenhorst  et al.  
 2000 ). 

 As previously mentioned, well managed pig herds achieve 
farrowing rates of 80 – 90%. The average gestation period in 
pigs and Goettingen miniature pigs is 114 – 115 days (see 
Reproduction). 

  Identifi cation and sexing 

 Ear tattoos are the most common method of permanently 
identifying pigs. With pigmented breeds or those with 
small, cartilaginous ears, such as certain minipig breeds, it 
may be necessary to resort to notching or ear tagging (Figure 
 32.4 ). However, where possible the least invasive method 
of marking should always be used. Nowadays, electronic 
identifi cation systems are available, consisting of transpond-
ers that are attached to the ear or injected into the tissue at 
the base of the ear. Recently, injectable microchips have 
been successfully implanted into unborn piglets (Birck  et al.  
 2008 ). Stationary or portable readers can be used to read 
the transponders. For temporary marking, special colour 
markers or sprayers with water - soluble dye are available. 
Pigs with a light complexion may be given lasting body 
tattoos applied with a slap marker or an electric tattooing 
device.   

 Sexing of pigs presents no problem as they have clearly 
discernible sex organs from birth.  

  Breeding 

  Condition of adults 

 In contrast to their feral ancestors, reproductive activity in 
the domestic pig is not seasonal. Normally sows ovulate 
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     Figure 32.4     Pigs are commonly identifi ed by ear tattoo, 
ear tag or notches in the ears (notching key used for 
Goettingen miniature pigs worldwide on the right).  

     Figure 32.5     Oestrus detection in pigs with 
the aid of a teaser boar or by manual back 
pressure and commercially available boar 
taint.  
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ence of colostrum, restlessness and nest - building behaviour. 
Eventually the sow lies down on her side and the piglets are 
delivered at intervals of 10 – 30 minutes, the fetal membrane 
being expelled between births or within 2 – 3   h after the birth 
of the last piglet. Although birth is usually trouble free, 
supervising parturition can minimise piglet losses. It may 
be necessary to free newborn pigs from the enveloping 
membranes, remove mucus from mouth and nose to help 
them start breathing, help weaker ones to reach the udder 
or the heated creep area, and rescue them from being 
crushed by overlying, trampling or savaging by the sow. 
With weak and underweight piglets, stomach tube feeding 
of colostrum substitute will improve survival. As a general 
rule, intervention should be limited to a minimum. 
Occasionally, savaging of piglets becomes a problem. In 
these cases piglets should be removed from the sow and 
placed back as soon as she has fi nished farrowing. If the sow 
does not quieten down, a small dose of tranquilliser will 
usually help. 

 If labour lasts for more than 45 minutes without visible 
progress, assistance should be given by inserting a clean, 
preferably gloved, and lubricated hand into the vagina, 
gently correcting the condition preventing delivery. In nul-
liparous gilts and minipigs where the vagina is too narrow, 
the use of gynaecological forceps is necessary. If inertia of 
the uterus is the problem, one or several injections of 1 – 2   IU 
oxytocin and infusion of 30 – 40   ml of a 50% calcium gluco-
nate solution are indicated. Large doses of oxytocin tend to 
cause spasm and even rupture of the uterus. As a last resort 
a caesarean section should be performed without unneces-
sary delay, because more than 24   h after the onset of labour 
the piglets are usually dead. 

 Parturition may be induced prematurely to facilitate 
supervision and cross - fostering of piglets ( ‘ batch - 
farrowing ’ ). Induction can be achieved by injecting prostag-
landin F 2 α   or one of its analogues. Normally, delivery 
commences 24 – 30   h after prostaglandin injection. Parturition 
should never be induced before 111 – 112 days after the last 
mating, otherwise premature piglets will be born that have 
reduced chances of survival. Individual variation in response 
to the prostaglandin treatment can be further reduced by 
following the prostaglandin injection, about 20   h later, with 
a long - acting oxytocin preparation.  

  The young 

 Pigs produce precocial offspring born with all sense organs 
functioning. The newborn immediately start seeking the 
udder and generally achieve their fi rst successful suckle 
within about 45 minutes. Baby pigs need antibody - 
containing colostrum within the fi rst few hours. The energy 
reserves of newborn piglets are limited and they rely heavily 
on a warm, protected environment and frequent milk feeds. 
Young piglets suckle at less than 1   h intervals; later the fre-
quency declines. Soon after birth, piglets fi ght fi ercely until 
a teat order is established. The teat order arrived at about 4 
days after parturition is adhered to until weaning. 

 When nursing, the sow lies down on her side calling her 
litter with a series of grunts. The piglets start nosing the 
udder vigorously until the milk let - down refl ex is elicited. 
After 15 – 20 seconds, during which the sow gives a series of 

 Artifi cial insemination has become standard in modern 
pig farming, and can also be used with minipigs. Semen 
collection and insemination are easy to conduct, and, with 
experienced personnel, success rates are comparable with 
natural mating. Semen can be stored in a commercially 
available diluent at 15 – 18    ° C for 3 – 4 days. Conception rate 
and litter size after insemination with cryopreserved semen 
is usually unsatisfactory. 

 There are reasonable success rates for transfer of pre -
 implantatory embryos, usually fl ushed from superovulated 
donors around day 7 after conception (Bruessow  et al.   2000 ). 
Existing techniques for cryopreservation of embryos are 
unsatisfactory and, at present, embryo transfer must be 
looked upon as a technique for special situations and experi-
mental purposes. 

 The traditional method of pregnancy detection is to care-
fully observe the sows for oestrous signs around the 3rd and 
6th week (one and two cycles) after insemination. In modern 
farming operations ultrasonic equipment is available: the 
A - mode pulse echo system produces reliable results between 
28 and 85 days of pregnancy; the more elaborate and time -
 consuming Doppler system can be used to detect pregnancy 
as early as day 16; and real - time echography enables 
visualisation of foetuses by day 23 of pregnancy. The latter 
system requires specially trained operators. Rectal palpa-
tion, serum progesterone, urinary oestrogens or histological 
examination of vaginal biopsies are feasible alternatives, but 
are rarely applied. 

 Approximately 1 week before they are due to farrow, 
sows should be moved to the farrowing quarters where they 
are kept in farrowing crates (Figure  32.3 ). Under conven-
tional (non - barrier) housing conditions, they should be 
wormed, scrubbed down with soap and water and treated 
with a parasiticide. The crates are equipped with rails con-
trolling the movement of the sow to protect the piglets from 
being crushed and with a heat pad and/or creep area with 
overhead heat lamp to provide them with a suitable micro-
climate. If no heat source is available, ample straw bedding 
must be provided to enable the piglets to burrow into it, 
huddling together for warmth. 

 During the 2 – 3 days prior to farrowing, feed supply to the 
sow should be reduced to half. Components rich in crude 
fi bre, such as bran, are increased, water is supplied  ad libitum  
and sometimes 1 or 2 tablespoons of Epsom or Glauber ’ s salt 
are added. These measures help to reduce the incidence 
of constipation and parturient infection of uterus and 
mammary glands, commonly termed metritis – mastitis – aga-
lactia (MMA) or post - partum dysgalactia (PPD) syndrome. 

 About 1 day before parturition, sows will display nest -
 building behaviour when given the opportunity. They will 
carry grass and other nesting material in their mouth to a 
shallow pit and with snout and forelimbs arrange it in a 
cup - shaped nest of more than 2   m 2 . The young are born into 
the nest. Sows penned in a conventional farrowing crate will 
start getting restless, repeatedly change their posture, paw 
and root the fl oor, gnaw and tear on the confi ning rails or 
boards and defecate frequently. This behaviour may be 
interpreted as displacement nest - building behaviour, or as 
symptomatic of frustration. 

 Signs of approaching parturition are enlargement of the 
vulva and swelling of the mammary glands with the pres-
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  Table 32.7    Basic nutrient requirements of farm pigs  (NRC,  1998  
and other sources)  and miniature pigs  (GV - SOLAS,  1999b )  at 
various ages and reproductive states. 

   Category     Metabolisable 
energy 
 (MJ/day)  

   Crude 
protein 
 (%)  

   Maximum 
crude fi bre 
 (%)  

  Piglet  

  3 – 5   kg    2 – 5    25    2  

  6 – 10   kg    6 – 8    22    6  

  11 – 20   kg    10 – 13    20    6  

  21 – 50   kg    18 – 24    18    6  

  51 – 120   kg    25 – 40    14    7  

  Pregnant sow  

   < 12 weeks    28    12    14  

   > 12 weeks    35    16    7  

  Lactating sow 
 (10 piglets @ 5   kg)  

  80  *      16    7  

  Breeding boar    33    16    7  

  Adult maintenance    16 – 28  *  *      12    14  

  Minipig (20 – 40   kg)              
     Breeding    12 – 19    12 – 15    6 – 8  
     Maintenance    4 – 6    12    14  

    *    17   MJ for maintenance of sow   +   5.8   MJ per piglet  
   *  *    0.44    ×    BM 0.75    

low grunts in quick succession, the milk fl ow ceases. Young 
piglets fall asleep at the udder; as they grow older they move 
back to the creep area. Neonatal mortality averages 10 – 15%, 
80% of which occurs within the fi rst week. Most losses occur 
during the fi rst 24   h after birth, especially if the birth mass 
is low and litter size exceeds the number of functional teats. 
The primary causes of death are crushing by the mother 
(almost half of the losses), chilling and starvation. 

 Fostering piglets from one sow to another (eg, in the case 
of extranumerary piglets, agalactia or loss of a sow) is not a 
major problem and works best within the fi rst 2 days after 
birth among sows that have farrowed within a day or so of 
each other. Unsuckled mammary glands dry up after about 
3 days. When adjusting unequally sized litters, a measure 
facilitated by batch farrowing, the most vigorous members 
of a litter should be fostered, especially if the offspring of 
the host are older and stronger. When cross - fostering older 
piglets, it is important to camoufl age their individual scent 
and mix the foster piglets with the original litter for 2 – 3   h 
before presenting them to the new mother. The piglets to be 
fostered may be rubbed, particularly in the perineal region, 
with dung from the sow ’ s own litter. 

 During the suckling period it is important to consider the 
following issues relating to health and well - being of sow 
and litter: 

  1.     Parturient infection of uterus and mammary glands, 
often accompanied by agalactia, may pose a major 
problem in some herds. Therefore, it is advisable to 
monitor body temperature of the sow for the fi rst 3 days 
after parturition, to immediately take action in terms of 
suitable antibiotic treatment and support of the piglets.  

  2.     Newborn piglets can injure the sow ’ s teats with their 
needle - sharp canines. This is commonly an indication 
of a defi ciency in the amount of milk produced by the 
sow. The piglets ’  teeth may be blunted with the aid of 
an electric tooth grinder. Care should be taken not to 
expose the pulp and clippers are not recommended as 
their use may lead to pulp infection.  

  3.     In commercial breeding units where the intestinal 
threadworm  Strongyloides ransomi  may occur, piglets 
have to be wormed within the fi rst 3 – 4 days after birth.  

  4.     Within 1 week after birth, piglets having no access to 
soil or another source of iron must be given an intra-
muscular injection or oral medication of an iron prepa-
ration because they are born with a very limited store 
of iron and the iron content of the sow ’ s milk is low. 
After 2 – 3 weeks the treatment should be repeated.  

  5.     Where males are neutered, this has to be done in the 
period between birth and 8 weeks. Within the fi rst week 
bleeding and pain are thought to be less than in older 
animals. The testes are removed via two incisions in the 
ventral scrotum. The incisions should remain unsu-
tured to facilitate drainage. Strict hygiene must be 
observed to prevent infection, especially since at age 
3 – 6 weeks piglets have low antibody titre. Anaesthesia, 
as well as administration of a long - acting analgesic, is 
recommended.  

  6.     For older animals, and where tail - biting is a problem, 
amputation of the caudal third of the tail within 3 days 
after birth may be necessary. The remaining part of the 
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     Figure 32.6     Average daily amount of a complete compounded 
ration fed to a sow of 200   kg at various reproductive states (litter 
size: 10; suckling period: 4 weeks).  

tail is more sensitive to pain, so the animal will not 
tolerate others to gnaw on it. Once they sense blood, 
other piglets will mercilessly pursue the victim and 
may infl ict potentially fatal injuries. Tail - biting com-
monly is a consequence of suboptimal husbandry con-
ditions. Reducing light intensity may attenuate this 
behaviour. Keeping pigs in permanent darkness, 
however, is prohibited by law.  

  7.     After parturition, the amount of feed provided to the 
sow must be gradually increased to reach  ad libitum  
levels within 1 week (Table  32.7 , Figure  32.6 ).        
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melanoma and congenital ventricular septum defect, to gen-
erate genetic models of human disease, tend to fail because 
most defects have a multifactorial genetic background 
(Hand  et al.   1987 ).   

  Feeding 

  Natural and laboratory diets 

 Wild and domesticated pigs are truly omnivorous, consum-
ing and digesting anything from grass to highly concen-
trated food of plant or animal origin. Their ability to break 
down and utilise raw fi bre, however, is limited. Although a 
large proportion of the nutrient requirements can be pro-
vided by good pasture, it is more common to keep domestic 
pigs indoors throughout the year and feed them on concen-
trates. These usually consist of ground cereals supplemented 
with protein (fi sh meal, soybean meal, milk by - products), 
essential amino acids (mostly L - lysine, D - methionine, 
L - threonine, L - tryptophan), vitamins (A, D 2 , D 3 , E, several B 
vitamins) and minerals. Standard diets may be obtained 
from commercial producers as meal or in pelleted form. 
They may be fed as complete rations, or in combination with 
several kinds of roughage or by - products such as brewers ’  
grains or whey. If roughage is supplied, it may consist of 
grass, lucerne, clover, hay, silage or root and tuber crops. 

 Meal or pelleted feed may be offered dry or mixed with 
water or whey to make a mash. For young stock and animals 
kept on a maintenance diet, a single feed per day suffi ces; 
lactating animals should be fed more than once. Where 
computer - controlled feed dispensers are available, trans-
ponders, usually attached to the ear, make sure each indi-
vidual receives the appropriate amount. 

 Laboratory diets for pigs and minipigs are based on 
natural ingredients, and are usually fi xed - formula diets. 
They are available from specialised commercial producers 
as diets for growth or maintenance. Some producers offer 
expanded diets that have been heat - treated with steam. This 
process is claimed to give a better availability of nutrients, 
a low microbial count and good acceptability by the animals. 
Laboratory diets should be batch controlled for nutrient 
content and contaminants as variation in nutrients may 
produce unexpected experimental results. Contaminants 
such as heavy metals, fungal toxins or pesticides may also 
seriously impair the health status of animals and interact 
with drugs. 

 Before introduction into an SPF environment, diets may 
be sterilised by autoclaving or irradiation. In general, 
expanded diets have a low microbial count, and may be 
introduced into a barrier after decontamination of the feed 
containers.  

  Water 

 Since most diets are offered in a dry form, clean drinking 
water must be constantly available, even though pigs drink 
mainly after eating. The average daily water demand of 
adult pigs varies between 10   l and 30   l (nursing sows). The 
individual demand is quite variable as for lactating sows 
between 10 and 78   l have been recorded. Under high tem-

 In conventional production units, piglets are usually weaned 
at about 4 weeks of age. At that stage they weigh 7 – 8   kg and 
are strong enough, and are able from an immunological 
point of view, to cope with the harsh environment of modern 
rearing units (eg, fl at - deck cages). Moreover, by that time 
the reproductive tract of the sow has recovered to the extent 
that normal fertility has been regained. This system of early 
weaning was originally adopted to yield more piglets per 
sow and year. The younger the piglets are at weaning, the 
more vulnerable they are, consequently more attention must 
be given to environmental control. When post - weaning 
rearing conditions are suboptimal, piglets should be weaned 
at an age of 6 – 8 weeks. As long as the weaners are accus-
tomed to creep feed, they will readily take to solid food and 
water. The average daily weight gain in pigs increases from 
150   g after weaning to 700 – 800   g or more for body weights 
between 40 and 80   kg. 

 When a mother dies or suffers from agalactia, or if more 
young are born than there are functional teats, piglets have 
to be either fostered onto another sow or reared artifi cially. 
The latter is labour - intensive and time - consuming, and the 
following provisions must be made. 

 The accommodation must supply protection from 
draught; temperatures should be around 30    ° C at the begin-
ning and may be gradually reduced to 20 – 22    ° C at 3 weeks 
of age; relative humidity should not exceed 60 – 70%. A suit-
able substitute for sows ’  milk has to be provided. This may 
consist of a commercially available substitute, cow colos-
trum, condensed cows ’  milk fortifi ed with minerals and 
vitamins or slurry made up of 20% starter creep in water. 
Each feeding must be freshly and hygienically prepared and 
provided in portions small enough to be consumed at once. 
During the fi rst few days the feed must be warm; after this, 
a gradual decline to room temperature is acceptable. For 
hand feeding, there should be four to six feeds of about 
100   ml each, preferably offered in a shallow bowl. Today 
reliable automatic feeders are available that may be pro-
grammed or sensor - run. 

 If possible, piglets should obtain colostrum (sow or cow) 
during the fi rst 6 – 12   h of their life to provide them with 
protection from infection. In the event of scouring, feed 
intake should be reduced drastically for at least 24   h, and 
fl uid intake should be encouraged and a suitable therapy, if 
necessary, with antimicrobial agents (oral or parenteral), 
should be put into effect. Transfer to solid feed (initially 
milk - based, later cereal - based) should take place at 2 – 3 
weeks of age (about 3   kg body mass).  

  Breeding  p rogrammes 

 The selection of breeding stock has to comply with the 
breeding goal in question, and this may differ for farm and 
research pigs. Miniature pigs have been selected for low 
body mass (Koehn  et al.   2008 ). The original breeding policy 
of the Goettingen miniature pig has been described in 
Glodek  &  Oldigs  (1981)  and Glodek  et al.   (1977) . Special 
breeding programmes, such as selection for larger ear veins 
(to enable better access to the blood system) are used at 
Dalmose, Denmark, where Goettingen miniature pigs are 
being bred. Attempts to select strains for hereditary dis-
eases, such as diabetes mellitus, arteriosclerosis, cutaneous 
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turition onward. After weaning, farm pigs are fed  ad libitum  
until reaching a body mass of 80 – 90   kg. Thereafter feed 
intake has to be restricted; in the case of concentrates to 
about 80% of the unrestricted intake. More detailed informa-
tion on the nutrition of domestic pigs is provided in stand-
ard texts (NRC  1998 ; Lewis  &  Southern  2000 ; Lindberg  &  
Ogle  2001 ; Kirchgessner  et al.   2008 ; Jeroch  et al.   2008 ). 

 The nutritional requirements of miniature pigs closely 
resemble those of farm pigs. The daily energy requirement 
for maintenance is about 0.4   MJ/kg body weight 0.75 ; during 
the growth phase it approaches 1.2   MJ/ kg body weight 0.75 . 
A major problem in feeding adult miniature pigs is the 
avoidance of obesity, particularly in females not producing 
offspring. Restricted feeding imposes a perpetual feeling of 
hunger, with obvious animal welfare implications. Therefore, 
it is better to provide a voluminous, low energy density, 
maintenance ration with high fi bre content (14% or more) 
with an adequate vitamin and mineral content. The ration 
should contain components such as bran, sugar beet pulp, 
green fodder, hay or straw. At Dalmose, Denmark, 
Goettingen miniature pigs beyond 6 months of age receive 
their daily ration in just one feeding. This way they remain 
sedate throughout the day. The German Society for 
Laboratory Animal Science (GV - SOLAS  1999b ) has pub-
lished the dietary requirements for miniature pigs. Although 
the recommendations are based on empirical results, they 
will lead to satisfactory growth, good fertility and the avoid-
ance of obesity.    

  Laboratory procedures 

  Handling and training 

 Pigs that are not used to being handled are shy and excita-
ble. When anxious or confi ned they tend to panic. They 
scream, struggle and may even succumb to circulatory col-
lapse. Force or subjugation will aggravate the situation, 
where patience, a handful of feed, a chip of apple or a lump 
of sugar will render a pig tame and co - operative. 
When handled gently and patiently, pigs become affection-
ate and usually relish a back scratch or stroking behind 
their ears or on their bellies. Vietnamese potbellied pigs are 
more reluctant to overcome their fear of humans. Adult 
boars should be approached with due respect as they can 
infl ict serious injury with their tusks. But they, too, will 
grow tame and easy to handle, provided the person working 
with them always remains calm, though fi rm. To avoid 
injury it is advisable, under anaesthesia, to cut the tusks of 
adult males close to the gums with a wire saw. Sows rearing 
litters will sometimes be aggressive if they deem their young 
in danger. 

 Up to 5   kg, piglets can be picked up by the hindlegs, but 
a better method, resulting in less stress, is to lift them on the 
arm, as with a small dog. Heavier animals up to 20   kg can 
be held tucked under the arm. For certain procedures, such 
as taking faecal samples or blood from the jugular vein, 
smaller animals may be held on the lap or placed legs up in 
a V - trough (Figure  32.7 ). Another method of immobilisation 
is to move them into a special restraint box or place them in 
a hammock - like sling with holes for the legs. Animals too 

perature conditions the demand may be substantially 
increased. Therefore, functioning automatic drinkers are the 
best solution. Usually, but not always, water from the public 
supply is of good quality. If necessary, water may be decon-
taminated with chlorine or ultraviolet light.  

  Dietary requirements 

 Nutrient requirements for animals of different ages and 
reproductive status differ, especially with regard to protein, 
energy and crude fi bre content. Under farming conditions, 
generally three types of rations are supplied: (1) creep feed 
for suckling and newly weaned piglets (at least 20% crude 
protein, not more than 7 – 8% crude fi bre); (2) production 
rations for growing, late pregnant or nursing animals (16 –
 18% crude protein, not more than 7 – 8% crude fi bre); (3) 
maintenance rations for mature animals (12% crude protein, 
14% crude fi bre). The lipid content (ether extract) of most 
rations is in the range 3 – 3.5%. Changes from one type of 
ration to another should occur gradually. Dietary require-
ments for pigs are given in detail by the National Research 
Council (NRC  1998 ) and  DLG - Futterwerttabellen Schweine  
(DLG  1991 ). Despite the fact that these are minimum require-
ments to prevent defi ciencies, the National Research Council 
guidelines are based on maximum growth and, when 
keeping mature animals on a maintenance ration, may lead 
to obesity. Table  32.7  lists lower energy requirements for 
pigs of 21 – 120   kg. Since sows that are hungry tend to be 
restless and aggressive, it is advisable to feed rations with 
high crude fi bre content or include good - quality hay or 
straw with the ration. Note that a high level of crude fi bre 
will impair feed effi ciency. 

 Figure  32.6  summarises a typical feeding strategy for sows 
fed exclusively on a commercially available complete com-
pounded ration. As obesity predisposes to birth diffi culties, 
postpartum metabolic disorders and low milk yield, the feed 
supply for dry sows has to be strictly limited. Only during 
the last third of pregnancy should the ration be gradually 
increased. By reducing the feed supply 2 or 3 days before 
expected parturition, commonly encountered problems 
with constipation and postpartum complications may be 
averted. After farrowing, the level of feeding is gradually 
stepped up at a rate of 400   g per day to the maximum 
amount of wholesome feed the sow will consume. As a rule 
of thumb, suckling sows should be provided with 1% of 
their body mass plus 0.5   kg per piglet of a concentrated 
ration each day. Three or four days before weaning, the feed 
supply is gradually cut back to pre - parturient level, and is 
further reduced as soon as the sow has been re - mated. After 
mating, the original system of restricted feeding is resumed. 

 This highly controlled feeding regimen necessitates indi-
vidual feeding facilities; otherwise slow eaters and weaker 
animals will not get their share, while others grow fat. By 
monitoring the appetite and condition of the animals, indi-
vidual requirements must be recognised and met by adjust-
ing the amount of feed accordingly. 

 The growth rate of suckling piglets is such that, with large 
litters, after about 2 weeks the mother ’ s milk will not satisfy 
their nutritional demand. Thus, piglets should have free 
access to palatable creep feed of high digestibility and 
protein, vitamin and mineral content from 1 week after par-



Pigs and minipigs 485

     Figure 32.7     Handling and restraining of light farm pigs or 
miniature pigs. Piglets may be picked up by the hindlegs but should 
only be held like that for short periods.  

     Figure 32.8     For moving pigs or miniature pigs about, light 
boards or a cane are useful. For immobilising them, an upper 
jaw snare, a sling with holes for the legs or a restraint box are 
expedient.  

heavy to be held can be restrained using the agricultural 
practice of slipping a wire snare over their upper jaw and 
positioning it behind the canines. In this situation the reac-
tion of the pig is to pull back (Figure  32.8 ). If this is executed 
skilfully, the fl oor is not slippery and the animal is able to 
rest its rear against a wall, then not much force needs to be 
exerted and the animals are not overly stressed. Whereas a 
wire snare has to be held continuously, a rope noose may 
be tied to a pole or fence. This means of restraint is com-
monly applied for brief manipulations on conscious animals 
such as administration of an injection or collection of blood 
or a faecal sample. Miniature pigs sometimes behave differ-
ently: jumping and turning around instead of pulling back. 
A more gentle approach would be to train the animal to 
walk into a large sling with some method of elevating it. The 
best alternative, though time consuming, is for the handler 
to establish a relationship with the animal that will enable 
him or her to train the pig to accept regular routine proce-
dures such as injections or blood sampling, using appropri-
ate positive reinforcement.   

 When moving individual pigs or groups of pigs, light 
boards or hurdles are useful. Single animals may also be 
driven by walking behind them, directing them with a cane 
or paddle (Figure  32.8 ). Pigs are quick to learn and easy to 
train. They will perform routine acts such as entering a 
restraint box or keeping to a certain order. Tasty rewards 
are a sure way to success, whereas the use of force or punish-
ment is counterproductive.  
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  Collection of specimens 

  Blood 

 General advice on blood collection can be found in Joint 
Working Group on Refi nement (JWGR)  (1993) . In the pig 
there are not many easily accessible blood vessels. Depending 
on the quantity desired, several approaches may be taken. 
To obtain just a few drops or up to 1   ml of blood it is easiest 
to nick an ear vein with the tip of a scalpel blade. Up to 5   ml 
may be collected by puncturing the distended marginal ear 
vein with a hypodermic needle. The procedure resembles an 
intravenous injection. Larger volumes are drawn from the 
cranial vena cava, the brachiocephalic or the external jugular 
vein. The cranial vena cava extends from the heart to the 
cranial tip of the sternum, where it branches into the bra-
chiocephalics, which branch again to form the external and 
internal jugular veins running toward the head on both 
sides of the trachea. To draw blood from the vena cava or 
the brachiocephalic veins of animals weighing up to 30   kg, 
the animals are held in a supine position, preferably in a 
V - trough, head and neck straightened out and front limbs 
drawn backwards (Figure  32.7 ). In farm and minipigs up to 
25   kg, a 20   G hypodermic needle (0.9    ×    40   mm), in adult 
miniature and farm pigs a larger cannula (1.5    ×    100 and 
1.5    ×    150   mm, respectively) is inserted cranial to the sternum 
slightly lateral to the midline. While advancing the needle 
in a caudal - dorso - medial direction, a vacuum is maintained 
in the syringe so blood starts streaming in as soon as the 
vessel is punctured. The use of vacutainers or monovettes 
facilitates the operation. In minipigs the cannula should be 
inserted on the midline just cranial to the sternum, at an 
angle of 60    ° . To fi nd the external jugular vein further up the 
neck, the jugular fossa may be used for orientation. In 
heavier animals, the same procedure is followed while they 
are standing up with the head pulled forward and slightly 
upward by an upper jaw snare (Figure  32.8 ). A way of col-

  Physiological monitoring 

  Recording body temperature, cardiac and 
pulmonary functions 

 Body temperature in pigs is measured by inserting a ther-
mometer 5 – 6   cm deep into the rectum or vagina. The pulse 
may be taken by placing the palm of the hand (or a stetho-
scope) against the thoracic wall under the left elbow or on 
the inside of the thigh where the femoral artery is close to 
the skin. Alternatively an artery on the rostral rim of the ear 
or the coccygeal artery on the underside of the tail may be 
palpated (Figure  32.9 ). Careful auscultation of heart and 
lung has to be carried out with a stethoscope as described 
in Straw  et al .  (2006) . Percussion is described in Jaksch and 
Glawischnik  (1990) . Blood pressure may be approximated 
by palpation of the pulse on the underside of the tail. A more 
accurate estimate may be obtained by applying the infl ata-
ble cuff method after Riva - Rocci in the coccygeal artery at 
the base of the tail. Direct measurement of arterial and 
venous pressures requires introduction of catheters or 
probes into blood vessels (Marshall  et al.   1972 ; Neundorf  &  
Seidel  1977 ). To obtain an electrocardiogram, the electrodes 
of the recording unit may be attached to the trunk of the 
animal to approximate an Einthoven ’ s triangle with the 
heart in its centre (Neundorf  &  Seidel  1977 ), referred to as 
the Nehb - Spoerri method, or to the extremities (Hoeller 
 1959 ). The latter approach provides poorer wave ampli-
tudes. The animals must be kept off the ground and should, 
therefore, be placed in a sling (Figure  32.8 ). A long - term 
electrocardiogram recording system for miniature pigs has 
been described by Suzuki  et al.   (1998)  and a range of elec-
trophysiological and other recording procedures may be 
found in Swindle  (2007) .   

 Procedural information on a range of electrophysiologi-
cal, haemodynamic and other procedures can be found in 
Heinritzi  et al.   (2006)  and Swindle  (2007) .   

     Figure 32.9     Pulse rate may be monitored by 
placing the palm of the hand under the left elbow 
or by palpitating auricular, femoral or coccygeal 
vessels.  
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Daily replacement of the saline is advisable. Provided strict 
hygienic principles are followed, both ear vein and jugular 
catheters may remain functional for many weeks. Bilateral 
jugular catheterisation, even if resulting in complete occlu-
sion of both veins, is well tolerated by the animals. Instead 
of the jugular, the cephalic vein may be used by making an 
incision halfway between shoulder joint and  manubrium 
sterni . 

 Arterial catheters may be inserted in the carotid artery, 
which is easily localised dorsal to the jugular vein by digital 
palpation of the pulse. 

 Serial blood sampling in conscious pigs may also be 
accomplished by implanting a vascular access port (VAP) 
consisting of a reservoir with self - sealing rubber septum and 
a silicone catheter. The catheter is introduced into a vein and 
its free end is attached to the VAP reservoir located in a 
subcutaneous pocket made, for example, in the dorsolateral 
neck region. The port can be accessed through the skin with 
a needle for withdrawal or infusion. VAPs are easy to 
implant (Baille  et al.   1986 ; Palmisano  et al.   1989 ) and allow 
for group housing, which is not possible with animals with 
a protruding catheter. 

 Porcine erythrocytes are fragile and excessive turbulence 
and agitation during blood collecting and processing will 
bring about haemolysis. Coagulation of porcine blood is 
rapid, and to avoid clotting, the collecting vials must contain 
an anti - coagulant (Straw  et al.   2006 ).  

  Urine 

 The easiest way to obtain urine from a pig is to keep it in a 
metabolism cage, however this is a restricted environment 
for the pig. Collecting urine during spontaneous micturition 
is best done after making the animals get up from a resting 
position, as they will usually urinate soon afterwards. 
Collection directly from the urinary bladder may be carried 
out in the female by introducing a catheter of no more than 
2   mm external diameter into the urethral orifi ce with the aid 
of a vaginal speculum. In the male, the urethral approach is 
not feasible and urine specimens can only be obtained by 
turning the animal on its back and piercing the abdominal 
wall cranial to the pubic arch with a long cannula. For 
repeated collection a fl exible catheter is introduced via an 
incision in the pubic area. This technique has been described 
by Marshall  et al.   (1972) .  

  Faeces 

 Specimens may be collected by introducing one or two 
gloved fi ngers into the rectum. The faecal sample is grasped 
with one hand, while the other hand pulls down the plastic 
glove, everts it and ties the top of the glove to a knot, thus 
sealing the sample. The use of positive reinforcement tech-
niques might be an option in some studies. If large amounts 
of faeces are to be collected, animals must be placed in a 
metabolism cage.  

  Milk 

 Milk may be stripped from the teat of a lactating sow. If the 
sows are trained they will readily present their udder for 

lecting venous blood from the sinus ophthalmicus is 
described in Huhn  et al.   (1969)  and Leucht  et al .  (1982)  and 
from the tail vein by Muirhead  (1981) . Arterial blood may 
be collected from the brachiocephalic artery (Neundorf  &  
Seidel  1977 ). 

 Excitement before or during the collection of blood can 
induce contraction of the spleen, resulting in an increase in 
packed cell volume of more than 10%. It is also likely to 
result in a neuro - endocrine response. Therefore, perma-
nently indwelling catheters may be used for repeated blood 
collection. Adult domestic pigs, that have big enough ear 
veins, may be fi tted with ear vein catheters. The animal is 
immobilised by an upper jaw snare and, after thorough 
cleaning of the ear, a tourniquet is placed around its base. 
A sharp, thin - walled 14   G hypodermic needle is inserted 
into the marginal ( V. auricularis lateralis ) or central ( V. auricu-
laris intermedia ) ear vein. After releasing the tourniquet, 
approximately 60   cm of tubing (PE 100, 0.86 and 1.52   mm 
internal and external diameters) is threaded through the 
needle which then is removed. Occasionally some resistance 
is met at the ear base. A small zippered purse, sutured to 
the ear with two stitches or a pocket of adhesive tape envel-
oping the ear, contains the curled - up free end of the stop-
pered catheter. 

 In young farm pigs and minipigs, with small ear veins, it 
is best to resort to jugular catheters. These may be fi tted by 
non - surgical means as described by Carroll  et al.   (1999)  for 
young pigs and Damm  et al.   (2000)  for adult animals. For 
long - term catheterisation a surgical approach is preferable 
because the catheter may be secured by a retention cuff to 
prevent it from being pulled out. A thick - walled silicone 
catheter (1.0   mm internal diameter, 2.4   mm external diame-
ter) with a retention cuff, 10 – 15   mm in diameter consisting of 
1   mm thick extra fi rm grade silicone rubber sheeting attached 
with silicone adhesive 8 – 14   cm from the tip, is fi tted as 
follows. Under anaesthesia the external jugular is exposed 
caudal to the larynx via a small skin incision lateral to the 
 musculus sternomastoideus , followed by blunt dissection. The 
vessel is liberated from surrounding tissue for a length of 
3 – 4   cm and the blood fl ow is blocked at both ends with the 
aid of suture material. A puncture hole is infl icted with a 
sharp lancet and spread with two loops of fi ne thumb forceps 
to permit insertion of the non - bevelled catheter which is 
fi lled with sterile physiological saline. The catheter is 
advanced 6 – 12   cm (depending on the size of the animal) so 
the tip gets located close to the junction of cranial and caudal 
 vena cava . Only on occasion a purse string suture is required 
to prevent haemorrhage. With the aid of a long stainless steel 
probe the free end of the catheter is routed to the back of the 
neck subcutaneously and brought out through a stab wound 
in the dorsal neck region. About 10   cm protruding from the 
neck is left unrestrained and stoppered with a tight fi tting 
plug. Before suturing the ventral incision, the wound is thor-
oughly rinsed with sterile saline containing a few drops of 
iodine, which helps to avoid local infection. 

 Catheterised animals have to be kept in a clean environ-
ment and the catheter exteriorisation site should be dressed 
with antibiotic powder or ointment on a daily basis. Between 
samplings, catheters must be fi lled with sterile saline con-
taining an anticoagulant (100   IU/ml heparin) and be tightly 
stoppered to prevent blood from entering and occluding it. 
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  Injections 

 The most common routes of injection (Fig.  32.10 ) are: 

   •      Intradermal (id, intracutaneous). These injections 
usually involve very small volumes (2 – 4    μ l) and are 
administered to the corium layer of the skin on the ear 
or the back of the animal with a fi ne (0.6   mm) hypoder-
mic needle.  

   •      Subcutaneous (sc). In animals up to 25   kg such injec-
tions are most conveniently administered by lifting 
them up by the hindlegs, gripping the skin fold between 
fl ank and hind leg and introducing the needle (0.9   mm) 
between the two layers of skin. In animals too heavy to 
be picked up the needle is introduced caudal to the base 
of the ear in a perpendicular direction. Dziuk  (1991)  
reports that  ‘  with a little patience and some dexterity  ’  it is 
possible, even in unrestrained pigs, to place an injection 
under the thin, loose and relatively insensitive skin area 
of the chest just behind the elbow.  

   •      Intramuscular (im). Usually, these injections are admin-
istered by inserting the needle (0.9   mm) 1 or 2   cm caudal 
to the base of the ear in a ventromedial direction. 
Alternatively, the musculature of the dorsal neck or the 
thigh may be used. The volume administered should be 
small, though large enough that there is not a risk of 
depositing the drug in a fat layer where absorption is 
poor. Peak blood and tissue levels for most drugs will 
be reached within about 2   h.  

   •      Intraperitoneal (ip). Usually intraperitoneal (abdomi-
nal) injections are applied to animals light enough to be 
picked up. When held head - down by the hindlegs, an 
injection caudal to the navel will not cause injury to 
inner organs. Distribution of the drug throughout the 
body is faster than with im injections.  

   •      Intravenous (iv) These injections are usually given into 
an ear vein. For that purpose, the head of the animal 
has to be fi xed, usually with the aid of an upper jaw 
snare, and the veins are raised by rubbing or slapping 
the ear and tying a string or rubber band around its 
base. After the needle (0.7 – 0.9   mm) has been inserted, 
the tourniquet is released and infusion can commence. 
Most minipigs have small, sometimes pigmented ears, 
with the consequence that the veins can only be identi-
fi ed with the aid of a torch. Other reasonably accessible 
superfi cial vessels are the cephalic vein near the forearm, 
and the femoral and caudal epigastric veins on the 
inside of the hindlimb. In conscious animals, however, 
it is very diffi cult to introduce a needle into these; there-
fore most people prefer to use the jugular or the cranial 
vena cava. The procedure resembles that of blood col-
lection (Figure  32.10 ).      

 Injection volumes considered to be good practice and 
maximum acceptable doses are summarised in Table  32.8 . 
The fi gures refer to aqueous solutions, not to solvents 
such as dimethyl sulfoxide (DMSO), carboxymethylcellu-
lose (CMC) or oily suspensions. If the administration of 
larger volumes is unavoidable, multiple injection sites 
may be indicated. It should be kept in mind that injections 
might cause pain and tissue damage and should, 
where possible, be replaced by other routes of administra-

manual massage and stripping. In some cases oxytocin has 
to be administered intravenously. For experimental pur-
poses special milking machines have been designed. These 
are operated in conjunction with oxytocin treatment.  

  Biopsies 

 Biopsies have been taken from the testes, skin and other 
organs, usually under full anaesthesia or after tranquillisa-
tion and local anaesthesia. Special equipment has been 
developed for the taking of back fat and muscle biopsies 
from pigs without anaesthesia causing neither distress nor 
pain (Lahucky  et al.   1982 ).  

  Other specimens 

 To obtain information on the collection of specimens not 
covered in this chapter, such as lymph, bile, bone marrow, 
stomach or intestinal contents, skin scrapings, biopsies or 
entire organs, the following sources may be consulted: 
Mount  &  Ingram  (1971) ; Marshall  et al .  (1972) ; Neundorf 
 &  Seidel  (1977) ; Glodek  &  Oldigs  (1981) ; Leucht  et al .  (1982) ; 
Heinritzi  et al.   (2006) ; Swindle  (2007) . A system for continual 
perfusion or dialysis of internal organs in freely moving 
miniature pigs has been described by Jarry  et al .  (1990)  and 
van Kleef  (1996) .   

  Administration of substances 

 General advice on the administration of substances is pro-
vided in JWGR  (2001) .  

  Tablets, pills and capsules 

 Administration of drugs often involves restraint of the 
animals. Tablets, pills or capsules may be deposited deep in 
the buccal cavity with the aid of a balling gun. When offered 
concealed in a morsel of tasty feed, they may be taken 
voluntarily. In order to circumvent hepatic passage, rectal 
suppositories may be inserted.  

  Liquids 

 Small amounts of liquids may be squirted into the back of 
the mouth with the aid of a syringe. For large amounts, 
animals have to be restrained and a mouth gag made of 
wood or non - toxic hard plastic, with a hole in the centre, is 
wedged between the jaws. A lubricated stomach tube (0.8 –
 1.7   cm outside diameter) with rounded tip is introduced 
through the hole into the oesophagus. It will meet elastic 
resistance, especially when passing the cardiac notch. The 
pig will vocalise strongly. A smell of acid is indicative of 
arrival in the gastric lumen. If the tube does not meet resist-
ance, the animal does not scream and breathing is detected, 
it will have been inserted into the trachea. 

 In young piglets the tip of a syringe may be introduced 
into a nostril and pressed fi rmly against it. If fl uid is gradu-
ally introduced, it will be swallowed.  
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able to sedate them by administering an intramuscular injec-
tion of a tranquillising agent in familiar surroundings. The 
needle can be prevented from being pulled out, if the animal 
moves, if the hypodermic needle and syringe are connected 
with fl exible tubing. The most commonly applied tranquil-
lising drug is azaperone (1 – 4   mg/kg) sometimes combined 
with midazolam (0.5 – 1   mg/kg) or ketamine (5 – 20   mg/kg). 
Azaperone has a wide tolerance range and few side effects 
and produces sedation, indifference and drowsiness, but not 
analgesia. Atropine (0.05   mg/kg im or sc, 0.02   mg/kg iv) 
should generally be included as it cuts down on profuse 
salivation and bronchial secretion and stabilises the heart 
action. Animals should be left alone for 5 – 15 minutes, pref-
erably in dark surroundings, for the sedative to take full 
action. The animals will remain sensitive to acoustic stimuli 
and body temperature will drop.  

  Surgical anaesthesia 

 No anaesthetic satisfi es all possible requirements (ie, 
sedation, hypnosis, analgesia and muscular relaxation). 
Therefore, depending on the type and duration of the surgi-
cal intervention intended, combinations of various agents 
may be indicated. Minor surgery may be performed by com-
bining sedation with local anaesthesia using, for example, 
procaine or lidocaine. For longer interventions it is recom-
mended to place an indwelling catheter in the lateral ear 
vein for intravenous injection and intubation of the animal. 

  Injectable anaesthesia 
 Ketamine is commonly used as a replacement for metomi-
date, which is no longer available. As ketamine tends to 
increase muscle tone and exerts little visceral analgesia, it 
is usually combined with other agents such as azaperone, 
droperidol, acepromazine, diazepam, midazolam, fentanyl, 
telazol or xylazine. According to Green and Benson  (2002)  the 
group of tranquillisers that is most effective in pigs is the 
butyrophenone class. Azaperone is a member of this group 
that is specifi cally approved for use in pigs by the Center 
for Veterinary Medicine (CVM) of the Food and Drug 
Administration (FDA). Phenothiazine tranquillisers are less 
effective but are also commonly used when butyrophenone 
tranquillisers are not available. Alpha - 2 - agonist sedatives are 
useful, especially in combination with other agents, but rela-
tively high doses must be used (eg, 2.2   mg/kg xylazine). 
Various laboratories have established protocols of their own 
depending on the purpose of study. A protocol found to be 
effective, safe and both clinically and economically sound 
(Erhardt  et al.   2004 ) consists of an intramuscular injection of 
a mixture of azaperone (2   mg/kg), ketamine (15   mg/kg) and 
atropine (0.02   mg/kg) followed, 10 minutes later, by an intra-
venous injection of either the barbiturate thiamylal (5 – 15   mg/
kg) or propofol (4   mg/kg). Propofol is metabolised rapidly, 
whereas thiamylal, as it is redistributed in the body, will 
remain present somewhat longer. For extension of anaesthe-
sia, additional amounts of barbiturate or propofol may be 
infused and an analgesic has to be administered. The amount 
required may vary considerably.  

  Inhalation anaesthesia 
 Anaesthesia may be accomplished with the aid of an inhala-
tion drug, but surgical interventions should not be carried 

tion. In the case of antibiotics administration  per os  is usually 
possible.   

 For continuous drug administration, permanently ind-
welling catheters or ambulatory infusion pumps positioned, 
for example, in a pocket of a specially tailored vest, might 
be employed. An alternative approach is to implant an 
osmotic pump.  

  Anaesthesia and analgesia 

  Sedation 

 Pigs that are to be anaesthetised should be deprived of feed, 
but not water, for at least 12   h. To minimise stress, it is advis-

     Figure 32.10     Typical injection sites: intramuscular (top), 
intravenous (middle), intraperitoneal (bottom left) and subcutaneous 
(top left and bottom right).  

  Table 32.8    Good practice dose volumes for injecting miniature 
pigs of 25 – 40   kg body mass  (GV - SOLAS,  1999a ; Dorsch,  1999 ) . For 
lighter pigs smaller volumes are recommended; however, for 
heavier pigs approximately similar volumes are appropriate. 

   Dose volumes     ml/injection 
site  

   ml/kg body weight  

   ip     iv  

   id     sc     im     Bolus     Slow injection  

  Recommended    0.2    10    5    1    1    2  
  Maximum    0.4    20    10    20    2    5  
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use of a spatula. Detailed descriptions of the procedure may 
be found in Svendsen  &  Rasmussen  (1998) ; Erhardt  et al.  
 (2004)  and Swindle  (2007) . 

 As an alternative to endotracheal intubation a laryngeal 
mask airway (LMA), designed for use in humans, may be 
inserted into the hypopharynx of a pig. Once infl ated, it will 
provide an airtight seal around the laryngeal inlet and 
proved to be effi cient in both spontaneously breathing 
(Wemyss - Holden  et al.   1999 ) and mechanically ventilated 
pigs (Goldmann  et al.   2005 ). The system proved to be 
convenient and effi cient even when applied by relatively 
inexperienced personnel.  

  Epidural anaesthesia 
 If surgery is to be performed caudal to the umbilicus, epi-
dural anaesthesia may be applied. Animals are tranquillised 
and procaine or lidocaine is infused into the spinal canal by 
inserting a long 20 – 22   G hypodermic needle through the 
lumbosacral aperture as described by Neundorf  &  Seidel 
 (1977) , Bolin  et al.   (1992) , Heinritzi  et al .  (2006)  and Swindle 
 (2007) .   

  Peri -  and post - operative care 

 Most precautions taken to maintain anaesthetised animals 
in a state of near homeostasis are the same for most mammals. 
Pigs, lacking a dense hair coat, are particularly prone to 
hypothermia. To aid in body heat retention it helps 
to drape them and/or place them on a heating pad both 
during anaesthesia and the recovery phase. Recuperating 
pigs should at least be bedded on a thick straw mattress and 
covered with an armful or two of clean dry straw. 
During extended interventions additional care might be 
warranted, including administration of parenteral fl uids for 
maintenance of water and electrolyte balance, analgesics 
and other drugs. Depending on the situation it may be 
indicated to monitor respiration, heart rate, body tempera-
ture, blood pressure, blood gases or EEC. Appropriate 
ways of accomplishing this are to be found in Swindle 
 (2007) . 

 Intra -  and post - operative analgesia may be provided by 
using non - steroidal anti - infl ammatory drugs (NSAIDs) such 
as carprofen or meloxicam, metamizole and/or an opiate 
like fentanyl, remifentanyl or buprenorphine (Preissel, 
personal communication). The effect of analgesics lasts 
between a few hours and a whole day depending on the 
substance used (e.g. the NSAIDs carprofen or fl unixine 
provide analgesia for 24   h whereas the pyrazole derivative, 
metamizole, needs to be administered every 6   h). The 
combination of an anti - infl ammatory NSAID and the spas-
molytic agent metamizole appears suitable (Steffen  et al.  
 2002 ). Carprofen has the advantage that it can be adminis-
tered as a tasty chewable tablet instead of having to be 
injected. The use of opiates for bolus administration or 
continuous infusion during surgery requires intubation 
because of the opiate ’ s respiratory depressive action. 
For post - operative analgesia buprenorphine is to be 
administered at 8 – 12   h intervals. The use of a fentanyl (an 
opiate) patch, attached to the shaven skin behind the ear, 
has been found to be useful (Malavasi  et al.   2005 ; Stubhan  et 
al.   2008   ).  

out under inhalation anaesthesia alone. An analgesic such 
as metamizole or fentanyl should be used in combination. 
For inhalation anaesthesia halothane or another fl urane 
(sevofl urane, isofl urane) is recommended. Sedated animals 
rapidly pass into deep anaesthesia without excitation if they 
inhale 4% halothane in oxygen at a fl ow rate of 6 – 8   l/min 
via a face mask or via an endotracheal tube. Once surgical 
anaesthesia has been reached, the halothane concentration 
may be reduced to 1.5 or 2%. In a closed circuit, requiring a 
tracheal cannula or nose tubes (Bolin  et al.   1992 ), surgical 
anaesthesia will be maintained at concentrations as low as 
0.5 – 1.5%. A further reduction in halothane concentration 
to 0.4 – 1.0% may be accomplished by replacing pure oxygen 
with a mixture of one - half to two - thirds nitrous 
oxide (laughing gas). An asset of halothane is the quick 
recovery of the animals and the lack of adverse after effects, 
even after several hours of anaesthesia. Other fl uranes 
are more expensive than halothane but, according to Smith 
 et al.   (1997) , safer for the personnel. With some susceptible 
breeds (Pietrain, Poland China and their crossbred 
offspring) the use of fl uranes is not advised as they can 
induce malignant hyperthermia syndrome; this is character-
ised by a rapid increase in body temperature, hyperventila-
tion, muscle rigidity and sudden death. The heritable 
condition is transmitted by a single dominant gene and it is 
associated with general susceptibility to stress. Breeding 
programmes are conducted aimed at eliminating the trait 
from the population. In miniature pigs the condition is 
unknown. 

 Finding face masks for pigs that fi t snugly and have little 
dead space is a problem. Shape and size of the pigs ’  heads 
varies depending on breed and age. Sometimes commer-
cially available dog masks, consisting of a plexiglas dome 
fi tted with a rubber diaphragm with a central opening for 
the snout, may be suitable. Improvised masks can also be 
used, for example, a defl ated punch ball, with the bottom 
cut off, which can be drawn over the pig ’ s snout with the 
gas supply provided via the blow - tube. Small - animal 
endotracheal tubes of 5 – 12   mm outer diameter may be used 
for nose tubes. They are lubricated and inserted about 
4 – 5   cm into the nares. A broad rubber band tied around the 
upper jaw just behind the tip of the snout secures the tube 
in position (Bolin  et al.   1992 ). 

 Endotracheal intubation requires experience. Pigs need to 
be sedated and anaesthetised (usually via a mask) and 
treated with atropine. They are placed in lateral or ventral 
recumbency, the neck is extended and the jaws are opened 
as wide as possible so the larynx can be seen with the aid of 
a laryngoscope. The tongue is pulled forward and a long 
spatula, the fi rst 5 – 15   cm of which is slightly bent, is inserted 
between the vocal cords to serve as a guide for the endotra-
cheal tube. The tube should ideally be lubricated with gel 
containing a local anaesthetic. It must be carefully inserted 
into the trachea during an inspiratory movement, and is 
held in position by an infl atable cuff. The tube may be fi xed 
to the upper jaw with adhesive tape or a gauze bandage. 
Depending on the body weight, the outer diameter of the 
tube should be between 9 and 12   mm. For miniature pigs, 
normal oral paediatric endotracheal tubes of 6 – 8   mm outer 
diameter without a cuff proved to be suitable. According to 
Becker  &  Stauffer  (1974)  these can be introduced without the 
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to minimise the risk of infectious disease. A few basic prin-
ciples to be considered are the provision of appropriate 
housing, husbandry and feeding conditions, a good sanita-
tion programme and, as far as possible, prevention of the 
introduction of infectious agents. 

 Before moving animals into quarters formerly occupied 
by others, the rooms must be thoroughly cleaned and 
scrubbed with antiseptic solution, preferably with a high 
pressure jet and hot water or steam. Complete units should 
be evacuated, cleaned and restocked (all - in, all - out). Animals 
should be treated for internal and external parasites before 
being introduced to sanitised housing especially when they 
had been run on pastures or dirt lots. Animal traffi c and 
visits by people who have been in contact with other pigs 
within the last 48   h should not be permitted. Foot dips and 
changing of clothes should be mandatory. Health control 
specialists advocate a shower to be taken before entering a 
unit. The origin and quality of biological material (feed, 
bedding, experimental materials) and equipment should be 
controlled to prevent the introduction of infectious agents. 
A rodent and insect barrier should be part of the disease -
 control programme. 

 Depending on the source of the pigs and the diseases 
prevalent in the area, vaccination protocols have to be estab-
lished. It should be kept in mind that vaccination will protect 
against disease, but will not usually prevent the transmis-
sion of pathogens. Furthermore, vaccinated pigs will be 
seropositive, which may interfere with health monitoring. 
Prophylactic antibiotic treatment may control bacterial 
propagation and enable the host to develop immunity, but 
will not eliminate the pathogen. Animals to be introduced 
into the herd should originate from suppliers providing a 
high standard of hygiene (preferably with SPF or MD status) 
and a defi ned disease - control system. It is good practice to 
quarantine new arrivals for at least 3, preferably 6, weeks 
before integrating them into the herd. The fi rst 3 weeks are 
a period of isolation, the animals being monitored, wormed, 
vaccinated etc; during the following 3 weeks animals from 
the herd they are to be integrated in are introduced so they 
may adapt immunologically.  

  Signs of poor health 

 General symptoms indicating poor health in adult pigs are 
emaciation; listlessness and lack of appetite; increased body 
temperature; discoloration (cyanosis) of skin areas; stiffness 
of limbs; diarrhoea; snuffl ing and coughing; in certain con-
ditions hyperactivity, excitability, frequent change of posture 
and convulsions. Typical symptoms of diseased young 
piglets are: wasting; listlessness; rough coat; abnormal 
posture and behaviour; diarrhoea; sneezing, coughing and 
laboured breathing ( ‘ pumping ’ ); swollen joints; increased 
body temperature and skin conditions. 

 In addition, there will generally be specifi c symptoms 
indicative of the particular ailment involved.  

  Common diseases 

 In commercial pig husbandry usually large numbers of 
animals are kept under confi ned conditions, facilitating 
rapid spreading of infectious diseases. 

  Emergencies 

 The mild respiratory depression caused by barbiturates is 
easily controlled. If respiration fails, animals that are intu-
bated must be connected to a respirator. It may be necessary 
to intubate them at this point. Usually it suffi ces, however, 
to place them in lateral recumbency, and compress the 
thorax rhythmically with both hands 10 – 20 times per minute. 
Oxygen may be offered, if available. As long as the heart is 
beating, artifi cial respiration should be maintained, as the 
animal has a good chance of recovery. Artifi cial respiration 
should be interrupted, from time to time, to reactivate the 
respiratory centre. In severe cases, especially when working 
with barbiturates, an intravenous application of a heart sta-
bilising agent, such as lidocaine or, as a last resort, adrenalin 
may be indicated. 

 Detailed treatises covering anaesthesia in the pig are to be 
found in Riebold  (1995)   ; Thurmon  &  Benson  (1996)   ; Svendsen 
 &  Rasmussen  (1998) ; Erhardt  et al.   (2004)  and Swindle  (2007) . 
See also Flecknell  (2009) .   

  Euthanasia 

 Euthanasia should be accomplished by methods that induce 
rapid unconsciousness and death of the animal without pain 
or distress (see Chapter  17 ). Generally, inhalant or non - 
inhalant chemical agents (such as barbiturates, inhalant 
anaesthetics and carbon dioxide) are preferable to physical 
methods such as a penetrating captive bolt. However, there 
might be reasons against using chemical agents. Pigs des-
tined for consumption and slaughter are killed by stunning 
them with electric current, captive bolts or carbon dioxide, 
and then bleeding them to death by stabbing with a long 
knife cranial to the sternum to sever the great blood vessels 
at the base of the heart. In exceptional cases a free bullet may 
be used instead of a captive bolt. Very young animals may 
be killed with a strong blow on the head, but generally an 
overdose of anaesthetic is preferable. Pigs that are not to be 
consumed may be killed by intravenous or intraperitoneal 
injection of a large overdose of an anaesthetic or toxic sub-
stance (eg, more than 150   mg/kg pentobarbital). In anaesthe-
tised animals, intravenous infusion of 2   mmol/kg potassium 
chloride or terminal exsanguination are acceptable.   

  Common welfare problems 

  Disease 

  Prophylaxis 

 Pathogenic microbes travel with airborne particles or drop-
lets, but more commonly they are transmitted via animal 
vectors. The most important of these are infected pigs. Other 
vectors include domestic animals such as cats and dogs, 
vermin, such as rats and mice, birds, insects and, most fre-
quently, humans. Therefore, good barrier systems should 
ideally be employed. Principles and procedures of such 
systems are described in the section on health monitoring, 
quarantine and barrier systems. When the establishment of 
a barrier system is not feasible, precautions must be taken 
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  4.     Cannibalism. This usually begins with a non - injurious 
sucking and nibbling of the ears, legs and, most com-
monly, the tail of another animal. Typically the tail is 
taken into the mouth crosswise and bitten playfully; 
fi rst gently, then harder until blood is drawn. Now all 
other animals join in and the injured animal becomes 
the object of a hunt. Once the tail is bitten off, the ears 
and other parts of the body are mutilated. Eventually 
the victim becomes apathetic and will usually succumb 
to bacterial infection. Another variation on the theme is 
the continued forceful massage of the anal region with 
the snout. This, too, may lead to injury, infl ammation 
and eventually death.  

  5.     Piglet savaging. This abnormality is usually limited to 
sows giving birth for the fi rst time. Sometimes the 
newborn are killed immediately after birth. This might 
be related to pain and anxiety associated with parturi-
tion. Occasionally a sow savages her young after 
initially accepting them. In some cases this occurs fol-
lowing severe disturbance and turmoil. The occasional 
consumption of dead piglets by the mother is not 
directly associated with killing.    

 With the possible exception of piglet savaging, all the abnor-
mal behaviours mentioned are related to environmental 
defi ciencies such as lack of space, exercise and distraction 
(see section on environmental provisions), unsuitable fl oor 
construction, microclimate or ventilation, insuffi cient access 
to feed and water, no means of social interaction, large 
group size, high stocking density and lack of ability to evade 
aggressive pen members.  

  Reproductive problems 

 Reproductive problems are not common in pigs and mini-
pigs. If they occur, it is usually due to shortcomings in 
housing, feeding, health status or management. Pigs may 
produce more than two litters per year and have been 
selected for centuries to have a high rate of reproduction. 
Oestrus detection may pose a problem when applying artifi -
cial insemination, especially in the absence of a teaser boar. 
Newly mated sows are sensitive to environmental changes 
around the time of implantation. During that time shipping 
or changes in diet should be avoided, otherwise embryo 
survival is impaired and sows will return to oestrus. In some 
herds, puerperal infection is an issue and may assume epi-
demic dimensions. The so - called MMA syndrome is a com-
bination of metritis, mastitis and, as a sequel of the latter, 
agalactia. Rigorous hygiene programmes and antibiotic 
therapy may help to alleviate the problem. Abortion and 
stillbirths may occur and are usually caused by infections 
such as parvovirus.          

     Further reading 

  Further information of relevance for pig experimenters are 
to be found in specialised texts covering the fi elds of porcine 
anatomy (Sack  1982 ), physiology (Pond  &  Mersmann  2001 ; 
McGlone  &  Pond  2002 ), nutrition (Kyriazakis  &  Whittemore 

 The most important viral diseases affecting pigs are foot 
and mouth disease, hog cholera (swine fever), porcine infl u-
enza, porcine rotavirus, porcine parvovirus, porcine repro-
ductive and respiratory syndrome (PRRS), transmissible 
gastroenteritis (TGE)/porcine endemic diarrhoea, pseudor-
abies (Aujeszky ’ s disease) and circovirosis. As some are 
brought under control (eg, pseudorabies) new ones are crop-
ping up (eg, circovirosis). 

 Bacterial and fungal infections may cause enteric 
( Escherichia coli ,  Isospora suis ,  Clostridium perfringens , 
 Brachyspina hyodesenteria ,  Salmonella  spp.,  Campylobacter  
spp.,  Yersinia enterocolitica ), or respiratory diseases 
( Mycoplasma hyopneumoniae ,  Pasteurella  spp.,  Actinobacillus 
pleuropneumoniae ,  Streptococcus pneumoniae ,  Bordetella bron-
chiseptica ) or diseases affecting the skin ( Microsporum  spp., 
 Trichophyton  spp.), renal system ( Actinobaculum suis ) or a 
range of other organ systems ( Haemophilus parasuis , 
 Erysipelothrix rhusiopathiae ,  Staphylococcus hyicus  and  aureus , 
 Streptococcus suis ). 

 Endoparasites that might give reason for concern even 
under well managed indoor husbandry conditions are the 
nematodes  Ascaris suum ,  Strongyloides ransomi  and  Trichuris 
suis  as well as the protozoan parasites  Isospora suis ,  Eimeria  
spp. and  –  where cats are permitted  –   Toxoplasma gondii , a 
zoonosis. 

 Useful handbooks covering diseases in pigs are Taylor 
 (1999) , Prange  (2004) , Waldmann  &  Wendt  (2004) , Heinritzi 
 et al.   (2006)  and Straw  et al .  (2006) .   

  Abnormal behaviour 

 Prevailing husbandry conditions for many farmed pigs are 
notoriously defi cient in providing a complex enriched envi-
ronment (see Environmental provisions) and high - quality 
individual attention (see Handling). Under farming condi-
tions breeding stock is usually slightly better off than fatten-
ing animals, though, with increasing herd size and growing 
economic pressures, even these are increasingly reduced to 
anonymous production units. Unfortunately more accepta-
ble production systems have usually turned out to be less 
economically viable. 

 These unfavourable conditions facilitate behavioural 
aberrations, the most commonly observed of which 
being: 

  1.     Bar biting. The animals take horizontal bars in their 
mouth and either bite on it with a chewing motion or 
just hold it in their mouth for extended periods. This 
behaviour is commonly observed in sows kept in single 
crates on concrete fl oors without litter, and is an expres-
sion of boredom and frustration.  

  2.     Vacuum chewing. Animals chew with an empty mouth, 
froth dripping from the lips and the corners of the 
mouth. Sometimes the chewing motion is interrupted 
by gaping. As in the case of bar biting, this behaviour 
is associated with isolation and boredom.  

  3.     Dog - sitting (German: trauern). Animals spend extended 
periods in a dog - sitting posture with a sad and dis-
tracted look on their faces. This behaviour is usually 
associated with stimulus - poor situations under condi-
tions of single housing and cold fl oors.  
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 2006 ), husbandry and breeding (Glodek  1992 ; EFSA  2007 ), 
behaviour and welfare (Report of the Scientifi c Veterinary 
Committee 1997 ; Kaliste,  2004 ; Broom  &  Fraser  2007 ) and 
experimentation (Stanton  &  Mersman  1986 ; Tumbleson 
 1986 ; Tumbleson  &  Schook  1996 ; Bollen  et al.   2000 ; Swindle 
 2007 ). Texts focusing specifi cally on miniature pigs are 
Glodek and Oldigs  (1981) , Leucht  et al.   (1982)  and Fisher 
 (1993) . In addition, attention should be given to websites 
such as those offered by breeders on handling of miniature 
pigs, anaesthesia and surgical techniques and to the 
RETHINK project on the use of minipigs in toxicity testing 3 .   
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  Introduction 

 Although there are many papers, books and reports on the 
husbandry, management and agricultural use of cattle, there 
has been relatively little published on their care and use in 
biomedical research. Publications that do exist include: a 
series of chapters in the various editions since 1967 of this 
volume; Doyle  et al.   (1968)  produced a review article on the 
use of domestic farm animals in medical research; the guide-
lines published by the US National Academy of Sciences 
 (1974) ; the 1st edition of The Canadian Council on Animal 
Care  Guide to the Care and Use of Experimental Animals  con-
tained a short section on the specifi c environmental needs 
of cattle (Canadian Council on Animal Care  1980 ) 1 ; a chapter 
by Brooks  et al.   (1984)  on ungulates as laboratory animals ;  
in 1988 a USA Consortium of universities, land grant col-
leges and concerned professional organisations (now the 
Federation of Animal Science Societies) produced the fi rst 
edition of their full and detailed  Guide for the Care and Use of 
Agricultural Animals in Agricultural Research and Teaching  
(Consortium  1988 ); recommended pen sizes for the accom-
modation of cattle are provided by the Home Offi ce  (1989)  
and Institute of Laboratory Animal Resources  (1996)  ;  
Swanson ( 1998   ) discussed the place of farm animals in bio-
medical research and (Barnett  2007 ) provided a relatively 
short but up - to - date care and husbandry chapter. 

 The proceedings of two conferences on the general theme 
of farm animals and their use in the biomedical and agricul-
tural sciences have been issued (Mench  et al.   1992 ; Baker  et 
al.   1996 ); and a substantial book on cattle welfare has recently 
been published (Rushen  et al.   2008 ). 

 Much of the material contained in these proceedings, arti-
cles and books is relevant to the humane, effi cient and wise 
employment of cattle as experimental animals.  

  Biological  o verview 

  General  b iology 

 Most breeds of cattle are large and horned, although a few 
small and/or naturally polled breeds do occur. Cattle are, 

even - toed, hoofed, ruminant mammals (ungulates) possess-
ing a four - chambered stomach, and with upper incisor teeth 
replaced by a thickened layer of the hard palate, the dental 
pad. They belong to the genus  Bos  within the family Bovidae 
(suborder Ruminantia, order Artiodactyla). They were 
domesticated some 8000 – 10   000 years ago, and they are now 
used for the production of milk and meat and, in certain 
areas, for draught purposes. Their current world population 
is put at some 1370 million (Food and Agricultural 
Organization  2004 ). 

 The care and management of domesticated cattle should 
present few problems. Due to their extensive commercial 
use, farmers, agriculturalists and stockmen are well versed 
in the practicalities of their care. Veterinarians are familiar 
with their diseases and know how to treat and/or prevent 
them, while nutritionists understand their dietary require-
ments. Buildings, fi ttings, equipment, feed etc are commer-
cially available and realistically priced.  

  Social  o rganisation 

 Cattle are a group - living species. Farmers tend to limit the 
number of males which are allowed to grow to sexual matu-
rity, and the traditional domesticated cattle breeding herd 
is (or was) a group of females with one attendant bull. Due 
to the ease and effi ciency of artifi cial insemination in bovines, 
commercial dairy cattle groups are sometimes totally female. 
The behavioural organisation of cattle groups is based on a 
number of co - existing social hierarchies of which the domi-
nance hierarchy (bunt order) seems the most important. 
Large (older) animals tend to occupy the top places in the 
hierarchies while smaller (younger) animals fi ll the lower 
positions. The well known entry - order of cows into the 
milking parlour is not strongly related to social hierarchy 
 –  high - yielding cows tend to enter fi rst and, during grazing, 
it is not necessarily the most dominant animals that lead the 
herd (Hall  2002 ). For full accounts of the behaviour of cattle 
see Albright  &  Arave  (1997) , Hall  (2002)  and Phillips  (2002) .  

  Breeds and  t ypes 

 Cattle are classifi ed into numerous breeds and types: some 
have been developed for the production of milk, some pri-
marily as producers of meat, whilst others are essentially 

  1      The CCAC 1993 Guide is available at:  http://www.ccac.ca/en/
CCAC_Programs/Guidelines_Policies/GUIDES/ENGLISH/V1_93/
CHAP/CHIV.HTM#4B1  
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 Most research establishments purchase their animals 
from an established breeder, rearer or contract supplier. 
Depending on the nature of the scientifi c investigation, the 
cattle may be examined/sampled on the farm of origin to 
assess suitability and, if necessary, vaccinated against respi-
ratory disease (particularly if they are going to be mixed 
with other cattle). After transportation to the research estab-
lishment they will probably be placed in quarantine for 
further tests, etc, if necessary. In other cases the animals may 
be transported directly into quarantine and all the tests/
treatments etc, carried out there. 

 Whatever the source, the overall strategy should be to 
ensure that the biosecurity of the institute is maintained, and 
that the condition/health status of the cattle is suitable for 
the management system in which they will be kept and the 
experiments to which they will be subjected.  

  Uses in the  l aboratory 

 Because of their great economic importance, cattle have been 
the subjects of scientifi c study in many agricultural and vet-
erinary research institutes. Most investigations have been in 
the fi elds of bovine nutritional, environmental, reproductive 
and lactation physiology, or on cattle diseases. They are not 
often used as a model for human conditions although 
Leathers  (1990)  has listed some 18 human diseases for which 
cattle have been useful biological models. Kues  &  Niemann 
 (2004)  have also reviewed the contribution of farm animals 
to human health following recent developments in trans-
genic technology. There has also been research into zoon-
oses such as tuberculosis and brucellosis and in conditions 
such as bovine spongiform encephalopathy (BSE), which are 
of considerable interest with respect to public health. 

  Use of  c attle  t wins in  s cientifi c  w ork 

 It is possible, using like - sex twin cattle, to considerably 
reduce the numbers of animals used in studies which seem 
to involve a high environment/treatment/genetic interac-
tion, without lowering the statistical signifi cance of the 
results (Rowan  1989 ). Identical (one - egg) twins are best for 
this purpose, but like - sex non - identical (two - egg) twins can 
be of value. 

 The logistical problems of locating, identifying and col-
lecting naturally occurring identical twin calves has largely 
resulted in the abandonment of this somewhat novel 
approach to reducing the size  –  and thus the cost  –  of certain 
kinds of cattle experiments. 

 Relatively recently hormonal methods have been devel-
oped to produce multiple ova and embryos, and these can 
result in the birth of multiple viable offspring. Live embryos 
can be surgically harvested and transferred to recipient 
cows; and harvesting micromanipulation and subsequent 
implantation of fertile zygotes can result in the birth of 
monozygotic twins. These techniques may result in a 
further look into the use of genetically similar cattle in 
experimental work. For details of these various twin pro-
ducing techniques see Gordon ( 2003, 2004 ) and Ball  &  Peters 
 (2004) .   

  Table 33.1    Biological data for cattle. For further information see 
Allen  (1991) , Feldman  et al.   (2000) , Kerr  (2002)  and Reece  (2004) . 

   Parameter     Normal value  

  Age adult weight attained (years)    3 – 4  
  Adult weights (kg) (depends on breed)      

     Males    600 – 1000  

     Females    400 – 800  

  Total lifespan (years)    15 – 20  

  Body temperature ( ° C)    38.5  ±  1.0  
  Pulse rate (beats/minute)    50 – 70  

  Respiration rate (breaths/minute)    15 – 30  

  Blood volume (ml/kg body weight)    57 – 62  

draught animals. Not all breeds are as specialised, and dual -
 purpose and even triple - purpose breeds and types are rec-
ognised. From the biological point of view, however, most 
breeds of cattle can be placed into one of two groups: those 
mainly derived from Asiatic stock, the humped (Zebu) ( Bos 
indicus)  type animals, and those developed mainly from 
European stock, the non - humped ( Bos taurus ) cattle (Epstein 
 &  Mason  1984 ). Interbreeding between the groups results in 
fully fertile offspring. There are some anatomical, physio-
logical and behavioural differences between the two groups, 
such as the presence or absence of humps or pronounced 
dewlaps, the smaller digestive tract capacity in Asiatic 
derived cattle, differing water needs, differing behavioural 
reactions to environmental heat and differences in disease 
susceptibility. Although for most practical purposes both 
species can be considered as one kind of animal, there are 
differences. Therefore, the following account is mainly 
directed towards European cattle  –  for details of the hus-
bandry of Asiatic group animals see Payne and Wilson 
 (1999)  and Fielding  &  Matthewman  (2004) . 

 Standard biological data for cattle, including size range 
and life - span, are shown in Table  33.1 .     

  Sources of  s upply 

 Cattle required for experimental purposes can be obtained 
as follows: 

  (1)     by purchase, at any age, from a public market;  
  (2)     by purchase, at any age, direct from an established 

breeder, rearer or contract supplier who has genetically 
defi ned animals which are known to be healthy and 
disease free and who allows his premises to be inspected 
and, where appropriate, selected animals to be blood 
tested and/or vaccinated or treated prior to transport 
to the research establishment;  

  (3)     by breeding at the research establishment.    

 Cattle bred at a research establishment have the advantages 
that they are of known health and rearing history and have 
usually been handled from an early age. Unfortunately, this 
ideal approach demands substantial resources of land, 
buildings and staff, and is often only practical at the larger 
institutes. 
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     Figure 33.1     Young cattle confi ned in feeding trial 
crates.  

     Figure 33.2     Individual tie - up standings contained within a 
building.  

  Laboratory  m anagement and  b reeding 

  General  h usbandry 

  Environmental  c onditions and  h ousing 

 If healthy and well fed, cattle can cope with wide extremes 
of climatic conditions, and can be kept outside all the year 
round in most parts of the temperate and sub - tropical parts 
of the world. It is widely held  –  without much in the way of 
quoted scientifi c evidence  –  that there is breed and/type 
variation in adaptability; beef cattle seem to stand cold 
better than dairy cows and Asiatic (Zebu) type cattle tolerate 
high temperatures more readily than European type animals. 
Whatever the breed, all animals must be protected against 
extremes of weather, shade or windbreaks must be provided 
as appropriate, and the animals should always have access 
to food and water. 

 Cattle used for scientifi c purposes should be kept in com-
fortable quarters (Reinhardt  &  Reinhardt  2002 ). The type of 
housing used is dictated by the type of investigatory work 
to be undertaken; the need to monitor the welfare of the 
cattle and the disease security required. Sometimes no 

housing is provided and the animals are kept outside on 
pasture or even under extensive range conditions but it is 
more likely that cattle kept for experimental purposes will 
be accommodated in one of the following: 

  1.     Small paddocks close to the laboratories.  
  2.     Open - sided buildings with strawed (deep litter) or 

slatted - fl oors or containing lines of cubicles.  
  3.     Enclosed buildings, for example, loose boxes or enclosed 

sheds. For study of infectious diseases these may 
include barriered buildings with bird proofi ng, and for 
contagious diseases sophisticated buildings with nega-
tive pressure air regimes and waste containment 
equipment.  

  4.     Special facilities within a building, such as metabolism 
or feeding trial crates (Figure  33.1 ) or individual tie - up 
standings (Figure  33.2 ).      

 Indoor facilities and even some outdoor paddocks can be 
equipped with closed - circuit television to record animal 
behaviour. 

 Within open - sided buildings, loose boxes and enclosed 
sheds there should, as a general rule, be at least suffi cient 
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  Table 33.2    Minimum space requirements for loose housed cattle. Adapted from Home Offi ce  (1989) , Institute of Laboratory Resources 
 (1996)  and Council of Europe  (2006) . 

   Weight of animal 
(kg)  

   Min. enclosure (ie, single 
housing) size (m 2 )  

   Min. fl oor area/animal 
(m 2 /animal)  

   Trough space (or feed rack 
length) for ad libitum feeding 
of polled cattle (m/animal)  

   Trough space (or feed rack 
length) for restricted feeding 
of polled cattle (m/animal)  

  Up to 100    2.50    2.30    0.10    0.30  
  100 – 200    4.25    4.00    0.15    0.50  

  200 – 400    7.00    4.80    0.18    0.60  

  400 – 600    8.00    7.50    0.21    0.70  

  600 – 800    11.0    8.75    0.24    0.80  

  Over 800    16.0    10.0    0.30    1.00  

space for each animal to readily stand up, lie down, turn 
round, stretch its limbs and groom itself (Table  33.2 ). The 
animals should, if appropriate to the experiment, have 
continuous access to individual cow cubicles or to a com-
munal dry bedded - down lying area and to a water supply 
(trough or water bowls). They should, wherever possible, 
be housed in sight of each other  –  as cattle are herd 
animals, visual contact is important and is a major compo-
nent of environmental enrichment. There are tables giving 
the recommended minimum pen sizes for the accommoda-
tion of laboratory cattle in the UK  Code of Practice for the 
Housing and Care of Animals in Scientifi c Procedures  (Home 
Offi ce  1989 ) and in the American  Guide for the Care and Use 
of Laboratory Animals  (Institute of Laboratory Animal 
Resources  1996 ) and the fi gures in Table  33.2  are based on 
them. The European Commission has recently adopted 
minimum enclosure dimensions (European Commission 
 2007 ).   

 Accommodation for dairy cattle must provide facilities 
where they can be milked. The development of the portable 
milking machine means that animals kept in isolated places 
can be milked mechanically, reducing the demand for time -
 consuming hand milking. To milk larger numbers of cattle 
a special milking parlour can be used but, of course, the 
cows have to be moved to the parlour and then returned to 
their living quarters. A vacuum pump system capable of 
maintaining a negative pressure of about half an atmos-
phere (approximately 35   cmHg) must be provided, as must 
equipment for cooling the milk for storage; for details of 
milking techniques etc see McNitt  (1983)  and Leaver  (1999) . 
For further information on cattle housing see Blowey  (1994)  
and Lawrence  (1994) . 

 Much experimental animal accommodation has solid con-
crete fl ooring for ease of disinfection. This is usually easy to 
keep clean, but if it is too smooth, the cattle may slip and 
injure themselves; if too rough, it may be uncomfortable and 
can damage the udder, legs and feet of the animals. Concrete 
fl oors should, wherever possible, be covered with either a 
deep layer of straw over a thin scattering of sand, or ample 
shredded newspaper. In most bedding systems the soiled 
bedding must be removed and fresh bedding added each 
day. 

 One of the best types of bedding for cattle is deep litter 
(thick straw and /or shavings and/or sawdust). This is 
usually used in cattle yards or loose boxes. It must be kept 
dry and there must be no real contact, in the case of dairy 

animals, between udders and dung (faeces). If well managed, 
this bedding provides some warmth (from bacterial action 
occurring deep in the bed) and much comfort. 

 The choice of bedding will depend on the design of the 
building, the availability of suitable material and the 
nature of the experiment. Typical considerations affecting 
the choice may be experimental restrictions on cattle 
eating it or contamination on its disposal due to disease or 
toxin. Whenever possible, preference should be given to 
bedding that offers comfort, as indicated by maximum lying 
time. 

 Exercise helps to maintain the health and welfare of cattle. 
Animals accommodated outside in grassed paddocks or 
kept together with others in yards will usually take suffi -
cient exercise of their own volition. The space allocated for 
group - housed cattle is generally suffi cient for them to exer-
cise. However cattle held singly for lengthy periods of time 
in loose boxes or other restrictions should, wherever possi-
ble, be exercised daily. This can be done by either releasing 
them for set periods into exercise yards or paddocks (small 
groups work best); or by walking them out individually on 
hand - held halters on dry, fi rm ground or non - stony soft -
 surface roadways (purpose - built cow tracks are even better); 
or by attaching them by halter to a mechanically operated 
horizontally rotating  ‘ bull - walker ’ .  

  Presentation of  f ood and  w ater 

 Food is usually presented to cattle in raised troughs. The 
troughs ideally should be designed, constructed and sited 
so that: 

   •      they are not readily contaminated with faeces;  
   •      they are easily cleaned;  
   •      they are not likely to injure the animals in any way;  
   •      they do not allow the cattle to waste their food.    

 Water can be piped to bowls which are automatically kept 
at a constant water level or which are operated by the cow 
when it pushes its muzzle against a shaped fl ange (tongue) 
in the bowl. Water meters can readily be fi tted to piped sup-
plies to monitor consumption. Water can also be offered in 
buckets (generally within fi ttings to stop them being knocked 
over) but this is labour intensive and tends to be used for 
calves or loose - box housed animals but does allow water 
consumption to be measured. Water sources should be posi-
tioned so as to minimise contamination by faeces, food or 
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able, so that animals can be closely inspected at any time of 
the day or night.   

  Health  m onitoring,  q uarantine and  b iosecurity 

 A health plan should be drawn up by the institute veterinary 
surgeon in consultation with the stock managers for all the 
cattle held and used on the experimental station. The plan 
will vary with the type of cattle involved, the environment 
and the experimental design. 

 As for all animals used in experiments that may impact 
on their health and welfare, clinical signs should be regu-
larly monitored and clear guidelines provided regarding 
actions to be taken. Records should be kept of all veterinary 
treatments and operations. All animals that die should be 
examined post mortem, and the reasons for their deaths 
determined and recorded. There should be health and 
welfare meetings between all staff involved in a particular 
experiment prior to starting as well as review meetings at 
the end. There also should be regular and, if necessary, 
frequent meetings during the span of an experiment, 
to review the on - going health and well - being of the 
animals. This is especially important for long drawn - out 
investigations.  

  Quarantine and  b iosecurity 

 One of the major health risks is the introduction of new 
animals into an establishment or even, at times, between 
different groups within the same establishment. 

 Animals arriving at the experimental farm should be 
placed into rodent - , and wild bird - free, easily disinfected 
quarantine premises. The quarantine facility should be sepa-
rate from the main animal buildings and should have its 
own food and bedding stores and its own handling facilities. 
It should be surrounded by its own double, stock - proof 
fence. The manure from the quarantined cattle should be 
kept adjacent to the quarantine quarters. The quarantine 
area should have its own separate drainage and waste 
product disposal system. 

 The whole experimental farm should be surrounded by a 
stock - proof and, ideally, vermin - proof ring fence to prevent 
contact with ground - dwelling animals living outside the 
unit. This is best if it is double: the two fences should be at 
least 1   m and preferably 3   m apart, particularly if there are 
cattle in adjacent properties. It is important to control visi-
tors and deliveries to the unit. The entrance should be gated 
and provided with a shallow drive - through disinfection 
bath for vehicles  –  for use should the need (local disease 
situation) dictate. 

 The road to the reception area should be concreted, short 
in length and not in close proximity to the animal accom-
modation or grazing paddocks and the parking area for 
visitors ’  cars and delivery lorries should be of concrete and 
easily washed down. Goods should be received into a 
secure, clean  ‘ bonded ’  store and only issued after due 
inspection and verifi cation that they are indeed what was 
ordered and do not pose a risk of introducing disease into 
the unit. All visitors should report to reception and be pro-

bedding and, ideally, the water should be placed near a fl oor 
drain so that spilt water does not lie about and/or wet the 
bedding.  

  Identifi cation 

 Cattle which are kept in small numbers and which are fre-
quently handled will be individually recognised by care 
staff. However, many countries have statutory requirement 
that all cattle should be permanently, individually and 
uniquely marked. They can be permanently marked by 
having tattooed numbers or  ‘ tamper - proof ’  numbered tags 
placed in their ears. (It should be noted that  ‘ tamper - proof ’  
tags, once correctly placed fully into position, cannot be 
removed without either mutilating the ear and/or damag-
ing the tag.) 

 If it is important that animals should be identifi able from 
a distance, for example where groups of cattle are kept at 
grass or housed in yards, then they should have one of the 
following: 

   •      large coloured and/or numbered plastic tags placed in 
their ears;  

   •      coloured and numbered plastic collars placed round 
their necks;  

   •      large numbers or letters freeze - branded on to a pig-
mented area of their skin (the intense cold of the freeze -
 branding process permanently damages the 
pigment - forming cells and white hairs grow in the 
treated areas);  

   •      large numbers or letters marked on non - pigmented 
areas of their skin by application of hair dyes; these 
marks have to be renewed as the hairs grow and are 
replaced.    

 There is increasing use of implanted microchips and bar 
codes on eartags  –  both these methods of identifi cation 
require the use of an electronic reading device. Some com-
mercial systems have microchips placed in neck collars for 
ration management (they may, for example, control access 
to a feeding station). Microchips may also be placed in 
eartags or foot bands to assist with recording the production 
performance of dairy cows. 

 The marking system chosen should be the least invasive 
method, consistent with the husbandry system and the aims 
of the research. No matter what type of individual identifi -
cation is used, it is good practice to have a database contain-
ing information on individual animals. The data retained 
should trace key life events and list any interventions that 
the animal has been subjected to.  

  Physical  e nvironment 

 Ideally, the environment inside buildings should be kept at 
about 17 – 18 ° C (range 10 – 24 ° C) and a relative humidity of 
about 50% (range 25 – 75%). Enclosed buildings should have 
a ventilating capacity of at least 5 air changes per hour in 
winter and up to 25 air changes per hour in the summer, in 
the hotter parts of the world. Background lighting of 200 lux 
or above should be provided for not less than 12   h each day. 
The light   :   dark ratio should be about 1   :   1 and additional 
artifi cial light of not less than 500 lux must always be avail-
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vided with institute - owned rubber boots and protective 
clothing before they are allowed access to other parts of the 
establishment. Isolation and other  ‘ sensitive ’  areas may 
require special visitor access procedures and facilities. All 
persons entering or working in quarantine or isolation areas 
should wear colour - coded overalls etc, unique to the par-
ticular area. 

 All material moved within the unit as well as waste mate-
rial leaving the unit should be risk assessed regarding 
potential release of infectious organisms or toxins. It may be 
necessary to arrange sterilisation and/or safe disposal. 

 For further details on farm animal biosecurity etc, see 
Gibson and Andrews  (2000) ; Belk  et al.   (2007) .  

  Transport 

 For long - distance movements, cattle should be carried in 
specially designed animal transport lorries. Stock trailers 
towed behind a van or tractor can be used for short local 
journeys and within the institute. These trailers and trucks 
should be designed, constructed and maintained so that 
they are easily cleaned and disinfected, and do not injure 
the animals transported within them. Care must be taken in 
loading and unloading animals from these transport vehi-
cles; non - slip loading and unloading ramps must be used. 

 For further details of cattle transportation see Grandin  &  
Gallo  (2007)  and Grandin  (2009) .  

  Breeding 

  The  a dults 

 Cows, which are on heat (oestrus), tend to show character-
istic behaviour such as head rubbing, mounting, standing to 
be mounted, vocalisation (bellowing) and more general 
activity (restlessness) than is usual. Signs that cows have 
been mounted include soiling of the fl anks and tail/head 
rubbing. A clear, viscous (the latter may be more defi nitive) 
discharge may be seen issuing from the vulva. Swollen 
vulval lips tend not to be a feature of cattle in oestrus. 
Groups of cows must be observed several times a day if all 
the heat periods are to be detected. 

 Cows, under normal conditions, are capable of producing, 
on average, one calf per year (see Table  33.3  for reproductive 
data) and most management systems are based on this. The 
simplest way of producing a calf crop is to run a known 
fertile bull with a group of cows and/or heifers. A crayon 
marker, which can have its colour changed at 14 - day inter-
vals, can be placed on the sternal region (brisket) of the bull. 
Daily observation of the cows will then indicate which ones 
have mated and which, if any, have to be returned to service 
(ie, have been mated but have not conceived). From this 
information the approximate date of parturition of each cow 
can be calculated.   

 Alternative artifi cial insemination (AI) is generally used 
for dairy cattle. The cows should be served by AI approxi-
mately 12   h after the heat is fi rst detected. The insemination 
is usually done by inserting a long sterile plastic pipette into 
the vagina and depositing semen either on to the cervix, or 

  Table 33.3    Reproductive data for cattle. 

   Parameter     Normal value  

  Onset of puberty 
(months)  

  12 – 15  

  Length of reproductive 
life (years)  

  12 – 15  

  Type of oestrus cycle    Polyoestrus  

  Duration of oestrus 
(heat)(h)  

  12 – 14 (shorter duration in the 
winter)  

  Frequency    Every 20 – 21 days  

  Seasonality    Oestrus occurs all the year round 
but most strongly in the summer; 
herds running all the year with a 
bull tend to calve in the spring  

  Length of gestation 
(days)  

  c 280 (about 7 less for twins )  

  Number of calves born    1 – 2; occasionally 3 or more; 
twinning rate in cattle about 2 – 3%  

  Average weight of calf 
at birth (kg)  

  23 – 45; much breed variation; 
males tend to be slightly heavier 
than females of the same breed/
type  

  Post - partum oestrus    30 – 60 days after parturition  

better still, into the cervical canal. This is a skilled job done 
by trained technicians generally using semen that has been 
stored in liquid nitrogen. In many countries there are 
licensed commercial and/or governmental agencies that 
undertake a travelling cattle AI service. Travelling AI serv-
ices may be a signifi cant factor in the introduction of disease 
(eg bovine viral diarrhoea,  Salmonella , Johne ’ s disease). 

 It is possible to synchronise the heat periods in a group of 
reproductively active cattle by means of prostaglandins (for 
details see Roche  1989 ). It is usual in these circumstances for 
two inseminations to be performed on each of the animals 
on two successive days. The advantage of this synchronisa-
tion technique is that a number of inseminations can be 
carried out at one time, and it also means that the synchro-
nised group will usually all calve down at approximately 
the same time. 

 Determination of conception ( ‘ pregnancy diagnosis ’ ) can 
be carried out at: 

   •      21 – 26 days after insemination, by estimating the pro-
gesterone content of the cow/s milk (a cow - side test is 
available);  

   •      6 – 8 weeks after insemination by palpation per rectum 
of the reproductive tract, by a veterinary surgeon or 
specially trained technician.    

 As the pregnancy progresses there is an increase in the size 
of the abdomen and after about the 6th month an increase 
in the size of the mammary gland. These changes are more 
readily detected in heifers than in cows. The signs of immi-
nent parturition are as follows: 

  1.     behavioural changes such as restlessness, seeking soli-
tary areas, vocalisation;  
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dated in clean, dry draught - free straw - bedded pens. They 
should be kept in buildings with an air temperature of about 
20 ° C and relative humidity not greater than 70%. Calves 
should have clean water and good quality hay available at 
all times. All calves should have frequent human contact 
during their fi rst 6 months. This makes them easy to manage 
throughout their lives, reducing stress for both the animal 
and care staff (see section on handling and training). 

 Calves can be fed on liquid food (milk or milk replacers) 
two or three times a day or  ad libitum  for at least the fi rst 3 
weeks of life. Young calves start picking at hay in the fi rst 
few days after birth; they start eating small quantities of 
palatable early - weaning mixtures from the fi rst week 
onwards. They can show signs of rumination from 1 – 2 
weeks of age, and can be weaned from liquid food when 
they are eating 1   kg/day of a suitable concentrate ration. 
This may be as early as 3 weeks, but it is preferable to leave 
them on liquids for at least 3 weeks longer as there is usually 
a general setback to their health on weaning. Calves nor-
mally obtain their ruminal micro - organisms from being in 
close contact with their dams. 

 For further information on feeding, housing and health of 
calves see Roy  (1990) , Thickett  et al.   (2003)  and Allen  (2004) .  

  Breeding  s ystems 

 Breeding stock must have the desired genetic and physical 
characteristics and should also, where possible, have a long 
history of freedom from disease and be docile in 
temperament.   

  Feeding 

  Diets 

 Cattle are essentially grazing and browsing animals, and if 
allowed to roam freely will consume considerable quantities 
(up to 90   kg in total) of forage material (grass, clover or 
browse) each day. 

 Cattle spend an average of 8 out of each 24   h grazing 
(range 4 – 14   h); usually in four to fi ve bouts during the hours 
of daylight. During this time they may walk a distance of 
up to 2   km. In very hot conditions, cattle will graze at night 
and lie and ruminate during the day. It is important from 
the point of view of environmental enrichment that, wher-
ever possible, the diet offered to cattle should contain suf-
fi cient forage material to allow a normal duration of 
rumination. Total ruminating time is usually some three 
quarters of normal grazing time (ie, about 6   h). If the herbage 
is succulent, ruminating time is reduced in relation to 
grazing; if it is coarse and fi brous the animals will ruminate 
for longer. 

 Because of their great economic importance, and because 
their growth and production are largely dependent upon 
how they are fed, a large body of theoretical knowledge and 
practical experience exists on cattle nutrition (see Agriculture 
and Food Research Council  1993 ; Owen  1995 ; Greenhalgh 
 et al .  2002 ). Modern feeding systems for cattle are designed 
to fi rst meet the nutritional needs of the cow ’ s ruminal 
micro - organisms and then to supply the requirements of the 

  2.     increasing distension of the udder and stiffening of the 
teats;  

  3.     slackening of the pelvic ligaments each side of the tail, 
which may appear some 3 – 4 days before calving;  

  4.     the vulva may become swollen;  
  5.     drops of honey - coloured colostrum (fi rst milk) may 

appear some 6 – 8   h before the birth;  
  6.     abdominal discomfort with possible straining    

 Most cows and heifers deliver their offspring without any 
real diffi culty and should, wherever possible, be allowed to 
calve without human interference. 

 Parturition can be induced in cattle, in the last 2 – 3 weeks 
of their pregnancies, by the injection of short acting corticos-
teroids and/or prostaglandin F 2 α .  The drug or drug combi-
nation used depends upon the nearness of the normal 
delivery date. If induction is required 2 – 3 weeks before the 
normal delivery date, long - acting corticosteroids can be 
used alone. Within a week of delivery, short - acting corticos-
teroids with prostaglandin F 2 α   will be effective and, within 
1 – 2 days of parturition, prostaglandin F 2 α   alone will often be 
adequate. 

 The calves produced under these induction regimes may 
initially need greater care on the part of the animal attend-
ant. The earlier the induction, the greater the need for such 
care. There is also a tendency for induced cows to retain 
their placentas (for details see Hartigan  1995 ). 

 Parturition should be allowed to take place either inside 
a clean draught - free loose box or, weather conditions per-
mitting, outside in a fi eld. The animal should not be tied by 
its neck and should have suffi cient space to turn round 
easily, stand up and lie down at will. The loose box should 
have a well bedded non - slip fl oor; water should be provided 
and there should be a good source of artifi cial light. Once 
abdominal contractions (second - stage labour) have started 
the calf should be born in under 4   h. Expulsion of the pla-
centa (afterbirth) is usually completed within 30 minutes to 
12   h.  

  The  y oung 

 In beef suckler herds, the newborn calf is left with its dam 
until natural weaning occurs at 6 – 8 months of age. In dairy 
herds, calves are removed at birth or some 48   h later and 
placed on milk replacer foods. Whichever system is adopted, 
it is essential that the calf takes in up to 4l of colostrum as 
soon as possible. The immunity of the newborn calf towards 
infectious diseases is largely dependent upon its absorbing, 
within the fi rst 6   h of birth, the antibodies contained in high 
concentrations in its dam ’ s colostrum. The abdomen of the 
newborn calf can be palpated around 6   h after birth to check 
if it has a full stomach. If it does not, colostrum should be 
milked from the dam and fed (stomach tubed) to the calf. 
Calves weaned at birth will need to have their dam ’ s colos-
trum collected (hand milked) from the udder and fed to 
them using a teated bottle. The level of circulating antibod-
ies in the calf ’ s blood can be estimated by a number of 
simple tests (for example the zinc sulphate turbidity test for 
serum globulin) carried out on the calf ’ s serum. 

 Calves which have been deliberately separated from their 
dams, or purchased at an early age, should be accommo-
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  Table 33.4    Energy and protein requirements for maintenance *  and 
dry matter intake limits of cattle. 

   Body weight 
of animal 
(kg)  

   Metabolic 
energy (ME) 
(MJ/day)  

   Digestible 
crude protein 
(DCP) (g/day)  

   Limit of dry 
matter intake 
(kg/day)  

  200    27    150    5.0  
  300    36    200    7.5  
  400    45    250    10.0  
  500    54    300    12.5  
  600    63    350    15.0  

    * For production each kilogram of live weight gain requires a further 
34MJ of ME and 320   g of DCP. The additional ME required by animals 
in lactation can be calculated from the formula 1.694(0.0386 
BF   +   0.0205 SNF  –  0.236), where BF is butterfat and SNF is solids 
not fat (both in grams per kilogram of milk).   

  Table 33.5    Typical metabolic energy ( ME ), digestible crude 
protein ( DCP ) and dry matter ( DM ) contents of some common 
foods. 

   Food     ME 
(MJ/kg DM)  

   DCP 
(g/kg DM)  

   DM 
(g/kg)  

   Succulents and roughages               
  Swedes/turnips    12.8    91    120  
  Kale    11.0    110    140  
  Grazing (rotational)    12.1    225    200  
  Grazing (extensive)    10.0    170    200  
  Grass silage (good)    9.3    107    200  
  Maize silage    11.2    70    250  
  Meadow hay (good)    9.0    58    850  
  Dried grass    10.6    120    900  
  Barley straw    7.3    8    860  

   Concentrate foods               
  Barley    13.7    84    860  
  Maize    14.2    70    860  
  Oats    11.5    77    860  
  Soyabean cake    12.3    405    900  
  Decorticated cottonseed 
cake  

  12.3    365    900  

  Decorticated groundnut 
cake  

  11.7    427    900  

  Linseed cake    13.4    300    900  
  Sugar beet pulp, dried    12.7    59    900  

cow with metabolisable energy and metabolisable protein 
from the products of ruminal and post - ruminal digestion. 
Agriculturalists and nutritionists can give advice on the 
design of cattle feeding regimes based on the body size and 
physiological needs of the cow (eg, growth rate, stage of 
pregnancy or lactation), and veterinarians are used to 
dealing with the diseases associated with faulty feeding. 
There are many commercial fi rms that can provide an effi -
cient advisory service and which can contract to supply 
correctly balanced cattle rations.  

  Dietary  r equirements 

 The theoretical background to the nutrition of cattle has 
traditionally been approached by fi rst fi nding their energy 
requirement, then their need for protein and fi nally by con-
sidering the intake of dry matter which they are capable of 
taking in (Table  33.4 ). These needs have then to be matched 
with the energy values and the protein and dry matter con-
tents of the foods available (see Table  33.5  for examples). 
Finally, the ration has to be examined to see if it is likely to 
contain adequate amounts of essential vitamins and 
minerals.   

 This simple approach to calculating the dietary require-
ments of cattle is being replaced, in the UK, by more complex 
systems using concepts such as: is the diet likely to contain 
adequate amounts of the essential vitamins and minerals; 
and does it provide fermentable metabolisable energy 
(energy available for the ruminal micro - organisms) and 
effective ruminal degradable crude protein (the protein 
available for the ruminal micro - organisms). For details of 
systems that take into account these and other factors and 
for outline accounts of other systems used outside the UK, 
see Greenhalgh  et al.   (2002) . 

 The main parts of the daily ration of a ruminant consist 
of: 

  1.     bulk food  –  supplying energy, some protein and fi bre;  
  2.     concentrate food  –  supplying extra protein and/or 

energy, additional vitamins and minerals;  
  3.     water.    

 Cattle out on good - quality grassland can sometimes take in 
all their daily needs by grazing up to 90   kg of grass per day. 

However, most modern high - yielding dairy cows, often 
require far higher levels of energy, protein and fi bre than 
can be provided by grass alone  –  in itself a crop varying in 
analysis from region to region and season to season. Many 
cattle in modern intensive systems are fed a total mixed 
ration of grass by (grazing) or as grass silage/maize silage/
straw (hay) plus some sort of concentrate  –  the whole being 
designed to fulfi l the specifi c nutritional requirement of the 
particular production system. 

 Cattle indoors may be given their bulk ration as silage (up 
to 70   kg a day) or hay (10 – 15   kg a day), and this is often sup-
plemented with relatively small quantities of high - protein 
concentrate foods. Water must be supplied. Cattle need 
40 – 50   l/day and, if they are lactating, they need additionally 
about fi ve times the volume of milk produced. If they are 
being milked there will also be a requirement for additional 
water to keep clean the milking stall, to wash and sterilise 
the milking equipment and to cool the milk. 

 Whatever the system or means by which cattle are fed, the 
end results can be judged by the body condition, weight, 
health and production of the animals. These must be moni-
tored at frequent and regular intervals and any loss of condi-
tion etc, must be assessed and, if necessary, action must be 
taken to overcome the cause. Sometimes all that is needed 
is a gradual increase in the quantity and/or quality of the 
food provided. 

 A body condition scoring scheme can be useful. In these, 
an assessment is made, on a scale of 1 – 5 (or 8), of the weight 
for age and the relative proportions of muscle to fat of cattle 
using a graded set of photographs or drawings (Figure  33.3 ) 
of scored animals; see Bazeley  &  Hayton  (2007)  for further 
details.      
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using a metal pincer device ( ‘ bulldog ’ ). A looped cotton 
rope tightened round the abdomen just in front of the udder 
generally prevents cattle kicking with the hindlegs, and thus 
can make it easier to examine and/or manipulate the hind 
end of the animal. It must be emphasised that it should not 
be necessary, except in an emergency, to use these physical 
means of restraint when carrying out routine procedures on 
trained cattle. 

 There are advantages to the safety of both handlers and 
other cattle with which naturally horned breeds may be in 
contact if they have had their horns removed. This can be 
done once they are adults, but it is better to remove the horn 
buds of 1 – 2 - week - old calves by fi rstly anaesthetising the 
horn buds and then burning them out with a hot disbudding 
iron. 

 For further information on cattle handling see Holmes 
 (1991) ; Fowler  (1995) ; Albright  &  Fulwider  (2007) ; Ewbank 
 &  Parker  (2007) ; Grandin  (2007a, 2007b) ; Humane Slaughter 
Association  (2008) .  

  Physiological  m onitoring 

 The body temperature of cattle is readily taken by carefully 
inserting a lubricated blunt - ended clinical, or digital ther-
mometer, into the rectum and holding it there for 1 minute 
while, at the same time, ensuring that the thermometer is 
touching the rectal wall. 

 Depending upon the nature of the scientifi c investigation 
other measurements that can be made include: weight and 
condition score for general health; respiration rate; the pres-
ence or absence of nasal discharge if respiratory disease is 
being studied; and rumination rate if digestive function is 
of concern. 

  Collection of  s pecimens 

  Blood 
 General advice on blood sampling techniques can be found 
in the report by the Joint Working Group on Refi nement 
(JWGR,  1993 ). Blood can be readily obtained from the 
jugular or coccygeal veins of cattle. As long as the animals 
are used to being handled, a very sharp and appropriately 
sized bleeding needle is used and a precise technique 

  Laboratory  p rocedures 

  Handling and  t raining 

 Cattle reared from a young age with human contact are 
usually quiet and easy to manage. They respond well to a 
calm but fi rm approach. There are many advantages in 
having experimental subjects exposed to a minimum of non -
 experimental (and usually non - quantifi able) stressors. See 
Stookey  &  Watts  (2007)  for a general account of low - stress 
restraint and handling of cattle. 

 When handling cattle all staff should be aware of the risks. 
Mature bulls should never be handled by one person alone; 
they are often large, sometimes bad tempered, quick in 
action, and are not to be trusted. Accommodation for this 
type of animal should be designed with safe refuges for 
staff. Cows with young calves at foot can sometimes be very 
protective towards their young and must also be handled 
with care. 

 Most cattle can be trained to tolerate many minor routine 
experimental procedures, such as blood sampling, injections 
etc, with the minimum of physical restraint: see Dickfos 
 (1991) . 

 Depending upon their size and situation the subject 
animals are usually tied by the neck (chain or yoke; see 
Figure  33.1 ), tied and/or held by means of a leather head -
 collar (head stall) or rope halter or restrained in a cattle 
crush (squeeze). Under the direction of the unit veterinarian, 
sedative type drugs can be given (such as xylazine intramus-
cularly at 5 – 30   mg/100   kg body weight, chloral hydrate by 
mouth at 6 – 12   g/100   kg body weight to nervous animals or 
in anticipation of a potentially stressful procedure. 

 Within a research establishment, cattle can be moved in 
small groups by being quietly driven by one or two han-
dlers. It must be made obvious to the animals which way 
they are expected to go by the correct deployment of han-
dlers and barriers and by opening and closing gates in the 
correct sequence. It is not usual to employ cattle dogs to 
move experimental stock, but it may occasionally be neces-
sary, for example, on extensive grazing trials. Where dogs 
are used they must be quiet and well under control. 

 In an emergency it may be necessary to restrain cattle by 
holding them with a fi nger and thumb in the nostril pressing 
on the nasal septum or by grasping them in the same place 

Cattle Body Condition Score
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     Figure 33.3     Condition score of cows assessed for fat cover 
over tailhead and loin area. 5, grossly fat; 4, fat; 3, good, 2, 
moderate; 1, very poor. Drawing: J. Webster  (from Webster 
 1993 ) .  
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route can, if suitably formulated, be given in the food  –  a 
good, if variable way of dosing a large group of animals. If 
accurate dosing is required then one of the following 
methods may have to be used: 

   •      making the dose up as a drench (usually with water) 
and giving by means of a specially designed drenching 
 ‘ gun ’  or, where very large volumes are required, by 
stomach tube;  

   •      putting the substance into gelatine capsules and placing 
them far back in the mouth of the animal by means of 
a specially designed balling gun.    

 Many medicines are precisely and easily given by injection 
via the appropriate intravenous, intramuscular, subcutane-
ous, or intraperitoneal routes. For more details of the various 
techniques see McNitt  (1983) , Holmes  (1991) , Fowler  (1995)  
and appropriate chapters in Battaglia  (1998) .   

  Anaesthesia and  a nalgesia 

 Cattle are very suitable subjects for regional analgesia, for 
example paravertebral blocks, caudal epidurals or perineural 
blocks. They can be given general anaesthetics but must fi rst 
be starved of concentrate food overnight and forage should 
be removed a few hours prior to induction. They are then 
sedated with a drug such as xylazine (iv or im) and induced 
using a quick - acting intravenous anaesthetic agent. They 
should then have a cuffed tube placed in the trachea to allow 
the administration of gaseous anaesthetic and to stop inhala-
tion of regurgitated rumen contents. They should also have 
their front end propped upright on their sternums so that 
dangerous levels of gas do not accumulate in the rumen 
interfering with venous return. Alternatively local analge-
sics can be injected at or close to the operation site. See Hall 
 et al .  (2001)  for more detailed descriptions of these various 
techniques. 

 A recent and full account of the anaesthetic agents and 
methods which can be used on ruminants can be found in 
Riebold  (2007) .  

  Euthanasia 

 The act of euthanasia is most easily and humanely carried 
out on quiet co - operating animals. It may be possible and 
indeed desirable to sedate  ‘ non - co - operating ’  cattle, when 
the experimental protocol allows this, by the use of an inject-
able sedative. 

 The most humane and effi cient way to kill cattle is to fi rst 
render them unconscious by means of a captive - bolt stunner 
or a specially designed free - bullet humane killer, and then 
to cut their throats. In the case of the captive - bolt stunner, 
death occurs through blood loss, resulting from the throat 
cut; in the case of the free - bullet humane killer, from damage 
to the brain. 

 The muzzle of the captive - bolt stunner or the specially 
designed free - bullet humane killer should be placed in 
contact with, and at approximately right angles to, the fore-
head of the animal at the crossing over point of two imagi-
nary lines joining the eyes of the animal with the base of the 

employed; very little restraint is usually required. The skin 
over the vein site should be clipped (if necessary) and then 
cleaned and, if thought necessary, disinfected. 

   •      Jugular vein: this large, external vessel is a ready source 
of blood. The vein is raised either by the use of a neck 
rope or by digital pressure and a large cattle - bleeding 
needle (up to 1.5   mm diameter    ×    20   mm long) is then 
inserted with, usually, the point directed towards the 
head. A local analgesic can be injected by means of a 
fi ne needle into the skin over the jugular vein prior to 
the insertion of the large needle, but this is usually 
unnecessary.  

   •      Coccygeal vein: blood can readily be taken from the 
coccygeal vein, which lies on the underside of the tail. 
There are advantages in using single - use disposable 
needles. Coccygeal vein blood sampling is a particu-
larly convenient technique when the animal is restrained 
in a cattle crush, which has easy rear access.     

  Milk 
 Mixed samples from the udder can be obtained from the 
milking - machine bucket. An individual sample from a teat 
(quarter sample) can be collected by fi rst cleaning and disin-
fecting the teat end and then squeezing out, by a stripping 
action of the fi rst fi nger and thumb, the contents of the lumen 
of the teat into its own small collecting vial. To reduce con-
tamination it is usual to discard the fi rst fi ve squirts and then 
collect the sample into the vial. The end of the teat should 
then be disinfected and the cow allowed (or persuaded) to 
stand for 30 minutes in order for the teat to reseal properly.  

  Faeces 
 These can be collected from the fl oor behind tied - up cattle 
or from a special bag fi tting over the hindquarters, or 
removed manually from the rectum.  

  Ruminal  c ontents 
 A rounded - end  ‘ stomach ’  tube is passed via the mouth and 
oesophagus into the rumen, and the ruminal contents are 
then drawn out by a hand - operated pump, or large veteri-
nary  ‘ syringe ’  attached to the stomach tube. 

 For details of experimental techniques used with cattle see 
Grassland Research Institute  (1961) , Chapman  (1969) , Wood 
 (1975)  and Leaver  (1982) . Guidance as to the care, manage-
ment and welfare of the cattle confi ned in metabolic cages 
can be found in Olfert  et al.   (1993) , and Harrison  (1995)  
provides a detailed account of surgical techniques used on 
experimental farm animals, including cattle.    

  Administration of  m edicines and  t est  s ubstances 

 General advice on the administration of substances can be 
found in JWGR  (2001) . 

  Dosing and  i njection  p rocedures 

 Non - bitter tasting, non - volatile medicines which are active 
in the alimentary tract or which are absorbed by the oral 
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to feed growing beef cattle or productive dairy cows; long -
 term cattle which have reached maturity need a diet which 
maintains their weight and provides them with suitable 
amounts of vitamins and minerals. It is important to prevent 
the development of urolithiasis in entire and castrated 
males.  

  Signs of  h ealth and  d isease 

 Healthy cattle usually graze for about 8   h a day and rumi-
nate for a further 6 – 7   h. They should chew their cud without 
diffi culty and have a normal rumen turnover rate of about 
three times in 2 minutes. They should have a rumen fi ll 
(concavity of left paralumbar fossa) and a body condition 
score appropriate to the nature of the experiment they are 
on. About half of every 24   h is spent lying down. 
Cattle stretch themselves when they get up. They usually 
have a moist cool muzzle and a sweet smelling breath, and 
generally have a shiny coat, which they lick. They should be 
free from lameness, excessive salivation and from nasal eye 
discharges; they should only cough occasionally. 
Cattle should urinate and defaecate without any signs of 
distress, and the consistency of their faeces should be 
appropriate to the nature of the bulky part of their daily 
ration. If, for example, they are eating grass their faeces 
should be fairly loose, whereas when fed on hay their faeces 
should be fi rm. Their respiration and pulse rate and their 
body temperature should be within the normal range (see 
Table  33.1 ). 

 The more obvious signs of ill health in cattle are the 
following: 

   •      loss of appetite;  
   •      separation from the group or herd;  
   •      fall in milk yield;  
   •      loss of body condition;  
   •      cessation of rumination;  
   •      rise in body temperature;  
   •      lameness, salivation, excessive coughing;  
   •      sudden change in consistency of faeces.    

 Many countries have statutory schemes as listed in the 
Offi ce International des Epizooties ’ s  (2009)  manual for the 
control of the important infectious diseases of cattle, such as 
anthrax, brucellosis, rabies, foot and mouth disease, blue-
tongue, tuberculosis, rinderpest and BSE. There may be 
duty in law for the owners and/or keepers of cattle to know 
about the common symptoms of these diseases, and to 
report to the appropriate government authorities when they 
suspect that their animals may be suffering from them. 

 The control of infectious disease usually depends upon 
some or all of the following actions: 

  1.     Early recognition of the disease.  
  2.     Treatment (ideally to cure) or disposal of infected 

animals (and possibly in - contact stock).  
  3.     Cleaning and appropriate disinfection of the premises 

in which they were kept.  
  4.     Testing of the remaining animals for disease - carrier 

status, and the isolation and possible disposal of posi-
tive reactors.  

  5.     Vaccination (when appropriate) of susceptible animals.  

ears on the opposite sides (Figure  33.4 ). The point of aim for 
calves should be slightly lower. In old heavy - headed animals 
the aiming point should be 1   cm to the right or left of the 
cross - over point. Once the animal has fallen to the ground 
it can be pithed (ie, a cane or piece of wire can be inserted 
into the hole in the skull and moved around to destroy the 
brain). Pithing is not allowed if the carcase is to enter the 
food chain. The animal usually kicks out when this is done. 
Once it is still its throat can be cut to sever the carotid arter-
ies and jugular veins.   

 In an emergency, a standard shotgun, handgun or rifl e 
may have to be used. The shotgun is the best for use under 
farm conditions. The muzzles of these standard weapons 
should not be placed in contact with the animal; they should 
be fi red with the muzzle some 8 – 10   cm away from the point 
of aim. The animal ’ s throat is then cut. 

 An overdose of an intravenous anaesthetic agent can be 
used to kill experimental stock. This technique preserves the 
brain for pathological examination, but it usually leaves 
drug residues in the tissues and renders the carcase unsuit-
able for some chemical analyses, or for human or animal 
consumption. For practical details of cattle slaughter see 
Sibley  (1995)  and Humane Slaughter Association  (2005, 
2006) .   

  Common  w elfare  p roblems 

  Prophylaxis and  d isease  c ontrol 

 Cattle obtained from a known good source, which are in a 
stable social group, fed and housed correctly, and which are 
well looked after by their attendants, usually remain disease 
free. There may, however, be a need for the routine prophy-
lactic use of vaccines, regular treatment for parasites and 
drying - off mastitis control. This should be part of the health 
plan agreed with the unit veterinarian. 

 In long - term cattle projects, attention should be paid to 
the feet and the diet. Commercial diets are usually designed 

     Figure 33.4     Diagram of the head showing the point of aim when 
using a captive - bolt stunner or free - bullet humane killer.  
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  Leptospirosis 

 Leptospirosis is an important and sometimes common cause 
of abortion. The disease is transmissible to humans. Carrier 
animals can be detected by blood test and should be elimi-
nated. Vaccines are available.  

  Mastitis 

 This is caused by a variety of bacteria; but in many instances 
there may be predisposing building and environmental 
factors. Individual cases can be treated with antibiotics but 
preventive programmes should fi rst be set up (attention to 
environments and buildings; hygiene at milking time; 
ensuring the milking machine is working correctly; post -
 milking teat dipping; the rational use of intra - mammary 
antibiotic treatments; the possible use of vaccines) after 
taking veterinary advice.  

  Metabolic  d iseases 

 These are caused by the breakdown of internal metabolic 
processes, and their development is infl uenced by environ-
mental stress, the nutritional state of the animal and the 
production demands being made of it. A preventive pro-
gramme can be set up, taking veterinary and nutritional 
advice.  

  Pneumonia 

 There are many causes of pneumonia in cattle, both bacterial 
and viral, and it is particularly prevalent and severe in 
young cattle when they are mixed from various sources. 
There can be a wide range of bacteria and viruses involved 
and vaccines are available, although to be effective, they 
need to be combined with suitable management and hus-
bandry practices (eg vaccination prior to mixing; logical 
antibiotic treatment of individual clinical cases; buildings 
designed to allow suitable ventilation).  

  Ringworm 

 This specifi c fungal infection is indicated by round, raised 
whitish lesions on the skin of young cattle. Vaccines and 
treatment regimes are available, but even untreated animals 
usually recover. The disease is transmissible to humans.  

  Salmonellosis 

 This is a bacterial infection mainly affecting calves and 
young cattle, which causes diarrhoea and dysentery. A 
vaccine is available. The condition is usually responsive to 
antibiotic treatment, although multidrug resistance is an 
increasing problem. Some strains of  Salmonella  can be trans-
mitted to humans.  

  Scours ( d iarrhoea) 

 Many diseases may produce scour in calves and adult 
cattle. Most of these may be related to the animals ’  environ-
ment. Suffi cient good quality colostrum given soon after 
birth will often considerably reduce the problem in calves. 

  6.     Taking care not to re - introduce the disease, for example 
by setting up barrier fences, controlling pest rodents 
and birds and establishing quarantine facilities.     

  Common  d iseases 

 Some diseases are of common occurrence and/or zoonotic. 
Keepers of experimental cattle should be acquainted with 
their characteristics. 

  Bovine  v iral  d iarrhoea ( BVD ) 

 A viral disease causing infertility, poor - doing calves and, in 
some cases, fatal diarrhoea. Carrier animals occur in some 
herds. Vaccines are available.  

  Ectoparasites 

 Lice can be a problem in housed cattle. They can be treated 
with an appropriate non - toxic injectable or pour - on insecti-
cide. Ticks are important as transmitters of viral and rickett-
sial diseases. Cattle kept outside in some tick - infested areas 
may have to be regularly treated.  

  Endoparasites 

 Gastrointestinal parasites are a cause of diarrhoea, debility 
and loss in young cattle, but can be treated with anthelmintics. 
Many oral and pour - on preparations are available. There is 
an increasing problem with certain parasitic worm popula-
tions showing a resistance to many of the currently used 
drugs. Veterinary advice should always be sought when 
setting up a control and treatment programme. 

 Liver fl uke causes a persistent wasting disease but can be 
treated. Control programmes are mainly based on eradicat-
ing the intermediate hosts (a snail) by draining the cattle -
 grazing areas and the by use of molluscicides. Lungworm 
causes coughing and debility in young animals. A vaccine 
is available and a control and treatment programme should 
be instigated based on regular dosing with suitable medica-
ments, pasture control of the parasite and, where appropri-
ate, the use of a vaccine.  

  Johne ’ s  d isease 

 This is a disease caused by  Mycoplasma avium paratuberculo-
sis . It commonly affects adult cattle and is characterised by 
chronic wasting and profuse diarrhoea. It is untreatable. 
Clinically affected animals should be disposed of and, under 
veterinary guidance, an effective preventative control 
scheme should be started.  

  Lameness 

 There are many causes of lameness in cattle, such as injury, 
overgrown feet and specifi c bacterial infections. Individual 
cases should be treated, and if the problem is common vet-
erinary advice will be needed. Preventive measures (atten-
tion to fl oor surfaces, routine trimming of feet, the regular 
use of footbaths etc) should be undertaken.  
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  Reproductive  p roblems 

 Infertility is an important source of economic loss in cattle 
and has many causes. The causes of infertility can be usually 
identifi ed by an experienced veterinarian and a control pro-
gramme instigated. 

  Dystocia 

 If a cow ’ s normal calving behaviour ceases and, on physical 
examination there is no sign that the calving is progressing 
normally, then it should be considered as a dystocia. There 
are many potential causes and veterinary advice should be 
taken.  

  Metritis 

 This is characterised by infection of the uterus and is usually 
seen in the post - parturient period. A foul - smelling discharge 
from the vulva is observed. It may be predisposed to when 
foetal membranes are retained and metritis has occurred 
previously in the cow. Treatment should be undertaken by 
a veterinary surgeon. 

 For details of the prevention, control and treatment of repro-
ductive problems see the appropriate chapters of Meredith 
 (1995) , Noakes  et al.   (2001)  and Ball  &  Peters  (2004) . 

 Cattle are delightful creatures to work with. They respond 
well to gentle treatment; they can be readily trained to co -
 operate in many scientifi c procedures but they are big, some-
times a little clumsy and obstinate and, of course, they are 
expensive to keep. The latter fact has probably been instru-
mental in the decline in their use as an experimental animal. 

 The validity and usefulness of the results obtained from 
animal experimentation depends upon many factors, not 
least of which is the quality of life being experienced by the 
subject animals. Animals which are healthy, thriving and 
contented and which are kindly handled are most likely to 
yield sound data. Cattle are no exception to this  –  they give 
the best experimental results when they are humanely hus-
banded and treated with care and consideration.    

  Further  r eading 

 The literature relating to the care and management of cattle 
is immense. One of the best general introductions is Webster 
 (1993)   Understanding the Dairy Cow . There is much relevant 
material in the husbandry section of Andrews  et al.   (2004)  
 Bovine Medicine: Diseases and Husbandry of Cattle . There are 
useful chapters on dairy cattle (Leaver  1999)  and on beef 
cattle and veal calves (Webster  1999)  in Ewbank  et al .  (1999)  
 Management and Welfare of Farm Animals . Blowey  (1999)   A 
Veterinary Book for Dairy Farmers  provides an excellent 
general introduction to cattle disease, welfare and the health 
aspects of husbandry. A recent book (Bazeley  &  Hayton 
 2007 ) deals in detail with many practical aspects of cattle 
care and management. The UK Department for Environment, 
Food and Rural Affairs issues in  2003  the most recent version 
of its useful  Codes of Recommendations for the Welfare of 

Common causes may include rotavirus, coliform bacteria, 
coccidiosis,  Cryptosporidium , endoparasites, BVD and Johne ’ s 
disease.  

  Tuberculosis 

 This is a notifi able, infectious bacterial disease and a zoono-
sis. Cattle should be tested for tuberculosis regularly 
(dependent on country disease status) and removed if they 
are infected. Only animals shown to be free from the disease 
should be kept.   

  Currently  u ncommon  b ut  s till  i mportant  d iseases 

  Anthrax 

 This is an acute infectious bacterial disease causing sudden 
death in cattle; it is a zoonosis and is notifi able in many 
countries. All cases of sudden death should be investigated 
by a veterinary surgeon. Prophylactic vaccines are available 
for use, under licence, in anthrax areas.  

  Bluetongue 

 Bluetongue is a notifi able disease and on the increase in 
Europe. It is vector - borne (by a  Culicoides  midge) viral infec-
tion. Prevention may involve substantial biosecurity meas-
ures to protect cattle against midge bites as well as routine 
annual vaccination.  

  Brucellosis 

 Brucellosis is an infectious bacterial disease causing abortion 
and infertility; it is a zoonosis and is notifi able in many 
countries. All cases of abortion should be investigated by a 
veterinarian. Cattle should only be used if a blood test has 
shown them to be free from the disease. 

 Standard texts, for example Blowey  (1999) , Andrews  et al.  
 (2004)  and Divers  &  Peek  (2007)  should be consulted for 
details of these and other cattle diseases.   

  Abnormal  b ehaviour 

 Cattle kept outdoors on pasture or fed large quantities of 
silage, hay or other bulky fodders do not usually show 
abnormal behaviours. This is thought to be a result of them 
spending some 8   h out of the 24 consuming grass, or some-
what less time eating hay, and a further 6 – 7   h ruminating 
 –  so that they are  ‘ gainfully occupied ’  during most of the 
day. As herd animals, an important component of providing 
an appropriately enriched environment is the presence of 
other cattle. 

 However, cattle kept tied up for long periods of time, or 
confi ned within metabolism crates, sometimes show oral 
stereotypies such as compulsive licking, tongue sucking, 
tongue rolling and horizontal bar grasping. Once estab-
lished these behavioural abnormalities are very diffi cult to 
eliminate, but they largely disappear once the animal is 
turned out to graze.  
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  Biological overview 

  Introduction 

 Sheep and goats have been domesticated by man and used 
for meat, milk and wool for several thousand years. It may 
therefore seem somewhat surprising that behavioural traits 
such as fl ocking for protection and running from humans 
remain so well defi ned. The likely reason for this is that 
these instincts have been exploited rather than repressed 
through the ages to facilitate animal management and han-
dling in groups. The same instincts can and should be used 
in the laboratory environment when working with groups 
of animals, but it may also be necessary to work with sepa-
rated individuals. It is always important to remember that 
sheep and goats are gregarious by nature, and isolation will 
result in stress (Parrott  1988 ). However, sheep and particu-
larly goats, respond very well to gentle handling over a 
period of time, and in most cases will eventually lose their 
fl ight instinct even when penned singly. This accommoda-
tion to environment should be the fi rst objective of all labo-
ratory users of small ruminants for medium -  to long - term 
experiments. Benefi ts will accrue to animal handlers, the 
quality of data, and most importantly to the animals 
themselves.  

  Perceptual and cognitive abilities of sheep and 
goats  –  social organisation 

 It is entirely wrong to equate the strong retention of fl ight 
instincts in these animals with a lack of intelligence. Indeed, 
behavioural and neurobiological studies of the perceptual 
and cognitive abilities of sheep and goats have revealed that 
they make sophisticated use of both visual and olfactory 
cues from their environment to enable them to rapidly learn 
to recognise individual offspring, fl ock members and 
humans as well as palatable and unpalatable foods. Their 
ability to do this almost rivals that seen in higher primates 
including man; and one obvious conclusion that must be 
drawn from such studies is that, if they need to be able to 
recognise a number of specifi c individuals and objects and, 
if their brains are specialised for carrying out this process, 
then their social requirements and interactions must be far 
more complex than a cursory view of their behaviour within 
a fl ock might suggest. Research has also shown that sheep 
have individual personality traits. Therefore, as an intelli-

gent species with a degree of sentience, the use of sheep in 
experimental procedures should be undertaken thought-
fully and only when specifi c need arises. 

 There has been a tendency to overlook the possibility that 
sheep and goats, or for that matter other domestic ungu-
lates, use vision to learn about and interact with their envi-
ronment. While they lack an accommodation refl ex, their 
visual acuity in the frontal eye fi eld is very good and prob-
ably lies somewhere between that of a cat and a monkey 
(Piggins  1992 ). They are capable of recognising individuals 
from visual cues from the face region and are able to visually 
discriminate between different types of grass, clover and 
concentrates (Kendrick  1992 ; Kendrick  et al.   2001 ; Tate  et al.  
 2006 ). Indeed, sheep can identify and remember at least 50 
different sheep and 10 different human faces and even after 
long periods of absence (Kendrick  et al.   2001 ; Peirce  et al.  
 2000 ). For this reason, it is important to take care that fl eece 
or horn growth does not signifi cantly interfere with an ani-
mal ’ s line of sight. Both sheep and goats can be trained to 
perform operant tasks (eg, choices indicated by pressing 
panels with their nose); to discriminate between different 
faces or other visual stimuli (Baldwin  1979, 1981 ; Tate  et al.  
 2006 ); or to choose between faces or geometrical stimuli in 
a Y - maze (Kendrick  et al.   1995, 1996 ; Tate  et al.   2006 ). Animals 
can be easily trained to use this apparatus either for food or 
social rewards. 

 Faces clearly have an important emotional signifi cance for 
sheep. Studies have shown that when they are exposed to 
social isolation stress, the sight of pictures of familiar sheep 
can alleviate behavioural, autonomic and endocrine indices 
of stress and reduce activation of brain centres controlling 
stress and fear responses (Da Costa  et al.   2004 ). Showing 
animals video sequences depicting other sheep can also 
evoke profound interest and relieve stress (Elliker  2006 ). 
Recent work has also shown that sheep can detect and 
respond to human face expressions (smiling and angry) and 
emotion cues in sheep faces (fearful vs calm) (Kendrick  2004 ; 
Elliker  2006 ; Tate  et al.   2006 ) and that they may be able to 
form and use mental images of faces (Tate  et al.   2006 ). 

 Both sheep and goats also have a remarkably acute sense 
of smell and can discriminate between a large number of 
biological and chemical odours in operant experiments 
(Baldwin  &  Meese  1977 ). However, in spite of possessing a 
highly developed sense of smell they do not appear to need 
it for food recognition or even individual recognition in most 
cases, although it is entirely possible that olfactory cues might 
complement visual ones to speed up recognition or improve 
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real object, such as faces, they can learn very rapidly 
(Kendrick  et al.   1996 ; Peirce  et al.   2000 ), and have been shown 
to recognise and remember at least 50 different sheep and 
10 different human faces for up to 2 years. Thus an impor-
tant consideration with these species is to use familiar types 
of objects as discriminanda or reinforcement signals if speed 
of learning is an important issue. They also clearly have a 
long - term memory for both other sheep and humans who 
interact with them. 

 One other important aspect of behaviour in sheep and 
goats that should not be overlooked is developmental infl u-
ences on learning and preferences. While such infl uences are 
still poorly understood, certain principles have nevertheless 
emerged which have direct bearing upon how experimental 
animals should be reared. In both sheep and goats, where a 
selective and initially exclusive bond exists between mother 
and offspring, the mother is an enormously infl uential role 
model. There is evidence, for example, that dietary prefer-
ences learned from the mother can be retained for periods 
in excess of 3 years. Moreover, work on the effects of cross -
 fostering between sheep and goats has shown that the 
mother rather than the genetic species dictates social and 
sexual preferences in adulthood and that her infl uence 
appears to be practically irreversible in this respect (Kendrick 
 et al.   1998 ). Therefore, it is clearly preferable to rear infant 
kids and lambs with a mother since this close emotional 
mother – infant relationship is of great importance to their 
normal social and emotional development. In addition, it is 
important to recognise that trying to make an animal do 
something which goes against what it has learned from its 
mother is always going to be diffi cult or even impossible. 
This might simply involve the effects of changing diets but 
can also extend to attitudes towards humans. Lambs will 
learn to avoid humans from the actions of their mothers 
within a few days of birth and this attitude can be extremely 
diffi cult to overcome, even with the best possible interac-
tions between them and humans. Conversely, adult sheep 
that were reared by hand as orphan lambs tend to be less 
fearful of humans. For experimental purposes that require 
close interactions between sheep and humans, it is prefera-
ble to ensure that a positive initial attitude to humans is 
passed on from mother to offspring by attempting to create 
a positive attitude in the mother fi rst. With goats this is not 
so much of a problem since most breeds are tolerant of, and 
even interact with, humans. Nonetheless, even with this 
species positive human interactions with the mothers may 
result in easier interactions with their young.  

  Standard biological data 

 Standard biological data for sheep and goats are shown in 
Table  34.1  and comprehensive haematological and biochem-
ical data for these species may be found in Wolfensohn and 
Lloyd  (2003)  and Aitken  (2007) .     

  Choice of breed 

 This is to some extent dictated by climatic conditions and 
availability. Theoretically almost any breed of sheep should 

its accuracy. The main exception to the predominance of 
vision over olfaction is the selective olfactory recognition of 
offspring which develops in both species very quickly after 
they have given birth and which seems to be essential since 
accurate visual and vocal discrimination of offspring devel-
ops much more slowly (Kendrick  et al.   1996 ). Another context 
in which olfactory cues are important appears to be synchro-
nisation of oestrus which occurs in response to odours from 
the fl eece of a male  –  the so - called  ‘ ram effect ’ . 

 The hearing sensitivities of sheep and goats are broadly 
similar to those of humans with the exception that they can 
hear frequencies above the human upper limit of hearing 
(ultrasonics). However, their ability to localise sounds is 
relatively poor compared to that of some other mammals 
(Heffner  &  Heffner  1992 ) and may refl ect their greater reli-
ance on vision. Sheep also only have a limited vocal reper-
toire which essentially falls into three different types. These 
include a high - pitched or protest bleat which can be used to 
signify anything from slight agitation or mild impatience to 
extreme fear; a low - pitched more rumbling bleat used spe-
cifi cally by maternal ewes to call their lambs; and a similar 
type of low - pitched vocalisation sometimes used by rams 
engaged in courtship with ewes. While there is evidence that 
maternal ewes can learn to recognise their lambs ’  voices, 
and vice versa (Shillito  &  Alexander  1975 ), the ability of 
sheep to recognise individual members of the fl ock from 
their high - pitched bleats has yet to be demonstrated con-
vincingly (Kendrick  et al.   1995 ; Elliker  2006 ), although sound 
spectrograms show clear individual differences in sheep 
voices. It seems fair to conclude at this stage that the main 
function of the high - pitched bleats is for an individual to 
express some degree of concern or impatience and, in certain 
circumstances, to warn other fl ock members of some 
impending danger. 

 The cognitive abilities of sheep and goats enable them to 
cope successfully with changing environments. Abilities to 
follow rules and abstract ideas are more limited although 
they do show some capacity to form concepts. For example, 
sheep are capable of discerning that there is a physical 
barrier between them and a human no matter what form 
that barrier may take (wire fence, chain fence, gate etc). Even 
with a single - stranded electric fence a sheep appears to 
know that what keeps it in will also keep humans out. Thus 
a sheep will often tolerate the presence of humans at much 
smaller distances to themselves when there is an intervening 
fence and will often not show an alerting response when a 
human approaches the fence. However, in other respects 
their conceptualisation does show clear limitations. For 
example, whereas sheep will normally run away from a 
human walking towards them when the human is 10   m or 
more away from them, they will often let a human crawl in 
amongst them providing that he or she keeps their eyes 
averted downwards. Thus their concept of a human shape 
appears rather limited. 

 Learning skills of sheep are also dependent, to some 
extent, on the type of objects that they are being trained to 
visually discriminate. Thus when they are trained to dis-
criminate between totally unfamiliar geometrical symbols 
(triangles, squares, circles, lines etc) they are relatively slow 
at learning (Baldwin  1981 ; Kendrick  et al.   1996 ). However, if 
they are required to discriminate between familiar types of 
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ding iron in goats can easily result in brain damage as the 
thin cranial vault offers little thermal protection to neural 
tissues. In the UK disbudding goat kids may only be per-
formed by a veterinary surgeon. The UK goat veterinary 
society 1  has produced a DVD on the subject, for distribution 
to veterinary surgeons. The method of Boyd  (1988) , using 
general anaesthesia, is also reliable.   

  Source of animals 

 Ideally an on - site breeding fl ock/herd should be main-
tained. This allows for continuity of supply, standardisation 
of genetic background and maintenance of a health barrier 
(see below). If maintaining fl ocks on - site is impractical then 
animals may be bought in, bearing in mind that known 
single sources of supply are generally better and more 
accountable than open markets, and that availability of 
animals is likely to be seasonal.  

  Uses in the laboratory 

 Current areas of research that routinely use sheep and goats 
as experimental animals include studies into the seasonal 
control of reproductive activity, parturition, neonatal care 
and reproduction in general, lactation, growth, ruminant 
metabolism and physiology, and behavioural and neurobio-
logical studies of cognitive and motivational processes. 
They have also been used as large - scale producers of anti-
bodies in blood and trialled for synthesising bioactive com-
pounds in milk through transgenic manipulation. Other 
studies include those related directly to disease conditions 
which cause harm to sheep (such as foot and mouth disease 
and bluetongue). A particular recent interest has been the 
transmissible spongiform encephalopathies (TSEs). Models 
of human disease include bone metabolism studies and 
polycystic ovarian disease.  

  Management and breeding 

  General husbandry 

  Housing 

 Generally speaking, well fl eeced sheep are very tolerant of 
low temperatures providing that the fl eece is dry. Hill 
breeds of sheep are more tolerant of poor weather than 
lowland breeds, but even the hardiest animals require some 
protection from wind and rain. Goats are also fairly tolerant 
to cold weather providing they are dry, but prefer warmer 
climates and should have access to shelter at all times. 
Shelters can take the form of small huts in pastures during 
the summer time (with the entrance way sheltered from 
prevailing winds), but these can be inadequate in the winter. 
Both sheep and goats benefi t from access to shade during 
the summer to prevent heat stress. Goats have a tendency 
to eat their shade, which may constitute an enrichment in 

readily adapt to most experimental conditions provided that 
they are treated correctly, although an exception to this 
would be feral breeds. However, a number of criteria should 
be assessed when deciding which breed is suitable for a 
particular research project. There are over 200 breeds of 
sheep worldwide, many of which are localised to specifi c 
countries or conditions and are rare elsewhere. The most 
numerous breed internationally is the Merino, which is kept 
for wool production and is found predominantly in Australia 
and South Island, New Zealand. New Zealand also has a 
number of meat - producing or dual - purpose breeds, such as 
the Romney, the Perendale and the Drysdale. In the UK, 
lowland sheep breeds such as Dorset, Suffolk and Friesland, 
together with most breeds of goat tend to settle more quickly 
to individual penning and handling than do upland or hill 
breeds, such as the Scottish Blackface, Cheviot and Welsh 
Mountain, although these breeds may also adapt eventually. 
However, lowland breeds may become very large and heavy 
(80   kg or more) when compared to hill breeds (35 – 50   kg), or 
indeed the Soay (15 – 20   kg); so whilst lowland breeds 
may be easier to catch they often prove to be more 
diffi cult to move or carry and may become overweight when 
penned indoors for extended periods. Saanen and Anglo -
 Nubian goats are usually considerably larger than British 
Alpine or Bagot. Larger animals require more fl oor space 
and food. 

 Reproductive characteristics such as strong seasonality 
driven by day length (most breeds), a longer breeding 
season (Dorset) or large litter sizes (Finn or Boroolla Merino) 
may be important. Most breeds of goat and milking breeds 
of sheep such as Friesland lend themselves to lactation 
studies. Other special considerations might include growth 
rate, carcase quality, wool or coat colour. Using a purebred 
has advantages over using a crossbred ewe since buying in 
breeding stock can be minimised. 

 Some researchers fi nd horns useful for attaching equip-
ment although the horns should never be used as a sole 
means of restraint. The presence of horns can be a potential 
hazard to both handlers and other animals, and this should 
be part of the decision - making process on whether they 
should be removed. Horn buds may be removed safely 
between 3 and 7 days of age. Adequate anaesthesia and 
analgesia are essential during removal and providing the 
right balance of drugs for different circumstances requires 
experience. Sensory innervation to the horns varies between 
species. The removal of horn buds, particularly in kid goats, 
requires both skill and experience. The use of a hot disbud-

  Table 34.1    Some standard biological data for sheep and goats. 

   Parameters     Sheep     Goats  

  Normal temperature ( o C)    38.5 – 39.5    38.5 – 39.5  

  Chromosome number    54    60  

  Lifespan (years)    10 – 15    10 – 15  

  Heart rate (beats/minute)    65 – 110    70 – 120  

  Resting respiratory rate 
(breaths/minute)  

  15 – 20    15 – 25  

  Dental formula    I 0  3  C 0  1  P 3  3  M 3  3     I 0  3  C 0  1  P 3  3  M 3  3   

  1    http://www.goatvetsoc.co.uk  
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     Figure 34.1     An open - plan barn accommodating sheep 
during the winter. Notice: (1) a layer of straw thick 
enough to present a dry top layer to the animals; 
(2) front gates large enough for tractor access; (3) strip 
lighting to allow thorough inspection of animals 
whenever needed; (4) netting at the rear of the barn cuts 
the force of prevailing wind and rain without reducing 
ventilation; (5) hay racks (on wheels) of suffi cient length 
to allow all animals simultaneous access, fi tted with lids 
to prevent soiling of the feed.  

the short term but can then contribute to both overheating 
and poisoning, so should be monitored carefully. A key 
enrichment is the presence of other animals with which to 
form stable social groups. A dry lying area should always 
be made available. Animals at pasture need to be protected 
from predators and harassment by dogs. 

  Group housing 
 Where possible, sheep and goats should be kept in groups 
of two or more animals (species and sexes are normally kept 
separate). An open - plan fl oor area which can be partitioned 
off with hurdles under a high roof provides a versatile solu-
tion to varying group sizes (Figure  34.1 ). The use of straw 
bales can complement the hurdles. In this system, a fl oor of 
rammed chalk or similar is ideal to provide natural drainage 
on top of which a deep - litter bed of straw can be laid. 
Impervious fl oors such as concrete are an alternative and 
can be more easily decontaminated between groups, 
but must be sloped to prevent pooling of liquids. The system 
depends absolutely on suffi cient straw laid often enough 
to provide a dry layer on top in which animals can make 
themselves comfortable. Inadequate drainage leads to 
waterlogged pens, damp fl eeces and skins, a humid atmos-
phere, condensation, chilling of animals and compromised 
well - being. An increase in respiratory disease may also 
result.   

 Animals may also be group - housed on wooden slats, 
through which urine and faeces fall to a collecting pit below. 
This system has the advantage that animals are always dry, 
and need less labour in the winter. However the slats are 
less comfortable than a straw bed, are expensive to maintain 
and, if allowed to deteriorate, can result in severe leg injuries 
to sheep (especially fi ne - boned breeds) treading on broken 
slats or into gaps. The belly draughts which rise through the 
slats make these systems unsuitable for goats and for partu-
rient animals. Recent guidance within the Council of Europe 
ETS 123 revised appendix A for sheep and goats (Council of 
Europe  2006 ), and which has been adopted by the European 
Commission  (2007)  that the entire enclosure should have a 
 ‘  solid fl oor with appropriate bedding provided  ’  indicates that 

slatted fl oors systems may be superseded by more modern 
alternatives. 

 Good ventilation is the key to successful housing of sheep 
and goats. Inadequate air movement produces similar prob-
lems to those encountered by poor drainage. In high -
 ceilinged barns the walls need not be solid and may consist 
of hit and miss boarding or heavy duty netting in temperate 
climates to reduce the effect of prevailing winds. Netting is 
very versatile if kept on a roller blind apparatus, so that it 
can be easily lifted clear during fi ne weather. In buildings 
with low ceilings or solid sides, adequate ventilation will 
require the provision of ceiling - mounted extractor fans 
(with a reliable power supply) and wall air inlets above 
animal height. High - roofed buildings should have a gap 
running along the roof apex to allow warm humid air to 
escape. This is helped by providing insulation on the under-
side of a sloping roof, particularly if the roof is metal, pre-
venting the warm air from cooling and falling back, forming 
condensation and a stagnant atmosphere. 

 Group housing of laboratory sheep and goats depends 
absolutely on a reliable method of identifi cation (see later in 
this chapter). Adequate trough space must be supplied to 
allow all animals to feed together when concentrates are 
offered (Table  34.2 ). Less space may be needed when food 
is offered  ad libitum , but close observation is required to 
ensure that no bullying occurs at the food rack, especially if 
a fi ne mesh is used for the rack (see section on feeding for 
more details), or if some of the animals have horns.    

  Individual penning 
 Experimental demands may require sheep or goats to be 
housed individually. Researchers must always critically 
review the need for single housing before imposing it. 
Animals with long - term surgical preparations may need to 
be singly housed to prevent damage to implants from 
curious pen - mates. Sexually active males may require single 
penning to avoid fi ghting. Singly penned sheep and goats 
should always be able to see and hear companions. Prior to 
any experimental procedure animals require a period of 
acclimatisation to a new environment, routines and staff. 
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  Table 34.2    Recommended minimum pen dimensions for sheep and goats being used for scientifi c procedures. From Appendix A of the 
European Convention for the protection of vertebrate animals used for experimental and other scientifi c purposes ( ETS  123) (Council of Europe 
 2006 ). 

   Animal weight (kg)     Minimum individual 
enclosure size (m 2 )  

   Minimum fl oor 
area/animal (m 2 )  

   Minimum partition 
height (m)  *    

   Minimum length of 
 ad libitum  feeding 
space (m/animal)  

   Minimum length of 
restricted feeding 
space (m/animal)  

   < 20    1.0    0.7    1.0    0.1    0.25  
  20 – 34    1.5    1.0    1.2    0.1    0.3  
  35 – 59    2.0    1.5    1.2    0.12    0.4  
   > 60    3.0    1.8    1.5    0.12    0.5  

    *    May need to be higher for goats   

     Figure 34.2     A pen suitable for individual housing of sheep or 
goats in a research environment. Notice: (1) a water bowl, mineral 
lick and hay rack are all provided but easily removable, the 
free - standing plastic food trough has been removed; (2) the fl oor 
consists of a textured tile which is non - abrasive but gives good grip 
even when wet, a covering of sawdust helps to maintain dryness; 
(3) the fl oor slopes gently to a drain in front of the gate; (4) the bars 
in the gate allow singly penned animals to see adjacent 
companions; (5) a convenient electricity supply is provided.  

Goats tend to adapt more rapidly to penning than do sheep 
and generally show fewer escape behaviours when being 
caught and handled. 

 Table  34.2  shows minimum space allowances under 
European Union recommendations for laboratory sheep and 
goats. Floors for permanent indoor single housing of sheep 
and goats should normally be of an impervious material 
such as concrete or tiles, with at least a 1 in 15 slope to 
provide drainage. Floor texture needs to achieve a compro-
mise between minimal abrasion to exposed skin and good 
grip to hooves. Warmth from radiant heat or underfl oor 
heating may be of value for young, sick or infi rm animals, 
or in a surgical recovery area especially for goats or shorn 
sheep. Gentle underfl oor heating can also help to maintain 
a dry fl oor and reduce humidity in buildings of low volume, 
but is costly both to install and maintain. Straw bedding or 
wood shavings may be provided, although shavings achieve 
little more than to absorb urine and do not otherwise add 
to comfort. Bedding in individual pens needs to be changed 
very regularly, preferably daily. 

 Pen walls can be solid and impervious to fl uids to animal 
head height, above which a barred arrangement may con-
tinue, or barred to fl oor level to keep animals in but allowing 
easy observation by staff and between animals. Horizontal 
bars near fl oor level are dangerous as limbs may poke 
underneath when animals lie down and then break when 
they attempt to rise. All pens must be free from projections 
such as bolts or sharp metal edges. Concentrate food may 
be provided in free - standing plastic bins or troughs. Built in 
metal troughs tend to be cumbersome, are diffi cult to clean 
 in situ , hard to replace when they rust or rot and can cause 
pain when kicked by either sheep or handler. Removable 
hayracks can be hung from partitions. Water may be pro-
vided in automatic drinkers or in bowls that hang from the 
gate, fi lled by hoses. The latter are preferable in being easy 
to remove when necessary for cleaning, or to deprive 
animals of water prior to surgery; and when in use give the 
animal technician an immediate indication of individual 
water intake. Individual drinkers of whatever type should 
be cleaned and checked daily and under normal circum-
stances should never be allowed to become empty. In 
exposed locations, the pipes may need frost protection. A 
typical individual sheep or goat pen is shown in Figure  34.2 .   

 Occasionally it is necessary to hold sheep in metabolism 
cages or slings. The former are used when collection of urine 
and faeces is required and the latter for behavioural testing, 
visual discrimination experiments or similar. Due to their 

restrictive nature both of these holding methods should only 
be used when a clear scientifi c need arises for which normal 
penning would be inadequate. When using metabolism 
crates a minimum of a week of acclimatisation is recom-
mended prior to experimentation and in slings the same 
period is necessary with animals only spending 6 – 8   h per 
day in slings, under constant supervision. Both systems 
should use animals already familiarised to human contact 
and a laboratory environment. 

 In order to induce out - of - season breeding or to study other 
light - related phenomena, controlled lighting rooms may be 
required, but a light - tight space must not be achieved at the 
expense of compromised ventilation. When lights are turned 
off the light level must be less than 3 lux to be considered as 
 ‘ dark ’  by the day length detection systems used by sheep. 

 In a large laboratory it may be useful to set aside a sepa-
rate area or building for special care and quarantine of sick, 
injured or convalescent animals.    
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  Transport 

 Never begin to move animals from place to place until ade-
quately staffed and fully prepared. The vast majority of 
sheep will try to run from humans, and animals which are 
surprised and excited by an impatient handler will run 
sooner and more quickly.  ‘ Stampedes ’  of animals may result 
in self - infl icted injury to animals or handlers and must be 
avoided. Animals move more easily from place to place in 
groups. All routes except the desired route should be closed, 
and then the animals should be allowed to go at a steady 
walk with gentle encouragement from behind. Single 
animals are very diffi cult to move by this method and 
should be loaded into some form of crate or transporter 
(Figure  34.3 ). A very confi ned transporter is best for this 
purpose as it prevents a frightened animal from accelerating 
into an obstruction. For moving fl ocks over longer distances, 
specialised animal wagons are required and national regula-
tions regarding animal transport apply. Loading ramps 
must have barriered sides and ridged walkways. All trans-
porters and transport procedures should comply with 
current animal transport legislation requirements.    

  Breeding 

 Sheep and goats are both seasonally polyoestrous, with 
shortening day length inducing oestrous cyclical activity in 
females. Ewe lambs and kids may be large enough to be 
mated in the autumn of their fi rst year if born early in the 
season with no subsequent growth check (75% or more of 
fi nal adult weight). It is preferable not to breed from the 
smaller ewe lambs or from goats until the following season 
when they will be at least 1 year old. The rearing conditions 
used for prospective working rams are also important since 
there is evidence that rearing rams together from weaning 
in single sex groups with no access to females can lead to a 

  Identifi cation 

 A reliable and easily read method of identifi cation is vital 
for animals kept in groups. Ear - tagging is popular and gen-
erally effective, but two tags should be used to mitigate 
against the likelihood of one being lost. Poorly designed tags 
with sharp edges or protruding surfaces can catch in fencing 
and tear out of the ear, causing pain and potential infection. 
A non - toxic spray applied to the fl anks allows animals to be 
identifi ed over a considerable distance but must be regularly 
renewed and is lost at shearing. Electronic identifi cation 
devices (EIDs) in rumenal bullets or subcutaneous implants 
are becoming more popular, especially for valuable indi-
viduals. An ear tattoo can be useful for animals with white 
ears, although these tend to fade and become diffi cult to 
decipher with time.  

  Maintenance of health 

 Keeping stock healthy is more diffi cult to achieve in open 
fl ocks than closed (those with a non buying - in policy). 
Veterinary advice should be sought in advance of acquiring 
new animals. Any bought - in stock must be quarantined for 
at least 4 weeks on a pasture or in a building well away 
(more than 100   m) from other stock. Bought - in animals 
should come with a comprehensive clinical history of the 
fl ock from which they originate. On arrival, the animals 
should be carefully and individually examined for signs of 
ill - health (see later) by a veterinary surgeon and animals 
suspected of having particular problems rejected. Further 
investigation may include serological testing for diseases 
such as border disease, chlamydophilia or toxoplasmosis 
using blood samples taken after 2 weeks of quarantine to 
allow for seroconversion to diseases experienced immedi-
ately prior to purchase. During quarantine, routine meas-
ures such as vaccinations, treatment against parasitic worms 
and immersion dipping (or the use of suitable pour - on 
agents) to control ectoparasites, should be undertaken as 
necessary to correct for any imbalance between the health 
status of incoming animals and that of the parent stock. 
Despite these precautions it is still possible to import disease 
with new animals. A closed fl ock is therefore highly 
desirable. 

 Sheep intended for research are no less susceptible to 
disease than stock in commercial fl ocks. Maintenance of a 
high health status amongst research animals is an important 
ethical responsibility for research groups and will also 
improve data quality through minimising intercurrent, and 
possibly subclinical disease, during procedures and reduc-
ing between - animal variation. Strategies to exclude disease 
include: membership of national disease eradication or noti-
fi cation schemes; local barriers such as quarantining and 
well maintained fencing; and use of disease prevention 
measures such as vaccinations and strict worming policies. 
Veterinary advice should be taken on these matters, bearing 
in mind the geographical location and standard practice 
routines built into the annual cycles of fl ock management. 
It is also important to maintain disease prevention routines 
when an animal leaves the stock pool and enters a 
laboratory.  

     Figure 34.3     A home - made crate suitable for transporting one or 
two sheep or goats. Notice the couplings to allow carriage by 
tractor, plus the wheels and handle for manual pulling. Both ends 
can be lowered to form a stepped ramp, and the top can be lifted 
to access the animal.  
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Finnish Landrace, are capable of producing offspring more 
frequently than this. However, this requires early weaning 
of the lambs and places pressure on husbandry systems and 
maternal physiology. A realistic target for more frequent 
breeding is for the ewe to produce three sets of offspring 
over 2 years, or fi ve over 3 years. Exceeding this rate is not 
recommended and such systems are rarely required in a 
research environment. 

 At different periods of the reproductive cycle, nutritional 
requirements are higher. Ewes from mid - pregnancy (espe-
cially late gestation) and during lactation need a higher 
energy intake, and diets may need to be adjusted to give 
more energy per unit of bulk to supply suffi cient nutrition 
at the limit of appetite. Both rams and ewes may require 
supplementary feeds in the pre - mating period, to help the 
rams through to the end of mating and to improve ovulation 
rate in females (a practice known as  ‘ fl ushing ’ ). A body 
condition score of 3 (Figure  34.4 ) is ideal for a ewe at mating, 
on a rising plane of nutrition.   

 Melatonin implants may be used to advance the onset of 
the breeding season. Strategies for encouraging oestrus 
early in the breeding season include the use of teaser (vasec-
tomised) rams, intra - vaginal progesterone sponges and 

high incidence of homosexual rather than heterosexual pref-
erences. It is, therefore, better to let the ram lambs run with 
the ewes for as long as possible whilst the ewes and any ewe 
lambs remain in anoestrus. A good introduction to repro-
duction in the sheep and goat is provided by  Salamon ’ s 
Artifi cial Insemination of Sheep and Goats  (Evans and Maxwell 
 1988 ). 

 Behavioural changes in oestrous ewes are diffi cult to 
detect under farm conditions, so rams or teasers (vasect-
omised males) usually wear coloured crayons on their 
brisket which leave a mark on a ewe ’ s rump following 
service. Some goats show inappetance, a drop in milk yield, 
restlessness and increased vocalisation during oestrus but 
these signs are not reliable, and willingness to accept the 
billy is the only sure indicator. Under laboratory or control-
led fi eld conditions it is possible to show that female sheep 
and goats can display a number of proceptive (invitational) 
and receptive behaviours which can be quantifi ed for exper-
imental purposes to produce an overall receptivity index 
(Fabre - Nys and Venier  1987 ). 

 Although the normal reproductive pattern of sheep and 
goats leads to the production of one set of offspring in the 
spring of each year, some breeds, such as the Dorset or the 
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     Figure 34.4     Drawings of transverse sections through the 
lumbar spine of sheep with different body scores. 
 Reproduced with permission from Hindson, J.  (1989)   In 
Practice ,  11 , 152.   
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vals for the fi rst day if artifi cial rearing is needed. Colostrum 
from donor ewes can be frozen and stored for up to 12 
months. Stomach tubing may be necessary for neonates that 
will not suck but should be performed only by a competent 
person. In severe, hypothermic cases an intraperitoneal 
injection of a calculated dose of warm sterile isotonic fl uid 
containing glucose may be life saving. Dams and offspring 
should only be separated if this is essential for their well -
 being as hand rearing is time consuming and affects behav-
iour when lambs reach adulthood. 

  Maternal behaviour and selective bonding 

 Sheep and goats do not normally show maternal behaviour 
towards lambs and kids respectively until they give birth, 
although some stealing of young can occur in experienced 
mothers towards the end of their pregnancies. When they 
give birth, maternal behaviour and selective bonding are 
triggered by feedback to the brain from receptors in the 
vagina and cervix activated during labour contractions and 
the expulsion of the foetus. Thus lambs delivered from preg-
nant ewes by caesarean section or following an epidural 
anaesthetic block are often not mothered. Birth also triggers 
selective bonding behaviour with offspring in both sheep 
and goats, whereby the mother rapidly learns to recognise 
the odour signatures of its individual lambs or kids and will 
subsequently refuse suckling attempts from offspring other 
than its own. In sheep, this process of selective bonding 
generally occurs within 1 hour post - partum, although with 
Saanen goats as little as 15 minutes may be suffi cient in some 
cases. Primiparous ewes and nannies take longer to bond 
with their offspring, often 4   h or more (Kendrick  1994 ), since 
maternal experience is required to alter the brain to respond 
to the feedback from the vagina and cervix during birth. 
This then promotes changes in olfactory processing struc-
tures that underlie the bonding process. Thus, bonding 
between fi rst - time mothers and their young relies almost 
exclusively on physical interactions between mother and 
offspring and removal of the offspring for even short lengths 
of time or contaminating them with strange odours (includ-
ing human ones) may result in the mother rejecting her own 
young. 

 While selective bonding may ensure the offspring an 
exclusive milk supply and, for that matter, an individual 
role model, this has caused farmers problems for hundreds 
of years when they want to foster orphan or triplet/quad-
ruplet lambs. Where large numbers of animals are giving 
birth in the same period then  ‘ wet ’  fostering becomes pos-
sible since both maternal ewes and nannies will accept other 
young prior to forming a selective bond with their own. 
Once the bond has formed however, the authors have found 
that its selectivity can be overcome by manually stimulating 
the vagina and cervix of a post - partum mother for 2 minutes 
even up to 3 days after she has given birth. To do this the 
ewe ’ s or nanny ’ s own offspring are temporarily removed 
from her to a warm place and out of earshot. The 
stock person then dons lubricated sterile elbow gloves (to 
prevent transmission of potential zoonotic pathogens eg, 
 Chlamydophila , orf etc), and using light restraint, a gloved 
hand is inserted into the vagina and rhythmically pushed 
up to the neck of the cervix and withdrawn over a period of 

injections of gonadotropin - releasing hormone (GnRH) ana-
logues or pregnant mare serum gonadotrophin, although 
none of these are wholly reliable. 

 The inter - oestrous period is 16.5 days in the sheep and 21 
days in the goat. A number of management strategies exist 
to synchronise oestrous activity in females in order to 
produce tight lambing/kidding patterns, including the use 
of intra - vaginal progesterone sponges or by giving intra-
muscular injections of prostaglandin F 2 α   or an analogue. A 
disadvantage of synchronising oestrus is that more rams are 
needed per ewe. A good - quality fertile ram may be able to 
serve up to 50 unsynchronised ewes, but only 10 – 12 ewes in 
a synchronised fl ock. 

 Pregnancy is indicated by non - return to oestrus, and may 
be confi rmed using blood or milk progesterone assays in 
goats, or through the use of ultrasound scanning, which 
carries the additional advantage of determining the number 
of offspring. A skilled interpreter of ultrasound images can 
identify a pregnancy at 30 days but more usually ewes are 
scanned at 50 – 90 days post mating. Other methods, now 
mostly superseded, include vaginal biopsy, X - rays and 
abdominal ballottement. 

 The gestation period is normally 145 days in the sheep 
and 150 days in the goat with 5 days variation in either 
direction being normal. Signs of imminent parturition 
include: seeking isolation from the main group, restlessness 
including circling and pawing the ground, mammary devel-
opment, the ability of handlers to express milk from the 
teats, lifting of the head with licking of the lips and, fi nally, 
powerful abdominal contractions. If some control over 
lambing is required for experimental reasons then an intra-
venous injection of dexamethasone (0.25   mg/kg) can be 
given between days 140 and 142 of gestation and ewes will 
give birth around 48   h later (usually between 40 and 54   h). 
Intramuscular administration of dexamethasone is not 
nearly as reliable in this respect. Earlier induction of parturi-
tion is not recommended as lambs will be progressively 
weaker with more respiratory problems. 

 Clear and simple guides to obstetrics in sheep are pro-
vided by Eales and Small  (2004)  and Winter and Hill  (2003) . 
Knowing when to intervene in lambing or kidding requires 
considerable experience, and the novice should never be put 
in a position of supervising lambings without skilled back -
 up. As a general rule of thumb, ewes or nannies which do 
not produce young within 1 hour after the appearance of 
fl uid - fi lled membranes or a rush of fl uid from the vagina 
may need assistance. Earlier intervention may be required 
if the animals become weak or unwell. Ewes or nannies 
which show just a head or one limb protruding from the 
vagina need assistance immediately. A number of diseases 
causing abortion are zoonotic, and human contact with par-
turient ewes should be strictly controlled. 

 Normally, ewes and nannies will stand following birth, 
consume the foetal membranes as they are expelled, and 
bond with their offspring. Following birth the ewe ’ s udder 
should be checked to ensure that milk is normal and abun-
dant. The majority of lambs and kids are able to stand and 
feed soon after birth. Weak newborn animals need special 
attention, particularly warmth, dryness and food. Initial 
feeds must be given as colostrum (or a colostrum replacer) 
at 50   ml/kg within 6   h of birth, repeated at 6 – 8 - hourly inter-
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  Feeding 

 The feeding of sheep and goats for maximum productivity 
and health is a large and complex fi eld beyond the scope of 
this article. Bretzlaff  et al.   (1991)  and Calhoun  (1991)  provide 
reviews on this topic for goats and sheep respectively and 
numerous publications are available from agricultural advi-
sory services and colleges. Sheep and goats are ruminant 
animals which possess a digestive system and physiology 
that is highly specialised and adapted to the extraction and 
metabolism of usable nutrients from plants, and in particu-
lar the cellulose in plant cell walls. The rumen is little more 
than a fermentation vat where a delicate mix of micro -
 organisms is provided with the right conditions and sub-
strates from which to produce short chain fatty acids from 
cellulose; the adapted biochemical systems of the adult 
ruminant are able to use these as an energy source or as a 
substrate from which to manufacture glucose. Rapid changes 
to diet, particularly a sudden excess of nutrient -  rich food, 
are likely to upset the fermentation process with disastrous 
and potentially fatal consequences. It therefore follows that 
dietary stability should be a prime feature of any feeding 
regime, and any changes in either quality or quantity must 
be introduced gradually. 

 In the wild, the natural food of the sheep is grass, whereas 
goats tend to browse on the leaves of bushes and trees. The 
inquisitive feeding habit of goats is well known and care 
must be taken to keep poisonous plants, for example, yew 
trees, and dangerous objects, such as electric cables, out of 
reach of a goat even at full stretch. Presentation of strictly 
limited quantities of safe hedge trimmings or freshly fallen 
branches with leaves can be a treat for goats. 

 Sheep and goats kept indoors can be fed fresh cut grass 
(but not lawn mowings), but more usually are given hay, 
which is readily but slowly broken down in the rumen and 
helps to maintain rumenal stability. Mouldy or rotten hay 
will be rejected. Goats tend to be more selective than sheep 
with hay, and will eat the leafy parts and seed heads at the 
expense of the stalks. Silage is an acceptable alternative to 
hay for sheep and goats, but is less palatable for some 
animals and all stock adapt to it with some hesitation. Silage 
is heavy and more diffi cult to manhandle in a laboratory 
environment. Poor - quality silage will be rejected. 

 The design of fodder racks is an important consideration, 
particularly with goats. Goats are agile climbers and will 
readily stand on their hindlegs to pull down fodder. They 
will also climb onto racks if allowed to, and subsequent 
contamination of feed with urine and faeces will cause much 
wastage. Feed racks should therefore be designed with a 
cover. 

 A fi ne mesh (1.5   cm square) for hay racks is preferable 
since it increases feeding time and slows intake to more 
closely match time spent grazing. This increase in time spent 
acquiring food may also be considered as a welfare refi ne-
ment, especially for singly housed animals. It also reduces 
waste. Suffi cient rack space is essential to avoid bullying. 

 Other bulk foods used for sheep include good - quality 
barley straw, chopped maize and roots such as mangolds. 
These foods are only generally suitable as part of a balanced 
diet that also includes forage and concentrates. Bulky foods 
are useful to control obesity when animals have limited 

2 minutes. The animal will usually push backwards onto the 
hand to help the procedure and will normally lie down and 
exhibit behavioural signs of being in labour. If a strange 
lamb or kid is then introduced the ewe or nanny will, in 
around 80% of cases, accept it and their own offspring can 
be re - introduced to them within 15 – 30 minutes. This process 
works since it merely mimics nature in convincing the 
mother that she has given birth again and has been success-
fully used by farmers in the UK and other European coun-
tries during the last few years. It is also possible to treat 
multiparous non - pregnant ewes and nannies with vaginal 
sponges containing oestradiol and progesterone to induce 
lactation (including colostrum formation) and they can be 
induced to mother orphan or triplet lambs or kids by the 
same process of stimulation of the vagina and cervix 
(Kendrick  et al .  1992 ). It is not recommended to use this latter 
procedure in nulliparous ewes or nannies. 

 While there are other methods used to promote fostering 
in maternal animals after they have bonded these are either 
not very effective (using added artifi cial odours, for example) 
or represent poor welfare (physically restraining/yoking 
the mother so she cannot reject the offpring, which may be 
needed for up to a week or more to be successful).  

  Weaning and rearing 

 Once lambs and kids have received colostrum, it is possible 
to rear them artifi cially  ‘ on the bottle ’  using milk replacer 
powders, introducing solids from 7 days of age. Such lambs 
should be abruptly weaned no later than 6 weeks old to 
avoid problems of abomasal bloat, from too rapid ingestion 
of milk substitute. 

 Lambs and kids reared naturally normally start the 
process of weaning themselves at 3 weeks of age and can be 
offered specialised creep feed from 2 weeks old, in addition 
to the milk from their mothers. This creep feed should be 
given in a feeder which restricts access to the lambs or kids 
and does not allow the mothers to eat it. While it is possible 
to leave offspring with their mothers indefi nitely, it is usual 
to wean lambs and kids completely onto solid food at 
around 16 weeks of age. This allows the mother to recover 
fully prior to the next breeding season. If a schedule of 
enforced weaning is not used, especially with prolifi c breeds, 
the condition of the mothers can deteriorate markedly as a 
result of persistent suckling by the offspring. In frequent -
 breeding systems, where an earlier than usual return to 
sexual receptivity and pregnancy is required, early weaning 
at 6 – 8 weeks is necessary as lactating ewes rarely undergo 
oestrous cycles. 

 Acute weaning is best carried out by separating a group 
of lambs/kids from their mothers at the same time. It is best 
to relocate the ewes/nannies rather than take the offspring 
to new accommodation, because the young then remain 
familiar with their surroundings and can easily fi nd water 
and feed hoppers. The ewes/nannies should be removed to 
a location out of earshot and regular checks should be made 
to ensure that none of them develop mastitis. The lambs/
kids can be fed on creep feed and hay or grass during this 
time and if necessary can be re - introduced to the fl ock after 
3 – 4 weeks, at which time their mothers will not accept any 
suckling attempts.   
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and the other used to draw the body against the handler ’ s 
legs. Resist the temptation to make a wild lunge if an animal 
tries to escape, but rather let it go and begin again. Do not 
grab or hold animals by the fl eece, ears or tail, as they will 
struggle and injure themselves. Goats are so inquisitive that 
they often approach handlers (especially those with a food 
bucket) and can be caught easily. Once the head is held, the 
body of a sheep or goat can be pressed gently against a wall 
with one knee against the lumbar vertebrae in front of the 
hip and the animal thus restrained by one person. 

 Some procedures may require an animal to be cast (tipped 
over onto its rump). To cast a sheep or goat fi rst turn the 
head round horizontally using mild to moderate force until 
the neck is bent and the head faces towards the tail. Then 
apply moderate downward pressure on the rump, back and 
turn the animal away from the head around a bent knee, 
and the animal should fall to the ground. The head and 
shoulders may then be lifted and held between the handler ’ s 
knees with the animal on its back (Figure  34.5 ).   

 Beware rams and billy goats! These animals are larger 
than ewes and nannies and may elect to charge rather than 
run, especially when sexually active. Horned males are 
potentially dangerous. 

 Sheep and goats which have been treated gently by dili-
gent staff using positive reinforcement techniques respond 
well to regular handling and this facilitates effi cient and 
stress - free completion of tasks. Nervous or newly acquired 
animals require particular patience which will eventually 
benefi t all. Comprehensive guides to shepherding sheep and 
handling goats are provided by Holmes  (1991)  and Mews 
and Mowlem  (1991) .  

  Recording body temperatures 

 Measurement of an animal ’ s temperature is usually done 
using a lubricated clinical thermometer inserted into the 
rectum.  

  Administration of medicines 

  Oral 

 Liquids can be given to sheep and goats using a strong 
smooth - sided bottle or dosing gun introduced gently into 
the diastema (the gap rostral to the premolars). A calibrated 
dosing gun may also be used. Plastic syringes are easily 
chewed and destroyed. The head should be held steadily 
and tilted slightly upward. Liquids should be dribbled in 
slowly and animals allowed to swallow. The process must 
be stopped at the fi rst sign of choking. This method always 
results in some spillage. Stomach tubing requires a mouth 
gag and is a skilled procedure. Some substances may be 
delivered in accurate dosages using rumenal boluses.  

  Injections 

 Subcutaneous injections should be given under the loose 
skin above or behind the scapulae. Short needles (less than 
25   mm with a diameter 0.4 – 1.2   mm, 23 – 18   G (for oily liquids)) 
are suitable. Intramuscular injections may be given into the 

opportunities for exercise. Sugar beets may be used as a treat 
for penned animals. Roots may be inedible to animals with 
poor front teeth and may accelerate tooth wear if fed for 
long periods. 

 Concentrate foods are widely available as proprietary 
products with  ‘ guaranteed ’  nutritional content shown on the 
food bag label. The actual constituents of these diets may vary 
seasonally. Vitamins may  ‘ go off ’  in the bag so freshness and 
a dry cool food storage area are important: always observe 
any  ‘ use by ’  dates. Animals kept indoors for prolonged 
periods should be supplied with mineral licks to provide 
supplementary metal ions and minerals. Particular attention 
should be paid to copper, selenium and cobalt levels, and to 
vitamin D in animals with no access to natural daylight. 
Copper and selenium, in excessive quantities, are toxic to 
sheep and goats. Licks and concentrate feeds should always 
be specifi c for the species concerned as some foods for eg, 
cattle and pigs may contain inappropriate amounts of copper. 

 As both pasture - grass and hay have variable nutritional 
values, animals should be regularly assessed for body condi-
tion score, and the quantity of supplementary feeds such as 
proprietary concentrates adjusted accordingly. A body con-
dition score scale of 1 – 5 is universally employed in sheep, 
with the muscle and fat coverage of transverse processes of 
the cranial lumbar vertebrae used as the criteria for deter-
mining the score (see Figure  34.4 ). Sheep with a thick fl eece 
are impossible to condition score properly without being 
caught and palpated. It is normal for healthy goats to carry 
relatively less external body fat than sheep. 

 The diets for lambs and kids need special attention, par-
ticularly when they are newly weaned. A careful balance 
needs to be drawn between providing suffi cient nutrient -
 rich food for rapid growth and avoiding over - feeding which 
can lead to diarrhoea and acidosis. 

 Given the variables outlined above it will be clear that 
there are no universally reliable rules by which to calculate 
how much food to offer any one animal. A starting point 
might be that individually housed ewes at maintenance only 
will receive 1.5 – 2.5   kg of fresh good - quality hay and 0 – 150   g 
of 16% protein concentrate food daily, depending on condi-
tion score. All animals should have constant access to clean 
fresh water.   

  Laboratory procedures 

  Handling and training 

 The key to catching and handling sheep and goats in a con-
fi ned space is to move calmly and confi dently. Once accli-
matised to humans, the animals should be handled with the 
minimum frequency that is compatible with experimental 
success. The increasing use of telemetry for physiological 
monitoring and even blood sampling which requires 
minimal restraint and creates animals who are their own 
 ‘ mobile labs ’  is to be greatly encouraged, although the cost 
of such systems is high. 

 Nervous animals may need two catchers in a large pen. 
Guide the animal into a high - walled corner with no protru-
sions. Reduce freedom of movement gradually until the 
animal can be grasped fi rmly with one hand under the chin 
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(a) (b)

(c)

(e)

(d)

     Figure 34.5     Restraining and casting sheep. (a) Restraint. The animal ’ s head is held by the 
lower jaw, with the thumb passing through the diastema (a natural gap in the dental 
arcades behind the incisors and before the premolars). The body is restrained between the 
handler ’ s knee and fi rm pressure from the hand in opposing sublumbar fossae (the 
depressions in the fl anks behind the ribcage and in front of the hip bones). For additional 
control the animal may be backed into a corner or gently pressed against a wall with a 
knee in one sublumbar fossa. (b) Casting. The animal ’ s head is turned away from the 
handler in a horizontal plane so that it points towards the tail, using moderate force. The 
hindquarters are kept under control using the knees and the spare hand without pulling on 
the wool. (c) The animal is pushed backwards using the hand controlling the head, and 
rotating the body in a horizontal plane around the knee in the sublumbar fossa, using 
downwards pressure with the hand placed on the animal ’ s fl anks. The sheep will collapse 
to the ground. It is important that this stage is performed quickly to prevent the animal from 
adjusting the position of its feet, which will enable it to remain standing. Practice is 
required. (d) The grip is transferred to the forelegs (moving the hand that was on the fl anks 
fi rst) and lifting the ewe ’ s forequarters. The animal is lifted using the knees and not the 
back. (e) The animal is held resting on its tail with the shoulders gripped between the 
handler ’ s knees. Inspections of the animal ’ s feet and undersurface are now possible.  
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weight). If suitable equipment and expertise is available 
then shooting a captive bolt directly into the brain is an 
acceptable alternative, bearing in mind that the approach 
must be from directly above or behind the skull, not between 
the eyes (Humane Slaughter Association,  2006 ). Once 
unconscious, great vessels should be severed. The booklet 
 The Casualty Sheep  (Sheep Veterinary Society  1994 ) provides 
further details of all methods of euthanasia, and see also 
Chapter 17.   

  Common welfare problems 

 Assessing the health and welfare of any stock must be based 
upon a sound knowledge and experience of what is normal. 
Signs of ill - health might include an elevated temperature 
(over 40 ° C is a cause for concern), reduction in appetite, 
changes in behaviour, colour change of the mucous mem-
branes (pale pink is normal), a cessation of rumination or 
abnormal discharges from mouth, nose, eyes, ears, anus or 
genitalia. Sheep and goats lagging behind the fl ock when 
driven should be caught and examined. Animals in pain or 
distress may be reluctant to rise, display an abnormal 
posture and often grind their teeth noisily. Although harsh 
and laboured breathing is an indication of respiratory 
disease, moderate hyperventilation can be deceiving in the 
sheep as healthy animals tend to breathe more rapidly than 
other species, especially when being handled. Likewise, the 
heart rate may be considerably elevated in a normal but 
nervous animal. 

  Common diseases 

 Sheep and goats are susceptible to a wide variety of dis-
eases. Many of the more common diseases are preventable 
using vaccination (for example clostridiosis, pasteurellosis, 
contagious pustular dermatitis (orf), and infectious abortion 
caused by  Chlamydophilia  and  Toxoplasma ) or prophylaxis 
(for parasitic infestations including coccidiosis). Wherever a 
particular disease is known to occur, preventative steps 
should be taken in preference to treatment after the disease 
appears. Contagious pustular dermatitis and chlamydiophil-
ial abortion are amongst the more worrying zoonoses trans-
missable to humans. Other potential zoonoses include 
toxoplasmosis, louping ill, listeriosis, campylobacteriosis, 
leptospirosis, Q fever and salmonellosis. 

 The following brief outline of the more common clinical 
signs and diseases of sheep and goats is intended only to 
introduce the reader to the complexity of the subject. For a 
general introduction to sheep management and disease,  The 
Veterinary Book for Sheep Farmers  (Henderson  1990 ) is useful, 
whilst  Diseases of Sheep  (Aitken  2007 ) is the standard refer-
ence work in the UK. Amateur diagnosis and treatments 
should never be attempted: a veterinary surgeon should be 
consulted. 

  Weight loss 

 Weight loss in a group of animals is usually due to poor diet, 
poor teeth or parasitism by intestinal nematodes or liver 

gluteal muscles caudal to the tuber coxae, the quadriceps 
muscle groups in front of the femur or the muscle bellies 
dorsal to the neck vertebrae in the midpoint of the neck; 
25   mm needles of 0.8 – 1.2   mm diameter (21 – 18   G) are suita-
ble. Injections into the muscle behind the femur should be 
avoided as there is a risk of damaging the sciatic nerve. 
Intravenous injections may be given and intermittent blood 
samples withdrawn using a 0.8   mm, 21   G (small volume) to 
1.6   mm 16   G (large volume) needle inserted into the jugular 
vein. Vacutainer systems can be a convenient alternative for 
taking blood samples, and also allow immediate mixing 
with anti - coagulants if required. 

 If repeated access to the blood stream is required an ind-
welling catheter should be placed in the jugular vein using 
a sterile technique under local anaesthesia. By far the best 
method is that described by Seldinger  (1953)  and Harrison 
 (1995) , which involves passing a wire through a needle and 
into the vein, which, after withdrawal of the needle, acts as 
a guide over which a nylon, vinyl or silastic catheter may be 
passed and sutured in placed. See Joint Working Group on 
Refi nement (JWGR)  (1993)  for guidance on limits to blood 
volume that can be acceptably withdrawn.   

  Anaesthesia and surgery 

 Anaesthesia of sheep and goats, including premedication 
and post - operative analgesia has been described by Flecknell 
 (2009) . Due to the large capacity of the gastrointestinal tract, 
it may be necessary to deprive animals of food for 24 – 48   h 
and water for 12 – 24   h prior to surgery. This reduces gas 
formation in the rumen and passive regurgitation of fl uids 
when the animals are lying prone. Hungry animals may eat 
their straw bedding during the pre - surgical phase, so this 
should be removed. 

 A cuffed endotracheal tube must always be used when 
sheep or goats are kept under general anaesthesia, to prevent 
rumenal fl uids or saliva (which is copiously secreted) from 
entering the trachea. A laryngoscope is necessary to visual-
ise the larynx over the large dorsum of the tongue. After 
intubation a slight incline to the surgical table allows the 
head to be lower than the body and will help secretions to 
drain from the mouth. 

 Pressure on the diaphragm and the great veins due to the 
weight of the rumen contents or from the accumulation of 
rumenal gas (bloat) is a hazard of all ruminant anaesthesia. 
It may be helpful to pass a stomach tube into the rumen to 
reduce this risk during long operations. Surgical prepara-
tions commonly used in research are described by Harrison 
 (1995) . Techniques for placement of probes or cannulae into 
specifi c areas of the central nervous system and making 
electrophysiological recordings or measuring  in vivo  trans-
mitter release have been described in detail elsewhere 
(Fabre - Nys  et al.   1991 ; Kendrick  1991 ; Kendrick  &  Baldwin 
 1991 ).  

  Euthanasia 

 Sheep and goats may be humanely killed using an intrave-
nous injection of pentobarbital (150   mg or more/kg body 
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disposes to interdigital dermatitis (scald) and to footrot, 
caused by  Dichelobacter nodosus , which is a common and 
debilitating problem worldwide. All sheep and goats should 
therefore be turned regularly (see the section on handling 
for techniques) the feet cleaned and hoof walls pared as 
necessary by a skilled person. Beware over - paring and 
causing damage to the sensitive structures of the hoof, as 
this can lead to permanent lameness. Standing sheep and 
goats with clean feet three to four times a year in shallow 
non - irritant footbaths containing 10% zinc sulphate solution 
(followed by a period on concrete to allow the chemicals to 
dry) helps to maintain strong disease - free hooves. The likeli-
hood of wet and damaged pastures precipitating foot prob-
lems is particularly high in areas of high rainfall, and strong 
consideration should be given to housing animals indoors 
over winter in such locations. 

 If access to the outside is intended to be for exercise only 
on a daily basis, and space is limited, a concrete fl oored yard 
may be better than a pasture. These are washable, will help 
to stop hooves becoming overgrown and will not retain a 
signifi cant worm burden. Pasture is of course preferable but 
needs more work and a bigger area to keep a given number 
of animals healthy and contented. Further information on 
the important topic of foot care in sheep can be found in 
 Lameness in Sheep  (Winter  2004 ).  

  Shearing and fl eece care 

 Sheep are normally shorn annually in the late spring. It is 
advisable for animals with surgical preparations, such as 
rumen fi stulae, cranial implants or blood vessel loops, to be 
shorn separately from the main fl ock and with great care. 
Policies of regular control measures should be put in place 
to control or prevent skin parasites, especially sheep scab 
(caused by a  Psoroptes  mange mite), and blowfl y larvae 
(maggots) which are prevalent during the summer. As with 
worming and foot care, animals under experiment or per-
manently housed indoors should not be excluded from 
routine skincare treatments. Housed sheep and goats are 
particularly susceptible to infestations by lice.  

  Special health problems 

 Occasionally sheep and goats will present with veterinary 
problems with a rapid onset that are immediately life - 
threatening or very serious. 

  1.     Rumenal bloat. A grossly dilated abdomen is seen, 
accompanied by rapid shallow breathing and eventual 
collapse.  

  2.     Urolithiasis. This is particularly common in young male 
kids and rams. A rigid stance and inability to urinate 
freely are characteristic. Sometimes urine can escape in 
small quantities which stains the coat around the penile 
sheath. Excessive straining may cause a rectal prolapse 
and if this is seen in a male animal urolithiasis should 
always be suspected.  

  3.     Poisoning or metabolic disorders caused by ion imbal-
ance. These diseases may be diffi cult to distinguish. 
Signs including hyperexcitability or deep depression, 
tremors and convulsions may all be seen in one or more 
individuals.  

fl ukes. Nutritional defi ciencies may occur as a result of diets 
with insuffi cient carbohydrates, proteins, minerals such as 
cobalt, or vitamins, or a combination of these. Weight loss 
may, of course, also occur if the diet has an adequate com-
position but is fed in inadequate amounts The dietary 
requirements of growth and pregnancy must be considered. 
Weight loss in individuals may be the result of any chronic 
condition; for example, lameness, abcessation, maedi - visna, 
Johne ’ s disease, caseous lymphadenitis, ovine pulmonary 
adenomatosis or rarely a tumour.  

  Diarrhoea 

 Diarrhoea is usually a consequence of over - feeding, intesti-
nal parasitism or coccidiosis. Diarrhoea in lambs is fre-
quently associated with bacterial infections and can result 
in a rapid deterioration in condition due primarily to dehy-
dration. Bacterial infections are less commonly a primary 
cause in adult sheep. It is important to encourage fl uid 
intake whilst awaiting a diagnosis.  

  Nervous signs 

 Nervous signs and ataxia owing to disease processes are 
relatively common in sheep and goats of any age. A wide 
variety of causes exist, such as thiamine defi ciency, copper 
defi ciency, scrapie, listeriosis, plant or chemical poisoning, 
brain space - occupying lesions due to tapeworm cysts, 
abscesses or tumours, louping ill, metabolic disorders, etc. 
Some conditions may progress to convulsions or coma (see 
later). Accurate and early diagnosis is essential.  

  Intestinal worms and liver fl ukes 

 Most adult sheep and goats carry a limited burden of these 
parasites, which with proper treatment and management 
are not clinically signifi cant. Clinical disease is more often 
seen in young stock. In all cases, to minimise the impact of 
worms on animal health it is necessary to pay careful atten-
tion to pasture maintenance. Signifi cant numbers of infec-
tive nematode larvae can develop, even on fi elds used only 
for occasional grazing, if the adult stock are inadequately 
wormed, pasture access is not properly rotated or stocking 
density is too high when animals are allowed access. This 
can make small paddocks adjacent to research facilities 
which are used for animal exercise potentially dangerous 
locations for unprotected grazing animals. Nematode resist-
ance to wormers (anthelmintics) is an increasing problem 
worldwide, and appears to be particularly prevalent in 
goats. A strategic control programme should be developed. 
Boggy areas of pasture should be drained to discourage the 
snails that act as intermediate hosts for liver fl ukes.  

  Foot care 

 Animals housed indoors for prolonged periods tend to 
develop overgrown hooves. Overgrown hooves lead to 
lameness, bad posture, cracking of the hoof wall and infec-
tion running into damaged white line areas. Animals at 
pasture are susceptible to damaged feet produced by 
poached soils, sharp stones and the like. Such damage pre-
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  4.     Diseases caused by clostridial organisms. Very high 
rectal temperatures (42 ° C or more) and rapid deteriora-
tion in condition are seen, leading to recumbency and 
death.  

  5.     Obstetrical problems.  
  6.     Acute mastitis. Signs are a discoloured udder, thin, 

blood - coloured milk, high temperature and a very sick 
animal.  

  7.     Acute pneumonia. Often occurs following stress, with 
 Mannheimia  (formerly  Pasteurella ) species predominat-
ing. Animals have a high temperature and severe res-
piratory distress. This can be confused with heat stress 
following transport in a poorly ventilated vehicle.    

 Extreme clinical signs of these types should be recognisable 
to technicians and help sought immediately.    

  Acknowledgement 

 The authors would like to thank Chris Trower, secretary of 
the Laboratory Animals Veterinary Association and past 
President of the Sheep Veterinary Society (both organisa-
tions affi liated to the British Veterinary Association) for his 
helpful comments and amendments to the text.       

  References 

    Aitken ,  I.D.   ( 2007 )  Diseases of Sheep .  Blackwell Publishing ,  Oxford   
    Baldwin ,  B.A.   ( 1979 )  Operant studies on shape discrimination in 

goats .  Physiology and Behaviour ,  23 ,  455  -  459 .  
    Baldwin ,  B.A.   ( 1981 )  Shape discrimination in sheep and calves . 

 Animal Behaviour ,  29 ,  830  –  834   
    Baldwin ,  B.A.   and   Meese ,  G.B.   ( 1977 )  The ability of sheep to distin-

guish between conspecifi cs by means of olfaction .  Physiology and 
Behaviour ,  18 ,  803  –  808   

    Boyd   J.H.   ( 1988 )  Disbudding goat kids .  Veterinary Record ,  122 ,  494   
    Bretzlaff ,  K.  ,   Haenlein ,  G.   and   Hutson ,  E.   ( 1991 )  The goat industry: 

feeding for optimal production . In:  Large Animal Clinical Nutrition . 
Eds   Naylor   J.M.   and   Ralston   S  . L ., pp.  339  –  350 .  Mosby - Year Book 
Inc, St .  Louis   

    Calhoun ,  M.   ( 1991 )  Feeding sheep for optimal production . In:  Large 
Animal Clinical Nutrition . Eds   Naylor ,  J.M.   and   Ralston , S  . L ., pp. 
 367  –  383 .  Mosby - Year Book Inc, St .  Louis   

   Council of Europe  ( 2006 ) Multilateral Consultation of Parties to the 
European Convention for the Protection of Vertebrate Animals 
used for Experimental and other Scientifi c Purposes (ETS 123) 
Appendix A.  Cons 123 (2006) 3.  Available from URL:  http://www.
coe.int/t/e/legal_affairs/legal_co-operation/biological_safety,_

 use_of_animals/laboratory_animals/2006/Cons123(2006)
3AppendixA_en.pdf  (accessed 31 July 2008)  

    Da   Costa ,  A.P.  ,   Leigh ,  A.E.  ,   Man ,  M - S.    et al . ( 2004 )  Face pictures 
reduce behavioural, autonomic, endocrine and neural indices of 
stress and fear in sheep .  Proceedings of the Royal Society Biology B , 
 271 ,  2077  –  2084   

    Eales ,  A.   and   Small ,  J.   ( 2004 )  Practical Lambing  –  A Guide to Veterinary 
Care at Lambing .  Blackwell Publishing ,  Oxford   

    Elliker ,  K.   ( 2006 )  Recognition of Emotion in Sheep . PhD Thesis, 
University of Cambridge  

   European Commission  ( 2007 ) Commission recommendations of 
18 June 2007 on guidelines for the accommodation and care 
of animals used for experimental and other scientifi c 
purposes. Annex II to European Council Directive 86/609. 
See 2007/526/EC.  http://eurlex.europa.eu/LexUriServ/site/en/



524 Sheep and goats

    Shillito ,  E.   and   Alexander ,  G.   ( 1975 )  Mutual recognition amongst 
ewes and lambs of four breeds of sheep ( Ovis aries ) .  Applied 
Animal Ethology ,  1 ,  151  –  165   

    Tate ,  A.J.  ,   Fischer ,  H.  ,   Leigh ,  A.E.    et al . ( 2006 )  Behavioural and 
neurophysiological evidence for face identity and face emotion 
processing in animals .  Philosophical Transactions of the Royal Society 
London B - Biological Sciences ,  361 ,  2155  –  2172   

    Wolfensohn ,  S.   and   Lloyd ,  M.   ( 2003 )  Handbook of Laboratory Animal 
Management and Welfare .  Blackwell Publishing ,  Oxford   

    Winter ,  A.C.   ( 2004 )  Lameness in Sheep .  The Crowood Press , 
 Marlborough   

    Winter ,  A.C.   and   Hill ,  C.W.   ( 2003 )  A Manual of Lambing Techniques . 
 The Crowood Press ,  Marlborough    

 
  

    Parrott ,  R.F.   ( 1988 )  Physiological responses to isolation in sheep . In: 
 Social Stress in Domestic Animal . Eds   Zayan   R.   and   Dantzer   R  ., pp. 
 212  –  226 .  Kluwer Academic Publishers ,  Dordrecht   

    Peirce ,  J.W.  ,   Leigh ,  A.E.   and   Kendrick ,  K.M.   ( 2000 )  Confi gurational 
coding, familiarity and the right hemisphere advantage for face 
recognition in sheep .  Neuropsychologia ,  38 ,  475  –  483   

    Piggins ,  D.   ( 1992 )  Visual perception . In:  Farm Animals and the 
Environment . Eds   Phillips ,  C.   and   Piggins ,  D  ., pp.  131  –  158 .  CAB 
International ,  Wallingford   

    Seldinger ,  S.I.   ( 1953 )  Catheter replacement of the needle in percu-
taneous arteriography .  Acta Radiologica ,  39 ,  368  –  376   

   Sheep Veterinary Society  ( 1994 )  The Casualty Sheep .  British Veterinary 
Association Animal Welfare Foundation, Swindon Press , 
 Swindon   



 The  h orse    
  Fernando   Montesso       

35
   Biological  o verview 

  Introduction 

 The horse was domesticated around 2500  BC . Its relatively 
compliant behaviour, together with its speed, agility and 
strength, gave it a unique role amongst domesticated 
animals. Because it could be trained to harness or the saddle, 
the horse provided humans with a means of transport and 
traction for work, war or recreation. 

 With the increasing use of the internal combustion engine 
in the early part of the twentieth century, the number of 
horses declined and, with it, equine research. However, over 
the past 50 years, horse numbers have steadily increased 
because of the renewed interest in using horses for recrea-
tional purposes. This has led to greater equine research into 
diverse areas such as nutrition, reproduction, sports injuries, 
infectious diseases and welfare. Although the ultimate ben-
efi ciary of this research is the horse, horses are also used for 
the production of hyperimmune antiserum for humans and 
animals and also for production of conjugated oestrogens 
for use in human medicine.  

  Social  o rganisation 

 Horses are herd animals and, in the feral state, live in small 
family groups with a clearly defi ned hierarchy. Social facili-
tation (same, or similar, behaviour initiated as a response to 
the occurrence of a behaviour by another animal within the 
social group) is common both within and between groups, 
and the pattern of behaviour involved includes resting, 
grazing, walking, rolling, eliminative behaviour (defecation 
and urination) and sucking. Mutual grooming, although 
usually a response to the irritation caused by ectoparasites 
or coat shedding, is also an important form of social contact 
(Tyler  1972 ; Crowell - Davis  1986 ). 

 The individually stabled horse is denied these social inter-
actions, and this may contribute to the development of 
abnormal behaviour such as box walking and weaving. 
However, the attention given to stabled horses, for example 
daily grooming by knowledgeable and sympathetic stable 
attendants, may provide some compensation to horses for 
the reduced social interaction with their own species, but are 
not complete substitutes. 

 When kept at pasture or housed in groups, the group size 
is often larger than in a typical horse herd, and is not a 

family group, but consists of horses introduced as adults. 
This results in social reorganisation, and on occasion, to 
fi ghting when the groups are fi rst formed or when they are 
crowded together. Injuries are likely if there is no room to 
escape, and at feeding times subordinate horses may be 
denied access to food (Houpt  1991 ).  

  Biological  d ata 

 Normal biological values are summarised in Table  35.1 . The 
fi rst, second and third permanent incisors erupt at 2.5 years, 
3.5 years and 4.5 years, respectively. All permanent teeth 
(incisors, premolar and molars) are present by 4.5 years. A 
horse ’ s height is traditionally measured in hands, one hand 
being equal to 4 inches (1 inch   =   2.54   cm). The measurement 
is taken from the ground level to the highest point on the 
horse ’ s withers. Horses range in height from about 60   cm (6 
hands) to more than 173   cm ( > 17 hands). They frequently 
remain fi t and active into their twenties and some will live 
in excess of 30 years.   

 Because of the stay apparatus of the hindlimbs, adult 
horses can rest and sleep while standing, but rapid eye 
movement sleep can only occur when the horse is in sternal 
or lateral recumbency. They enjoy rolling, especially in mud 
and dust, and stabled horses will frequently roll in their 
beds if still warm and sweaty from exercise. 

 They change their coat twice yearly in the spring and 
autumn. The winter coat usually provides suffi cient protec-
tion from inclement weather for most native breed horses 
not in work in northern temperate areas, though fi eld shel-
ters or wind breaks should be available. If living out, the 
winter coat should not be groomed as this would remove 
secretions which assist in keeping the animal warm and dry. 
In more extreme climates, horses are usually housed during 
the winter months. A full winter coat would result in exces-
sive sweating during ridden work, and so it is customary to 
clip the winter coat off and rug the horse. Clipped horses 
should also be housed, though they can be turned out, suit-
ably rugged, into paddocks for a short period every day 
during the winter months.  

  Reproduction 

 Mares fi rst show signs of oestrus at puberty (about 18 – 24 
months of age) and continue to cycle until 20 – 30 years old. 
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bedding: evidence of excess activity could indicate distress, 
for example due to colic. Alternatively, the bed may be rela-
tively undisturbed, indicating that the horse had not lain 
down in sternal or lateral recumbency to rest. 

 When at pasture, horses usually graze as a group and an 
animal separated from the group may be unwell. When 
resting, at least one number of the group often remains 
standing whilst the remainder rest in sternal or, if warm and 
sunny, in lateral recumbency. Before getting up, horses fre-
quently roll. Once up, they will often stretch and shake 
themselves before moving off to start grazing. Whilst in 
groups at pasture, the affi liations between pairs of horses 
will become obvious, as they usually graze together and 
mutually groom. Attendants should be aware of these rela-
tionships so that they are allowed to continue during the 
winter housing period: accidental splitting up of these affi li-
ations can be stressful and so should be avoided.   

  Uses of  h orses in  r esearch 

 The majority of equids used in research are bought in from 
outside sources. However, there is occasionally a need to 
breed them within an institute, for example, when helminth -
 free foals and weanlings or horses with a specifi c blood type 
are required. Sound, ex - racehorses are a good source of 
animals for use in exercise physiology research, as they are 
adjusted to stable routines and training procedures. Having 
been handled frequently since the early stages of life, they 
are usually amenable to most minimally invasive proce-
dures such as the collection of blood samples. 

 Ponies are frequently used in behavioural studies, in 
reproductive physiology, pharmaceutical, infectious dis-
eases and nutritional research. The Welsh Mountain pony is 
a well established breed used in research. These ponies are 
small, hardy and overall have a very good and easy tem-
perament, adapting quickly to new routines and procedures. 
As they are usually obtained directly from breeders or 
dealers, they may have had minimal exposure to humans 
and will need regular handling and training to ensure they 
accept being restrained during common procedures, includ-
ing routine husbandry measures such as farriery. 

 Blood and serum production horses are usually former 
recreational horses, which may not be able to work at the 
level expected of them because of an irreversible injury such 
as a tendon strain or joint damage. They should, however, 
be healthy and capable of light exercise without 
discomfort.  

  General  h usbandry 

  Housing 

 Traditionally the horse has been housed individually in 
loose boxes or communally. A modern variation on the indi-
vidual loose box is the American barn style of housing 
(Figure  35.1 ), which comprises rows of individual loose 
boxes under a single roof. Unlike the traditional loose box 
where the partitions between the boxes are usually solid 
from fl oor to ceiling, the upper half of the boxes in the 

The majority (80%) of mares are seasonally polyoestrous 
with regular cycles during the breeding season (spring –
 summer) and a period of sexual quiescence in the winter 
months. Daylight length (photoperiod) is the most impor-
tant regulating factor, increasing daylight length in the 
spring in temperate regions being the main stimulus for the 
initiation of ovarian activity. However, even at the equator, 
where day length is approximately 12   h throughout the year, 
mares show a defi nite seasonal pattern to oestrus. Good 
nutrition and housing to protect mares from harsh weather 
conditions will increase the likelihood that they cycle and 
ovulate normally at the beginning of the breeding season 
(van Niekerk  1992 ). The breeding season, under natural con-
ditions, for example in pony herds, is usually later than that 
artifi cially imposed on Thoroughbreds where the idea of 
producing foals as near as possible to January 1 st , the offi cial 
birthday of all Thoroughbred racehorses, is aimed for at 
stud farms. 

 Spermatogenesis starts during the second year of life in 
colts receiving adequate nutrition, and the testes are usually 
functional by 2 years of age. Colts of less than 2 years of age 
have lower sperm production rates than older stallions, and 
rates in the non - breeding season are about 75% of that in the 
breeding season (Thompson  1992 ).  

  Normal  b ehaviour 

 Healthy equids are active and alert. When stabled they fre-
quently nicker or whinny to their attendant, particularly at 
feeding time. They are usually keen to eat, and some will 
paw or kick at the stable door whilst waiting to be fed. Some 
horses will also weave (see Abnormal behaviour) whilst 
waiting for feed. Some horses, especially entire males, will 
lay their ears back and swish their tails as the attendant 
enters the box with feed. This aggression may be feigned or 
real: if the latter, care must be taken when feeding the horse 
if injury to the attendant is to be avoided, and the reasons 
why this behaviour is being displayed should be investi-
gated. Horses urinate about six times daily and defecate 
approximately every 2   h. Attendants should check faecal 
consistency and quantity automatically as they clean the 
stable, as any changes from the normal pattern could be 
indicative of illness. They should also note the state of the 

  Table 35.1    Normal biological values for horses. 

   Parameter     Value  

  Rectal temperature ( ° C)    38    ±    0.5  
  Resting pulse (beats/minute)    25 – 45  

  Respiratory rate (breaths/minute)    8 – 12  

  Permanent teeth    I 3  3  C  *   1  1  P 3  or  4    †    3  
M 3  3   

  Deciduous teeth    I 3  3  C 0  0  P  3  3    M  0  0   

    *    Rare or rRudimentary in mares.  
    †     First premolar (wolf tooth) is vestige and remnant of a tooth well 
developed in ancestors of the horse. Often shed, but if retained and 
thought to be associated with biting problems, it is usually removed 
by a veterinarian.   
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     Figure 35.1     American barn.  

  Table 35.2    Types of housing suitable for horses and their 
advantages and disadvantages. 

   Type of 
housing  

   Advantages     Disadvantages  

  Loose box    Freedom of movement 
 Individual air space 
 Visual contact if top 

half door open 
 Can provide thermal 

comfort and good 
ventilation  

  Solitary 
confi nement 

 Reduced visual 
contact 

 Labour intensive 
 Extensive use of 

bedding material  

  American 
style barns  

  Freedom of movement 
 Easier working 

conditions for staff 
 Visual and some 

social contact 
(through bars)  

  Shared air space 
 Ventilation often 

inadequate  

  Loose yarding    Freedom of movement 
 Full socialisation 

possible 
 Less labour intensive  

  Shared air space 
 Aggression 

especially at 
feeding may 
lead to injuries. 

 Timid horses may 
be denied food  

  Table 35.3    Dimensions recommended for housing horses in loose 
boxes (Home Offi ce,  1989 ). Note that housing may be subject to 
statutory requirements in some countries. 

   Height of horse at withers     Minimum fl oor area 
when housed individually  

  Up to 147   cm    12   m 2   

  148 – 160   cm    17   m 2   

   > 160   cm    20   m 2   

American barn are not usually solid and comprise vertical 
bars or metal mesh. Horses can also be kept loose in groups, 
in barns similar to those used for cattle. The advantages and 
disadvantages of the various types of housing are summa-
rised in Table  35.2 .     

 Statutory recommended minimum fl oor areas for indi-
vidually housed horses are illustrated in Table  35.3 . These 
are minimum permitted dimensions in the UK listed by the 
Home Offi ce  (1989) . For the revised guidelines for accom-
modation and care of animals used for experimental and 
other scientifi c purposes from the European Commission 
 (2007)  please refer to Annex II of European Council Directive 
86/609 (see 2007/526/EC) (European Commission  2007 , 
also Council of Europe  2006 ).   

 Three - sided fi eld shelters should be provided for horses 
and ponies at pasture and 1.6 – 2.5   m 2  of space should be 
allowed in these per 100   kg liveweight. The shelter should 
face the sun and be bedded in cold regions, and should face 
away from the sun in hot regions. Feeding racks should be 
situated outside the shelters in a protected position. Four -
 sided windbreaks (Figure  35.2 ) or natural hedging suffi cient 
to supply shelter from driving weather and the prevailing 
wind can be used for native ponies kept outside.   

  Housing and  r espiratory  d isease 

 A major drawback of all housing for horses is the potential 
for respiratory disease. The stabled horse is exposed to a 
variety of airborne contaminants (viruses, bacteria, fungal 
and actinomycete spores, dust mites, noxious gases such as 
ammonia, and plant material). Infectious causes of respira-
tory disease can spread rapidly through a population of 
housed horses, particularly when they share air space, and 
although vaccines are available, they are limited in their 
spectrum and duration of effect. Lower airway infl amma-
tion can affect young and old animals. Recurrent airway 
obstruction (RAO)  –  referred in the past as chronic obstruc-
tive pulmonary disease (COPD)  –  usually affects middle -
 aged animals (7 years old or more). Infl ammatory airway 
disease (IAD) affects horses of any age. In young horses it 
is usually associated with bacterial infection, however, non -
 infectious IAD can occur in horses of all ages and ways of 
life (Allen  &  Franklin  2007 ). RAO is a pulmonary hypersen-
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ing good natural posture. The other major source of fungal 
spores is bedding. Straw baled when damp is as dangerous 
as heated hay. Horses prefer straw bedding and it may act 
as a stimulant for investigatory behaviour. Alternatives to 
straw, such as wood shavings, peat moss and shredded 
paper, may be poorer in terms of enrichment. Whilst these 
are practically free of fungi when fresh, they too can become 
heavily contaminated in poorly ventilated stables and in 
deep litter systems. Commercially available non - biological 
bedding material such as rubber matting is clean, thermally 
effi cient and does not provide a medium for fungi, but is 
even more barren behaviourally. The risk of stabled horses 
developing allergic respiratory disease and the recovery 
time from infectious causes of respiratory diseases can be 
reduced by ensuring ventilation is optimal, by feeding good -
 quality dust - free hay, silage or haylage, by managing 
bedding well (daily removal of dropped hay, faeces and 
urine - soiled straw) and by avoiding  ‘ dust raising ’  proce-
dures, for example shaking out fresh straw bedding while 
the horse is in the stable.   

  Exercise 

 Horses and ponies not in work, but kept at pasture or loose 
yarded when housed, will usually get suffi cient exercise for 
their needs. The individually stabled horse in work will 
benefi t from being kept loose in a paddock or arena for as 
much time as practicable. However, there are situations 
where specifi c provision must be made for some form of 
daily exercise: for example for horses used for serum and/
or blood production and which are individually housed 
during the winter months, and horses or ponies being raised 
helminth - free and thus denied access to pasture. For these 
animals it is just as important that exercise and social inter-
action are part of the daily routine, and they can be turned 
out in small groups into winter grass paddocks, sand or peat 
arenas for at least 1   h daily. This will allow them to have 
complete freedom of movement and to interact socially with 
each other, although care must be taken to ensure compat-

sitivity to inhaled allergens present in hay and straw. The 
allergens are the spores of fungi and actinomycetes, and 
these are the major constituents of respirable dust in stables. 
They are usually less than 5    μ m in diameter, and remain 
antigenic after death. Concentrations of airborne pollutants 
can be reduced by increasing clearance rates (mainly by 
ventilation) and by reducing release rates, by modifying the 
source materials, namely hay and straw. Ideally both 
approaches should be used. The specifi c cause of IAD is still 
unclear and it is likely that several factors are involved.  

  Optimising  a ir  q uality in  s tables 

 When bedding management is good, a minimum of four air 
changes per hour, under still air conditions, is required to 
ensure optimal ventilation (Webster  et al .  1987 ). Well 
designed loose boxes, with the top half of the stable door 
open, provide this. In very cold weather, it is better to 
provide the horse with extra rugs and to resist the tempta-
tion to shut the top door, as the number of air changes per 
hour will drop to dangerously low levels. Ventilation rates 
in barns are usually poorer, but can be improved by either 
providing draught - free inlets (at least 0.3   m 2 ) on the outside 
wall of each box, or by using spaced vertical boarding 
(Yorkshire boarding) along the walls starting 2   m above the 
ground. 

 Modifying source materials, such as hay and bedding, is 
the second important means of optimising air quality. Some 
degree of fungal contamination is present in all hays. 
Lucerne and clover hays, despite the high price they 
command, can be heavily contaminated. Totally immersing 
the hay, contained either in a haynet or other suitable recep-
tacle, in water for 12   h will minimise the respirable chal-
lenge, though any spores present will still be ingested. 
Cleaner alternatives to hay are haylage and silage, both of 
which must be packed airtight at harvesting, and used 
within a few days of opening. These alternatives are to be 
recommended if hay quality is suspect, and for routine use 
in animals with respiratory disease. Feeding hay from fl oor 
level is the most natural way for the horse to eat, encourag-

     Figure 35.2     Four - sided windbreak to shelter animals kept 
outside.  
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should be checked and the hind shoes removed if the horse 
is to be group housed or at pasture with others. Vaccination 
against tetanus is essential. The administration of other vac-
cines will depend on the research programme the horse is 
entering; for example it would be contraindicated in vaccine 
research. Unless there is specifi c reason for not doing so, 
incoming animals should be treated for endo -  and ectopara-
site infections. Colts may need to be castrated if they are to 
be group managed.  

  Transportation 

 Horses and ponies are usually transported in purpose - built 
motorised horse boxes or trailers, though they may also be 
transported in modifi ed cattle lorries. Broken, adult horses 
should be fi tted with a strong, properly fi tting headcollar 
(halter) and are usually loosely tethered. If shod, their lower 
limbs should be protected from tread injuries by the applica-
tion of either woollen bandages (stable bandages) on top of 
cotton wool or a similar material or purpose - made padded 
leggings, from below the knee or hock to the coronet. 
Kneecaps will protect them from injury should they stumble 
and fall during loading and unloading, and poll guards, 
hock guards and tail guards are other protective items of 
clothing that may be used. When transporting mares and 
foals, each mare and foal usually occupy the area needed for 
two adult horses. The mare is usually loosely tethered, the 
foal not. Foals adapt remarkably well to being transported 
so long as they are in close proximity to their dam and they 
frequently suck during travel. Short rest periods (10 minutes 
for every hour of the journey) should be provided during 
longer journeys. Unbroken ponies are best transported loose 
in small groups. 

 Patience and care are needed when loading and unload-
ing both experienced travellers and unbroken animals if 
injuries are to be avoided. The ramps of the vehicles should 
have a non - slip surface and sidewings to ensure that the 
horse walks down the middle of the ramp: as horses have 
an aversion to stepping on such surfaces, the fl oor of the box 
should be covered with straw or other suitable material. 
Studies have been undertaken to try to clarify the effects of 
forward and rear - facing travel. Works from Clark  et al . 
 (1993) , Smith  et al .  (1994)  and Waran  et al .  (1996)  found that 
there was some benefi t from rear - facing travel for some 
horses. Later studies by Collins  et al .  (2000)  and Toscano and 
Friend  (2001)  found that neither orientation when travelling 
had a clear overall effect. The individual preference to which 
direction to face when being transported seems to play a 
part but the reasons for their choices are not clear.  

  Breeding 

 General reproductive features of the mare (average values) 
are summarised in Table  35.4 .   

 Stallions are used to detect oestrus in mares, though some 
mares will indicate receptivity to geldings grazing with 
them. Teasing can either be done on an individual or group 
basis. With the former, the mare is separated from the stal-
lion by a padded, solid barrier. The barrier should be about 

ible grouping if injuries are to be avoided. Other forms of 
non - ridden exercise are lungeing, where the horse is exer-
cised on grass or other suitable surface on a circle at the end 
of a long lead, or the use of horsewalker machines. Lungeing 
is labour intensive, whereas horse walkers allow several 
horses to be exercised at once. Both, however, are poor sub-
stitutes for the freedom provided when the horse is turned 
out loose.  

  Hoof  c are 

 The growth rate of horses ’  hooves depends on age, season 
and nutritional status, and is normally faster in young 
horses and in the spring. The average rate of growth is about 
10   mm/month (Butler  1992 ). The feet should be inspected 
daily and trimming should be done as regularly and as often 
as is necessary. Although a 6 - week interval is the average 
for many horses, it can vary from 2 weeks to 2 months. 
Horses in work require shoeing, as they invariably have to 
exercise on hard surfaces. However, serum - producing 
horses and ponies rarely require shoeing and, if being kept 
in groups, should never have hind shoes on because of the 
risk of causing serious injury from kicks. Foals should start 
to have their feet trimmed when about 1 month old, or 
earlier if they have limb deformities, many of which can be 
corrected by foot trimming and exercise alone. During dry 
weather, horses at pasture may develop vertical cracks in 
the feet and require regular foot rasping or even the applica-
tion of a light shoe to limit damage. Stabled horses should 
have their feet cleaned and examined at least once daily. 

 Puncture wounds of the foot with the subsequent devel-
opment of a subsolar abscess are a common cause of acute 
lameness, and require immediate treatment by a farrier or a 
veterinarian.  

  Identifi cation 

 Horses usually differ suffi ciently in their colour, markings 
and conformation for individuals to be recognised, even 
within a breed. Under current European Union legislation, 
all horses, ponies and donkeys must have a horse passport 
which is a permanent record of colour distribution, together 
with the position of whorls (areas where the hairs are radi-
ally arranged). Other permanent methods of identifi cation, 
which can act as a deterrent to thieves, are freeze branding 
and microchips.  

  Management of  n ewcomers 

 All newcomers should be isolated from the resident horse 
population for a minimum quarantine period of 3 – 4 weeks 
before they join the resident population. A full clinical exam-
ination, including a routine blood examination, should be 
conducted as soon as possible after arrival. The collection of 
nasopharyngeal swabs once a week for three consecutive 
weeks for  Streptococcus equi  profi le is recommended as 
 ‘ strangles ’  is common in animals being sourced from dealers. 
Teeth should be checked and rasped if necessary. Hooves 
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  Table 35.4    Reproductive features of the mare. 

   Parameter     Normal value  

  Onset of puberty (months)    18 – 24  

  Oestrus cycle (days)  
     In spring    25 (range 9 – 50)  
     In late spring/summer    20.9  

  Duration of oestrus (days)    5 – 7  

  Duration of dioestrus (days)    14 – 16  

  Ovulation (days before end of oestrus)    1 – 2  

  Foal heat (fi rst oestrus post - partum) (days)    9 (range 5 – 18)  

for ultrasound and palpation techniques are not available. 
The most useful test is the measurement of equine chorionic 
gonadotrophin (eCG) in the plasma. This test can only 
be done after day 40 of pregnancy and is not effective after 
day 120. False positives can also occur. Although not as 
infallible as a pregnancy test, teasing of pregnant mares can 
be used. 

  Management of the  i n -  f oal  m are 

 In - foal mares should lead as natural a life as possible. In 
temperate areas, they are usually at pasture by day and 
housed by night. In warmer climates, they can remain at 
pasture 24   h per day. Shelter from sun and insects may be 
required. Their nutritional needs will increase as the preg-
nancy progresses, and increasing amounts of concentrates 
are usually fed to meet these, particularly in the latter third 
of pregnancy. However, they should not be allowed to 
become fat as over - fat pony mares, in particular, run the risk 
of developing hyperlipaemia in late pregnancy if their man-
agement is suddenly changed; for example, a sudden fall in 
energy intake. They should be up to date with their tetanus 
and infl uenza vaccinations. Mares should also be vaccinated 
against equine herpesvirus 1 and 4 according to the manu-
facturer ’ s recommendation, to help reduce clinical signs of 
respiratory disease and abortion caused by this virus. 
Routine anthelmintic treatments should also be given (see 
later).  

  Preparation for  f oaling 

 In temperate climates, mares are normally foaled indoors 
where they can be observed frequently and easily, and given 
assistance if needed. Pony mares and mares in warmer cli-
mates are often left to foal outside. They should still be 
closely observed as parturition approaches, and lights can 
be used to provide some illumination of the foaling pad-
docks. Mares foaling inside should be provided with as 
large a loose box as possible (a minimum of 30   m 2 ): it should 
have a deep, clean bed, and the bedding should be extended 
and banked up along each wall to provide further protec-

the same height as the withers, so that limited physical 
contact is possible. With the latter, the stallion can be led 
past the paddocks where the mares are grazing. Alternatively 
the stallion can be placed in a small pen near the paddock. 

 The mare in oestrus adopts an urination posture where 
the hindlegs are extended backward and the tail is raised. 
Small amounts of urine are expelled and the clitoris is 
exposed in a rhythmic fashion ( ‘ winking ’ ). The intensity of 
the signs of oestrus varies considerably between animals. 
They increase progressively during oestrus and are maximal 
as ovulation approaches; some mares are very reluctant to 
be separated from the stallion at this time. In contrast to this, 
the mare in dioestrus shows hostility to the stallion by 
biting, kicking and laying her ears back. Mares which are 
overly protective of their foals, even when in oestrus, will 
sometimes display hostility to the stallion, particularly if 
their foal is within earshot. 

 Mating ( ‘ covering ’ ) is usually carried out with the mare 
and stallion suitably restrained. Both should be bridled, and 
covering should be done in an enclosed area with a good 
surface so that neither the mare nor the stallion are likely to 
slip. Hind shoes should always be removed from the mare. 
When using valuable stallions, it is customary to fi t felt boots 
to the hindfeet of the mare to prevent injury to the stallion. 
A nose twitch may be applied for additional restraint if 
necessary (Figure  35.3 ). If the mare has a foal at foot, it 
should be kept out of sight and earshot during mating, in a 
loose box with the top half of the door shut. As the results 
of teasing are not always conclusive, the optimum time for 
mating can be determined by veterinary examinations per 
rectum where the ovaries, uterus and cervix are palpated, 
and/or by scanning using ultrasonography, or by vaginal 
examination using a speculum where the colour and state 
of relaxation of the cervix are determined.   

 Pregnancy can be confi rmed using several techniques. 
Ultrasound echography, using an ultrasound probe carried 
into the rectum and directed over the uterus, can be used to 
detect pregnancy as early as 14 – 16 days post - conception. 
Repeated scans are essential, as early pregnancy failures can 
occur. Scanning should be used in conjunction with the 
other methods of pregnancy diagnosis, for example manual 
palpation, per rectum, of the uterus. The changes experi-
enced with manual palpation are described in a review by 
Sharp  (1992) . This examination should only be performed 
by trained personnel. Biochemical tests for pregnancy are 
available commercially if the technology and/or expertise 

     Figure 35.3     Nose twitch for restraining. Other types of twitch with 
rope or chain loop can also be used.  
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allowed to rest after foaling. The umbilical cord should be 
left to break naturally to allow passage of placental blood to 
the foal; this could take several minutes. Excessive human 
activity will stimulate the mare to rise too soon, and in 
nervous primiparous mares this could interfere with the 
normal bonding between the mare and her foal. The estab-
lishment of the bond between the mare and her foal is trig-
gered by hormonal changes, which may be based on 
olfaction, as the mare licks the newborn for a few hours after 
parturition. 

 The normal healthy foal is in sternal recumbency within 
1 – 2 minutes of delivery and a suck refl ex is present within 
2 – 20 minutes. On average, a healthy foal will take up to 1   h 
to stand and up to 2   h to suck. By 12   h of age it is able to 
walk, trot and gallop.  

  Post -  f oaling  a ctivities 

 In the immediate postpartum period, the foal ’ s navel should 
be dressed with 2% potassium iodide solution to reduce the 
chance of bacterial infection; this should continue twice 
daily until the navel is dry (about 48   h). It is important that 
the foal suckles as soon as possible (within 2   h) as absorption 
of protective immunoglobulins present in the colostrum is 
maximal at birth, marginal by 15   h and has ceased by 24   h 
post - partum. 

 Primiparous mares, in particular, may not accept their 
foals and may not allow them to suckle, either because of 
udder distension or possibly because of an association with 
pain at parturition. Occasionally these mares will attack 
their foals in addition to refusing to let them suckle. 
Assuming that no mastitis is present, they should he held 
by an attendant, with or without prior sedation, whilst 
another attendant helps the foal to suck. 

 The mare should be provided with a warm bran mash as 
laxative and her water buckets kept full. Tetanus antitoxin 
must be given to both mare and foal if the mare is unvac-
cinated. The mare should be checked for foaling injuries 
which should be stitched and repaired as necessary. The 

tion. Hay should be fed off the ground and mangers and 
water buckets are better at chest height. Small red light bulbs 
(10 Watts) will provide suffi cient light for observation 
without disturbing the mare. Closed circuit television can be 
used to observe when the mare or mares are due to foal at 
the same time. Foaling alarms are available commercially 
and can work as an aid to alert the staff when birth is 
imminent.  

  Parturition 

 Mares usually foal at night, and seem to be able to delay 
foaling until conditions are right for them, for example when 
the stable yard is quiet. They seem to prefer to foal unob-
served: hence any lighting should be dim. Signs of impend-
ing parturition are not consistent and can only serve as a 
rough guide. Udder development starts 3 – 6 weeks pre - foal-
ing, and distension of the udder with colostrum occurs in 
the last 2 – 3 days. When colostrum begins to ooze from the 
teats and forms honey - coloured wax - like beads at the teat 
orifi ce ( ‘ waxing ’ ), foaling is imminent. Mares can deviate 
from the predicted foaling date by 1 – 2 weeks or more. This 
is quite normal and does not require veterinary intervention: 
each pregnancy is a unique combination of maternal and 
foetal traits, and will be terminated at the appropriate time 
(Sharp  1992 ). The various stages of parturition and their 
main presenting signs are given in Table  35.5 .   

 Foaling is a normal physiological process, and attendants 
should be suffi ciently acquainted with the normal pattern of 
foaling and resist the temptation to interfere unnecessarily. 
However, as parturition is very rapid in the mare compared 
with other domestic animals, experienced veterinary help 
should be readily available should it not proceed normally. 
Swift intervention is necessary if premature separation of 
the allantochorion is likely, as may occur if delivery is 
delayed. Any traction applied to the foal should coincide 
with the mare ’ s own efforts at expulsion. The amniotic sac 
may be manually ruptured if it has failed to do so after the 
foal is delivered. The mare should be left undisturbed and 

  Table 35.5    Stages of parturition in the mare and their main presenting signs. 

        Stage  

  1    2    3  

   Up to time of rupture of 
allantochorionic membranes  

   Delivery of foal     Expulsion of placenta  

  Duration    Approx. 1   h     < 30   min    Approx. 1   h  

  Activity    Uterine contractions begin; foal 
rotates head and forelimbs into 
dorsal position; allantochorion 
ruptures releasing fl uid; amniotic 
membranes and forelimbs 
appear in birth canal  

  Foal completes its rotation, assumes 
diving position and passes through 
the birth canal  

  Continuing uterine contractions to 
expel the placenta  

  Behavioural signs    Mare increasingly restless; box 
walking; rolling/gazing at fl anks; 
patchy sweating; often runs milk  

  Powerful abdominal contractions, 
usually when in lateral recumbency; 
may get up and down, adjusting 
position before the fi nal push to 
give birth; profuse sweating  

  Mild colic signs and some straining; 
may move into sternal recumbency 
prior to expelling the placenta  
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However, once the foal has nursed, the laxative effect of the 
colostrum usually ensures no further problems. A transient 
diarrhoea often occurs on the foal at the time of the foal heat, 
the fi rst oestrus after foaling; this usually resolves without 
treatment. 

 When fi rst approached by humans, young foals will be 
nervous, try to evade being caught and may start snapping 
(also referred as  ‘ champing ’  or mouthing). This is a submis-
sive gesture and usually indicates fear: the foal ’ s ears turn 
back slightly, the neck is stretched out, the corner of the 
mouth is drawn back and the jaws start to move vertically in 
a rhythmical fashion. This gesture is adopted by young 
animals when approaching older ones, including their 
mothers. A short time spent every day quietly talking to 
young foals and gently scratching their crest and along their 
spine will help them to relax and accept being handled. Their 
hooves should be picked up daily so that they habituate to 
the procedure. This will minimise problems with the farrier 
at a later stage. They should also accept being cleaned with a 
soft cloth all over their body in preparation for grooming 
when older. Handling the muzzle area and habituating the 
nose to a fi nger will help with tubing later in life. Special 
lightweight foal headcollars (foal slips) should be put on 
daily from birth onwards before the mare and foal go to 
pasture, and the foal taught to be led. A foal is usually led 
from its left side and close to its mother ’ s left shoulder. A 
long piece of rope should be looped through the ring on the 
foal slip: if the foal should escape the handler, the rope will 
then pull free and not get entangled round the foal ’ s legs. 

 Verbal commands should precede the physical commands 
so that, eventually, the voice alone is suffi cient. Foals should 
be rewarded by scratching the withers rather than patting 
anywhere. If they misbehave and kick or try to kick, they 
should be discouraged immediately. In most cases this can 
be achieved by voice alone; alternatively use a slap across 
the pectorals accompanied by an appropriate verbal 
message. Other behaviour management techniques should 
be explored as an alternative to punishment. Colt foals, in 
particular, will strike out with the front feet, this should be 
discouraged promptly. It is better to spend time disciplining 
and teaching a foal  ‘ manners ’  when it is small and manage-
able than to leave this initial training until it is 500   kg and 
unmanageable.  

  Weaning 

 As some mares will be in foal again within a few months of 
parturition, it is customary to wean the foals when they are 
about 4 – 5 months of age. By this age the foals are already 
physically fairly independent of their dams, will be grazing 
like adult horses, and have usually been introduced to con-
centrate feeding ahead of the anticipated weaning date. 
Thus, they have little, if any, setback. The time of weaning 
is a period of peak growth and a time when stereotypical 
behaviours can start. Post - weaning concentrates can be 
introduced 4 – 6 weeks prior to the foal being separated from 
its dam. 

 At weaning it is important that the mare is moved out of 
sight and earshot of the foal. The foal is usually kept in a 
loose box with the top door shut until it has settled down, 
which is usually within a few hours of separation. Being able 

foetal membranes should be examined to ensure they are 
complete and intact. If the foal is straining and having dif-
fi culty in passing meconium (the fi rst faeces), proprietary 
enemas should be given  per rectum . If in doubt about colos-
trum intake, the foal ’ s blood IgG levels should be tested. If 
the weather is suitable, the foal should be haltered and led 
out to pasture with the mare: if not, the mare and foal should 
he turned into a covered arena for exercise. 

 If a mare dies at foaling, the foal should be given colos-
trum by stomach tube as soon as possible after birth. Most 
breeding studs keep deep - frozen supplies of mare colos-
trum for such emergencies. Rearing is best done using a 
foster mother, though foals can be reared artifi cially using 
commercially available mare milk replacers. Foals reared 
artifi cially may not grow as well as those raised by the mare, 
and so every effort should he made to fi nd a foster mother. 
Mare ’ s milk is lower in both protein and fat content than 
cow ’ s milk, but higher in lactose. The milk replacer should 
be fed at a temperature of approximately 37.5 ° C. All utensils 
must be thoroughly washed and sterilised before and after 
use. The teat should he introduced carefully to the side of 
the foal ’ s mouth and care must be taken to ensure that milk 
is not inhaled. The foal must therefore be given frequent 
opportunities to rest during feeding.  

  Post -  p arturient  b ehaviour 

 For the fi rst few days following parturition mares are 
extremely protective of their offspring. Stabled mares will 
rapidly circle their foals and even threaten their attendants. 
When outside, they will drive away other mares and foals, 
even if they have previously had an affi liative relationship 
with another mare. This protectiveness may be related to the 
fact that the young foal takes about a week to visually rec-
ognise its mother (Houpt  1992 ). A human – foal bond can be 
usefully established during the fi rst few days of life, and is 
best done by an attendant with whom the mare is familiar 
and trusts.  

  Foal  b ehaviour:  e arly  h andling and  t raining 

 Foals nurse about four times per hour in the fi rst week of 
life: the duration of nursing increases as the foal becomes 
older, but the frequency of nursing decreases. If separated 
from their mother, even briefl y, or if frightened, they will 
immediately nurse. Foals spend 70 – 80% of their time resting 
when very young. When they get up to nurse they generally 
stretch their limbs and arch their neck and back before going 
to the mare to feed. Since so much time is spent resting, 
usually lying down, it is important that young foals are not 
left outside in inclement weather, as they would then only 
rest standing. A healthy foal is normally very active, and 
within a few days of birth will be confi dently galloping and 
bucking round its mother. As they get older they soon start 
to play with their mother and, if allowed to do so, play with 
other foals in the group. 

 Foals less than 4 weeks of age will often nibble at their 
mother ’ s freshly passed faeces: this is normal behaviour 
thought to be important in the establishment of bowel fl ora 
and presents no hazard to the foal. The fi rst faeces passed 
by foals, the meconium, are frequently diffi cult to pass. 



The horse 533

pasture, feed racks should be located in a sheltered position, 
not in a fi eld shelter, on a well drained surface and in 
suffi cient number to ensure that all horses get access 
without fi ghting. Group housing may aggravate the situa-
tion because of the greater restriction in space. Group -
 managed horses should be examined carefully daily, as long 
winter coats may mask thinness. Timid horses may need to 
be removed to a smaller group to ensure that they get suf-
fi cient feed.  

  Feeding 

 The horse is a non - ruminant herbivore with signifi cant 
microbial fermentation occurring in the caecum and colon. 
The stomach is only about 8% of the capacity of the total 
digestive tract, and is relatively small in relation to body 
size. In contrast, the hindgut comprises 62% of the capacity 
of the total digestive tract. The sacculations of the colon 
are thought likely to reduce the rate of passage of 
digesta, leading to enhanced microbial fermentation and 
digestion (Hintz  &  Cymbaluk  1994 ). As a herbivore, the 
horse is accustomed to continuous feeding, and in the feral 
state ponies spend most of their time grazing or browsing, 
particularly in the winter months when grazing is scarce and 
of poor nutritive value (Tyler  1972 ). By individually stabling 
horses, their movements are restricted and socialisation is 
reduced. Managing these horses, when they are in work and 
on a diet high in concentrates but low in roughage, is chal-
lenging. There is an increased possibility of both gastroin-
testinal (for example, colic) and behavioural problems 
arising from individual housing and intermittent feeding. 
Because of changing patterns in agriculture, the traditional 
horse feeds of hay and oats are not necessarily always 
readily available.  

  Concentrates 

 Alternatives to oats are barley and maize, both of which 
have higher energy density than oats. In view of this, when 
they are substituted for oats, it should be on a basis of energy 
and not volume (see Table  35.6 ). Oats can be fed whole, 
crimped, rolled or ground. Maize can be fed whole, cracked, 
fl aked or ground, but processing is probably only advanta-
geous for very young animals, those with poor chewing 
habits or poor teeth. Barley should be processed (steam or 
dry rolled) in order to expose the barley kernel.   

 In addition to grains, there are now various proprietary 
horse feeds available in the form of pellets or as coarse mix-
tures. These are specially formulated to meet the needs of 
horses and ponies of different ages and at varying activity 
levels, and are very simple to use. It is always best to reduce 

to see other foals will minimise stress at this time. Weanlings 
are usually turned out into a securely fenced paddock with 
the other weanlings within 24   h of being separated from 
their mothers. If other foals are not available, quiet mares or 
geldings can serve as suitable companions. Alternatively, 
the mares may be moved from the paddocks one by one 
over a period of time leaving the foals with their usual com-
panions. Gradual weaning is also an alternative method, 
where the time of separation is increased gradually over a 
period of days, either by placing the mare and foal in adja-
cent boxes, or adjacent small paddocks, allowing only visual 
contact. It is an area where more welfare research is needed. 

 Mares usually settle down quickly after the foals have 
been weaned. Their udders are usually distended for a few 
days but soon start to dry off. It is customary to cut back the 
amount of concentrate feed and ensure the mare can take 
exercise until the udder has  ‘ dried off ’ . The milk should not 
be stripped off during this phase.   

  Management of  s tallions 

 Stallions, like brood mares, should be allowed to lead as 
natural a life as possible. Pony stallions can be left to run 
out with their mares. However, because of the risk of injury 
and the greater value of the animal, non - pony stallions are 
individually stabled, and when turned out to graze, this is 
also on an individual basis. It is benefi cial for them to see 
other horses, but they should not be able to make physical 
contact with them. The fencing surrounding stallion pad-
docks must be robust and suffi ciently high to deter them 
from jumping out. They need to be fi t for the breeding 
season if they have many mares to cover: regular exercise 
(ridden or in - hand) is required in the preceding months. 
They are less predictable than mares or geldings, and it is 
important for their optimum performance that they are not 
badly or roughly handled: hence the necessity for experi-
enced handlers.  

  Feeding  m anagement 

  The  i ndividually  s tabled  h orse 

 It has been shown that visual contact and the smell or noise 
of adjacent horses encourage horses to eat (Sweeting  et al . 
 1985 ; Houpt  1991 ). The provision of a small window or grille 
in the partition between loose boxes and the repositioning 
of the manger may be suffi cient to encourage shy feeders to 
eat. As a horse becomes fi tter it may not fi nish its early 
morning feed, so the size of the individual concentrate meal 
should be adjusted down to what the horse is willing to 
consume at that meal; an extra feed can be included later in 
the day. Turning stabled horses in work out in a paddock 
or sand arena for a short period daily is invariably benefi cial 
for the overall well - being of the horse, and is to be 
encouraged.  

  Groups of  h orses 

 The main problem of group feeding is ensuring that the 
more timid horses in the group get suffi cient feed. If at 

  Table 35.6    Oats and substitute grains suitable for feeding to 
horses, based on digestible energy values (after Cuddeford,  1986 ). 

   Feed     Replacement rate for 1   kg oats DM (kg)  

  Oats    1.000  
  Barley    0.930  
  Maize    0.869  
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basis, although it will still be necessary to provide a vitamin 
and mineral supplement (Cuddeford  1986 ). 

 Grass cubes, manufactured from chopped and not ground 
grass, and lucerne cubes usually provide suffi cient protein 
and calcium, and could be fed exclusively to horses. 
However, these products and other  ‘ complete cubed ’  diets 
have a major disadvantage in that they are usually con-
sumed quickly and thus encourage the development of 
behavioural problems in stabled horses. Good - quality 
chaffed hay or straw with added molasses and minerals can 
be fed in place of hay on a weight for weight basis. They are 
frequently mixed with the grain ration to discourage too 
rapid consumption of the feed. Roughages can be fed off the 
fl oor, which is more wasteful but more natural. By lowering 
the head the tracheal mucociliary clearance is accelerated 
which contributes in avoiding lower respiratory tract disease 
(Raidal  1996 ). Alternatively hay can be fed in wall - mounted 
racks or in hay nets. Racks and hay nets should be at an 
appropriate height (head height) so that there is no risk of 
a hoof becoming entrapped. Hay nets should not be avail-
able for foals because of the risk of injury.  

  Energy  r equirements 

 The energy requirements of horses vary according to size, 
activity level, ambient temperature and individual meta-
bolic activity. The digestible energy (DE) requirements for 
the maintenance of horses weighing up to 600   kg liveweight 
can be calculated using the following formula (Hintz  &  
Cymbaluk  1994 ):

   DE MJ day LW( ) = + ×( )5 8 0 03. .   

 where LW is the liveweight in kilograms. 
 DE requirements increase by 25 – 100% for mature horses 

in light to intensive work. These increases, including 
those required as a result of growth, pregnancy and lacta-
tion, are usually met by the introduction of concentrates 
(grain) into the diet. The energy requirements of the preg-
nant mare may increase to 110%, 113% and 120% of main-
tenance during the 9th, 10th and 11th months of pregnancy, 
respectively. 

 Requirements during lactation depend on milk yield, but 
can be double those required for maintenance. Horses in 
heavy training may require more energy than they can 
consume on a conventional diet. Increasing the energy 
density of the diet has been achieved by the addition of fat 
at levels of between 6 and 12% of the total diet. Supplementing 
protein as a means of increasing energy is not effi cient, and 
there is no evidence of any benefi ts of vitamin supplementa-
tion above the required levels. For more detailed informa-
tion on the nutritional needs of growing, breeding and 
exercising horses the reader is referred to an excellent review 
by Ott  (1992) . 

 Cold weather increases DE requirements. These require-
ments are best met by feeding good - quality hay (at least 50% 
of the ration),  ad libitum . This encourages high voluntary 
intake of a feed with a good energy content and a high heat 
increment (HI). (HI is the heat of nutrition, metabolism, 
digestion and muscular activity involved during digestion.) 
In hot weather, the diet should not include excessive levels 

the energy from carbohydrate and increase the amount from 
fats and oils. 

 Despite vitamin supplementation being heavily promoted 
commercially, it remains a controversial subject to how ben-
efi cial the effects of supplementation in exercising horses 
are. Salt (about 50g/day) is probably the cheapest and most 
useful supplement for all horses and is commercially avail-
able in the form of mineralised salt blocks. These provide 
salt and essential trace elements and should be provided all 
year round. 

 Dried sugarbeet pulp, as pellets or shredded, can be use-
fully added to the concentrate ration, but must be thor-
oughly soaked before use or else there is the risk of 
oesophageal obstruction (choke). Wheat bran and dried 
brewers grains can also be fed, but both have high phospho-
rus levels and should be used with discretion. 

 The concentrate ration is usually fed in mangers, which 
can be at chest height or on the ground. However, there is 
greater risk of fouling if mangers are at ground level. They 
should be kept clean, and rejected food should be removed 
before fresh feed is put in.  

  Roughages 

 The hay requirements of horses range between 0.5 and 1.0   kg 
per 100   kg liveweight per day. Horses in intensive work 
that are fed large quantities of concentrate may only 
consume the lower amount of roughage. In this situation, 
the main function of the hay is mechanical to ensure 
normal gut function. Although it could be replaced by other 
sources of long fi bre such as chaffed straw, hay occupies the 
horses ’  attention, which is an important consideration in 
avoiding behavioural problems in stabled horses. Where 
hay provides most of the dietary intake (for example, adult 
horses on maintenance rations and ponies during the winter 
months) any alternatives must provide both fi bre and 
nutrients. 

 Silage, especially big bale silage, is now more readily 
available; if harvested at the correct stage of growth and 
stored properly, it should be superior to hay as it is not fi eld 
cured for long periods. The risk of botulism can be mini-
mised by ensuring that the bags are air - tight, that there is 
no smell of ammonia when they are opened, that the pH is 
less than 5, and there is no contamination with soil. It is also 
important that the dry matter content is not too low, to avoid 
horses in hard work having to consume inappropriately 
large quantities. Haylage, high dry matter silage, is another 
excellent (but expensive) product available for horses. Both 
silage and haylage are excellent alternatives to hay for 
horses with respiratory allergies. 

 In comparison with good or average hay, straws have low 
densities of energy, protein and minerals. Wheat and rye 
straw are not suitable for feeding to horses because of their 
high lignin content, which makes them indigestible, but 
spring sown oat or barley straw, which have been under 
sown with grass, are good feeding straws. However, they 
need to be supplemented with protein, energy and minerals. 
Treatment of the straw with ammonia improves energy 
values and signifi cantly reduces fungal contamination. 
Ammonia - treated straw can be fed at up to 1.5   kg per 100   kg 
live weight, and used to replace hay on a kg/kg dry matter 
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one arm whilst the tail is grasped fi rmly at the root with the 
free hand. 

 All the physical methods of restraint are suitable for short -
 term procedures in relatively amenable horses and ponies. 
The horse or pony should always be rewarded with a rub 
of the withers after all procedures and, on occasions, with a 
small handful of its favourite feed, particularly when it is 
being trained. 

 Special frames (stocks) designed to restrain horses for vet-
erinary examinations are particularly useful during time -
 consuming procedures, for example, gynaecological 
examinations, biopsy collection and tracheal washes (Figure 
 35.4 ). They should have no sharp projections. The horizontal 
bars should be well rounded and the fl oor surface non - slip 
when wet or dry. Some means of quick side release should 
be available should a horse slip and go down. Chemical 
restraint is often advisable for longer term, more invasive 
procedures in both co - operative and uncooperative animals, 
for example, standing castration under local anaesthesia and 
stitching of wounds.    

  Handling and  t raining 

 The adult horse is potentially dangerous because of its size, 
strength and agility, together with its ability to bite and to 
kick with both front and hindlegs. Therefore, it is essential 
that it is handled and trained by experienced people. The 
very young foal should be introduced to normal stable pro-
cedures and trained to accept simple procedures by its 
handler as soon after birth as possible (see Foal behaviour). 
If more invasive procedures (for example, the collection of 
blood samples) are necessary, it is important that the foal is 

of feeds with a high HI such as hay, as this would aggravate 
heat stress. The HI of grains or fat is lower than that of 
fi brous feeds.  

  Water  r equirements 

 Whether stabled or at pasture, horses should have constant 
access to clean water. When housed in groups, the water 
supply should be suffi ciently large to allow several horses to 
drink at one time. Cattle troughs are quite satisfactory for this 
purpose. Care should be taken to ensure that there are no 
sharp edges which could cause injury. When on a predomi-
nantly hay diet, stabled horses require 5l of water per 
100   kg liveweight per day; when on a hay and grain diet, 
3l of water per 100   kg liveweight per day should suffi ce 
(Cymbaluk  &  Chrislison  1990 ). Voluntary water intake is 
reduced in cold weather, so it is importan t that horses kept 
outside are provided with highly digestible feeds in order to 
minimise the risk of intestinal impaction. In cold weather 
water temperature should be 2 – 10 ° C in order to optimise 
intake (Cymhaluk  &  Christison  1990 ). Water can be supplied 
in plastic buckets or via automatic drinkers. The former, 
though more laborious, are to be preferred, as monitoring of 
water intake is possible. Water buckets should be scrubbed 
out daily.    

  Laboratory  p rocedures 

  Restraint 

 Most horses and ponies will accept being restrained for 
various procedures if they have been well handled since 
birth. The voice should be used to calm them and they 
should be approached, in a fi rm and confi dent manner, from 
the shoulder area. A headcollar, with or without a bit attach-
ment, should then be put on and a long lead, preferably with 
a quick release catch, attached to the centre back loop of the 
headcollar. Short - term, relatively painless procedures, such 
as the collection of venous blood samples, usually do not 
require additional control in a horse accustomed to the pro-
cedure. If more control is needed, then grasping a fold of 
skin in the neck with one or both hands and twisting it (neck 
twitch) is usually suffi cient to keep the horse still until the 
sample is collected. Alternatively the lead rope can be 
wound round the front of the headcollar to provide more 
control. Grasping the ear is not to be recommended, as it 
could make the horse head shy. For more fractious animals, 
a twitch can be applied to the upper lip (Figure  35.3 ), 
although specifi c training should be considered as a long -
 term alternative. Twitches should only be applied by staff 
experienced in their use, and should only be used for a short 
period of time. Picking up and minimally supporting one 
front foot facilitates simple procedures at the hind end of 
the animal in many cases, for example, recording of rectal 
temperature and collection of feacal samples. 

 Young foals should be restrained by one arm around the 
front of the chest and the other around the back of the 
hindquarters, and held against a wall in the loose box: 
they should not be held round the chest/abdomen. If very 
unruly, they can be held round the front of the chest with 

     Figure 35.4     Rear view of type of stocks used for restraining horses 
for veterinary examinations and procedures. The boards on the 
sides can be removed if access is needed.  
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     Figure 35.5     System of race and crush for handling 
large numbers of ponies.  

restrained by experienced, strong handlers, and that the 
person collecting the sample is adept at venepuncture. This 
will minimise stress, and with time and subsequent 
exposure to the procedure, the foal will usually accept it. 
Training a horse to be ridden does not normally begin until 
it is 3 – 4 years old, except in the case of the racing 
Thoroughbred. This is skilled work and should only be done 
by people with training and experience. If not required to 
be ridden, the basic training such as acceptance of normal 
husbandry procedures and being restrained in or out of 
stocks for different procedures should continue. Additionally, 
horses should be trained to accept the bit and should be 
taught to exercise on the lunge. The horse should always be 
rewarded when it has behaved well during procedures. 
Corrective action should be imposed at the time of the mis-
demeanour and not hours later. For safety reasons, during 
all the procedures described below, the horse should have 
an experienced handler present to restrain it if and when it 
is necessary. The person carrying out the procedures should 
have been correctly trained and be experienced in the 
techniques. 

 For large numbers of ponies a system of race and crush is 
advisable to use to facilitate the handling and the proce-
dures (Figure  35.5 ). The ponies should be slowly introduced 
to this system from a young age. They are restrained in the 
crush and procedures like measuring body temperature, 
taking faeces samples and bleeding can be easily 
performed.    

  Physiological  m onitoring 

  Recording of  b ody  t emperature 

 Temperatures are taken per rectum under suitable restraint. 
If necessary, the handler can hold up a front foot, thus 
making it diffi cult for the horse to use its hindfoot to kick 
the person recording the temperature.  

  Collection of  b lood  s amples 

 These are usually collected from the jugular vein which is 
readily visible when the vein is raised by manual pressure 
in the jugular groove. Horses accustomed to the procedure 
require minimal restraint. Foals are more unruly, but expe-
rienced attendants can usually restrain them suffi ciently for 
a sample to be collected. If large volumes of blood are to be 
collected, large - gauge needles (minimum 2   mm) or sterile 
indwelling catheters are to be recommended. In this case the 
skin over the injection site is infi ltrated with local anaes-
thetic fi rst. 

 If frequent blood sampling is required, for example in a 
pharmacokinetic study, it may be better to insert an indwell-
ing cannula under local anaesthesia, and suture it in place. 
The cannula is kept patent with sterile heparinised saline. 
With care, good technique and adequate supervision can-
nulae can be left  in situ  for several days. There is frequently 
a local reaction to their presence, but this subsides rapidly 
once they are removed. The decision to cannulate or not will 
depend on the number of samples, the temperament of the 
horse and how stoical it is to repeated injections (see also 
Joint Working Group on Refi nement (JWGR)  1993 ).  

  Virus  i solation from the  u pper  r espiratory  t ract 

 A nasopharyngeal swab is inserted into the pharynx via the 
ventral meatus of the nares and rubbed carefully against the 
pharyngeal mucosa. Prior sedation is not usually needed, but 
the horse should be restrained in stocks and a nose twitch 
applied if necessary. If the twitch is necessary, and the process 
is to be repeated, consider whether there would be a welfare 
benefi t in habituating the horse to the technique.  

  Tracheal  w ashes 

 This procedure may be carried out by percutaneous punc-
ture or endoscopically. The latter is less invasive and is 



The horse 537

blood supply and is a good site for intramuscular injection 
despite the extra risk to the operator. Any complication here, 
such as abscess formation, would drain better than in the 
neck area.   

  Chemical  r estraint:  s edation,  a nalgesia 
and  a naesthesia 

 General anaesthesia in the horse carries a slightly greater 
risk than for other domestic animals (Jones  2001 ), and should 
only be undertaken by a veterinarian assisted by trained 
staff. A major problem is the possibility of ischaemic muscle 
necrosis associated with the prolonged pressure of recum-
bency. However, the introduction of safer, effective and 
more reliable drugs allows many of the procedures which 
previously required general anaesthesia to be done in the 
standing horse using a combination of sedatives and anal-
gesics together with local or regional anaesthesia. Before any 
central nervous depressant drug is administered, a full clini-
cal examination should be carried out, in order to detect any 
pre - existing condition that may be exacerbated by the use 
of the drug or may potentiate the side effects of the drug. 
The patient should be kept in quiet surroundings before 
drug administration and while sedation is allowed to 
develop. Although some of the drugs may be given by the 
intramuscular route, the intravenous route is the most 
rapidly effective and reliable. The manufacturer ’ s datash-
eets should always be consulted beforehand, as there 
are important contraindications and possible side effects 
to be considered. The various drugs used for chemical 
restraint are well reviewed by Munro and Young  (1991)  and 
are summarised in Table  35.7 . Although acepromazine may 
be used to sedate horses, they still respond to visual and 
aural stimuli and so arousal during sedation is possible. 
Other more serious side effects are priapism and 
paraphimosis.   

  Analgesics 

 Analgesics commonly used in horses are summarised in 
Table  35.8 . Several are controlled drugs.    

  Anaesthesia 

 Xylazine, detomidine and romifi dine can be used in combi-
nation with ketamine or sodium thiopental for short - term 
anaesthesia. The use of an intravenous cannula is essential 
in case of emergencies during anaesthesia, and to reduce the 
risk of accidental perivascular administration of sodium 
thiopental which would cause tissue damage and sloughing. 
Induction of anaesthesia is normally done in a padded 
induction and recovery room, the anaesthetised horse is 
then transported to an adjacent operating theatre where 
there is specialist equipment for the maintenance of long -
 term anaesthesia. However, short - term anaesthesia using 
intravenously administered drugs is possible under fi eld 
conditions and is acceptable for minor surgical procedures, 
provided supplemental oxygen can be provided. A well -
 bedded cattle pen with straw bales lining the walls would 
be a suitable place to carry out the procedure.   

preferable for multiple sampling. A catheter is directed 
down the biopsy channel of an endoscope which has been 
inserted via the external nares and pharynx. Sedation may 
be required. It is best if the horse is restrained in stocks.  

  Genital  s wabs/ u terine  b iopsy 

 Swabs are routinely collected from breeding mares and stal-
lions to check for the presence of infection, specifi cally vene-
real pathogens. Cervical and clitoral swabs can be taken 
with the aid of a speculum to dilate the vagina if necessary; 
the swab is passed into and through the cervix of the mare 
and rubbed against the mucosa of the uterus. Uterine biop-
sies are done to evaluate the histological structure of the 
uterus, particularly in relation to the mare ’ s ability to suc-
cessfully conceive and carry a foal to term. Mares should be 
restrained in stocks prior to carrying out these procedures. 
The sites for examination in the stallion are the urethral 
fossa, the sheath and the urethra.  

  Urine  s amples 

 Catheterisation of the bladder can be performed on mares: 
for male animals samples are collected at urination. Horse 
nappies may be an alternative collection technique.  

  Faecal  s amples 

 If collection from the fl oor will not suffi ce for the purpose 
required, faecal samples are best collected carefully per 
rectum: lubrication should be used, as horses have tight anal 
sphincters. Extra restraint may be necessary, such as picking 
up a front foot.   

  Administration of  m edicines 

  Oral ( p astes,  s uspension,  g ranules,  p owders) 

 If they are palatable, administration of medicines in the feed 
is easy and involves no restraint of the horse. However, if 
large volumes of fl uid have to be administered, this should 
be done, using a nasogastric tube, by operators correctly 
trained in the procedure, in order to avoid accidental intro-
duction of fl uid into the lungs. This procedure can be carried 
out in most horses without prior sedation. Paste formula-
tions are usually administered directly into the oral cavity.  

  Parenteral 

 Many drugs are designed to be administered parenterally. 
The muscles of the neck, pectoral or gluteal muscles can be 
used for intramuscular injections. The risk of the operator 
being kicked is greater with the use of the gluteals. When 
several days ’  treatment are necessary the injection site 
should be varied. Occasionally horses will develop stiffness 
following intramuscular injection into the neck, despite it 
being correctly sited: care should be taken to ensure horses 
can reach their water buckets and feed mangers during this 
time. Injection into the pectorals may lead to dependent 
swellings, and occasionally the horse is stiff when asked to 
move forward. The gluteal area is well muscled, has a good 
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  Table 35.7    Sedative properties. 

   Active ingredient     Dose  †  /route     Onset of peak 
sedation  

   Duration of useful 
sedation (dose dependent)  

  Xylazine  *      0.6 – 1   mg/kg slow iv    Within 5   min    Approx. 20   min  

  Detomidine  *      10 – 80    μ g/kg slow iv    1 – 3   min    Approx. 30 – 60   min  

  Romifi dine    40 – 120    μ g/kg iv only    5   min    Approx. 30 – 180   min  

  Butorphanol in combination with detomidine or in 
combination with romifi dine  

  20 – 25    μ g/kg iv 
 12    μ g/kg iv 
 40 – 120    μ g/kg iv  

  5   min    Approx. 30 – 60   min  

    *    Xylazine and Detomidine may also be given im.  
    †     Based on manufacturer ’ s data sheet.   

  Table 35.8    Analgesics suitable for use in horses. 

   Active 
ingredient  

   Route of 
administration  

   Use  

   Musculoskeletal 
pain  

   Visceral 
pain  

  Butorphanol  *      iv    x     √   

  Flunixin    iv/oral (up to 
5 days)  

   √      √   

  Detomidine    iv/im    x     √   

  Romifi dine    iv only    x     √   

  Xylazine    iv/im    x     √   

  Phenylbutazone    iv/oral (long 
term)  

   √      √   

  Pethidine    im    x     √   

    *    Can be used in combination with xylazine and detomidine   

  Euthanasia 

 A free - bullet humane killer or pistol of 0.32 calibre is the 
traditional way of euthanasing horses. In the hands of an 
experienced person it is fast and effi cient, and disposal of 
the carcase is not complicated by the presence of chemical 
agents used for euthanasia. The weapon is aimed just above 
the point of intersection of lines joining the lateral canthus 
of the eye to the base of the opposite ear (the intersection is 
usually under the forelock at its base). There are chemical 
alternatives to shooting which may be more suitable under 
some circumstances. A new combination product contain-
ing quinalbarbitone and cinchocaine hydrochloride 
(Somulose, Arnolds Veterinary, UK) would appear to have 
considerable advantages over the use of anaesthetic over-
doses. All chemical methods of euthanasia render the carcase 
unsuitable for pet food manufacture. For further reading on 
euthanasia of horses see Knottenbelt  (1995) .   

  Common  w elfare  p roblems 

  Signifi cant  d iseases 

 Some of the more common diseases relevant to horses enter-
ing or participating in research programmes are listed in the 

following paragraphs. Some, for example colic, are often a 
consequence of poor management; others can be controlled 
by vaccination, for example tetanus and equine infl uenza, 
or, in the case of endoparasitism, by the use of an effective 
worm control programme. Others, such as amyloidosis, are 
generally specifi c to hyperimmune serum producing horses. 
It is important that stable staff are aware of the main clinical 
signs of the more common diseases so that veterinary advice 
is sought promptly, thus limiting the disease. The salient 
features of the diseases are briefl y reviewed below. More 
information can be found in  The Equine Manual  (Higgins  &  
Snyder  2006 ). 

  Tetanus ( l ock  j aw) 

 The causal agent is  Clostridium tetani , a Gram - positive spore -
 forming bacillus present in soil and as a commensal in the 
gastrointestinal tract. The spores can survive for years in the 
environment. The disease is mainly seen following puncture 
wounds, as the anaerobic conditions in devitalised tissue 
provide the ideal environment for the spores to generate and 
release a neurotoxin. Treatment is often diffi cult and unsuc-
cessful. It is imperative to vaccinate horses against the 
disease, and in countries where vaccination is common the 
disease is rare. It is essential that antitoxin is administered 
following injury if the horse ’ s vaccination history is 
unknown. Mares are usually given a booster vaccination 1 
month prior to the anticipated date of foaling: their foals are 
then passively protected from infection via antibodies in the 
colostrum for about 3 months, after which they can start 
their active immunisation programme. Foals born to unvac-
cinated mares should be given tetanus antitoxin at birth and 
6 weeks later. The timing of the start of a foal ’ s active immu-
nisation programme will depend on the vaccine being used. 
The manufacturer ’ s datasheet should be consulted for the 
optimum time to start. After the initial vaccine course, 
booster vaccinations are usually given every 2 – 3 years.  

  Colic 

 Colic is the term used to describe pain arising from the 
gastrointestinal tract. All cases of colic should be regarded 
as potentially serious and, as 6 – 10% will require surgical 
intervention, it is essential that a diagnosis is made swiftly 
and the appropriate treatment initiated. Most cases of colic 
are related to the effects of intestinal parasites, or diet and 
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  Allergic  r espiratory  d isease 

 This is an important and frequent cause of disease, particu-
larly in stabled horses. See Housing and respiratory disease 
section for details on prevention and management.  

  Internal  p arasites 

 All grazing horses are infected with internal parasites. These 
include roundworms, tapeworms and bots (larvae of the bot 
fl y,  Gasterophilus  spp.). Some roundworms are specifi c to 
unweaned foals and yearlings, for example  Strongyloides 
westeri  (threadworm) and  Parascaris equorum  (the large 
roundworm). However, the large and small strongyles 
(redworm) are found in horses of all ages, and are poten-
tially very pathogenic. Migrating larvae of the large redworm 
 Strongylus vulgaris  cause arteritis and thrombus formation, 
which can result in ischaemia and necrosis of part of the 
large intestine. However, with the introduction of broad -
 spectrum anthelmintics over the last three decades, the 
prevalence of  S. vulgaris  has declined dramatically, whilst 
that of the small strongyles (cyathostomes) has increased. 
Cyathostome larvae undergo a prolonged period of devel-
opment in the large intestinal mucosa, and are increasingly 
being associated with several clinical syndromes such as 
diarrhoea and weight loss which have a seasonal pattern. 
Tapeworm infections are also common, and there is a 
tenuous association with infection and the incidence of ile-
ocaecal colic. 

 Traditional control programmes based on treatments 
every 2 months are now insuffi cient, and an integrated 
approach to control is necessary. This encompasses the use 
of the appropriate wormer at the correct time of the year 
for the particular target parasite, together with good 
pasture management. None of the available equine 
anthelmintics is effective against the full spectrum of 
endoparasites infecting horses, but each class of anthelmintic 
has a specifi c unique indication (Table  35.9 ). The manufac-
turers ’  datasheets should be read carefully prior to selection 
of an anthelmintic.   

 Mares should be treated in the last month of pregnancy 
to limit contamination of the pastures used by them and 
their foals: all the modern broad spectrum wormers can be 
used during pregnancy. Foals should be introduced into the 
worm control programme when about 6 weeks of age, and 
both they and their dams should be treated regularly 
throughout the rearing period. All horses grazing the same 
pasture should be treated with the same anthelmintic at the 
same time. Specifi c treatments for bots, tapeworms, mucosal 
cyathostome larvae and migrating large redworm larvae 
should be given at the appropriate time of the year for the 
climatic region. In general terms, in northern temperate 
regions, treatment for mucosal cyathostome larvae, tissue 
stages of large strongyles and bots is given in the autumn 
and/or winter months. In the warmer southern regions, 
treatment for these parasites may extend into the late spring 
and may require to be done twice yearly. Tapeworm treat-
ments should be given twice yearly, in the late summer and 
again 6 months later. All newcomers should be treated with 
a larvicidal dose of fenbendazole followed by a double dose 
of pyrantel and kept housed for 48   h after last treatment, 

feeding practices. Signs will vary according to the type of 
colic, for example whether impactive or spasmodic, and will 
also vary in intensity. Signs include inappetence, scant 
faeces, restlessness, rolling, scraping the fl oor with a foreleg, 
gazing at the fl anks, patchy sweating and kicking at the 
abdomen. Affected horses should be housed in a large 
loose box or cattle pen with a deep bed, the sides of which 
should be banked up along the walls. There should be no 
sharp projections. It is important to monitor frequently and 
record the vital signs (normal values in Table  35.1 ) so 
any deterioration can be detected in the early stages. 
Treatment consists of the control of pain with the use of 
non - steroidal anti - infl ammatory drugs (NSAIDs) or using 
compounds such as xylazine alone or in combination 
with synthetic opioids such as butorphanol, together with 
any specifi c therapy indicated by the cause of the colic. 
Pethidine has excellent spasmolytic properties and is 
a cheaper alternative to synthetic opioids, but is a 
controlled drug in some countries. The underlying causes, 
for example endoparasitism or nutritional upset, should be 
rectifi ed.  

  Respiratory  i nfections 

 Bacteria and viruses may cause upper and lower respiratory 
tract infections, the former playing a more predominant role 
now than was previously thought. Infection with equine 
infl uenza and equine herpesvirus (EHV) 1 and 4 are the 
more common causes of acute upper respiratory tract 
disease. Infl uenza occurs in susceptible horses of all 
ages, whereas herpesvirus infection is more common in 
young horses. Treatment includes rest, good nursing and 
antibiotics if bacterial infection, primary or secondary, is 
involved. Prevention of infl uenza and EHV is possible by 
vaccination, though EHV vaccines are not universally 
available.  

  Strangles 

 This is a bacterial infection of the upper respiratory tract 
caused by  Streptococcus equi . The infection is often intro-
duced when young horses and ponies from varying sources 
are bought in. Recovered animals may remain carriers for 
long periods of time, and they are an important source of 
infection for in - contact animals. Hence the importance of 
isolation and a thorough clinical examination of all newcom-
ers. The main clinical signs of infection are loss of appetite, 
pyrexia and depression, bilateral or serous purulent nasal 
discharge, and swelling and abscessation of the lymph 
nodes of the head and neck. Horses in contact with an 
affected horse and those in the very early stages of the 
disease (within 24   h of onset of pyrexia) can be treated with 
benzyl penicillin in large doses to prevent progression of the 
disease; otherwise it is generally better to allow the infection 
to run its course. Good nursing is essential, and lancing and 
draining lymph node abscesses should be done as necessary. 
Following a disease outbreak, because the organism is able 
to survive for weeks in pus, disinfection of stabling, feeding 
and watering equipment, and tack and grooming equip-
ment is essential. Vaccines are available in some countries 
but they have been of poor effi cacy.  
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noticed. If a systemic illness such as endometritis is involved, 
then this must be treated. Additionally, drugs to reduce 
hypertension and anxiety, such as acepromazine, are given 
together with analgesics such as phenylbutazone. Good 
nursing and the provision of quality roughages together 
with supplemental methionine and biotin are essential 
(Eustace  1990 ). Affected animals must be confi ned in a well 
bedded loose box and provided with frog support. 
Prevention is by sensible feeding and grazing management. 
Further information can be found in Eustace  (1992) .  

  Hyperlipaemia 

 This is a disorder of lipid metabolism particularly common 
in pony breeds, especially Shetland ponies. It is character-
ised by gross lipaemia, elevated plasma triglyceride concen-
trations and fatty infi ltration of body tissues leading to 
organ failure, especially of the liver and kidneys. The most 
common clinical signs are anorexia and lethargy, and the 
mortality rate is high, commonly 60 – 85%. Stress and obesity 
are important risk factors. Stressors include transportation, 
inclement weather and changes in management. The major-
ity of affected ponies are in good or fat condition, and preg-
nant mares seem to be particularly susceptible. Diagnosis 
can be confi rmed by measuring plasma triglyceride concen-
trations. Values in excess of 5   mmol/l indicate disease. 
Treatment involves identifying and treating any underlying 
disease. High - energy diets should be fed, as the animals are 
in negative energy balance. Intravenous fl uids should be 
given to maintain circulatory volume and to correct electro-
lyte and acid – base balance. Intramuscular insulin, in con-
junction with oral or intravenous glucose or galactose, may 
reduce mobilisation of free fatty acids from adipose tissue 
and intravenous heparin may increase the activity of 
enzymes responsible for the clearance of lipoproteins from 
circulation.  

  Skin  i nfections 

 The more common skin infections are summarised in 
Table  35.10 .    

before turning them out to graze with the resident popula-
tion. Anthelmintics used routinely during the grazing 
season should be rotated on an annual basis to reduce the 
likelihood of the development of resistant strains of 
parasites. 

 Large paddocks should be subdivided so that they can be 
more easily managed: special electric fencing material is 
available for doing this cost effectively. Broad electric tape, 
easily visible, should be used when fi rst introducing the 
horses to this area. Faeces should be removed twice weekly, 
particularly in warm moist periods when conditions are 
optimal for larval development on pasture. Machines are 
available which will both collect faeces and debris and 
harrow the pasture. Mixed grazing with cattle (or sheep) 
will reduce pasture infectivity, as the main parasites are host 
specifi c. 

 Pasture quality and palatability are also improved by 
mixed grazing, as ruminants will graze areas rejected by 
horses. Pasture should not be overstocked, and attempts 
should be made to ensure that young horses get the cleanest 
and best pasture. It is recommended to have 1 acre of grazing 
per horse and 0.5 acre per pony (1 UK acre   =   4047   m 2 ). This 
can be affected by a number of factors such as: length of time 
spent stabled, time of year, pasture quality and number of 
animals on the pasture.  

  Laminitis ( ‘  f ounder ’ ) 

 Laminitis is a common cause of lameness and disability in 
horses and ponies. It can affect both forefeet, both hindfeet, 
all of the feet or just one foot. The disease is metabolic in 
origin and is associated with overfeeding of grain and con-
centrates to stabled horses, and with over - fat, under - exer-
cised ponies grazing lush pasture. It can also be a consequence 
of corticosteroid therapy and a sequel to systemic infections 
such as endometritis and enteritis. The extreme pain seen in 
the acute stage of the disease is caused by ischaemia of 
digital dermal tissue (Eustace  1990 ). Affected animals throw 
their weight back on their heels and are very reluctant to 
move. If permanent damage is to be avoided, veterinary 
assistance should be sought as soon as the lameness is 

  Table 35.9    Modern broad - spectrum anthelmintics commonly used in the horse and effi cacy spectrum. 

   Chemical group     Lumen adults/Larvae     Mucosal larvae  a       Arterial/tissue larvae  b       Tapeworms  

  Benzimidazoles  
     Fenbendazole     √ / √      √   c   (all stages)     √   c      X  

     Oxibendazole     √ / √     X    X    X  

     Mebendazole     √ /X    X    X    X  

  Macrocyclic lactones  
     Ivermectin     √ / √     X     √     X  

     Moxidectin     √ / √      √  (late stages only)     √     X  

  Tetrahydropyrimidines  
     Pyrantel salts     √ / √     X    X     √   d    

    √ , Activity; X, no activity.  
   a    Cyathosomes (small strongyles).  
   b    Large strongyles.  
   c    Larvicidal dose rate.  
   d    Double routine dose rate.   
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in the behaviour. Amelioration can be achieved by provid-
ing the horse with suffi cient windows or openings to enable 
it to see its companions and its immediate environment at 
all times. Placing mirrors in the stables of weavers signifi -
cantly reduces this abnormal behaviour. The mirror is 
believed to mimic visual contact providing environmental 
distraction (McAfee  et al.   2002 ).  

  Biting and  k icking 

 Biting and kicking, or threatening to do so, are the horse ’ s 
main ways of showing aggression. Normally this is reserved 
for other horses, especially at feeding time or to newcomers 
to a group. However, horses which have been maltreated 
will also threaten their attendants. With time, patience, 
experienced handling and expert advice, most of these 
horses can be retrained to trust their handlers.  

  Wood  c hewing 

 As mentioned earlier (see Roughages), low - roughage diets 
in stabled horses can encourage wood chewing; this can be 
rectifi ed by providing more hay in the diet but it may also 
be necessary to apply creosote to chewed areas to discour-
age further wood chewing in the short term.  

  Crib -  b iting/ w ind -  s ucking 

 Crib - biting and wind - sucking are common oral stereotypes 
and both are perceived as detrimental to the horses ’  health. 

 Crib - biting is an oral stereotype where a fi xed object is 
grasped with the incisors, the lower neck muscles contract 
to retract the larynx caudally; air is drawn into the cranial 
oesophagus, which produces the characteristic grunt (Nicol 
 et al .  2002 ). No air is swallowed (McGreevy  et al.   1995 ) but 
there is a view that this type of behaviour could be harmful. 
In wind - sucking the same posture and grunt are adopted 
but without grasping a fi xed object. 

 The exact causes behind these two stereotypes remain 
unclear. Heritability, management, feeding practices, social 

  Amyloidosis 

 Although a rare clinical entity in the general horse popula-
tion, amyloidosis is a frequent  post - mortem  fi nding in horses 
used for hyperimmune serum production, the liver and the 
spleen being the more commonly affected organs. Since liver 
rupture is a common cause of death in such horses, on 
welfare and economic grounds, regular monitoring of 
gamma glutamyl transferase (GGT) activity in serum would 
seem to be advisable. Studies in hyperimmune serum pro-
ducing horses over a 5 - year period have shown that GGT 
levels increase within 6 – 7 years of fi rst starting the immuni-
sation procedure, and that constantly high values seemed to 
correlate with advanced liver amyloidosis (Abdelkader  et al.  
 1991 ).   

  Abnormal  b ehaviour 

 Ideally, management systems for equines should accom-
modate their natural behaviour, in particular the need to 
graze, exercise and socialise. They are fl ight animals and 
hence easily startled and this should also be taken into 
account (European Commission  2007 ). One of the most 
effective management strategies for reducing abnormal 
behaviour is to increase turnout time. Equines should be 
kept at pasture or have access to pasture for at least 6   h a 
day. This encourages social contact, and also increases the 
amounts of time spent eating. 

  Weaving/ b ox ( s tall)  w alking 

 Weaving, where the horse sways from side to side on its 
forelimbs, and box or stall walking where it endlessly walks 
round its box, are typical examples of behavioural stereotyp-
ies. They are usually the consequence of the stress, or 
thwarted motivation for locomotory behaviour, experienced 
by an open - country animal being kept isolated in a restricted 
area such as a stall or loose box (Houpt  1992 ). Endorphins 
are released from the central nervous system during stere-
otypic behaviour, possibly encouraging the horse to persist 

  Table 35.10    Common skin infections of horses. 

   Common name/incidence     Cause     Lesions/signs     Treatment and control  

  Ringworm; mainly stabled 
horses  

   Trichophyton  and 
 Microsporum  species of 
fungi  

  Small tufts of hair agglutinated 
with serum especially in 
harness - abraded areas  

  Topical or systemic treatments 
available. Disinfection of 
buildings, trailers, tack, 
clothing and grooming 
equipment used by infected 
horses  

  Rain scald (body) and mud 
fever (legs); pastured ponies and 
horses in the winter months  

   Dermatophilus congolensis     Tufts of hair over crusts of 
exudate; pus underneath. Usually 
bilateral and symmetrical on back  

  House affected animals or 
provide with waterproof rugs if 
to remain at pasture  

  Sweet itch/summer itch; mainly 
ponies, sporadic cases in 
summer  

  Hypersensitivity to midge 
bites  

  Lesions at base of mane and tail 
head. Intense rubbing of affected 
areas  

  Topical insect repellents. 
House at dusk when midges 
are out; run a fan in the stable  

  Pediculosis; all horses and 
ponies susceptible mainly in 
winter/late spring  

  Sucking and biting lice    Intense rubbing of infected areas 
(chest/hindlegs/neck)  

  Control with pour - on synthetic 
pyrethroid; repeat every 14 
days until cured. BHC powder, 
if available  
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contact, crowding and many more have all been suggested 
as being responsible for their development or have been 
shown to increase the risk of them happening. A permanent 
cure is yet to be found and attempts to prevent it occurring 
have included surgery, acupuncture, environmental enrich-
ment and others (McGreevy  &  Nicol  1998 ).    
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     Further  r eading 

  Useful sources of general information on equine behaviour, 
care and breeding can be found in Houpt and Wolski  (1982) ; 
Warren Evans  (1992)  Mills and Nankervis  (1999)  and 
Higgins and Snyder  (2006) .   
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  Biological  o verview 

  General  b iology 

 The New World monkeys, of the family Callitrichidae, sub-
family Callitrichinae, have seven distinct genera, and include 
the marmosets and tamarins. These species show a range of 
interesting pelage forms and colorations; some have ear tufts, 
others white crests on their heads or a large moustache, and 
some sport a golden fringe about the face. Why many of these 
small primates, which are vulnerable to predation by birds, 
snakes and mammals, are brightly coloured rather 
than cryptic, is poorly understood. Their small size, com-
bined with their breeding success when housed in an appro-
priate environment, and easy handling make them a 
comparatively inexpensive primate to maintain in laborato-
ries. Understanding the natural history and basic adaptations 
of any species is critical for providing appropriate captive 
environments, and Rylands  (1993)  provides excellent reviews 
of callitrichine ecology, mating systems and behaviour. 

  Marmoset  s pecies 

 There are 22 species of marmosets in four genera; six species 
from the Atlantic forest ( Callithrix ), 14 from the Amazonian 
forest ( Mico ), one species of pygmy marmoset ( Cebuella 
pygmaea ) and one species of dwarf marmoset ( Callibella 
humilis ), also from Amazonia (Rylands  et al.   2000 ) (Table 
 36.1 ). The common marmoset,  Callithrix jacchus , is the most 
extensively used callitrichine monkey in laboratory research 
(eg, Abbott  et al.   2003 ; Mansfi eld  2003 ), and is therefore 
discussed in more detail. A full behavioural ethogram has 
been compiled for this species (Stevenson  &  Poole  1976 ; 
Stevenson  &  Rylands  1988 ) and should be consulted.   

  C. jacchus  have large white ear tufts, a brindled black, 
brown and dark yellow pelage on their back and alternating 
wide dark and narrow pale bands on the tail. Young animals 
lack the adult body markings. This arboreal (tree - dwelling) 
species lives in north - eastern Brazil, occupying a wide 
variety of habitats such as the lower strata of gallery forests, 
secondary forests, scrubs, swamps and tree plantations 
(Hershkowitz  1977   ; Stevenson  &  Rylands  1988 ). Wild mar-
moset groups occupy a home range of 0.5 – 6.5   ha, which 
overlaps with neighbouring groups (Hubrecht  1985 ; 
Stevenson  &  Rylands  1988 ; Alonso  &  Langguth  1989 ; 
Scanlon  et al.   1989 ; Ferrari  &  Digby  1996 ). They are classifi ed 

as Least Concern by the International Union for the 
Conservation of Nature and Natural Resources (IUCN 
 2009 ). Habitat destruction has reduced their original distri-
bution and their numbers have declined (Mittermeier  et al.  
 1981   , cited in Rylands  1993 ). However, as they are adapta-
ble, introduced populations are establishing themselves in 
areas outwith their original range (Rylands  1993 ). 

 All marmosets have specialised teeth for gouging trees, 
by using the lower teeth as a cutting - scoop (Coimbra - Filho 
 &  Mittermeier  1976 ). This enables them to consume the exu-
dates from trees. Tree exudates are a major part of their diet 
and they have a specialised digestive system adapted for 
absorbing gum (Power  1996 ).  C. jacchus  spend up to 15 – 29% 
of their daily activity feeding on tree exudate (Maier  et al.  
 1982 ; Alonso  &  Langguth  1989 ). In addition, marmosets eat 
fruits, fl owers, insects and other small animals such as 
spiders, lizards, frogs and snails (Stevenson  1978 ; Stevenson 
 &  Rylands  1988 ; Rylands  &  de Faria  1993 ; Ferrari  &  Digby 
 1996 ). When foraging for insects, marmosets use a stealthy 
stalk and pounce technique. This foraging style allows them 
to glean foliage for insects (Rylands  &  de Faria  1993 ). 
Although primarily arboreal,  C. jacchus  will descend to the 
ground to cross forest clearings and pick up fallen fruits 
(Stevenson  &  Rylands  1988 ).  

  Tamarin  s pecies 

 Tamarins are distributed throughout the Atlantic and 
Amazonian rainforest and in the forests of northern South 
America and southern Middle America. There are four 
species of lion tamarins ( Leontopithecus ) living in the Atlantic 
forests and 15 species of tamarins ( Saguinus ) (Rylands  et al . 
 2000 ) (Table  36.1 ) of which the saddle back tamarins ( S. 
fuscicollis ), the red bellied tamarin ( S. labiatus ), the mous-
tached tamarin ( S. mystax ) and the cotton top tamarin ( S. 
oedipus ) are the most frequently used in laboratory experi-
mentation (Rensing  &  Oerke  2005 ). These tamarin species 
are therefore the focus of this chapter.  Saguinus  can be 
divided into the Amazonian species, and those found in 
Panama and Colombia. They inhabit primarily tropical 
lowland humid forests, although some extend into highland 
forests, and most species adapt well to secondary forests 
(Snowdon  &  Soini  1988 ). 

 Tamarins are insectivore – frugivores and as such their 
dentition is not adapted for gnawing like the marmosets, 
and although they may consume tree exudates they lack the 
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  Table 36.1    Latin name, common name, and conservation status of members the Callitrichidae (from Rylands  et al.   2000 ; Groves  2001 ). 

   Latin name     Common name (English)     Conservation status  1,2    

   Cebuella pygmaea     Pygmy marmoset    LC  

   Callibella humilis   3      Black - crowned dwarf marmoset    VU  

   Callithrix aurita     Buffy - tufted - ear marmoset    VU  
   Callithrix fl aviceps     Buffy - headed marmoset    EN  
   Callithrix geoffroyi     Geoffroy ’ s marmoset    LC  
   Callithrix jacchus     Common marmoset    LC  
   Callithrix kuhlii     Wied ’ s black - tufted - ear marmoset    NT  
   Callithrix penicillata     Black - pencilled marmoset    LC  

   Mico acariensis     Rio Acar í  marmoset    DD  
   Mico argentatus     Silvery marmoset    LC  
   Mico chrysoleucus     Golden - white tassel - ear marmoset    DD  
   Mico emiliae     Snethlage ’ s marmoset    DD  
   Mico  cf.  emiliae   4      Rond ô nia marmoset    VU  
   Mico humeralifer     Black and white tassel - ear marmoset    DD  
   Mico intermedius     Aripuan ã  marmoset    LC  
   Mico leucippe     Golden - white bare - ear marmoset    VU  
   Mico manicorensis     Manicor é  marmoset    DD  
   Mico marcai     Marca ’ s marmoset    DD  
   Mico mauesi     Mau é s marmoset    LC  
   Mico nigriceps     Black - headed marmoset    DD  
   Mico saterei     Sater é  marmoset    DD  

   Saguinus bicolor     Brazilian bare - faced tamarin    EN  
   Saguinus fuscicollis     Saddle back tamarin    LC  
   Saguinus geoffroyi     Geoffroy ’ s tamarin    LC  
   Saguinus imperator     Emperor tamarin    LC  
   Saguinus inustus     Mottle - face tamarin    LC  
   Saguinus labiatus     Red bellied tamarin    LC  
   Saguinus leucopus     Silvery - brown bare - face tamarin    EN  
   Saguinus martinsi     Martin ’ s bare - face tamarin    LC  
   Saguinus melanoleucus     White saddle back tamarin    LC  
   Saguinus midas     Golden - handed tamarin    LC  
   Saguinus mystax     Black - chested moustached tamarin    LC  
   Saguinus niger     Black - handed tamarin    VU  
   Saguinus nigricollis     Black - mantled tamarin    LC  
   Saguinus oedipus     Cotton top tamarin    CR  
   Saguinus tripartitus     Golden - mantled saddle back tamarin    NT  

   Leontopithecus caissara     Black - faced lion tamarin    CR  
   Leontopithecus chrysomelas     Golden - headed lion tamarin    EN  
   Leontopithecus chrysopygus     Black lion tamarin    EN  
   Leontopithecus rosalia     Golden lion tamarin    EN  

   Callimico goeldii     Goeldi ’ s monkey    VU  

    1    CR   =   critically endangered; EN   =   endangered; VU   =   vulnerable; NT   =   near threatened; LC   =   least concern; DD   =   data defi cient (See IUCN, 
 2009    for full defi nitions)  
   2    Rylands  (2007) .  
   3    First described as a member of the genus  Callithrix  by van Roosmalen  et al.  ( 1998 ) but subsequently placed in its own genus  Callibella  (van 
Roosmalen  &  van Roosmalen  2003 ).  
   4    de Vivo  (1985, 1991)  considered this marmoset from the state of Rond ô nia to be  Callithrix emiliae  (Thomas  1904 ). It is in fact distinct and 
geographically separated (Ferrari  et al.  1999 ). It is being re - described with a new name (S.F. Ferrari, personal communication).   

necessary digestive system adaptations to exploit its nutri-
tional value fully. There are differences in foraging strate-
gies amongst  Saguinus . Three distinct insect foraging 
patterns have been described (Garber  1993 ). The fi rst pattern 
is shown by  S. oedipus  and  S. geoffroyi  who hunt for insects 
on thin fl exible branches in the low shrub layer of the forest 
understorey. The second is shown by  S. labiatus ,  S. mystax , 
 S. imperator  and possibly  S. midas  who have a similar insect 
foraging style to the marmosets, exploiting insects on leaves 
and branches in the lower and middle levels of the forest. 
Visual scanning plays an important role in the detection of 

their prey. The third pattern is shown by  S. fuscicollis  and 
possibly  S. nigricollis  and  S. bicolor . These species are pre-
dominantly manipulative, specifi c site foragers, concentrat-
ing their feeding efforts on relatively large cryptic prey 
(Garber  1993 ). For example, orthopteran insects, have been 
found to make up to 61 – 67% of the volume of the stomach 
ingesta in  S. fuscicollis  (Garber  1993 ). In addition, ripe fruits 
have been found to account for 20 – 65% of total feeding time 
in those species of tamarin studied in the wild (Garber  1993 ). 
Plant exudates and nectar are also consumed, the latter prin-
cipally in the dry season (Garber  1993 ). 
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 2002a, 2002b ), and sexual behaviour is inhibited in subordi-
nate females by pheromones, visual stimuli and aggression 
from the breeding female (eg, Saltzman  et al.   1997 ). 
Occasionally, polygynous mating has been observed in cap-
tivity but the groups are less stable than those that consist 
of monogamous pairs (Rothe  &  Koenig  1991 ). In wild popu-
lations, monogamous groups have been documented 
(Albuquerque  et al.   2001 ). There have also been numerous 
cases of two reproductive females in one group (Digby  &  
Ferrari  1994 ; Digby  1995 ; Ferrari  &  Digby  1996 ; Roda  &  
Mendes Pontes  1998 ; Arruda  et al.   2005 ; de Sousa  et al.   2005 ), 
although breeding is often alternated or one set of offspring 
does not survive, sometimes due to infanticide by the other 
breeding female (Digby  1995 ; Roda  &  Mendes Pontes  1998 ). 
Comparative data on key reproductive parameters for  C. 
jacchus ,  S. fuscicollis  and  S. oedipus  are shown in Table  36.2 . 
Although some species breed seasonally in the wild (eg,  S. 
oedipus ) (Neyman  1977 ), they breed all year round in captiv-
ity. There appears to be no menopause, and females will 
continue to breed throughout their lives.  C. jacchus  that fi rst 
breed at a later age ( > 4 years) have better survivorship than 
those fi rst reproducing when younger ( < 2.5 years) (Jaquish 
 et al.   1991 ; Smucny  et al.   2004 ).   

 Twin offspring are the norm in the wild, and in addition 
to the mother, the father and other group members help rear 
the young by carrying, except for  Callibella  (van Roosmalen 
 &  van Roosmalen  2003 )  . They may also provision the young 
with solid food, a behaviour that may be passive (all species 
studied) or active as recorded in  S. oedipus ,  Cebuella pygmaea , 
 C. fl aviceps ,  L. rosalia  and  L. chrysomelas  (see Feistner  &  Price 
 1991 ). 

 A fascinating twist that may underpin the evolution of 
co - operative rearing has recently been discovered (Ross 
 et al.   2007b ) and awaits confi rmation. Due to genetic 
chimerism (when an animal has genetically distinct cells 
that come from different zygotes and are created by ferti-
lised eggs or embryos fusing together) the patterns of relat-
edness between twins, and between other family members 
change. This chimerism applies to marmosets and tamarins 
with multiple births because in the womb, placentas grow 
quickly and fuse, creating a network of blood vessels 
through which cells can travel from one twin to the other. 
Chimeras may exist in almost any part of the body  –  blood, 
hair, liver, and even in sperm and eggs. Therefore, one 
brother may contribute the genetic makeup of his twin 
brother ’ s offspring, effectively fathering nephews or nieces! 
The full implications of this phenomenon have yet to be 
explored, but in addition to the scientifi c interest in its role 
in the evolution of the co - operative rearing system, it may 
have implications for managing studbooks for optimal out-
breeding, and in the selection of individuals for experimen-
tal protocols.  

  Biological  d ata 

 Rensing and Oerke  (2005)  provide a thorough overview of 
basic biological data (including reproductive, physiological, 
normative haematological and blood chemistry values) in a 
range of callitrichines. Table  36.3  provides a summary of key 
data for  C. jacchus . Infant weights vary depending upon 
litter size, with mean values of 34.7   g   +/ −    3.81 (n   =   5), 

 Tamarins, like marmosets, are arboreal, but they are more 
reluctant to go to the ground. The home ranges vary from 
8 – 120   ha ( S. fuscicollis   –  16 – 120   ha,  S. mystax   –  30 – 40   ha,  S. 
labiatus  –   23 – 41   ha,  S. oedipus   –  8 – 10   ha). Their home ranges 
overlap with neighbouring groups from 13 – 83% (reviewed 
in Garber  1993 ). Classifi cation by the IUCN is Least Concern 
for  S. fuscicollis ,  S. labiatus  and  S. mystax , but  S. oedipus  is 
critically endangered (Table  36.1 ). Figure  36.1  illustrates  C. 
jacchus  and the  Saguinus  spp. that are most frequently held 
in captivity.    

  Goeldi ’ s  m onkey 

 The jet black Goeldi ’ s monkey ( Callimico goeldi ) also belongs 
to the Callitrichinae, but they differ from marmosets and 
tamarins in several ways. For example, they have 36 teeth 
(marmosets and tamarins have 32), and like  Callibella  (van 
Roosmalen  &  van Roosmalen  2003 )   they give birth to just 
one infant, whilst the norm of other members of the family 
is twins. As they are not considered to be true marmosets or 
tamarins they are not discussed further.   

  Size  r ange and  l ifespan 

 The Amazonian pygmy marmoset ( Cebuella ) is the smallest 
higher primate with both males and females weighing 
around 128   g (Ford  1994 ),  Callibella  weighs 150 – 185   g (van 
Roosmalen  &  van Roosmalen  2003   ), whilst wild - caught  Mico  
and  Callithrix  are heavier, weighing 182 – 357   g (Ford  1994 ). 
In the wild, male and female  C. jacchus  weigh approximately 
317   g and 322   g respectively (Ara ŭ jo  et al.   2000 ), but captive 
individuals have weighed as much as 600   g (Poole  et al .  1999  
and see Prescott  &  Buchanan - Smith  2004 ).  C. jacchus  reach 
puberty before 1 year of age and are skeletally and sexually 
mature by 2 years (Tardif  et al .  2006 ).  Saguinus  are slightly 
heavier; the average adult body weight for both males and 
females is 387 – 560   g (Ford  1994 ) and can be up to 700   g for 
captive - bred  S. oedipus  (Savage  et al .  1993 ).  Leontopithecus 
rosalia  weigh from 361 – 794   g (Ford  &  Davis  1992 ). It is not 
known how long callitrichines live in the wild, but in captiv-
ity they have lived to 18 years (Poole  et al .  1999 ). However, 
the average lifespan of  C. jacchus  and  C. kuhli  that lived to 
weaning in the laboratory is only around 5.7 – 7.5 years 
(Tardif  et al.   2003 ; Smucny  et al.   2004 ; Ross  et al.   2007a ). The 
age of sexual maturity depends upon sex and species, but is 
usually 12 – 24 months (Yamamoto  1993 ).  

  Social  o rganisation and  r eproduction 

 In the wild, groups of  C. jacchus  usually contain between 3 
and 15 individuals (Hubrecht  1984 ; Scanlon  et al.   1989 ; 
Digby  &  Barreto  1993 ; Pontes  &  Da Cruz  1995 ). Groups are 
relatively stable (Ferrari  &  Lopes Ferrari  1989 ), although 
there are immigrations, emigrations, births and disappear-
ances (Arruda  et al.   2005 ). Females cycle throughout the year 
and males copulate with females, even during pregnancy. 
They ovulate soon after parturition, and can conceive again 
shortly after birth, when they are still lactating. 

 In captivity,  C. jacchus  groups are most stable when they 
consist of a monogamously breeding pair (eg, Gerber  et al.  
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(a)

(c)

(e)

(d)

(b)

     Figure 36.1     Photographs of species of callitrichines most commonly used in the laboratory. (a)  Callithrix jacchus  (common marmoset); 
(b)  Saguinus fuscicollis  (saddle back tamarin); (c)  Saguinus mystax  (black - chested moustached tamarin); (d)  Saguinus labiatus  (red bellied 
tamarin); (e)  Saguinus oedipus  (cotton top tamarin).  (All photos by Hannah Buchanan - Smith, except (c), courtesy of Julia Diegmann.)   
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  Table 36.2    Comparative reproductive data for  C. jacchus ,  S. 
fuscicollis  and  S. oedipus  (Savage  1995 ; Fortman  et al.   2002 ; 
Rensing  &  Oerke  2005 ). 

        C. jacchus     S. fuscicollis     S. oedipus  

  Sexual maturity 
(months)  

  24    26    24  

  Oestrous cycle 
length (days)  

  28    26    21  

  Gestation (days)    144    150 – 155    180 – 185  

  Post - partum 
ovulation (days)  

  10    17 – 18    17 – 18  

  Table 36.3    Summary of key biological data for  C. jacchus  
(Ludlage  &  Mansfi eld  2003   ; Rensing  &  Oerke  2005 ; Wolfensohn  &  
Honess  2005 ). 

   Biological data     Normal values  

  Rectal temperature ( ° C)    38.6 (day)  
  36.3 (night)  

  Heart rate (beats per minute)    230 – 312 (sedation)  
  348   +/ −    51 (restrained)  
  230   +/ −    26 (unrestrained)  

  Mean arterial pressure (mmHg) 
under sedation  

  65 – 100 (day)  

  50 – 95 (night)  

  Blood volume (ml/kg)    70  

   Haematological data     Normal values  

  Red blood cells (RBC) ( × 10 6 /
mm 3 )  

  5.7 – 6.95  

  Packed cell volume (PCV) (%)    45 – 52  

  Haemoglobin (Hb) (g/dl)    14.9 – 17  

  White blood cells (WBC) ( × 10 3 /
mm 3 )  

  7.3 – 12.8  

  Neutrophils (%)    26 – 62  

  Lymphocytes (%)    30 – 67  

  Eosinophils (%)    0.6 – 4.2  

  Monocytes (%)    0.4 – 5  

  Basophils (%)    0.1 – 1.1  

  Platelets ( × 10 3 /mm 3 )    490  

   Biochemical data     Normal values  

  Serum protein (g/dl)    6.6 – 7.1  

  Albumen (g/dl)    3.8  

  Globulin (g/dl)    2.7 – 3.9  

  Glucose (mg/dl)    126 – 228  

  Blood urea nitrogen (mg/dl)    51.8  

  Creatinine (mg/dl)    0.9 – 1.2  

  Gamma glutamyl transferase 
(IU/l)  1    

  1.7 – 9.1 ( < 2 years) 
 2.5 – 10.3 ( ♂   >  2 years) 
 0.5 – 13.3 ( ♀   >  2 years)  

  Total bilirubin (mg/dl)    0.4 – 0.6  

    1    Brok, personal communication   

30.24   +/ −    3.33 (n   =   59) and 27.73   +/ −    2.03 (n   =   30) for sin-
gletons, twins and triplets respectively (Tardif  &  Bales  2004 ). 
Growth rates of infants can be divided into an early stage of 
rapid growth, with a weight gain of around 1.15   g/day for 
all infants regardless of litter size, followed by a slower, later 
growth rate which is more variable but averages at 0.81   g/
day (Tardif  &  Bales  2004 ). Factors affecting growth rates of 
infants and their adult weight are numerous and inter -
 related. They include maternal age and weight, and also 
litter size (Tardif  &  Bales  2004 ). Large litters result in high 
mortality; a meta - analysis of data from fi ve colonies in the 
Americas (n   =   625 dams) reported a mean of 50% loss 
between number of infants produced, and weaned at 3 
months (Smucny  et al.   2004 ). A very robust fi nding is that 
that triplets and quadruplets, especially if very small ( < 20   g) 
have signifi cantly lower survival compared to twins and 
very large ( > 35   g) infants which are often singletons (Jaquish 
 et al.   1991, 1997 ). Infant weight has also been shown to be 
related to abuse (defi ned as physical injury by other members 
of the group); abused infants have lower birth weights than 
non - abused infants (Tardif  et al.   1998 ).    

  Normal  b ehaviour ( w ild and  c aptive) 

 All animals should be allowed to express their natural pat-
terns of behaviour in the captive environment. For calli-
trichines, this includes a range of locomotor and positional 
behaviours in relation to foraging strategies (eg, gnawing 
for tree exudate, food capture and processing), social activi-
ties (eg, resting, grooming, playing), the opportunity to 
explore novelty (either new environments, or objects) and 
having safe and comfortable places to sleep. The type of cage 
(construction materials and dimensions) and furnishings 
(substrate types, orientation and its placement) should be 
designed to allow and encourage specifi c - specifi c postures, 
behaviours and space - use preferences (Buchanan - Smith 
 2001 ). 

 Detailed descriptions of the development of young calli-
trichines have been described for  C. jacchus  (Stevenson  1976 ) 
and  S. oedipus  (Cleveland  &  Snowdon  1984 ). Yamamoto 
 (1993)  compares behavioural ontogeny across genera. 
Until infants are 3 weeks old, they are carried all of the 
time, usually by all group members, but often exclusively 
by the mother in  Leontopithecus . By week 4 the infants are 
showing interest in their environments and beginning to 
explore, to touch, lick and smell objects, and they leave the 
carriers ’  backs for increasing periods of time. If startled, 
young will try to climb back onto carriers for protection. The 
fi rst social interactions occur whilst the infants are still on 
their carrier ’ s backs but after week 8 (week 12 in 
 Leontopithecus ) they are only carried occasionally. Weaning 
from lactation occurs from weeks 8 – 15, although infants 
taste solid food earlier. Infant development is affected by 
enrichment (an artifi cial gum tree, additional shelves, a 
hanging cloth and a variety of manipulable objects on rota-
tion), with the appearance of certain behaviours (chewing 
wood, begging towards animal care staff, solitary play, 
exploration and scent marking) occurring earlier in enriched 
environments (Ventura  &  Buchanan - Smith  2003 ; see also 
Chapter  10 ).  
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from 167 species in 87 genera and 50 families during 164 
days of observation!). Providing a variety of nutritional and 
appetising food is likely to be benefi cial for their psychologi-
cal well - being and is often used as enrichment, but may lead 
to nutrition - related illnesses in the long term (Plesker  &  
Schuhmacher  2006   ) (see Feeding/watering). 

 Callitrichines have a range of high - pitched vocalisations. 
Several vocal ethograms have been published including 
that of  C. jacchus  (Stevenson  &  Rylands  1988 );  S. oedipus  
(Cleveland  &  Snowdon  1982  ) ;  Leontopithecus  (Kleiman  et al.  
 1988 ); and  Cebuella  (Soini  1988 ). The long calls, which serve 
many possible functions, including group defence against 
intruders, maintenance of group cohesion (eg, reuniting 
separated group members), and mate attraction, have been 
studied extensively (Pook  1977 ; Cleveland  &  Snowdon  1982 ; 
Snowdon  1993 ). Vocalisations are also important indicators 
in welfare assessment (Jones  1997 ). Callitrichines can hear 
higher frequencies than humans (see Heffner  2004  for a 
review). Ultrasonic frequencies present in the captive envi-
ronment, such as a dripping tap, trolley wheels or computer 
monitors may adversely affect welfare (Clough  1982 ). 

 The sensory receptors in the epithelial and connective 
tissues of callitrichines respond to changes in temperature, 
touch, pressure and pain. These sensations then guide them 
in their behaviour. For example, Rumble and colleagues 
 (2005)  found that  C. jacchus  choose warmer,  ‘ softer ’  wooden 
and plastic nest boxes over metal next boxes. Providing dif-
ferent textures appears to be very rewarding for them (eg, 
when given a fl eece - like hammock, or a technician ’ s lap 
(Figure  36.2 ), they will often roll around in it. Tactile contact, 
through huddling and grooming, develops and maintains 
affi liative bonds, and may help individuals to cope with 
stressors (Schaffner  &  Smith  2005 ). Grooming plays a role in 
keeping a healthy skin and coat. Tactile contact when young 
may be particularly critical and it is known that repeated 
early parental deprivation of infant  C. jacchus  can have long -
 term effects on their behaviour and physiology (Dettling 
 et al.   2002a, 2002b ).     

  Senses and  c ommunication 

 Like other simians, vision is the dominant sensory modality 
of callitrichines. As both predators and prey, they use sight 
to detect prey items and potential threats. Their vigilance in 
captivity likely refl ects that care staff may be seen as threats, 
and alertness has been found to increase after stressful 
events (Bassett  et al.   2003 ). Callitrichines have binocular 
vision, with overlapping visual fi elds, and good visual 
acuity allowing them to manoeuvre themselves safely 
through complex three - dimensional worlds, judging depth 
and distance, and to respond to visual stimuli, be they 
potential threats, conspecifi cs, or prey items, such as insects. 
Marmosets perform headcocking where they move their 
heads in the lateral direction. Young  C. jacchus  headcock 
more than older marmosets, and often this is in the context 
of novelty (Stevenson  &  Rylands  1988 ).  Saguinus  perform a 
behaviour termed head fl icking by Snowdon and Soini 
( 1988 ) but it should not be confused with headcocking  –  
head fl icking is directed towards conspecifi cs as a hostile 
display.  Leontopithecus  will sometimes bob and up and down 
when staring threateningly (Kleiman  et al.   1988 ). 

 Whilst the Old World monkeys and apes have colour 
vision that is similar to our own (trichromacy, based on 
three classes of cone receptors) (Jacobs  1996 ), callitrichines 
are polymorphic and show a wide variety of colour vision 
phenotypes. Females have either trichromatic or dichro-
matic vision (based on two classes of cone receptors, like 
humans with red – green  ‘ colour blindness ’ ) (Jacobs  et al.  
 1993 ). However, all males are dichromatic. Trichromatic 
colour vision has been shown to be useful for selecting ripe 
fruits from unripe and semi - ripe ones, and may also be 
advantageous for the detection of insect prey and predators 
(Regan  et al.   2001 ; Smith  et al.   2003 ; Buchanan - Smith  2005 ; 
Jacobs  2007 ). Individuals with dichromatic vision may not 
be able to differentiate well between yellows, greens, browns 
and reds. This has implications for choice of colour stimuli 
in experiments (Waitt  &  Buchanan - Smith  2006 ) and for 
choosing target colours for positive reinforcement training 
(Buchanan - Smith  2005 ). 

 All callitrichines have a well developed sense of smell, 
possess specialised scent organs, and have a rich repertoire 
of chemosignalling behaviours (eg, Epple  et al.   1993 ). The 
most conspicuous of these are scent marking patterns 
involving the circumgenital and subrapubic glands. Scent 
marking itself and the chemical signals deposited are impor-
tant in many areas of their behavioural biology. They contain 
information on individual identity, rank and reproductive 
status, and play a role in reproductive suppression of sub-
ordinate females. It may also aid territorial defence, inter -
 group spacing and provide cues as to mate quality (Epple 
 et al.   1993 ). The rate of scent marking in wild  C. jacchus  
ranges from 0.19 – 0.45 scent marks/hour (Lazaro - Perea  et al.  
 1999 ), much lower than is seen in captive conditions, where 
it exceeds 40 scent marks/hour post - stressor (Bassett  et al.  
 2003 ). Adults scent mark more frequently than young in 
captivity (de Sousa  et al.   2006 ). 

 Their acute sense of smell, together with taste, assists in 
food identifi cation and selection. Callitrichines have a very 
varied diet (eg, Smith  et al.   2003  found that two mixed -
 species groups of  Saguinus  consumed fruits from 833 plants 

     Figure 36.2     Encouraging positive interactions between the 
monkeys and technicians can be rewarding for both parties. Hands 
would normally be latex - gloved.  (Photo: Hannah Buchanan - Smith.)   
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provide useful information on transport and should be con-
sulted (Wolfensohn  &  Honess  2005 ; Joint Working Group 
on Refi nement (JWGR)  2009 ). 

 If transport between facilities is required, callitrichines 
should be placed in a ventilated wooden box (a softer quieter 
environment than metal) with some soft substrate (Poole 
 et al.   1999 ). There should be moist food available (eg, fruit 
and vegetables) and a window to allow monitoring and to 
supplement food and water on longer journeys. Familiar 
conspecifi cs should be transported together. It poses a 
serious welfare risk to transport females in late pregnancy. 
Moreover, females with young infants may attack them, so 
transportation is not advised. In addition, the separation of 
offspring under 5 months from their parents is not accept-
able during transport (Poole  et al.   1999 ). For further informa-
tion see Chapter  13 .  

  Use in  r esearch 

 Callitrichines are used in a wide range of studies, including: 
behavioural, reproductive physiology, neuroscience, 
obesity, ageing, infectious disease, drug development and 
safety assessment (Abbott  et al.   2003 ; Mansfi eld  2003 ).  C. 
jacchus  are frequently used for research on Parkinson ’ s 
disease (Eslamboli  2005 ), and  S. oedipus  is used to study 
colon adenocarcinoma as these animals spontaneously 
develop colitis and/or colon cancer (Saunders  et al.   1999 ).  

  Laboratory  h usbandry,  m anagement 
and  b reeding 

  Enclosures 

 Callitrichines need suffi cient space to exhibit species - typical 
locomotor patterns, and to use the vertical dimension, as in 

  Behavioural  w elfare  i ndicators 

 Behaviour, postures and vocalisations are the most immedi-
ate way to determine good and poor welfare, and it is critical 
that staff are trained to accurately recognise and assess key 
indicators, not only to recognise pain and distress, but also 
to recognise happy healthy animals. It is important that staff 
are familiar with natural behaviour as a reference point. 
Signifi cant increases or decreases in natural behaviour 
should be noted (ie, abnormally high or low) as should the 
performance of unnatural behaviours. Although there has 
been a focus on poor welfare indicators in the literature, a 
callitrichine monkey could be assessed as having good 
welfare if it appears relaxed (in his/her social group and in 
the presence of humans) and engages in calm allogrooming, 
play and exploration. He or she should interact with other 
group members affi liatively and in social support. A few 
non - injurious aggressive threats and physical contact may 
be expected from time to time. 

 In  C. jacchus , increases in calm locomotion (relaxed gait) 
and exploration, and decreased scent marking, scratching, 
agitated locomotion (but not in play context  –  may be fast 
like Stevenson and Rylands ’  ( 1988 ) gallop, or slow, but with 
piloerection) and inactive inalert behaviour are seen when 
conditions are improved (eg, access from laboratory cages 
to outdoor runs) (Badihi  2006 ). Furthermore, scent marking, 
scratching, inactive alert (vigilance) and locomotion are 
known to increase following stressful events (Cilia  &  Piper 
 1997 ; Bassett  et al.   2003 ) and these increases are key indica-
tors of reduced welfare. Inappropriate social behaviour, 
such as excessive grooming, or infanticide, are causes for 
concern. Abnormal unnatural behaviours exhibited by cal-
litrichines include locomotor stereotypies such as circling 
and weaving (Hubrecht  1995 ), head bobbing and self - 
injurious behaviour (Box  &  Rohrhuber  1993 ). 

 Tail raised - present is displayed in marmosets when 
threatened (Figure  36.3 ), and other postures and facial 
expressions (eg, movements of the ear - tufts and baring of 
the teeth in open - mouth displays) serve as communication 
and can be used to monitor welfare (Stevenson  &  Poole  1976 ; 
Stevenson  &  Rylands  1988 ). If these behaviours and vocali-
sations are directed towards care staff on a regular basis, the 
staff are probably being viewed as predators and efforts 
should be made to improve the human – monkey relation-
ship as this is arguably one of the most critical factors infl u-
encing welfare (Rennie  &  Buchanan - Smith  2006a ).    

  Sources,  s upply and  t ransport 

 There are breeding programmes set up for all callitrichines 
used commonly in biological and biomedical research. 
These breeding programmes are often in - house, obviating 
the need for potentially stressful transport, quarantine and 
adaptation to a new colony. Breeding in - house also allows 
socialisation and training specifi c to their intended future 
use to begin early. However, some facilities may be too 
small, or lack expertise required for breeding, and therefore 
the primates must be transported to them. In these cases, 
legislation following the international trade in and transport 
of primates should be followed. A number of publications 

     Figure 36.3     A male common marmoset performing a tail - raised 
present as a threat.  (Photo: Hannah Buchanan - Smith.)   
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scents for the monkeys and minimises the disruption of 
regular cleaning. 

 Specifying cage sizes is highly controversial, given the 
fi nancial implications. Marmosets and tamarins are gener-
ally treated the same, as cage size is usually based upon their 
body weight ( < 1   kg; Buchanan - Smith  et al.   2004 ; Prescott  &  
Buchanan - Smith  2004 ). Poole and co - authors ( 1994 ) speci-
fi ed a minimum of 1   m 2  fl oor area for two animals and 
0.25   m 2  for each additional animal, excluding carried infants 
(ie, a fl oor area of 2   m 2  for a group of eight). The minimum 
cage height they specifi ed was 1.5   m. However, marmosets 
and tamarins differ in some critical ways that impact on 
their welfare and captive conditions (Prescott  &  Buchanan -
 Smith  2004 ). Tamarins are slightly heavier, have larger home 
ranges (up to 50 – 100   ha), and longer daily path lengths 
related to a more frugivorous diet and less dependence on 
gum - feeding.  Saguinus  have an even greater tendency than 
marmosets to avoid the ground where they behave nerv-
ously. Furthermore,  Saguinus  seem to be more susceptible 
to developing locomotor stereotypies and to self - injure than 
marmosets (reviewed in Prescott  &  Buchanan - Smith  2004 ). 
Prescott and Buchanan - Smith  (2004)  have argued that based 
on this suite of characteristics,  Saguinus  species should have 
larger minimum cages sizes in the laboratory than  C. jacchus . 
Council of Europe Convention ETS 123 (Appendix A 2006) 
and the European Commission  (2007)  have taken this into 
account specifying a fl oor area of 0.5   m 2  for  Callithrix  and 
1.5   m 2  for  Saguinus  (for one to two animals over 5 months), 
with a minimum height of 1.5   m, and the top of the enclosure 
should be at least 1.8   m from the fl oor. Each additional 
monkey over 5 months requires an extra 0.2   m 3 . 

the wild they are arboreal and rarely come to the ground. 
In two - tier cages, monkeys in lower tiers are, by design, 
denied the use of the vertical dimension. Although few dif-
ferences have been found in the behaviour of  C. jacchus  
housed in upper and lower tier cages measuring 55   cm 
wide    ×    95   cm high    ×    110   cm deep (Buchanan - Smith  et al.  
 2002 ; Badihi  2006 ), others have reported some differences. 
Activity is higher in upper - tier  C. jacchus  (Scott  1991 ) and  S. 
oedipus  (Box  &  Rohrhuber  1993 ) than lower - tier, with the 
tamarins also exhibiting more close physical contact. 
Furthermore, the behaviour of  C. jacchus  pairs improves 
(increases in calm locomotion and inactive rest behaviours 
and lower levels of agitated locomotion, inactive alert 
behaviours and watch observer) when they have access to a 
double enclosure incorporating both upper and lower tiers 
(Badihi  2006 ). Numerous other researchers have found 
behaviour indicative of improved welfare (such as increased 
play and exploration, and decreased stress - related behav-
iours) to be present in larger cages (eg,  S. oedipus , Box  &  
Rohrhuber  1993 ;  C. jacchus , Schoenfeld  1989 ; Kitchen  &  
Martin  1996 ; Gaspari  et al.   2000 ; Pines  et al.   2002 ). Given 
these fi ndings, callitrichines should not be housed in two -
 tier cages. 

 Furthermore, light intensity in the lower tiers is reduced 
in comparison to the upper tiers (Scott  1991 ; Schapiro  et al.  
 2000 ). Light intensity is known to impact behaviour and to 
improve reproduction. For example, Hampton and col-
leagues  (1966)  found that  S. oedipus  had markedly reduced 
activity when the light was dimmed, and Badihi  (2006)  
found improvements in the behaviour of  C. jacchus  (eg, 
increased levels of calm locomotion and social play in 
youngsters) at higher light intensities. There has also been 
one report that reproduction in  C. jacchus  decreases at the 
very low light intensity of 20 lux (Heger  et al.   1986 ). 

 Cages in laboratories generally consist of mobile enclo-
sures (cages mounted on wheels), that can be autoclaved 
(Figure  36.4 ). The cages are often made of stainless steel, yet 
wooden cages provide a quieter environment, and although 
the wood can be protected from gnawing by wire mesh, they 
will require more frequent replacement. Ensuring the space 
is fully utilisable is of critical importance, and thus provid-
ing mesh or some climbing structures on solid walls is 
important. This also applies to the ceiling material, so that 
the monkeys can hang down and play. A mesh ceiling also 
allows a greater variety of enrichment to be attached, for 
example using cable ties or karabiner - type clips. Enclosures 
that have slide dividers can be very useful as they allow 
animals to be temporarily separated (for example for veteri-
nary treatment or experiments) whilst maintaining the 
familiarity within the cage and close contact with the group.   

 Solid cage fl oors with sawdust/wood shavings/wood 
chips are often recommended, as callitrichines will often 
drop food, but later forage through the substrate for it. Care 
must be taken to ensure these do not harbour pathogens that 
might be transmitted between cages. A biofl oor, which con-
sists of a 25   cm covering of woodchips over a fi lterpad, with 
a concrete fl oor and drain, functions as a biological system 
to prevent build - up of pathogens or parasite infestation 
(Carroll  2002 ). Faeces may need to be spot cleaned, but urine 
drains away. The biofl oor requires total replacement every 
3 – 4 years and provides excellent continuity of familiar 

     Figure 36.4     Cages on wheels that can be autoclaved easily. Note 
the rubber matting shelves at the front of the cage, which provide 
marmosets with good grip and a comfortable place to sit. The nest 
box is mounted on runners and slides into the cage in the corner. 
Food dishes are placed on the shelf at the front.  (Photo: Keith 
Morris.)   
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     Figure 36.5     An example of a large walk - in enclosure 
for marmosets.  (Photo: Keith Morris)   

 Although prescribed minimum cage sizes are increasing, 
as noted above, those exceeding current minimum size have 
been found to improve welfare (eg,  S. oedipus , Box  &  
Rohrhuber  1993 ;  C. jacchus , Schoenfeld  1989 ; Kitchen  &  
Martin  1996 ; Gaspari  et al.   2000 ; Pines  et al.   2002 ). An example 
of a larger walk in cage is shown in Figure  36.5 . The oppor-
tunities to engage in locomotion are far greater and the 
monkeys are known to engage in more solitary play and 
exploration (Badihi  et al.   2007 ). However, care should be 
taken to ensure continuity for animals who are given larger 
enclosures, as if animals have to be moved to smaller enclo-
sures there are severe welfare consequences (Schoenfeld 
 1989 ; Badihi  et al.   2007 ).   

 Callitrichines scent mark territories and are aggressive to 
neighbouring groups, so physical or close ( < 1   m) visual 
contact between captive groups should be avoided. At the 
very least, the monkeys should be given choice to avoid 
visual contact with group mates and neighbouring groups 
should they wish to, and stability within a colony room 
should be maintained, so individuals may become familiar 
with each other. This can be done by providing visual bar-
riers, such as hanging screens within the cage (McKenzie 
 et al.   1986 ). An alternative is to allow monkeys an opportu-
nity to peep through a small hole at a neighbouring group 
(Moore  et al.   1991 ). As the neighbours do not know they are 
being watched it is unlikely to have any detrimental effects 
on them. 

 Turrets or verandas have been used in several colonies, 
with mixed success. These are mesh additions to the enclo-
sures that permit the monkeys to extend their visual fi eld. 
Initial use may cause disturbances as animals unfamiliar 
with each other are able to directly threaten each other visu-
ally and vocally. They should not be placed too close so 
monkeys can physically touch each other. They may have 
some benefi ts in increasing predictability of negative events 
(see Bassett  &  Buchanan - Smith  2007 ), as the marmosets will 
have a better view of what care staff are doing (in relation 
to cleaning, capture for procedures etc). 

 Empirical studies have shown that access to outdoor envi-
ronments has a positive effect the welfare of primates in 
captivity (eg, Novak  &  Suomi  1988 ) and the International 
Primatological Society (IPS) guidelines ( 2007 ) recommend a 
combination of indoor and outdoor housing, including exer-
cise areas, where possible. Seasonal fl uctuations in light and 
climate may contribute positively to the animals ’  welfare 
and allow animals a choice to experience a wider range of 
sensory stimulation such as sunshine and greater opportu-
nities for exploration and manipulation (eg, Novak  &  Suomi 
 1988 ; Pereira  et al.   1989 ; Buchanan - Smith  1998 ; Pines  et al.  
 2007 ). Free access to warm indoor or sheltered facilities is 
critical whenever outdoor enclosures are used.  C. jacchus  
prefer to spend time outside than in a large indoor enriched 
enclosure when given access from their home cage (Pines 
 et al.   2007 ) and they engage in more positive welfare behav-
iours outdoors (including increased play, allogrooming, 
exploration, rest relaxed and calm locomotion and decreased 
stress - related scratching and scent - marking) than when 
housed indoors (Badihi  2006 ). Care must be taken to mini-
mise the risk of disease transmission from outside vectors.  

  Environmental  p rovisions 

 A number of key aspects of the environment promote good 
welfare. These include the ability to express natural behav-
iour, and unpredictable positive environmental changes 
which can elicit an adaptive response from the animal, the 
opportunities for animals to choose and to facilitate change 
in the environment, and the perception of control (Sambrook 
 &  Buchanan - Smith  1997 ; IPS  2007 ; JWGR  2009 ; and reviewed 
in Rennie  &  Buchanan - Smith  2006b ). 

 All callitrichines have claw - like nails to facilitate grip and 
all cage furnishings should take grip into account (eg, rough 
surfaces). Locomotion is primarily quadrupedal, but vertical 
clinging and leaping is seen in several species. Positioning 
of vertical supports is particularly important for  S. fuscicollis  



552 Marmosets and tamarins

callitrichine nutrition. Vitamin D3 is a critical supplement 
for callitrichines who cannot synthesise it without access to 
ultraviolet light. Feed supplements, such as yoghurt, are 
often provided to females in late pregnancy and who are 
lactating, but there is no evidence that this benefi ts their 
offspring. Infants from mothers fed a higher protein diet did 
not have higher survival, nor growth. Indeed, at 42 days the 
mean infant body weight of supplemented mothers was less 
than that of infants of non - supplemented mothers (Layne  &  
Power  2003 ). 

 Care should be taken on placement of food dishes. In  S. 
oedipus , group members carrying infants were reluctant to 
approach food dishes placed near fl oor level. This was rem-
edied by placing food dishes at least 1   m from fl oor level, 
whereupon group members carrying infants readily 
approached food dishes and fed (Snowdon  &  Savage  1989 ). 
Furthermore, by providing a meal in two or more sets of 
dishes in larger groups, competition between group 
members may be reduced, and each individual is more 
likely to get a more varied diet and an equal share of the 
preferred food items (Price  &  McGrew  1990 ). 

 Food choice and presentation should take their natural 
feeding adaptations into account. For example  Leontopithecus  
and some  Saguinus  species are described as being extractive 
foragers, and feeding devices fashioned to stimulate these 
particular foraging skills can be used (eg, hiding food in 
bromeliads such as pineapple tops). Insects should be 
included as part of the diet if possible. Given the dental and 
intestinal adaptation to gum feeding, it is recommended that 
marmosets are given gum in such a way to encourage 
gnawing. It is easy to buy commercial gum Arabic that can 
be syringed onto branches in the enclosure and requires 
little time to prepare or administer (Kelly  1993 ). 

 Fruit is often chopped to ensure an even distribution 
amongst group members, but leaving skin on bananas, 
oranges and other fruits increases animal processing time 
(although fruit should be washed prior to presentation to 
remove pesticides). Spearing whole fruits on bamboo encour-
ages callitrichines to hang upside down and spend time 
picking off bits of apple or orange (personal observation) in 
a similar fashion to how they would forage naturally. A 
similar technique is to suspend plastic fi lm cases fi lled with 
small food pieces on string from the top of the cage. 

 These foraging techniques are preferable to scattering 
food items in the wood shavings or other fl oor coverings, as 
callitrichines do not go to the ground regularly in the wild, 
or if they do they are especially cautious as they may be 
more vulnerable to predation. However, foraging boxes con-
taining a mixture of sawdust with dried fruits, such as 
raisins, bananas, or mealworms, attached higher in the 
enclosure work well. Fresh water should be available  ad 
libitum , preferably from an automated watering system, as 
normal laboratory water bottles are potentially a source of 
infections such as  Pseudomonas  spp. (Brok, personal 
communication).  

  Social  h ousing 

 Housing callitrichines in harmonious social groups is fun-
damental to their welfare as it allows them to carry out 

which locomote extensively by vertical clinging and leaping. 
To allow full resting, huddling and grooming postures, fl at 
surfaces which several individuals may occupy simultane-
ously should be provided. These may contain holes, to 
provide extra grip, and to prevent any puddles of urine from 
forming. 

 In the wild, most callitrichines sleep huddled together in 
tree forks or in dense tangles of vines and leaves and a 
secure place for sleeping is important in captivity. 
 Leontopithecus  are unusual in that they primarily use holes 
in tree trunks and branches as sleeping sites; therefore pro-
viding nesting  ‘ holes ’  in captivity is appropriate. Nest boxes 
should be provided as they provide comfort and security, 
as evidenced by reduced vigilance ( S. labiatus ) (Caine  et al.  
 1992 ). Rumble and colleagues  (2005)  showed that  C. jacchus  
prefer wooden and plastic nest boxes over metal ones which 
may be related to comfort and temperature. They should be 
placed high in the enclosure. Nest boxes should be well 
ventilated so that moisture from breathing does not con-
dense and so there is no risk of suffocation.  

  Feeding/ w atering 

 Nutritional status infl uences growth, reproduction and lon-
gevity, as well as resistance to disease and environmental 
stressors (Knapka  et al.   1995 ). Callitrichines have a very 
varied natural diet, that they have to work hard to get; 
getting access to food (eg, gnawing at trees to get exudates 
in marmosets, or removing inedible outer skin of fruits) and 
using memory (spatial, temporal and seasonal) for returning 
to fruiting trees. In the wild, they rarely encounter food in 
great abundance, and often they must search for it, with 
foraging occupying up to 50 – 60% of waking time, through-
out the day (Garber  1984 ; Yoneda  1984 ). Providing a varied, 
appetitive and nutritionally balanced diet, and ensuring that 
foraging takes up a signifi cant proportion of the day as it 
does in the wild, is critical. Food should therefore be made 
more diffi cult to fi nd and process, and be provided at several 
times over the course of the day, taking their natural activity 
patterns into account. It is especially important to feed in the 
early morning, and early afternoon as they would in the 
wild. 

 Cafeteria - style diets in which commercially available 
pellets containing the required nutritional constituents are 
augmented with a range of additional food items, such as 
fresh or dried fruit, vegetables, seeds, nuts and animal 
protein (eg, insects, mealworms, hard - boiled eggs and 
boiled chicken) are often considered to cater well for psy-
chological well - being, being varied and palatable. However, 
such a diet may lead to nutritional imbalance as pellets are 
generally not appetitive and callitrichids often avoid them 
in preference to the other food being offered. One solution 
to maintain the variability, but reduce nutritional imbalance 
is to soak the pellets in milk or fl avoured juice to soften them 
and make them more palatable. Another solution is to use 
agar - based purifi ed diets which are more appetising to mar-
mosets, and have been used successfully (Layne  &  Power 
 2003 ). The National Research Council (NRC) ( 2003 ) provides 
a thorough review of nutrient requirements for primates, 
and Rensing and Oerke  (2005)  summarise the key points for 
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staff change and to permit matching with medical and 
research records. The best method to permanently identify 
a primate is using a microchip (Rennie  &  Buchanan - Smith 
 2006c ; JWGR  2009 ). The microchip is implanted subcutane-
ously and holds a unique code which must be read using a 
scanner. Monkeys previously required sedation before the 
microchip was inserted under the skin using a specially 
designed hypodermic needle, usually supplied ready loaded 
with a microchip. However, the chips are now so small that 
sedation is not required (Morris, personal communication). 
For callitrichines, the chip is placed under the interscapular 
skin. The scanner wand needs to be 5 – 10   cm away from the 
chip (Poole  et al.   1999 ) for reading. Callitrichids can easily 
be trained to stay still whilst the microchip is scanned 
(Savastano  et al.   2003 ). Microchips have been known to 
migrate under the skin leading to a potential reduction in 
effi ciency of identifi cation. 

 Although marmosets and tamarins may all look pretty 
identical to the untrained observer, careful observation soon 
allows individuals to be identifi ed by facial characteristics, 
size differences and markings. However, in large groups, or 
in facilities where a large number of callitrichines are kept, 
and there are regular staff changes, an easy method of accu-
rately identifying individuals is strongly recommended 
(Fortman  et al.   2002 ; Rennie  &  Buchanan - Smith  2006c ). In 
addition to the benefi ts of immediate identifi cation to 
assist with behavioural welfare assessment, it encourages 
naming individuals which facilitates positive staff – animal 
relationships to develop (Rennie  &  Buchanan - Smith  2006a ). 
There are many different methods of temporary identifi ca-
tion, including hair dyes, fur clipping (often done on the 
tail), and high - quality stainless steel ball chain collars with 
identity tags (Rennie  &  Buchanan - Smith  2006c ). Tags/discs 
can be coloured and numbered. Dyes must be chosen so as 
not to cause irritation, especially to youngsters, and care 
taken to avoid injury with clipping. These methods may last 
less than a month, but dye can be re - applied without the 
need for capture and handling (Halloren  et al.   1989 ). Collars 
and tags cannot be used until the animal has stopped 
growing. Collars and tags must be kept clean, and calli-
trichines may be trained to accept collar and tag cleaning 
without restraint. 

 Sexing of adult callitrichines is easy as males have promi-
nent scrotal sacks, although females also have a pale glan-
dular area around the genitalia and this should not be 
confused. Sexing young infants is more diffi cult, but the key 
differences are illustrated in Figure  36.6 .    

  Record  k eeping 

 In order to provide the best care, each monkey should 
have an individual fi le or  ‘ passport ’ . This should include 
details of their biography (date of birth, sire, dam etc) 
and their prior experiences (eg, transport history, social 
groups, training, husbandry system, type of environmental 
enrichment, research project history and medical history) 
(see JWGR  2009 ). This information will assist with analyses 
of primate care, use and breeding, and to review the ade-
quacy of systems in order to develop good practice (JWGR 
 2009 ).  

species - specifi c behaviours and buffers the effects of stress-
ful situations (Schaffner  &  Smith  2005 ). Callitrichines (with 
the exception of  Callibella ) have a co - operative rearing 
system where the mother generally gives birth to usually 
twin offspring, and the father and other group members 
care for the young by carrying, food sharing and perhaps by 
looking out for predators (Buchanan - Smith  1984 ; Cleveland 
 &  Snowdon  1984 ; Price  1992 ). There are many published 
reports that if offspring are removed from their group before 
they have had experience with rearing infants, they have a 
much lower likelihood of raising offspring themselves ( S. 
fuscicollis , Epple  1978 ;  L. rosalia , Hoage  1977 ;  S. oedipus , 
Cleveland  &  Snowdon  1984 ; Snowdon  et al.   1985 ; Tardif 
 et al.   1984a ;  C. jacchu s Tardif  et al.   1984a ). It is recommended 
that callitrichines should have experience with at least two 
sets of rearing episodes; otherwise they will not make good 
parents themselves (Snowdon  &  Savage  1989 ). This applies 
to sons as well as daughters, because fathers as well as 
mothers care for the young and may be even more impor-
tant for tamarins than for marmosets (Tardif  et al.   1984a ). 

 Optimal housing in captivity is in large family groups (up 
to 8 – 10 individuals if space allows), giving the offspring the 
opportunity for good social development. Offspring should 
not be removed until they are sexually mature. Pairing unfa-
miliar male and female callitrichines is usually a smooth 
process, but certain guidelines should be followed carefully 
(see JWGR  2009 ). With particular reference to callitrichines, 
the newly formed pair should be some distance away from 
the family as reproductive suppression through olfactory 
cues may still occur. If individuals have to be housed in 
pairs for experimental reasons, housing familiar siblings or 
vasectomised male or contracepted female pairs increases 
the likelihood of compatibility. Unrelated same - sex pairs of 
 C. jacchus  are often diffi cult to pair, unless one individual is 
younger (Majolo  et al.   2003 ), or if in same - sexed rooms (Brok 
personal communication). However, as often they do not 
affi liate, unrelated same - sex pairs are not recommended 
(Majolo  et al.   2003 ). Disturbance within a colony room 
should be kept to a very minimum, as the presence of unfa-
miliar individuals may cause anxiety and even redirected 
aggression towards group mates. If a parent dies, it is pos-
sible to introduce a step - parent, but care should be taken, 
and the step - parent should be allowed to interact with his/
her intended pair mate in the absence of other family 
members, who may mob the unfamiliar group member 
(Tardif  et al.   2003 ). 

 Single housing of callitrichines is never recommended 
unless it is unavoidable for justifi able veterinary or human 
health reasons. It should be kept to a minimum time and the 
monkey should be able to see, hear and smell familiar group 
mates. Although weaning to large same - sex  ‘ gang groups ’  
is relatively common, primarily for ease of management 
(Buchanan - Smith  2006 ), this practice is not recommended as 
it is an unnatural social grouping, and can lead to serious 
fi ghting.  

  Identifi cation and  s exing 

 International guidelines (IPS  2007 ) recommend that all pri-
mates have permanent identifi cation to ensure accuracy as 
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accurately kept; Wolfensohn and Honess  (2005)  provide 
scales that may be modifi ed to suit callitrichines. Veterinary 
advice should be sought if non - normal patterns persist, or 
if the monkeys are listless, remain in their nest boxes, or do 
not eat. Infants who have fallen to the fl oor, and have not 
been picked up by group members, should be examined 
carefully for injury and disease, but the decision to hand rear 
should not be made lightly as there are potential problems 
associated with this (Kirkwood  &  Stathatos  1992 ), and hand -
 reared individuals are unlikely to be suitable breeders or 
good models for scientifi c research. 

 Although callitrichines are commonly bred in - house 
(Rennie  &  Buchanan - Smith  2005 ), occasionally relocation is 
required. The animal passport should be available to the 
new facility before the monkeys arrive and every effort 
should be made to achieve continuity (or in some cases 
improvement) of care and also help to ensure rapid acclima-
tisation to the new facility (JWGR  2009 ). Food should ini-
tially be identical or similar to that of the source colony, and 
changes introduced slowly (Tardif  et al.   2003 ). Individuals 
newly acquired from elsewhere must be quarantined for at 
least 30 days. The transport to the facility will have caused 
stress, and extra care must be taken upon arrival to ensure 
the monkeys are not dehydrated. It also important to ensure 
continuity of water supply as some animals may not learn 
a new method of acquiring water (Tardif  et al.   2003 ). During 
quarantine they should receive a thorough health check, 
including haematology and radiography to check for skel-
etal problems and tuberculosis (TB) (Poole  et al.   1999 ). 

 There are no national or international standards of per-
sonal protective equipment (PPE) for humans interacting 
with callitrichines, although facilities usually develop their 
own. The health status/infectious state of the callitrichine 
dictates the level of PPE, but there are also a number of other 
considerations, including level of physical contact, staff 
experience, etc. Staff should wear protective clothing, 
including face masks if they display any sign of a cough or 

  Physical  e nvironment and  h ygiene 

 As callitrichines are tropical primates, they require an 
ambient temperature of around 23 ° C (range of 23 – 28 ° C) and 
humidity of 40 – 70% (Council of Europe  2006 ). However, 
they will choose to go outside, often in much cooler tem-
peratures, especially if the sun is shining and they have 
shelter from the wind. Fluctuations in humidity are not well 
tolerated by marmosets and tamarins and humidity should 
be kept higher than 40% as respiratory disorders may result. 
Callitrichines respond adversely to noise (eg, construction 
noise). The level of background noise should be kept low 
and if it is absolutely necessary to exceed 65dBA, it should 
only be for short periods. 

 Callitrichines should be kept in hygienic conditions, with 
regular cleaning to remove stale food, and excreta. Scent 
marking leads to sticky substrates that can lead to oily coats. 
A complete cage clean, by autoclave, or by scrubbing using 
a hot water, domestic detergent and bleach, together with 
thorough rinsing, should only occur at 1 – 2 - month intervals. 
Because of the role of scent marking in territorial behaviour, 
in modulating reproductive physiology and their impor-
tance in social interactions, familiar scents should not be 
totally removed from the captive environments during 
cleaning. Alternating cleaning and sanitation of enclosures 
and substrates and enrichment devices will have benefi cial 
effects by maintaining familiarity and reducing over - stimu-
lated scent marking (Prescott  2006 ).  

  Health  m onitoring and  q uarantine and 
 b arrier  s ystems 

 It is important that callitrichines are checked at least twice 
daily for changes in behaviour, inactivity, nasal discharge 
and signs of diarrhoea. Deviations from normality should 
be marked on a standardised scale to ensure records are 

(a) (b)
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Prepuce

Scrotum

Vaginal
opening

     Figure 36.6     The external genitalia of (a) female and (b) male infant common marmosets.  (Photos: Hannah Buchanan - Smith.)   
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home cage. A detailed illustrated account of how to train 
marmosets to enter a transport box is provided by Prescott 
 et al.   (2005) . Chasing individuals into nest boxes for capture 
is not recommended as the nest box should be seen as a safe 
place to rest, and not associated with any potential stressor 
(Rennie  &  Buchanan - Smith  2006c ). Removal of a callitrichine 
from the transport box is best done by opening the door 
slowly and grasping the monkey around the shoulders as 
he/she exits. If heavy, the weight of the body should be 
supported with the other hand and the monkey should 
remain in an upright position so it can look around, as he/
she will likely feel less vulnerable than in a supine position. 
Movements should be slow, and voices muted. When catch-
ing by hand the weight of the glove used must be carefully 
gauged to ensure that excessive pressure is not applied to 
the animal and that the handler is suffi ciently well protected 
(Sainsbury  et al.   1989 ). Callitrichines may bite the glove, and 
this has been known to cause dental problems (eg, broken 
teeth). They should not be left in a transport box for any 
longer than is absolutely necessary. The monkeys should be 
returned to their home cage as soon as possible following 
handling. 

 If monkeys are being caught within the home cage, the 
handler should approach calmly and wait until they are 
stationary, and then grip the part of the tail nearest the body 
whilst the other hand is placed around the shoulders. This 
approach is not recommended unless monkeys have been 
very well habituated to it. If they are being removed from 
wire mesh great care must be taken to remove their tight 
grip from the mesh as injuries can occur to their claws. 
Capture by net is not recommended as it causes fear and 
distress, can result in injury when the animals are chased 
around and entanglement during removal from the net. 
Great care should be taken not to allow individuals to escape 
as this creates disruption as individuals in other cages in the 
colony room may attempt to bite them (and have been 
known to bite off digits). Swift return to the cage should be 
a priority; if animals are trained they can be enticed back 
into their home cages with food rewards. However, if they 
are not, a net may be required as a last resort.  

  Training/ h abituation for  p rocedures 

 Although all methods of restraint can be highly stressful, 
much of this stress can be eliminated if the method is used 
sensitively (Fortman  et al.   2002 ), and if the callitrichines are 
desensitised to the procedure, by pairing it with food 
rewards, and by making the procedure predictable, so they 
are familiar with what is going to happen. 

 There is now very good evidence that callitrichines can be 
trained for a variety of tasks related to husbandry, veteri-
nary treatment, scientifi c studies and tests of cognitive 
ability with no need for food or water management (eg, 
McKinley  et al.   2003 ; Savastano  et al.   2003 ; Scott  et al.   2003 ; 
Smith  et al.   2004  and see Prescott  et al.   2005 ). Cognitive 
testing within the home cage is preferred, for welfare and 
scientifi c reasons (Scott  et al.   2003 ). Temperature is an impor-
tant indicator of health, and callitrichines can be trained to 
accept a tympanic thermometer without restraint (Savastano 
 et al.   2003 ). Temperature can also be read remotely in tele-

cold. Particular care should be made to prevent contact with 
any human with cold sores, due to the herpes virus that can 
prove fatal.  

  Breeding 

 The method of pregnancy testing is generally by abdominal 
palpation, and pregnancy can be detected from 5 weeks post 
conception (Kirkwood  &  Stathatos  1992 ), although as this 
can be disruptive and is not recommended on a regular 
basis. Weight gain and abdominal distension are clear signs 
of pregnancy in later stages. Ultrasound and urinary 
hormone measurement may also be used; callitrichines can 
be trained to accept ultrasound (Savastano  et al.   2003 ). 
Marmosets and tamarins usually give birth at night (between 
20.00   h and 07.00   h); if the female shows signs of labour 
during the day, veterinary intervention may required. 
During birth the group members gather around the mother 
and may share in eating the placenta (Stevenson  1976 ; Price 
 1990 ). Although twins are the norm,  C. jacchus  are increas-
ingly producing triplets (or even quadruplets) in captivity, 
due to their rich diet. This creates some problems for rearing 
them (see Reproductive problems). 

 Reproductive success and infant mortality vary quite sub-
stantially between facilities, suggesting there are numerous 
factors associated with successful breeding, including 
genetic factors, early rearing history, temperament, housing, 
husbandry and diet.  C. jacchus  are now successfully bred in 
many facilities, with mortality rates of less than 20% (Prescott 
 &  Buchanan - Smith  2004 ) although a meta - analysis of data 
from fi ve colonies in the Americas (n   =   625 dams) reported 
a mean of 50% loss between number of infants produced, 
and weaned at 3 months (Smucny  et al.   2004 ).  Saguinus  are 
more diffi cult to breed (Tardif  et al.   1984b ), but there is a 
strong link between quality of captive conditions and breed-
ing success; when they are housed in large complex enclo-
sures and with a group composition resembling those in the 
wild, they have greater success (reviewed in Prescott  &  
Buchanan - Smith  2004 ).   

  Laboratory  p rocedures 

  Handling 

 Marmosets and tamarins generally do not like being handled, 
although with extensive gentle handling and desensitising 
(with small pieces of treat foods such as gum arabic, grape, 
raisin or marshmallow) some will tolerate it and a latex -
 gloved hand can be used. However, to avoid handling they 
can be trained using positive reinforcement techniques (see 
Chapter  16 ) to co - operate with routine husbandry proce-
dures such as capture, weighing, veterinary procedures, oral 
administration or palpation, or to provide samples for anal-
ysis (such as saliva or urine). If there is good reason why 
they need to be handled, a fi rm but gentle approach is criti-
cal. When possible, callitrichines should be trained, using 
positive reinforcement techniques, to enter a transport box 
or Perspex cylinder, and capture by gloved hand from the 
box will be substantially easier than capture from within the 
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 Urine samples allow analyses of accumulation of metabo-
lites, are easy to collect and provide suffi cient volume. 
Marmosets can be trained, in a short period of time, to 
urinate into a collection vial on request (McKinley  et al.  
 2003 ), or using a similar technique to provide a sample scent 
mark for analysis (Schultz - Darken  2003 ). Other methods of 
urine collection that do not necessitate social isolation have 
also been documented (Anzenberger  &  Gossweiler  1993 ; 
Smith  et al.   2004 ). Steroid and protein metabolites can also 
be measured in faeces, but lag times must be well under-
stood. Saliva has also been validated for cortisol in  C. jacchus  
(Cross  et al.   2004 ). The ease with which it is collected from 
known individuals, and the fact that it allows measurement 
of currently circulating cortisol, and may be collected at very 
regular intervals may make it the preferred method of cor-
tisol analysis. 

 Training callitrichines to accept venepuncture has not 
been achieved, partially because their small size makes it 
diffi cult to access blood vessels, and because of the precision 
required. However, with training and desensitisation, the 
stress of capture and restraint can be minimised and thus the 
overall stress of routine procedures can also be reduced 
(Greig  et al.   2006 ). Restraint devices offer some benefi ts over 
conventional handling techniques. First, they allow the pro-
cedure to be carried out by just a single person whereas 
sometimes two or three technicians are involved in manual 
restraint, one to restrain and the other(s) to carry out the 
procedure (eg, Hearn  1977 ; Buchanan - Smith, personal obser-
vation). Second, with the restraint device, the animal ’ s move-
ment is quite restricted, for a short period, and the chance of 
a haematoma and bruising is decreased. There is good back 
support, and the marmoset is held in an upright position 
allowing him/her to look around. Third, most marmosets 
habituate to the device; they appear comfortable and without 
obvious signs of stress. They accept a food reward following 
the procedure (Greig  et al.   2006 ), and indeed food rewards 
should be offered following all procedures to desensitise 
them. Figure  36.8  shows  C. jacchus  in a restraint device.   

 Blood sampling requires a short, 0.4 – 0.5   mm diameter 
(25 – 27   g) needle, with a small 1 – 2.5   ml syringe (Poole  et al.  
 1999 ). Single blood samples of up to 0.5   ml/100   g body 

metric microchips (reviewed in Rennie  &  Buchanan - Smith 
 2006c ). 

  C. jacchus  have been trained to stand on a balance for 
weighing in the home cage (McKinley  et al.   2003 ). The initial 
time investment is not high for this training (between two 
and twelve, 10 - minute training sessions per pair, with a 
mean of six sessions, see Figure  36.7 ). If the marmosets were 
already taking food from the trainer ’ s hand, it took a mean 
of just two, 10 - minute sessions per pair. A comparison with 
the standard weighing procedure showed that this initial 
time investment can be quickly recouped. One of the many 
advantages of training for in - home cage weighing is that it 
avoids the need for capture and restraint. Poole and col-
leagues  (1999)  have suggested that even the weights of 
carried young can be measured in this way, by weighing the 
carrier with and without a single youngster on his/her back. 
Schultz - Darken and co - workers  (2004)  have described habit-
uation of  C. jacchus  to sling harness restraint for neuroendo-
crine experiments, and Ferris and colleagues  (2001)  described 
habituation for functional magnetic imaging experiments. 
Restraint devices for sample collection are described later in 
this chapter.    

  Monitoring  m ethods 

 Surgically implanted telemetric devices have been used 
successfully in non - human primates to collect cardiovascu-
lar, blood pressure, temperature, motor, vocalisation, loco-
motion and pH data, and to record electrocardiograms 
(ECG), electromyograms (EMG), electroencephalograms 
(EEG) and electrocorticograms (ECoG) (Kinter  &  Johnson 
 1999 ). There are advantages and disadvantages to the non -
 invasive externally worn telemetry devices, and partially 
and fully surgically implanted devices (reviewed in Rennie 
 &  Buchanan - Smith  2006c ). Fully implanted devices allow 
multiple subjects to be housed in pairs or groups; working 
instrumentation has been successfully maintained in  C. 
jacchus  for up to 2 years (Crofts  et al.   2001 ), and used to 
monitor responses to a range of environments and events 
(eg, Gerber  et al.   2002a ). 

     Figure 36.7     A marmoset holding a target (plastic spoon), 
whilst sitting on scales for in - home cage weighing.  (Photo: 
Jean McKinley.)   
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procedure for collecting semen using vibratory stimulation 
whilst the male marmoset is restrained.  

  Administration of  s ubstances 

 The substance to be administered and the route of its admin-
istration are determined to a great extent by the objectives 
of the experimental procedure concerned. A thorough 
review of refi nement techniques for administration of sub-
stances has been provided by the BVAAWF/FRAME/
RSPCA/UFAW working party (JWGR  2001 ). Oral adminis-
tration by gavage requires careful restraint because poor 
placement of the tube (into the trachea rather than the 
oesophagus or the top of the stomach) has the potential to 
harm or kill the subject animal, and marmoset teeth are 
delicate and easily damaged. A small soft plastic tube can 
be used to keep the mouth open. It is preferable to incorpo-
rate substances into treat feeds (such as marshmallows) or 
favoured fl uids, a method considered to have minimal 
impact on the animal (JWGR  2001 ). If the callitrichine will 
not eat, the solution can be fed into the mouth with syringe. 
Subcutaneous injections are best administered into the loose 
skin above the shoulders, and the upper thigh is suitable for 
intramuscular injection (Poole  et al.   1999 ). Intravenous injec-
tions should be performed into the saphenous vein (or 
caudal vein) which are preferred over the femoral vein as 
the neighbouring femoral artery can be injected accidentally; 
Bakker, personal communication).  

  Anaesthesia/ a nalgesia 

 Ketamine (a dissociative anaesthetic) is the most commonly 
used anaesthetic agent for marmosets and tamarins. Dosage 
depends upon depth of anaesthesia required. Poole and col-
leagues  (1999)  recommend 5 – 15   mg/kg by intramuscular 
injection for mild restraint such as fi tting identity collars, 
although muscle relaxation is often poor. Rensing and Oerke 
( 2005  and Rensing, personal communication), recommend 
up to 50   mg/kg for surgical procedures (combined with a 
potent analgesic) with a maximum of 25   mg/animal due to 
myotoxicity. To improve muscle relaxation, Poole and col-
leagues  (1999)  recommend a combination of ketamine and 
xylazine at a dose rate of 10 – 15   mg/kg ketamine and 1.5   mg/
kg xylazine. Further they and Rensing (personal communi-
cation) recommend a ketamine/medetomidine mixture 
(3   mg/kg ketamine with 0.05   mg/kg medetomidine given 
intramuscularly) as this has the advantage of being reversed 
by administration of atipamezole intravenously or intra-
muscularly. In order to maintain general anesthesia, inhala-
tion of the narcotic gaseous anaesthetic isofl uorane can be 
used, delivered via a modifi ed endotracheal tube (2.0   mm) 
or with a face mask (Rensing  &  Oerke  2005 ). Recovery time 
is fast (Morris, personal communication). 

 Rensing and Oerke  (2005)  recommend Saffan ®  (new trade 
name is Alfaxan - CD RTU), of which the active constituents 
are alphaxalone and alphadolone, as a safer alternative to 
ketamine (dose rate: 18   mg/kg) to induce anaesthesia. Poole 
and co - authors (1999) note this has to be incremented at 
30 – 60 - minute intervals to maintain effect. For longer surgery 

weight can be taken safely (Poole  et al.   1999 ). If repeated 
sampling is required, no more than 15% of total blood 
volume should be taken per month (Diehl  et al.   2001 ), 
approximating to 3.7   ml per month for a 350   g marmoset 
(Poole  et al.   1999 ). However, this must be monitored closely 
to check for normal cell composition and haemoglobin con-
centration, and iron supplements should be given (Poole 
 et al.   1999 ). 

 Greig and co - workers  (2006)  describe the procedure for 
blood collection from the femoral vein. The leg should be 
held straight by curling fi ngers around the length of the leg 
to ensure that the animal cannot bend at the knee or kick. 
The thumb provides extra restraint and support to the 
syringe. The syringe needle should be inserted at an angle 
of approximately 15 °  into the groove midway down the leg, 
the thumb can be used as a guide. The vein or the groove is 
not always visible in heavier animals so the midpoint should 
be used. The syringe plunger should be slowly pulled back 
just after insertion of the needle point, to ensure that it has 
entered the vein. If correctly inserted blood should fl ow 
back into the syringe, if not then the needle should be 
inserted further until blood is seen entering the needle hub. 
There should be no further insertion of the needle at this 
point. The plunger should be pulled slowly until the appro-
priate volume is acquired. Schultz - Darken  (2003)  also pro-
vides details of blood sampling from a restraint device, and 
advice on an intravenous femoral catheter for repeated 
blood sampling and a jugular vein catheter for longer - term 
sampling over several hours. 

 A restraint device can also be used for collection of semen 
from mated females (details in Greig  et al.   2006 ), and is seen 
as a refi nement over other methods of sperm collection such 
as electro - ejaculation. Schultz - Darken  (2003)  describes a 

     Figure 36.8     A marmoset in a restraint device, showing the plastic 
tube and Velcro straps, having a blood sample taken from the 
femoral vein.  (Photo: by Keith Morris, from Greig  et al.   2006 .)   
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of chronic psychosocial stress in  C. jacchus , Johnson and col-
leagues  (1996)  observed a 10% drop in body weight in indi-
viduals taken from stable pairings and placed in isolation 
and considered this to be indicative of considerable social 
stress. This was accompanied by an increase in locomotion 
and cringing behaviours and in crying vocalisations. 
Acceptable boundaries of weight loss or gain, within which 
the welfare of the individual is protected have not been 
deduced specifi cally for marmosets. However, persistent 
anorexia resulting in a loss of 10% or more of the animal ’ s 
original weight is considered to signify unacceptable suffer-
ing and has been used as a humane endpoint in parasitologi-
cal studies in baboons (Farah  et al.   2001 ). Fluctuating body 
weight (in contrast to a stable body weight) in adults is also 
a useful indicator of poor welfare. 

 Callitrichines can be infected with a range of parasites, gut 
bacterial and viral infections and well as non - infections dis-
eases. A very brief summary of the main diseases is pro-
vided here; further details can be found in Bennett  et al.  
 (1998)  and Potkay  (1992) . Rensing and Oerke  (2005)  provide 
a summary of symptoms and details of treatment. 

 In the wild, callitrichines may have several parasitic infec-
tions, but these are rarely seen in captivity. Acanthocephala 
( Prosthenorchis  spp.) is an exception, in colonies where 
cockroaches are present. It can be fatal. Other parasites 
reported include  Rictulria nycticebus ,  Giardia lamblia , 
 Balantidium  and  Entamoeba  spp., and  Toxoplasma gondii.  Of 
the bacterial diseases,  Shigella, Yersina pseudotuberculosis  and 
 Y. enterocolitica ,  Klebsiella  spp. and  Bordetella bronchiseptica  
are those that cause the greatest concern.  Campylobacter  spp., 
 Salmonella  spp. and  Escherichia coli  can also have severe con-
sequences. As mentioned above, the viral infection of the 
human herpes simpex or hominis virus can be fatal. Herpes 
saimiri and tamarinus have squirrel monkeys ( Saimiri ) as 
reservoir hosts and great care should be taken to avoid expo-
sure (eg, though saliva, bite wounds, and on capture nets 
and gloves). 

 Wasting marmoset syndrome (WMS) used to be a common 
killer of captive marmosets, but is no longer frequently 
observed. Its aetiology is still poorly understood but it may 
be associated with stress, malnutrition (too much fruit, 
protein defi ciency), parasitic, bacterial, viral infections or 
colitis (Sainsbury  et al.   1987 ; Rensing  &  Oerke  2005 ). 
Haemosiderosis (a deposit of iron pigment haemosiderin in 
the liver) has been found in marmosets with WMS (Miller 
 at al.   1997 ).  

  Behavioural 

 If physical and social housing conditions are good, calli-
trichines rarely behave abnormally. However, hand - rearing 
may lead to a variety of behavioural abnormalities (Kirkwood 
 &  Stathatos  1992 ), and single housing may lead to locomotor 
stereotypies such as circling or weaving in  C. jacchus  
(Hubrecht  1995 ). Prescott and Buchanan - Smith  (2004)  argue 
that  Saguinus  may be more predisposed to develop such 
abnormal behaviour than marmosets; head bobbing and 
self - infl icted trauma has been reported in  S. oedipus  (Box  &  
Rohrhuber  1993 ; Savage  1995 ) and  S. labiatus  (Buchanan -
 Smith, personal observation).  

Rensing and Oerke  (2005)  note that a combination of Saffan ®  
(8   mg/kg) and diazepam (0.25   mg/animal) is reliable in  C. 
jacchus ; and ketamine (25   mg/kg) and midazolam (25   mg/
kg) can be used for  S. oedipus . Morris (personal communica-
tion) recommends buprenorphine (10 – 20    μ g/kg or 0.03 –
 0.06   ml/kg) for longer analgesia and post - operative pain 
relief and carpofen (4   mg/kg administered subcutaneously) 
for short - term analgesia before surgery. It is important to 
keep the monkey warm during anaesthesia and surgery. 
This can be achieved using heat lamps or heat pads, or using 
an operating table with a built - in thermoregulator in the 
table surface. It is critical to monitor anaesthesia carefully to 
prevent deaths and ensure safe recovery. For further advice 
see Flecknell  (2009) .  

  Euthanasia 

 Euthanasia is required if animals are found to experience an 
unacceptable level of pain or suffering (specifi ed humane 
endpoints), when the project requires pathology or histol-
ogy examination of organs or tissues, or at the end of an 
experiment if they cannot be re - used (as outlined in the 
project licence). An overdose of an anaesthetic agent, pento-
barbital (also known as sodium pentobarbital, a barbiturate 
formulated for euthanasia) by intraveneous injection is the 
only acceptable method for the euthanasia of marmosets 
and tamarins (Poole  et al.   1999 ; Rennie  &  Buchanan - Smith 
 2006c ; IPS  2007 ). It is recommended that animals lose con-
sciousness rapidly following injection, prior to the loss of 
motor function, and that no signs of pain, distress or panic 
should be observed (JWGR  2009 ). This is the case when 
using intraveneously injected pentobarbital. Poole and co -
 workers  (1999)  and Morris (personal communication) rec-
ommend that ketamine is injected intramuscularly, to induce 
anaesthesia, and to mitigate the stress of handling for intra-
venous injection of pentobarbital. Suitable prior anaesthesia 
will facilitate accurate administration of pentobarbital, as 
extravascular injection causes irritation and may be painful. 
Under certain circumstances such as severe cardiac or circu-
latory defi ciencies (eg, shock, intensive blood sampling 
prior to euthanasia), intracardiac injection on a deeply 
sedated animal may be preferred to intravenous injection 
(Bakker, personal communication).   

  Common  w elfare  p roblems 

  Health 

 If kept permanently indoors, immunoprophylaxis is gener-
ally not required for animals if housing and husbandry are 
appropriate and they are provided with nutritionally bal-
anced diets. If callitrichines have access to outside runs, they 
will require protection against  Yersinia  and  Salmonella  bac-
teria and other infections which can be carried in bird drop-
pings (Poole  et al.   1999 ). 

 Signs of illness include changes in activity, often listless-
ness including lack of alertness, a reduction in body weight, 
poor coat condition, diarrhoea and withdrawal from group 
mates. In relation to body weight, in a study of the effects 



Marmosets and tamarins 559

    Albuquerque ,  A.C.S.R.  ,   Sousa ,  M.B.C.  ,   Santos ,  H.M.    et al . ( 2001 ) 
 Behavioral and hormonal analysis of social relationships between 
oldest females in a wild monogamous group of common marmo-
sets ( Callithrix jacchus ) .  International Journal of Primatology ,  22 , 
 631  –  645   

    Alonso ,  C.   and   Langguth ,  A.   ( 1989 )  Ecology and behavior of 
 Callithrix jacchus  (Primates: Callitrichidae) living on an Atlantic 
forest island .  Revista Nordestina de Biologia ,  6 ,  105  –  137   

    Anzenberger ,  G.   and   Gossweiler ,  H.   ( 1993 )  How to obtain indi-
vidual urine samples from undisturbed marmoset families . 
 American Journal of Primatology ,  31 ,  223  –  230   

    Ara  jo ,  A.  ,   Arruda ,  M.F.  ,   Alencar ,  A.I.    et al . ( 2000 )  Body weight of 
wild and captive common marmosets ( Callithrix jacchus ) . 
 International Journal of Primatology ,  21 ,  317  –  324   

    Arruda ,  M.F.  ,   Araujo ,  A.  ,   Sousa ,  M.B.C.    et al . ( 2005 )  Two breeding 
females within free - living groups may not always indicate polyg-
yny: alternative subordinate female strategies in common mar-
mosets ( Callithrix jacchus ) .  Folia Primatologica ,  76 ,  10  –  20   

    Badihi ,  I.   ( 2006 )  The effect of complexity, choice and control on the 
behaviour and the welfare of captive common marmosets 
( Callithrix jacchus ) . PhD thesis, University of Stirling, Scotland, 
 https://dspace.stir.ac.uk/dspace/bitstream/1893/120/1/
Badihi%20PhD.pdf  (accessed 30 April 2008)  

    Badihi ,  I.  ,   Morris ,  K.   and   Buchanan - Smith ,  H.M.   ( 2007 )  The effects 
of increased space, complexity, and choice, together with their 
loss, on the behavior of a family group of  Callithrix jacchus:  a case 
study .  Laboratory Primate Newsletter ,  46 ,  1  –  5   

    Bassett ,  L.   and   Buchanan - Smith ,  H.M.   ( 2007 )  Effects of predictabil-
ity on the welfare of captive primates. In:  Animal Behaviour, 
Conservation and Enrichment.  Ed. Swaisgood, R.R .  Applied Animal 
Behaviour Science ,  102 ,  223  –  245   

    Bassett ,  L.  ,   Buchanan - Smith ,  H.M.  ,   McKinley ,  J.    et al . ( 2003 )  Effects 
of training on stress - related behavior of the common marmoset 
( Callithrix jacchus ) in relation to coping with routine husbandry 
procedures .  Journal of Applied Animal Welfare Science ,  6 ,  221  –  233   

    Bennett ,  B.T.  ,   Abee ,  C.R  , and   Henrickson ,  R.   (eds) ( 1998 )  Non -
 Human Primates in Biomedical Research , Vol.  II  (Diseases).  Academic 
Press ,  San Diego   

    Box ,  H.O.   and   Rohrhuber ,  B.   ( 1993 )  Differences in behaviour among 
adult male, female pairs of cotton - top tamarins ( Saguinus oedipus ) 
in different conditions of housing .  Animal Technology ,  44 ,  19  –  30   

    Buchanan - Smith ,  H.M.   ( 1984 )  Preliminary report on infant develop-
ment of the black - tailed marmoset  Callithrix argentata melanura  at 
the Jersey Wildlife Preservation Trust .  Dodo: Journal of the Jersey 
Wildlife Preservation Trust ,  21 ,  57  –  67   

    Buchanan - Smith ,  H. M.   ( 1998 )  Enrichment of marmosets and tama-
rins  –  considerations for the care of captive callitrichids . In: 
 Guidelines for Environmental Enrichment . Ed.   Field ,  D.A.  , pp.  183  –
  201 .  Top Copy ,  Bristol   

    Buchanan - Smith ,  H.M.   ( 2001 )  Species - specifi c housing and hus-
bandry for marmosets and tamarins (Callitrichinae) .  Proceedings 
of the 4 th  International Conference on Environmental Enrichment , 
pp.  95  –  105 .  The Shape of Enrichment Inc. ,  San Diego   

    Buchanan - Smith ,  H.M.   ( 2005 )  Recent advances in color vision 
research .  American Journal of Primatology ,  67 ,  393  –  398   

    Buchanan - Smith ,  H.M.   ( 2006 )  Primates in laboratories: standardisa-
tion, harmonisation, variation and Science .  ALTEX  –  Alternatives 
to Animal Experimentation ,  23 ,  115  –  119   

    Buchanan - Smith ,  H.M.  ,   Prescott ,  M.J.   and   Cross ,  N.J.   ( 2004 )  What 
factors should determine cage sizes for primates in the labora-
tory?   Animal Welfare ,  13 ,  S197  –  S201   

    Buchanan - Smith ,  H.M.  ,   Shand ,  C.   and   Morris ,  K.   ( 2002 )  Cage use 
and feeding height preferences of captive common marmosets 
( Callithrix jacchus ) in two - tier cages .  Journal of Applied Animal 
Welfare Science ,  5 ,  139  –  149   

    Caine ,  N.G.  ,   Potter ,  M.P.   and   Mayer ,  K.E.   ( 1992 )  Sleeping site selec-
tion by captive tamarins ( Saguinus labiatus ) .  Ethology ,  90 ,  63  –  71   

  Reproductive  p roblems 

 The increase in triplet and quadruplet births in captivity is 
potentially problematic. The increase in multiple births is 
related to weight gain in  C. jacchus  although the mechanism 
is not understood (Tardif  &  Jaquish  1997 ). Multiple births 
can lead to problems during pregnancy and birth complica-
tions (such as transverse presentation of the foetus, lame-
ness in the pregnant female, hydrocephalus or a dead 
embryo blocking the cervix) (Poole  et al.   1999 ). Infanticide 
rarely occurs in captivity, although occasionally part of an 
infant ’ s tail will be bitten off. Breeding should cease from 
tail - biters as this behaviour appears to be passed from gen-
eration to generation. 

 Although, occasionally, the family will rear triplets 
without human intervention, often this is not the case and 
the weakest may fall to the fl oor. Hand rearing of infants is 
possible but the infants must be reintroduced into a conspe-
cifi c group as soon as possible to minimise the serious 
adverse effects of separation from their natal groups. The 
practice of rotational hand rearing, when two infants are 
reared by the family group and one is human reared, 
has been used to reduce mortality. However it requires the 
animal care staff to disturb the group on a regular basis, to 
replace and remove an infant, and each offspring will be 
subjected to period of separation, which is known to 
infl uence behaviour and physiology (Dettling  et al.   2002a, 
2002b ). The impact of this practice on future reproductive 
success, and on the suitability as models for scientifi c 
research has not been determined but it is likely to have an 
adverse effect (Buchanan - Smith  2006 ). A better practice 
for successfully rearing triplets may be to provide supple-
mentary feeding to the infants whilst they remain in the 
family group, or to cross - foster the infants to surrogate  C. 
jacchus  parents, who are well experienced and on contracep-
tion. This latter practice has proved highly successful 
in one laboratory, reducing mortality (Morris, personal 
communication).   
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  Biological  o verview 

  Taxonomy 

 All squirrel monkeys were once considered to be a single 
species  (Saimiri sciureus)  with several geographically sepa-
rated subspecies. However, karyotypic and phenotypic 
information gathered in the early 1980s led Hershkovitz 
 (1984)  to the conclusion that squirrel monkeys should be 
classifi ed as a single genus with four species ( Saimiri bolivi-
ensis ,  S. oerstedii ,  S. sciureus and S. ustus ) and nine subspecies. 
Studies conducted by Assis and Barros  (1987) , da Silva  et al.  
 (1987) , VandeBerg  et al.   (1990)  and Cropp and Boinski  (2000)  
support the taxonomic classifi cation of Hershkovitz. Ayres 
 (1985)  has described a fi fth species,  Saimiri vanzolinii  that is 
found in central Brazil along the south bank of the Amazon 
River. Cropp and Boinski  (2000)  present evidence that 
 Saimiri oerstedii , indigenous to parts of Central America 
(primarily Costa Rica), is a genetically distinct population 
and not the result of human introduction. 

 Squirrel monkeys are divided into two groups based on 
the shape of the patch of nonpigmented hair above the eyes 
(Figure  37.1 ). The use of this phenotypic characteristic for 
identifying species and subspecies of squirrel monkeys was 
fi rst described by MacLean  (1964)  and later by Cooper 
 (1968) , and its usefulness confi rmed by Hershkovitz  (1984) . 
Monkeys belonging to the  S. sciureus  and  vanzolinii  groups 
are classifi ed as  ‘ gothic arch ’  squirrel monkeys and possess 
a pointed arch of whitish hair above each eye. Those belong-
ing to the  S. boliviensis  group are referred to as  ‘ roman arch ’  
squirrel monkeys and are characterised by more shallow 
semicircular patterns above the eyes. Additional phenotypic 
characteristics include differences in coloration of the hair 
on the head and body, which can range from subtle to 
obvious. Squirrel monkeys of the roman arch variety usually 
have black hair crowning their heads, although exceptions 
exist (Hershkovitz  1984 ); and gothic arch squirrel monkeys 
usually have a grey – green agouti coloration.  S. sciureus sciu-
reus , the Guyanese squirrel monkey, also possesses a pattern 
of pigmented hairs within the patch of whitish hair above 
each eye, resembling an eyebrow (Ariga  et al.   1978 ).   

 Precise identifi cation of squirrel monkeys often requires 
both phenotypic and karyotypic examination. All squirrel 
monkey species and subspecies that have been examined, 
thus far, have 44 (diploid) chromosomes; however, they 
vary in their number of acrocentric autosomes from fi ve to 

seven. More certain identifi cation can be made by counting 
the number of acrocentric autosomes and observing the 
periocular patches (Ariga  et al.   1978 ). Squirrel monkeys are 
sexually dimorphic, although sex differences are less dis-
tinct than in many Old World primates. Male squirrel 
monkeys weigh 25 – 30% more than females, and canine teeth 
are larger and longer in males. In Table  37.1 , the species and 
subspecies of squirrel monkeys are listed using the nomen-
clature suggested by Hershkovitz  (1984) .   

 Taxonomy is an important issue for those using squirrel 
monkeys in research, as a substantial body of information 
has accumulated over the past 30 years, providing convinc-
ing evidence that species and subspecies of squirrel monkeys 
vary in their susceptibility to both naturally occurring and 
experimentally induced diseases (Portman  et al.   1980 ; Martin 
 &  McNease,  1982 ; Ausman  et al.   1985 ; Coe  et al.   1985 ). 

 The karyotypic variations observed in squirrel monkeys 
are thought to be due to pericentric inversions in the ances-
tral karyotype (Jones  et al.   1973 ). Failure to identify and 
separate Peruvian, Bolivian and Guyanese squirrel monkeys 
in breeding colonies may result in interbreeding. Progeny of 
squirrel monkeys that interbreed will be heterozygous for 
the inversion, which may lead to the production of non -
 viable gametes due to crossovers at the inversion loop 
during meiosis. Theoretically, 50% of conceptions in hybrid 
squirrel monkeys may be non - viable, reducing reproductive 
effi ciency in breeding colonies that mix species and subspe-
cies. Furthermore, mixing species and subspecies within 
experimental groups may create confounding variables. 
There are, therefore good reasons to carefully identify and 
separate species and subspecies of squirrel monkeys in both 
breeding and experimental colonies.  

  Ecology 

 In the wild, squirrel monkeys inhabit most types of tropical 
forest including both wet and dry forest, continuous and 
secondary forest, mangrove swamps, riparian habitat and 
forest fragments (Hernandez - Camacho  &  Cooper  1976 ; 
Terborgh  1983 ; Baldwin  1985 ; Boinski  1987b ). They appear 
highly fl exible in their ability to adapt to different envi-
ronments, and in some geographic areas appear to prefer 
disturbed habitats (Konstant  &  Mittermeier  1982 ; Boinski 
 1987b ). They are omnivores, eating insects when they are 
available but also include fruit, fl owers, bird eggs, and 
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occasionally vertebrates in their diet when necessary or 
readily available (Thorington  1967 ; Baldwin  &  Baldwin 
 1972 ; Jones  et al.   1973 ; Izawa  1975 ; Mittermeier  &  van 
Roosmalen  1981 ; Scollay  &  Judge  1981 ; Mitchell  et al.   1991 ). 
Lima  &  Ferrari  (2003)  reported that the diet of  Saimiri sciu-
reus  in eastern Brazil shifted from 80% animal to 80% plant 
depending on the availability of insects.  

  Social  s tructure 

 In the wild, squirrel monkeys are found in large multi - male/
multi - female social groups of between 20 and 50 animals, 
with unconfi rmed reports of up to 300 monkeys in a group 
(Thorington  1967 ; Baldwin  &  Baldwin  1971a   ; Baldwin  1985 ; 
Boinski  1987b ). Group size may vary somewhat depending 
on habitat type (Baldwin  &  Baldwin  1971b ; Scollay  &  Judge 
 1981 ). In the 1960s it was thought that groups tended to break 
into smaller groups for foraging, rejoined for a time during 
the day for a rest period, and then continued foraging sepa-
rately until coming back together for the night (Thorington 
 1967 ). More recent studies have found that members of social 
groups tend to forage as a unit, and the earlier reports are 
explained as observations of one troop using several large 
fruiting trees (Mitchell  1990 ). Boinski  (1987b)  found that 
Costa Rican squirrel monkeys tend to forage more widely 
and rest less when food is scarce during the peak wet season 
and travel least during the birth season. 

 In captivity, age/sex ratio differs depending on the type 
of social grouping that can be maintained in the available 

     Figure 37.1     Photograph of the faces of three types of 
squirrel monkeys;  Saimiri sciureus sciureus  (Guyanese) 
top,  Saimiri boliviensis peruviensis  (Peruvian) middle and 
 Saimiri boliviensis boliviensis  (Bolivian) bottom. The 
Peruvian and Bolivian squirrel monkeys have  ‘ Roman ’  or 
rounded periorbital arches, while the Guyanese has the 
 ‘ gothic ’  or peaked arches.  

  Table 37.1    Selected taxonomic characteristics of the 
squirrel monkey.   Adapted from Hershkovitz  (1984)  and Costello 
 et al.   (1993) .   

   Scientifi c name     Chromosome 
no. (diploid)  

   Variety     Acrocentric 
autosomes  

   Saimiri sciureus 
sciureus   

  44    Gothic    7  

   S. sciureus 
macrodon   

  44    Gothic    6  

   S. sciureus 
cassiquiarensis   

  44    Gothic    ?  

   S. sciureus 
abigena   

  44    Gothic    ?  

   Saimiri oerstedii 
oerstedii   

  44    Gothic    5  

   S. oerstedii 
citrinefl is   

  44    Gothic    5  

   Saimiri ustus     44    Gothic    5  

   Saimiri boliviensis 
boliviensis   

  44    Roman    6  

   S. boliviensis 
peruviensis   

  44    Roman    5  

   Saimiri vanzolinii     44    Roman    ?  
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 et al.   1992 ). Boinski  et al.   (2002)  suggests that the amount of 
female – female bonding within  Saimiri  species is related to 
their ecology.  Saimiri sciureus  in Suriname exhibited weaker 
social bonds and rarely formed coalitions with other females, 
when compared to  Saimiri boliviensis boliviensis . They relate 
this difference to the fact that in Suriname the food patches 
are small and dense unlike the western South American 
forest. Hence, one female can dominate the food patch 
making any coalition unstable. 

 Dominance hierarchies within squirrel monkey groups 
differ between species.  Saimiri boliviensis boliviensis  have a 
high degree of sexual segregation, and also possess linear 
male dominance hierarchies, in which dominance is associ-
ated with higher testosterone levels and copulatory fre-
quency. A less distinct dominance hierarchy is seen 
among females of this species (Mendoza  et al.   1978a ). The 
linear dominance hierarchies of  Saimiri sciureus  spp., 
which are more sexually integrated within social groups, 
include both sexes, with all males being dominant over all 
females (Mendoza  et al.   1978a ; Mitchell  et al.   1991 ).  Saimiri 
oerstedii  spp. in the wild do not have dominance hierarchies 
amongst either sex; and males may co - operatively mob 
females to establish their state of oestrus from olfactory cues 
during the breeding season (Boinski  1987c ; Mitchell  et al.  
 1991 ). 

 Allomaternal care, or infant care by social group members 
other than the birth mother, has been documented in fi eld 
studies (Ploog  1967 ; Du Mond  1968 ; Baldwin  1969 ; Hunt  et 
al.   1978 ; Morton  2000 ) and in the laboratory (Williams  et al.  
 1988, 1994 ; Soltis  et al.   2005 ). Infant squirrel monkeys may 
spend as much as 30% of their time on allomothers during 
the fi rst 6 months of their lives (Baldwin  1969 ; Williams  et 
al.   1994 ). Allomothering usually begins during the fi rst 2 
weeks of life (Williams  et al.   1994 ). In the wild, allomothers 
are usually juvenile females (Du Mond  1968 ). In captivity, 
reports have shown that one half (53%) of the allomothering 
is performed by young adult females, aged 4 – 6 years, 
whereas adult females, age 7 – 9 years, provided about 20% 
of the allomaternal care (Williams  et al.   1994 ). Females which 
have experienced a reproductive failure during the year 
(Williams  et al.   1988 ) performed almost all of the allonurs-
ing. This proclivity can be used to foster orphan infants in 
captivity.  

  Breeding and  r eproduction 

 Squirrel monkeys have an annual reproductive cycle, with 
a distinct 3 - month breeding season followed about 5 months 
later by a birth season (Du Mond  1967, 1968 ; Goss  et al.   1968 ; 
Rosenblum  &  Cooper  1968 ; Baldwin  1969 ; Michael  &  Zumpe 
 1971 ; Coe  &  Rosenblum  1978 ; Boinski  1987c ; Trevino  2007 ). 
A feature of this yearly cycle is reproductive seasonality in 
breeding males as well as the females (Du Mond  1967 ; Du 
Mond  &  Hutchinson  1967 ; Baldwin  1969 ; Kaplan  1977 ; Coe 
 &  Rosenblum  1978 ; Mendoza  1987 ; Williams  et al.   1986b ; 
Boinski  1987c ). The  ‘ fatted male ’  condition is a component 
of this reproductive cycle. Both sexes gain weight through-
out the pre - breeding season, attaining peak weights prior to 
breeding. Weight gain in males is associated with increased 
spermatogenesis in preparation for breeding (Du Mond  &  

housing. Generally, social groups are maintained in captiv-
ity with only one or two males per group; as male – male 
aggression has occurred when more than two males are 
maintained within a social group. Groups which have access 
to a more semi - natural living situation within a larger living 
space are able to accommodate more males within the same 
groupings due to the increased complexity of the environ-
ment and the possibility of escape from social confl icts. In 
captivity, social group size can range from a single pair up 
to 35 – 50 animals per group depending on available housing. 
For smaller populations, one male for every three to four 
females is recommended. Squirrel monkeys are very social 
animals and should be maintained in species - typical social 
groupings as much as possible. 

 Female squirrel monkeys reach maturity and begin breed-
ing at around 2.5 – 3 years of age. In the wild, the frequency 
of female inter - troop transfer differs among groups from 
differing geographical regions. A high rate of female trans-
fer occurs in  Saimiri oerstedii  with males remaining in their 
natal groups, compared to a low rate of female transfer in 
 Saimiri sciureus  and  boliviensis  spp., which have relatively 
high rates of male transfer (Boinski  1987c ). Males reach sub -
 adult age by the time they are 2.5 – 3 years old and generally 
transfer from the natal group at that time. They may then 
join an all male group of juveniles and sub - adults until they 
become fully adult at about the age of 5 years and are able 
to work their way into the male dominance hierarchy of an 
established group (Roder  &  Timmermans  2002 ). Both social 
patterns provide a mechanism for maintaining genetic vari-
ability in wild populations.  

  Social  o rganisation 

 Squirrel monkey societies are generally kept stable by the 
adult females. All age – sex classes except fully adult males 
have been shown to be more attracted to adult females than 
to any other age – sex class (Baldwin  1969, 1985 ; Strayer  &  
Harris  1979 ; Scollay  &  Judge  1981 ). Sexual segregation 
occurs on a seasonal basis as a unique feature of social 
organisation in this species. Males remain near the periph-
ery of the group in the non - breeding season, and the major-
ity of social interactions between the sexes take place during 
the breeding season (Du Mond  1967 ; Baldwin  1968 ; Mason 
 &  Epple  1969 ; Baldwin  &  Baldwin  1972 ; Candland  et al.   1973 ; 
Coe  &  Rosenblum  1974, 1978 ; Strayer  et al.   1975 ; Kaplan 
 1977 ; Vaitl  1977b ; Vaitl  et al.   1978 ; Hopf  1978 ; Mendoza  et al.  
 1978b ; Leger  et al.   1981 ; Lyons  et al.   1992 ; Boinski  &  Mitchell 
 1994 ). 

 The behaviour of populations from different geographical 
regions appears to differ (Mendoza  et al.   1978a ; Gonzalez  et 
al.   1981 ; Mitchell  et al.   1991 ). There is strong sexual segrega-
tion in  Saimiri boliviensis , whereas  Saimiri sciureus  spp. and 
 Saimiri oerstedii  spp. societies are more sexually integrated 
(Mendoza  et al.   1978a ; Boinski  1987c ). Some studies have 
found evidence that this sexual segregation may be female 
initiated through active exclusion of the males (Du Mond 
 1968 ; Baldwin  &  Baldwin  1972 ; Fairbanks  1974 ; Vaitl  1977a ; 
Mendoza  et al.   1978a ). Other studies have found that the 
segregation may be due to inter - male social dynamics 
instead of female agonism (Strayer and Harris  1979 ; Lyons 
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history, genetic background and reproductive history. Wild -
 caught animals are likely to be stressed by the process of 
capture and captive housing (Joint Working Group on 
Refi nement (JWGR)  2009 ). Furthermore, feral animals fre-
quently have parasitic infections, which reduce their desir-
ability for some types of research (Abee  1985 ). For example, 
squirrel monkeys naturally infected with malaria, are not 
suitable for malaria vaccine development studies.  

  Uses in the  l aboratory 

  The  s quirrel  m onkey  a s a  r esearch  s ubject 

 Squirrel monkeys ( Saimiri  spp.) are the most commonly 
used neotropical primates in biomedical research in the 
United States, whereas in Europe the predominant New 
World monkey used in research is the marmoset. Squirrel 
monkeys and marmosets share many physical characteris-
tics, including small size and ease of handling that contrib-
ute to their desirability as research subjects. The mean body 
weight of adult squirrel monkeys is less than 1   kg compared 
with female rhesus monkeys, which usually weigh 4 – 5   kg. 
As a result, much smaller doses of synthesised compounds 
are necessary when using squirrel monkeys to test new 
drugs. This can be an important advantage when studies 
require administration of expensive compounds. Squirrel 
monkeys easily adapt to laboratory housing and can be 
maintained in smaller spaces and less expensive cages than 
larger primates, such as macaques and baboons. This char-
acteristic is especially important in facilities with space 
limitations. 

 Interest in using squirrel monkeys instead of macaques 
has increased following the tragic deaths of laboratory 
workers after exposure to macaques shedding Cercopithecine 
herpesvirus 1 (B virus) in Florida (Centers for Disease 
Control and Prevention (CDC)  1987 ), Michigan (CDC  1989 ) 
Texas and Georgia (CDC  1998 ). There is less risk of serious 
zoonotic disease transmission with squirrel monkeys and 
other neotropical primates than with macaques and other 
Old World primates. Additionally, accidental exposures 
from bites and scratches can be managed in a manner similar 
to those from dogs and cats, and personal protective equip-
ment required for handling squirrel monkeys is less exten-
sive. The reduced risk to laboratory workers combined with 
ease of handling, allow more procedures to be carried out 
without chemical restraint or expensive handling equip-
ment. In addition, squirrel monkeys are easily habituated to 
handling, which further reduces stress from manipulation. 
For these reasons, experimental procedures that must be 
performed without sedation can be carried out relatively 
easily in squirrel monkeys.  

  Research  m odels 

 The squirrel monkey has proven to be valuable in a number 
of areas of biomedical research as demonstrated by the pub-
lication of two textbooks devoted entirely to the squirrel 
monkey (Rosenblum  &  Cooper  1968 ; Rosenblum  &  Coe 
 1985 ). See also reviews by Brady  (2000) ; Galland  (2000) ; 

Hutchinson  1967 ; Coe  &  Rosenblum  1978 ; Williams  et al.  
 1986b ). Nadler and Rosenblum  (1972)  and Chen  et al.   (1981)  
demonstrated that male fattening is closely related to circu-
lating levels of testosterone. 

 The yearly cycle has been shown, in some fi eld studies, to 
be related to seasonal food availability (Du Mond  &  
Hutchinson  1967 ; Baldwin  1968 ; Du Mond  1968 ; Thorington 
 1968 ; Baldwin  &  Baldwin  1981 ; Boinski  1987a ). Changes in 
light cycles have also been shown to be associated with the 
timing of the reproductive cycle (Rosenblum  &  Cooper 
 1968 ) as has humidity level (Du Mond  1968 ). Boinski  (1987a) , 
in her fi eld studies in Costa Rica, found a strong tendency 
towards birth synchrony in  Saimiri oerstedii  which she sug-
gested might be an anti - predator adaptation. 

 Oestrous cycle lengths have been estimated to be around 
8 – 12 days (Rosenblum  &  Cooper  1968 ; Wolf  et al.   1975 ; 
Kaplan  1977 ; Diamond  et al.   1984 ; Yeoman  et al.   2000 ). Cycle 
length can be affected by social conditions (Hutchinson 
 1970 ; Wolf  et al.   1975 ) and light cycles (Rosenblum  &  Cooper 
 1968 ). 

 The breeding season in squirrel monkeys shows a shift 
when animals are moved into the northern hemisphere 
(Lehner  et al.   1967 ; Du Mond  1968 ; Rosenblum  &  Cooper 
 1968 ; Kaplan  1977 ). Several studies have linked this breed-
ing season shift to humidity factors (Du Mond  1968 ; Baldwin 
 &  Baldwin  1971a ; Harrison  &  Dukelow  1973 ). It has also 
been linked to the photoperiod by other authors (Coe  &  
Levine  1981 ; Trevino  2007 ). The breeding season in captive 
squirrel monkeys is probably controlled by a combination 
of environmental factors, including photoperiod and humid-
ity, that correspond with environmental changes experi-
enced by the monkeys in their natural habitat (Dukelow 
 1985 ; Trevino  2007 ).   

  Sources and  c onservation 

 Once plentiful and available at modest cost, squirrel 
monkeys were imported to the United States and Europe in 
large numbers in the 1960s (Cooper  1968 ). However, the 
governments of South America began banning export of 
primates indigenous to their countries in the 1970s. The 
exportation of the Bolivian squirrel monkey ( S. boliviensis 
boliviensis ), a species considered especially suitable for 
malaria vaccine studies, was banned by the Bolivian govern-
ment in 1983. Thus, by the late 1980s, only Peruvian squirrel 
monkeys ( S. boliviensis peruviensis ) were available from the 
wild. 

  Saimiri oerstedii citrinellus  is an endangered subspecies of 
which fewer than 1000 are believed to exist in the wild 
(Boinski  1985 ). These animals are not available for export; 
however, non - invasive fi eld research and research aimed at 
improving their chances for survival are possible (Rodriguez -
 Vargas  2003 ; Sierra  et al.   2003 ). Wild - caught Guyanese 
squirrel monkeys ( S. sciureus ) are available from Guyana 
and Suriname through commercial exporters. Also, Peruvian 
squirrel monkeys ( S. boliviensis peruviensis ) continue to be 
available through the Peruvian Primatology Project (PPP) in 
Iquitos, Peru. 

 There are major disadvantages to using feral - origin squir-
rel monkeys in research: they are of unknown age, medical 
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Squirrel monkeys are social animals and all efforts should 
be made to house them in social groups or, at least, in pairs. 
Figures  37.2  and  37.3  illustrate a large social group pen and 
smaller cages that can be used for single -  or pair - housed 
animals. The European standard for squirrel monkey caging 
calls for a minimum fl oor space of 2   m 2  for up to two animals, 
with an additional 0.5   m 2  for each additional animal 
(European Commission  2007 ). The US standards classify 
squirrel monkeys as type 2 primates, requiring 3   ft 2  (0.28   m 2 ) 
for each animal (National Research Council  1996 ). All squir-
rel monkeys should be housed with a temperature range of 
around 24 – 27    ° C (75 – 82    ° F) and with a relative humidity of 
40 – 60%. Lower temperatures or humidity levels can lead to 
upper respiratory problems (Abee  1985 ).   

 Squirrel monkeys do well when exposed to natural light-
ing (Srivastava  et al.   1970 ; Williams  et al.   1986a ) with the 
breeding season shifted toward the period of short days. A 
12   h light – dark cycle is appropriate for indoor - housed 
animals, although light cycles can vary somewhat. There is 
anecdotal evidence that when housed indoors for extended 
periods, time - limited exposure to UV lamps may be helpful 
for vitamin D3 synthesis. 

 Squirrel monkeys should be fed a nutritionally balanced 
diet such as commercially available monkey chows, specifi -
cally formulated for New World primates.  Ad libitum  feeding 
should be supplemented with fresh vegetables, fruit slices 
and mealworms periodically. Non - carbonated sports drinks 
and yogurt should be considered for animals that are ill or 
debilitated. Feeding each morning following completion of 
the cage sanitation procedures and again in the afternoon 
will ensure food is continuously available. 

Scammell  (2000) ; Williams and Glasgow  (2000)  on further 
important uses of the squirrel monkey. 

 Although the virtues of the squirrel monkey as a research 
subject were described as early as the 1930s (Kluver  1933 ), 
it was not until the late 1950s that interest in its use in bio-
medical science really started to develop. Their small size, 
ease of handling and ability to tolerate high gravitational 
forces resulted in their use for physiological studies of the 
effects of space fl ight (Beischer  1968 ). The fi ndings that 
squirrel monkeys maintained under laboratory conditions 
had fatty streaks and plaques in their aortas resembling 
human atherosclerosis (Middleton,  et al.   1964 ), and that wild 
squirrel monkeys also have naturally occurring atheroscle-
rotic lesions (Middleton  et al.   1967 ), has led to their use in 
atherosclerosis research (reviewed by Strickland  &  Clarkson 
 1985 ). 

 Squirrel monkeys have been the subject of research invol-
ving the experimental induction of cholelithiasis (Lofl and 
 1975 ; Osuga and Portman  1971 ) and into reproductive 
biology (Bennett  1967a, 1967b ). The squirrel monkey is an 
important animal model for malaria vaccine development 
studies.  Plasmodium  spp. are host specifi c; therefore the 
animals used for studies of human malaria must be suscep-
tible to the same strains of  Plasmodium  that cause disease in 
humans. The Bolivian squirrel monkey has been shown to 
be a superior model than the Guyanese squirrel monkeys  (S. 
sciureus sciureus)  for studies of the pathogenesis of  Plasmodium 
falciparum  Indochina I (Whiteley  et al.   1987 ). Differences in 
susceptibility to experimental malaria infections emphasise 
the importance of species identifi cation when using squirrel 
monkeys. 

 The squirrel monkey is one of the most susceptible non -
 human primate species to experimental infection with 
Creutzfeldt - Jakob disease (CJD) and other transmissible 
spongiform encephalopathies (Zlotnik  et al.   1974 ; Brown  et 
al.   1994 ; Sch ä tzl  et al.   1995 ; Marsh  et al .  2005 ). Williams  et al.  
 (2007)  reported on behavioural changes seen in squirrel 
monkeys that were associated with experimental transmis-
sion of both variant CJD and sporadic CJD. 

 Foetal rotation resembling that seen during labour and 
delivery in women has been observed in the squirrel 
monkey. The implications of this for obstetric evaluation of 
fossil hominid pelves may prompt re - evaluation of cur-
rently accepted views of labour and delivery in these species 
(Stoller  1995 ). A report of lesions consistent with pelvic 
organ prolapse (POP) in a small group of aged squirrel 
monkeys from the Scott  &  White Clinic and Hospital in 
Temple, Texas (Coates  et al.   1995 ), suggested that the squir-
rel monkey might be a model for the disease. (Shull  et al.  
 1992 ). It was subsequently confi rmed that multiparous 
squirrel monkeys develop lesions resembling POP in 
women.   

  Laboratory  m anagement 

  General  h usbandry 

  Housing,  f ood and  w ater 

 General advice on husbandry, care and common procedures 
for non - human primates can be found in JWGR  (2009) . 

     Figure 37.2     Socially housed squirrel monkeys in an indoor facility. 
Note the use of vertical space and multiple travel paths throughout 
the cage. The animal on the middle - right is coming through a 
doorway from a second cage.  
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 Since squirrel monkeys are arboreal, perch arrangements 
can be used to vary the cage environments and increase the 
activity of the animals. Figures  37.2  and  37.3  illustrate caging 
and enrichment. Rearranging the perches and providing 
new materials is an easy way to provide novelty. Notice the 
extensive use of three - dimensional spaces. Squirrel monkeys 
are arboreal and will use vertical space if it is available. 

 Squirrel monkeys are naturally curious and will manually 
probe objects hung in their cages. Hanging objects such as 
practice golf balls, infant toys, and polyvinyl chloride (PVC) 
plumbing joints can be used with or without food enrich-
ment to increase activity rates. However, using foraging 
(Fekete  et. al.   2000 ) and other devices (Spring  et al.   1997 ) to 
ameliorate stereotypical behaviour has not been successful. 
See also Chapter  10 .  

  Cleaning,  s anitation and  p ersonnel  h ygiene 

 The maintenance of monkeys in cages limits their living space 
to a relatively small area. This results in concentration of 
faeces and urine within the animals ’  immediate living area. 
Many pathogens in otherwise healthy animals are shed in 
large numbers in faeces. Therefore, daily cleaning of cages and 
contact surfaces is an essential part of the preventive medicine 
programme. Animal husbandry and cage sanitation sched-
ules should include routine sanitising of contact surface areas 
consistent with guidelines, such as those provided in National 
Research Council  (1996) . For squirrel monkeys maintained in 
Europe, the Commission Recommendations (European 
Commission  2007 ) serve as guidelines for the accommodation 
and care of animals for experimental and other scientifi c pur-
poses, and may shortly become mandatory. 

 Group pens should be cleaned daily. Pens should be 
scrubbed every 2 weeks with a detergent – disinfectant. 
Cages and racks should be changed and sanitised every 2 
weeks. Excreta pans should be fl ushed daily. Accessory 
items, such as catch gloves, should be dedicated to specifi c 
areas to prevent fomite transmission of pathogens and 
should be cleaned or replaced regularly. Bedding materials, 
when used, should be emptied into plastic bin liners. 

 Technicians and other personnel working with monkeys 
should be provided with clean protective clothing daily. 

 Animal feeds should be stored on pallets in a clean, dry, 
vermin - free environment. Milling dates should be moni-
tored as a standard procedure to make certain that fresh feed 
is used. Those commercial diets made in the US with milling 
dates of more than 90 days (180 days for feeds certifi ed to 
maintain vitamin C levels for that period of time) should be 
discarded. Since group - housed animals may fi ght over feed, 
suffi cient food should be provided at multiple sites in the 
cage to allow  ad libitum  feeding throughout the daylight 
hours. Broadcasting diet pellets within group pens will 
encourage foraging behaviour and discourage food guard-
ing by dominant animals (see general recommendations 
for feeding primates in European Commission  2007 ). This 
method should be considered for larger pens with solid 
fl oors. 

 Water may be provided from bottles with sipper tubes or 
by automatic watering devices, which consist of low - pres-
sure water pipes equipped with watering valves. Monkeys 
unaccustomed to these devices may need to be shown how 
they operate to avoid dehydration. Animals housed in pens 
or cage/rack units should be provided with water continu-
ously. Watering bottles should be changed no less than three 
times per week and should always contain water.  

  Environmental  p rovisions 

 In nature, squirrel monkeys live in large social groups con-
taining 20 – 200 animals (Baldwin  &  Baldwin  1971a ) with 
multiple males and females of different ages. Efforts should 
be made to house them in social groups where possible. 
Animals born into a social group should be maintained 
within their social group as long as possible. In the South 
American species of squirrel monkeys, females typically 
stay within the social group and males emigrate after 
age 1.5 – 2 years. Squirrel monkeys will fi ght with unfamiliar 
conspecifi cs (Williams  &  Abee  1988 ) so frequent movement 
of animals between social groups should be avoided. 
Squirrel monkeys that must be held separate from their 
social group for experimental or clinical purposes should be 
pair - housed. If that is not possible they should be given 
visual or auditory access to other animals (Schuler  &  Abee 
 2005 ). 

     Figure 37.3     Individually housed squirrel monkeys in 
enriched cages. There are multiple levels of perching and 
plastic chain used to increase access to the vertical space 
in the cage. Small enrichment devices are hung either in 
the cage or on the outside wire mesh. These cages 
conform to the US standard of 3   ft 2  (0.28   m 2 ) per animal 
fl oor space with 30 inches (0.76   m) minimum height. The 
European standard is 2   m 2  for either one or two animals 
(an additional 0.5   m 2  for each animal over two) with 
1.8   m 2  minimum height.  
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lying on the fl oor of the cage. An estimation of the feed 
consumed should also be made at this time. If water bottles 
are being used, the water consumed should be also esti-
mated. A second observation is made late in the day. 
Animals that do not appear interested in eating should be 
observed for signs of injury or disease. During the birth 
season, observations are often useful in determining which 
females are nearing parturition and whether labour is begin-
ning or whether there is an abnormal foetal presentation. 
The veterinary staff should be consulted immediately if 
unproductive labour is observed. Unproductive labour 
exceeding 1   h requires immediate veterinary attention.  

  Biosafety  c onsiderations 

 Squirrel monkeys are carriers of herpesvirus saimiri 2, 
which is known to be oncogenic in other primates and can 
infect and transform human T - lymphocytes  in vitro  
(Mansfi eld  &  King  1998 ). Although there are no data which 
would indicate that Herpesvirus saimiri 2 can cause disease 
in humans, its ability to cause disease in other animals and 
to replicate in human issues is suffi cient reason to counsel 
persons who work with squirrel monkeys to use appropriate 
procedures to minimise potential risk of transmission of the 
virus from the animals to themselves. 

 They are also carriers for herpesvirus saimiri 1, which is 
known to cause fatal disease in  Aotus  and some other species 
of New World primates (Mansfi eld  &  King  1998 ). Biosafety 
precautions should always be followed with squirrel 
monkeys. A sensible approach is to follow the  Update: 
Universal Precautions for Workers Handling Human Blood ,  Body 
Fluids and Tissue in the Workplace  (CDC  1988 ) when working 
with squirrel monkeys, their tissues and their body fl uids. 

 Squirrel monkeys are not considered to be carriers of 
Cercopithecine herpesvirus 1, CHV - 1 (also known as B 
virus), which can cause deadly central nervous system 
disease in humans. Therefore, the stringent testing and treat-
ment techniques required for bites, scratches and splashes 
on humans when infl icted by macaques from B - virus posi-
tive colonies are not required for cases involving squirrel 
monkeys (Holmes  et al.   1995 ). Squirrel monkeys are also 
thought to be less likely to contract tuberculosis than 
macaques (Osborn  &  Lowenstine  1998 ).   

  Laboratory  p rocedures 

  Restraint  t echniques 

 Manual and chair restraint methods may be used for squir-
rel monkeys. Techniques of restraint may have important 
effects on certain types of studies. Both capture and chair 
restraint can cause adrenal cortical activation and growth 
hormone release (Brown  et al.   1971b, 1971a ). Manual restraint 
can cause elevation in glucagon (Myers  et al.   1988 ). Ketamine 
anaesthesia has been postulated to cause changes in glucose 
tolerance test results in other non - human primates (Streett 
 &  Jonas  1982 ); however, this belief has been disputed by 
others (Brady  &  Koritnik  1985 ; Castro  et al.   1981 ); Kemnitz 
 &  Kraemer  1982 ). The ultrashort - acting barbiturate anaes-

Personnel should be required to wear a surgical mask or 
respirator and gloves when handling primates. Persons 
developing positive tuberculin reactions should not be per-
mitted to work with monkeys until a suffi cient period of 
treatment has elapsed or medical evaluation has been carried 
out. Examination gloves, leather catch gloves, face masks, 
dedicated uniforms and head covers should be worn when-
ever animals or their wastes are handled. Staff showers and 
locker rooms should be provided for bathing and staff should 
change into street clothes before leaving the facility.  

  Identifi cation of  a nimals 

 Several methods are available for identifi cation of squirrel 
monkeys. When properly applied, tattoos provide a durable 
method of identifi cation. Recommended tattoo sites are on 
the chest, abdomen, or the medial thigh. Neck tags that can 
be read from a distance are advantageous when animals are 
group - housed. Modifi ed livestock tags, cut down in size or 
coloured beads (Soltis  et al.   2005 ) can be used to identify 
individuals. Neck chains for identifi cation tags must be care-
fully fi tted. A chain that is too loose may slip over the ani-
mal ’ s mandible or catch on parts of the cage. If it fi ts too 
tightly, it may cause skin lesions or, in extreme cases, impede 
respiration. Neck chains should be rechecked for proper fi t 
whenever animals are handled because weight loss or gain 
may mean that they need resizing. 

 Implantable microchip transponders that broadcast a 
unique identifying number to an external receiver provide 
a reliable means of identifi cation. When choosing a method 
of identifi cation consideration should be given to using the 
least invasive technique.  

  Age  d etermination 

 One major advantage of using purpose - bred squirrel 
monkeys for research is that the age of an animal will be 
known. If animals with unknown birthdates are used, an 
estimate of the animal ’ s age may be made by examining 
dentition and general physical appearance (Galliari  &  
Colillas  1985 ; Long and Cooper  1968 ; Smith  et al.   1994 ; 
Tappen  &  Severson  1971 ). Williams and Gibson  (2004)  
provide a useful chart for aging female Guyanese squirrel 
monkeys ( Saimiri sciureus ) using the length of the black 
 ‘ sideburns ’  seen only on the females. There is a high correla-
tion (r   =   0.97) between the length of the sideburn and the 
age of the female.   

  Health  m onitoring 

 Daily observation of all squirrel monkeys is an important 
husbandry and veterinary support procedure. Serious 
health problems can progress rapidly in squirrel monkeys 
so that an animal overlooked during the morning observa-
tions could die before being discovered later in the day. 
Observations of all animals should be carried out at least 
twice daily. The fi rst observation should be made before 
cages are cleaned in the morning. The fl oor of the cage 
should be observed for signs of blood, aborted or stillborn 
foetuses (during the birth season), and for animals sitting or 
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  Anaesthesia and  a nalgesia 

 Anaesthesia may be performed in squirrel monkeys with 
many of the same agents used in other primate species 
(Brady  2000 ; Horne  2001 ). The discussions later in the 
chapter, regarding hypothermia and hypoglycaemia in 
squirrel monkeys, are directly applicable to animals that are 
anaesthetised, and especially those animals anaesthetised 
for prolonged periods. Appropriate precautions should be 
taken to prevent hypothermia and hypoglycaemia. 

 The use of a long - acting barbiturate such as sodium 
pentobarbital is recommended in squirrel monkeys only for 
terminal procedures because long - acting barbiturates cause 
respiratory depression (Flecknell  2009 ) and prolonged 
recovery in squirrel monkeys. If sodium pentobarbital is 
used at the standard 50   mg/ml concentration, it should be 
diluted 1:1 with saline before use. 

 Isofl urane is an excellent agent for inhalation anaesthesia 
of squirrel monkeys. Mask induction may be rapidly per-
formed in animals that are manually restrained, or animals 
may be induced with an injectable agent, intubated, and 
maintained under anaesthesia with isofl urane. Morris  et al.  
 (1997)  have described a technique for intubation of squirrel 
monkeys. Dead space, resistance to fl ow, and heat and 
humidity loss in anaesthesia circuits are important consid-
erations due to the small size of the squirrel monkey 
(Hartsfi eld  1996 ). A non - rebreathing anaesthesia circuit is 
recommended for inhalation anaesthesia. 

 Experimental work with pregnant squirrel monkeys 
anaesthetised for extended periods has shown the value of 
careful anaesthesia monitoring, and  ‘ balanced anaesthesia ’  
technique, where multiple drugs are used with each agent 
directed at a different component of the anaesthetic state 
(consciousness, analgesia, autonomic refl exes, muscle relax-
ation) (Thurmon  et al.   1996 ). End - tidal carbon dioxide and 
blood pressure/heart rate are especially useful parameters 
for managing squirrel monkeys during anaesthesia. Drugs 
to consider for this balanced approach may include 
isofl urane, nitrous oxide and thiopental (Avidan, personal 
communication). 

 Mechanical ventilation can be performed in squirrel 
monkeys under anaesthesia. A neurophysiology study of 
fi ve adult squirrel monkeys used an estimated tidal volume 
of 6 – 8   ml/kg with a respiratory rate of 70/minute as initial 
settings. These volumes were then adjusted to give an end -
 tidal carbon dioxide (collected through a catheter inserted 
through the endotracheal tube to midtrachea) of 3.5 – 3.8% 
(Maier  et al.   1997 ; Morris, personal communication). 

 Analgesics should be used in squirrel monkeys during 
and after recovery from surgical procedures unless specifi -
cally contraindicated by experimental protocol or the 
medical condition of the animal. Buprenorphine at a dose of 
0.01   mg/kg intramuscularly or intravenously causes little 
sedation in squirrel monkeys and is an effective analgesic 
that may be given every 12   h (Jenkins,  1987 ).  

  Euthanasia 

 Euthanasia should be performed in accordance with estab-
lished humane procedures (American Veterinary Medical 

thetic sodium thiopental can cause premature ventricular 
contractions in squirrel monkeys (Wolf  et al.   1969 ) and 
should be used with caution.  

  Gastric  i ntubation and  v ascular  a ccess 

 Gastric intubation and vascular access techniques are useful 
for a variety of studies. Gastric intubation may be performed 
by the orogastric or nasogastric route. Both may be per-
formed using a number 5 French infant feeding tube (Abee 
 1985 ). Orogastric intubation requires the use of a speculum 
in awake animals to prevent the animal from chewing the 
tube. Nasogastric intubation requires some practice to be 
performed properly in the squirrel monkey. After marking 
the distance to the stomach on the tube, a small amount of 
sterile lubricant jelly is applied to the tip, and the tube is 
gently inserted into the nares. The tube must be directed 
medially to avoid the blind pouch in the nasal cavity (Abee 
 1985 ). When the tube has been inserted to the previously 
made mark, it should be dipped in water to form a meniscus 
on the luer adapter. This meniscus should then be observed 
for respiratory movement because such movement suggests 
that the tube may have been inserted into the trachea and it 
should be repositioned before use to prevent accidental 
aspiration. Epistaxis may occasionally occur as a result of 
nasogastric intubation, but it is usually mild and self - limit-
ing when the technique is performed properly.  

  Blood  s ampling and  p arenteral  i njections 

 General advice on blood sampling techniques can be 
obtained from JWGR  (1993) . Venous sampling and intrave-
nous injection are best performed with 23 – 27   G needles. 
Large samples ( > 0.25   ml) may be taken from the femoral 
vein at the femoral triangle or the lateral tail vein. These sites 
are also suitable for injection. The saphenous veins located 
on the dorsal surface of the leg below the knee may be used 
for intravenous injections and small blood volume collec-
tions. These sites are generally suitable only for smaller 
samples because veins at these sites collapse easily. Blood 
sample volumes are limited by the size of squirrel monkeys. 
As a general rule, no more than 3 – 4   ml of blood per kilogram 
of body weight should be obtained at one time. Animals 
from which samples are taken repeatedly should have peri-
odic haematocrits to monitor for anaemia. The following 
protocol can be used to treat adult squirrel monkeys that 
have anaemia associated with blood loss or that are included 
on experimental protocols requiring frequent blood sam-
pling: (1) iron as iron dextran: 50   mg intramuscularly, once; 
(2) folic acid: 2.5   mg subcutaneously, twice weekly; and (3) 
vitamin B complex includes cyanocobalamin, ribofl avin 
(B2), and pyridoxine (B6): dose depends on formulation, 
subcutaneously, twice weekly. Once the hematocrit reaches 
40%, treatment should stop. 

 General advice on the administration of substances can be 
found in JWGR  (2001) . Subcutaneous injections in squirrel 
monkeys may be performed dorsally between the scapulae. 
Caution should be used when intramuscular injections into 
the thigh are performed because the ischiatic nerve is easily 
damaged by needle penetration of the leg (Abee  1985 ).  
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nasogastric tube (discussed earlier in this chapter). Infants 
should be given 1   ml, juveniles 3 – 5   ml, and adults 10   ml. Use 
of concentrated intravenous glucose solutions to treat 
hypoglycaemia is not recommended.  

  Selected  d iseases and  i njuries 

 Infection of squirrel monkeys with herpesvirus saimiri 1 and 
2 (HS - 1 and  − 2) is widespread, with most infected animals 
having no clinical signs. Squirrel monkeys infected with 
HS - 1 that are stressed or immunosuppressed may have 
oral – pharyngeal lesions that resemble human cold sores. 
The lesions usually resolve within a few days without 
treatment, but animals may require hand - feeding during 
this period due to diffi culty eating. (Gibson, personal 
communication). 

  Yersinia enterocolitica  and  Yersinia pseudotuberculosis  are 
aetiological agents for the disease known as pseudotubercu-
losis in squirrel monkeys and other non - human primates. 
Infection can result in septicaemia. Animals are often not 
diagnosed until the disease is severe, or animals are simply 
found dead with no prior clinical signs. This makes treat-
ment of pseudotuberculosis diffi cult. Visceral abscesses are 
commonly seen at necropsy. Feral rodents and birds are 
reservoirs for the causative agents. Squirrel monkeys can 
also be silent carriers. Cultures of rectal swabs under the 
required conditions may identify monkeys that carry these 
agents (Brady  &  Morton  1998 ).  Pasteurella ,  Bordetella , 
 Staphylococcus  and  Klebsiella  have caused bacterial disease in 
squirrel monkeys. 

 Heart disease is frequent in older squirrel monkeys (Brady 
 et al.   2003 ). In one study, 23 of 88 adult squirrel monkeys 
necropsied over a 4 - year period had a diagnosis of heart 
failure or had lesions consistent with heart disease. Heart 
disease is most often seen in multiparous older females, but 
may also be seen in peripartum females of any age and in 
older males (Gibson, personal communication). Most heart 
disease in squirrel monkeys is cardiomyopathic. Clinical 
signs may include laboured respiration, ascites, hepatome-
galy and cyanosis. Diagnosis is best accomplished by 
echocardiography. Although successful protocols have been 
developed for treatment of other New World primates 
(Brady  et al.   2005 ), squirrel monkeys with cardiomyopathy 
have been relatively refractory to treatment. 

  Renal  d isease 

 Renal disease has long been recognised as a major cause of 
morbidity and mortality in older squirrel monkeys, espe-
cially those of feral origin. Glomerulonephritis, pyelone-
phritis and renal lithiasis have been reported (Stills  &  
Bullock  1981 ). Affected animals may have weight loss, leth-
argy, a characteristic foul odour and, in advanced cases, 
subcutaneous oedema (Abee  1985 ). Serum chemistry gener-
ally demonstrates elevated blood urea nitrogen (BUN) and 
creatinine with low serum albumen. Haematology test 
results may reveal anaemia (see Tables  37.2  and  37.3 ). 
Animals with acute renal disease may respond to support-
ive care and fl uid therapy. However, chronic renal disease 
with clinical signs noted above is often refractory to treat-

Association (AVMA)  2007 ) in the US. European laboratories 
with squirrel monkeys should comply with the principles 
set by the European Commission Recommendations 
for euthanasia of experimental animals (Part 1 and 
Part 2) (European Commission  2007 ) or local national 
regulations.   

  Common  w elfare  p roblems 

  Hypothermia and  h ypoglycaemia 

 Investigators accustomed to using rodents and larger pri-
mates in their research should be aware of squirrel monkey 
characteristics that may require alteration of experimental 
procedures. Their small size, low body fat reserve and long 
extremities all contribute to rapid heat loss when they are 
anaesthetised or debilitated. At - risk animals should be mon-
itored for body temperature on a regular basis. Awake, 
restrained squirrel monkeys normally have a temperature 
of 38 – 39.5    ° C. Healthy, active, struggling animals may 
rapidly increase their body temperatures as high as 41    ° C. 
Temperatures of less than 37.7    ° C are seen with seriously ill 
animals and should be investigated immediately. In general, 
electronic thermometers designed for use on humans and 
animals may be used with squirrel monkeys. Tympanic 
membrane thermometers register temperatures much faster 
than most rectal thermometers, and can be used with adult 
squirrel monkeys. These thermometers are especially useful 
for rapidly estimating temperatures on multiple animals. 
Williams (unpublished data) has found an 85% correlation 
between the two methods, with the tympanic membrane 
thermometer registering 0.2 – 0.6    ° C lower than the mercury 
rectal thermometer. Careful positioning of these thermom-
eters over the tympanic membrane is important. These ther-
mometers may not work well for infant or smaller juvenile 
squirrel monkeys. 

 For hypothermic animals, supplemental heat may be pro-
vided in a variety of ways. Awake animals may be housed 
in incubator - type enclosures or on warm water recirculating 
pads. Recirculating pads may also be used for anaesthetised 
animals. Heat packs that use a controlled exothermic chemi-
cal reaction can provide a convenient, portable, temporary 
source of warmth for anaesthetised and recovering animals. 
Electrical heating pads should not be used with squirrel 
monkeys due to the danger of burns and electrical shock. 
Convection warmers are effective for maintaining body tem-
perature in anaesthetised squirrel monkeys. 

 Squirrel monkeys are predisposed to hypoglycaemia 
(Abee  1985 ; Brady  et al.   1990, 1991 ). The normal blood 
glucose concentration for adult squirrel monkeys is 
80    ±    28   mg/dL (Loeb  &  Quimby  1989 ). Prolonged research 
procedures, fasting, or debilitating conditions that result in 
anorexia may place animals at risk for a hypoglycaemic 
crisis. Dry reagent strips for determining blood glucose con-
centration and meters that accurately read these strips are 
available from most pharmacies. These strips are inexpen-
sive and useful tools for monitoring squirrel monkeys. 
Hypoglycaemic animals that are still conscious should be 
given glucose or sucrose solution orally. Unconscious 
animals should be given sterile 20% dextrose solution by 
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  Table 37.2    Reference haematology values taken at the Center for Neotropical Primate Research and Resources. Assays were performed on 
blood collected in  EDTA . Blood samples were collected from juvenile and adult Bolivian squirrel monkeys, most of which were colony born. 
Values from pregnant monkeys were included.  CBC  s  were performed using an Abaxis VetScan ®  Hematology System. ( WBC : white blood cell 
count;  RBC : red blood cell count;  MCV : mean corpuscular volume;  HCT : haematocrit;  MCH : mean corpuscular haemoglobin;  MCHC : mean 
corpuscular haemoglobin concentration;  RDW : red blood cell distribution width;  HB  ( HGB ): haemoglobin;  MPV : mean platelet volume). 

        Units     N     Mean     SD     Minimum     Maximum     25 th  percentile     50 th  percentile     75 th  percentile  

  WBC    10 3 /mm 3     267    8.3    2.5    2.6    17.6    6.7    7.9    9.8  
  RBC    10 6  /mm 3     267    6.4    0.8    2.9    7.96    6.2    6.7    6.9  

  MCV    fl     267    60.0    3.2    50.3    70.8    58.0    60.0    62.2  
  HCT    %    267    38.5    5.5    15.4    49.8    36.2    39.7    42  

  MCH    pg    267    19.8    2.4    13.7    49.1    18.7    19.6    20.7  

  MCHC    g/dl    267    33.1    4.7    21.7    92.8    30.9    33.1    34.4  

  RDW    %    267    10.6    2.3    7.1    18.4    8.8    10.2    11.3  

  HB    gm/dl    267    12.6    1.6    6.1    15.7    12.0    13.0    13.7  

  MPV    fl     267    9.0    1.7    6.3    16.1    8.1    8.5    8.9  

  Table 37.3    Reference serum chemistry values collected at the Center for Neotropical Primate Research and Resources. Assays were 
performed on serum samples from juvenile and adult Bolivian squirrel monkeys, the majority of which were colony born. Values from 
pregnant monkeys were included. All assays were performed using an Abaxis VetScan ®  Chemistry System Analyzer using the Comprehensive 
Diagnostic rotor for small animals. 

   Parameter     Units     N     Mean     SD     Minimum     Maximum     25 th  
percentile  

   50 th  
percentile  

   75 th  
percentile  

  Albumin  *      g/dl    256    2.4    0.2    1.8    3.0    2.3    2.4    2.6  

  Alanine 
aminotransferase ALT 
(SGOT)  

  u/l    52    181    78    82    502    128    171    211  

  Alkaline phosphatase    u/l    153    389    159    98    1103    288    357    466  

  Adult, (4   yrs of age  

  Alkaline phosphatase    u/l    90    919    441    228    2400    616    843    1101  

  Juvenile,  < 4   yrs of age  

  Amylase    u/l    203    54    96    10    943    31    37    46  

  Total bilirubin    mg/dl    243    0.4    0.2    0.1    1.3    0.3    0.4    0.5  

  Urea nitrogen (BUN)    mg/dl    256    34    10    18    147    30    34    38  

  Calcium    mg/dl    243    10.0    0.8    8.1    12.7    9.5    10.0    10.7  

  Phosphorus (adult)    mg/dl    128    4.6    1.5    1.6    9.0    3.3    4.3    5.5  

  Phosphorus (juvenile)    mg/dl    64    6.8    1.7    3.7    12.0    5.7    6.7    7.8  

  Creatinine    mg/dl    256    0.6    0.2    0.2    1.5    0.4    0.6    0.7  

  Glucose    mg/dl    256    109    28    51    201    89    104    129  

  Potassium    mmol/l    252    5.3    1.0    3.0    9.8    4.7    5.4    6.0  

  Sodium    mmol/l    256    149    6    130    170    145    149    153  

  Total protein    g/dl    255    6.7    0.5    5.2    8.3    6.3    6.7    7.1  

  Globulin    g/dl    202    4.2    0.4    3.2    5.3    4.0    4.3    4.6  

    *    Albumin levels are low due to test methodology (dry substrate bromidene green) and under - represent actual values.   

ment. Ensuring adequate hydration at all times is the best 
method for preventing and managing renal disease.    

  Periodontal  d isease 

 Dental disease, especially periodontal disease, has been 
reported in captive colonies of squirrel monkeys (Clark  et al.  
 1988 ; Brady  et al.   2000 ). Periodontal disease can lead to 
dental abscesses and reduced food intake due to painful 

eating, especially in older animals. It can also cause systemic 
bacteraemia, with associated health problems. Increased 
diet supplementation with vegetables as opposed to fruits 
may be of some benefi t in preventing periodontal disease 
(Williams  et al.   1992 ). Sodium hexametaphosphate as a feed 
additive has been proposed as a means to prevent dental 
calculus formation that is thought to predispose squirrel 
monkeys to periodontal disease. Unfortunately, the diet 
with this additive does not appear to be effective in reducing 
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existing calculus (Brady  et al.   2000 ). All squirrel monkey 
colonies should have programmes for routine dental exami-
nation and cleaning and be equipped to treat dental prob-
lems such as dental abscesses.  

  Fight -  r elated  i njuries 

 Although social housing of squirrel monkeys is desirable, 
fi ght - related injuries are common in such housing, espe-
cially when social groups are fi rst established. Close 
attention to group compatibility, careful supervision of 
newly established groups and provision of hiding places 
in animal enclosures can help reduce such injuries or 
prevent them altogether (Williams  &  Abee  1988 ). 
When wounds do occur, they can usually be divided into 
crushing - type injuries (more commonly infl icted by female 
squirrel monkeys) or lacerations (commonly infl icted by 
males) (Ruiz  et al.   2005 ). To treat wounds, surrounding hair 
should be clipped, the wound cleaned and debrided as 
needed and the wound dressed and/or sutured at the dis-
cretion of the attending veterinarian. Care should be used 
when deciding to suture fi ght wounds, especially the crush-
ing - type of injuries. Many of these wounds will heal better 
by second intention rather than suturing. Absorbent dress-
ings may be useful with suppurative wounds as these dress-
ings will serve as a wick to draw the infection out of the 
wound.  

  Failure -  t o -  t hrive  s yndrome 

 A syndrome resembling human failure - to - thrive syndrome 
(FTT) has been described in squirrel monkey infants. In one 
colony, 3% of live - born infants showed signs of FTT. It was 
characterised by premature thymic involution, poor weight 
gain and increased number of opportunist infections. Most 
of the infants died before they reached 6 months of age 
(Gibson  et al.   1998 ). No effective treatment has been devel-
oped for FTT in squirrel monkeys.    
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  Biological  o verview 

 Recent revisions of the taxonomy of the genus  Cebus  have 
identifi ed between 7 and 11 species (see overview in 
Fragaszy  et al.   2004b ). In addition to the long - recognised 
four species (white - fronted capuchin,  C. albifrons ; black -
 capped, brown or tufted capuchin,  C. apella ; white - faced or 
white - throated capuchin,  C. capucinus ; and weeper or 
wedge - capped capuchin,  C. olivaceus ), the following are now 
increasingly accorded full species status: the yellow - breasted 
capuchin ( C. xanthosternos ), the Ka ’ apor capuchin ( Cebus 
kaapori ), the black - striped or bearded capuchin ( C. libidino-
sus ), and the black or black horned capuchin ( C. nigritus ). 
However, more systematic and comprehensive studies of 
morphology, anatomy and molecular biology are needed in 
order to base taxonomic revisions on solid evidence. 

 Notwithstanding the new revisions, almost all the litera-
ture concerning capuchin monkeys follows the  ‘ traditional ’  
taxonomic four - species split. This is especially true for studies 
carried out in captivity on the tufted species, the former  C. 
apella ; most researchers have not known the geographical 
origin of the founders of the colony and it is likely that inter-
breeding of  C. apella ,  C. libidinosus  and  C. nigritus  has occurred. 
In this chapter we refer to the four traditional species except 
in cases where one of the recently designated species (such as 
 C. xanthosternos ) has been explicitly identifi ed. 

 It is clear that the genus  Cebus  is a successful and adapt-
able one, with representatives widely distributed through-
out Central and South America. Capuchin monkeys are not 
particularly rare; in fact  C. xanthosternos  is the only species 
listed as  ‘ critically endangered ’  in the 2007 International 
Union for the Conservation of Nature and Natural Resources 
(IUCN) Red list, but this probably refl ects a lack of adequate 
information on some of the other species; see Rylands  et al.  
 (1995, 2005)  for discussions of taxonomy and distribution of 
capuchin monkeys). Most information about behavioural 
biology, and how best to keep capuchins in captivity, comes 
from studies of  C. albifrons ,  C. capucinus  and  C. olivaceus , and 
especially  C. apella , but taxonomic misidentifi cations seem 
likely throughout much of the earlier literature. 

  Social  o rganisation 

 Capuchins live in groups, typically ranging in size from 
around 12 – 35 individuals (Fragaszy  et al .  2004b ). Although 

group size is variable across populations and species, groups 
typically contain at least one adult male and several adult 
females, juveniles and infants. Males, but not females, typi-
cally emigrate from their natal group, and they may emi-
grate more than once in their lifetime. Some aspects of social 
organisation may vary across species, but there is usually a 
clearly dominant male (often larger and stronger than the 
other males, but in captivity at least it is not always so) and 
a dominant female. 

 Although group members can be categorised into differ-
ent dominance classes, this can be diffi cult below alpha 
status, as social relations are characterised by a high degree 
of inter - individual tolerance and low rates of aggression. In 
captive groups of  C. apella , sometimes one individual can 
become the target of harassment or aggression by many of 
the other group members, thus becoming a scapegoat. In the 
wild, such a subordinate would be better able to avoid 
others by staying on the periphery of the group, possibly 
even leaving the group altogether. Agonistic interactions do 
not usually escalate to involve two competing factions, but 
instead consist of one or more individuals pitted against 
another individual. Agonistic coalitions may occur, refl ect-
ing kinship or rank relations (Ferreira  et al .  2006 ). The extent 
of post - confl ict reconciliation in the different species remains 
an open question, but the behaviour may be more common 
in captivity ( C. capucinus , Leca  et al.   2002 ), and infl uenced by 
early experience ( C. apella , Weaver  &  de Waal  2003 ).  

  Feeding  h abits 

 Capuchins live in a wide variety of habitats from sea level 
to above 2500   m altitude, mostly but not exclusively in 
forests (Fragaszy  et al.   2004b ). Some groups inhabit forest 
patches surrounded by large open areas and secondary veg-
etation, and some may be commensal with humans, living 
close to urban areas and coming into daily contact with 
people (Sabbatini  et al.   2006 ). They spend most of their time 
in trees, especially in middle layers of the canopy, but 
depending on local habitat conditions they also exploit 
resources on the ground, for feeding (including crop 
raiding), drinking, playing, or crossing gaps between 
patches of forest. 

 Capuchins are omnivores. They eat mostly fruits, but 
include varying proportions of other vegetable items (shoots, 
fl owers, buds, leaves etc), invertebrates (molluscs, insects, 
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Carosi  et al.   2005 ). Females ’  soliciting behaviour includes 
facial expressions such as eyebrow raise, vocalisations, ges-
tures, such as head tilting and chest rubbing, and active 
following. This female  ‘ proceptivity ’  is pronounced, and 
though the component behaviours may be used in other 
social contexts, when the female persistently shows them in 

worms, etc) and vertebrates (for example, birds and their 
eggs, snakes, lizards, small mammals including bats) in their 
diet. Some groups also exploit human garbage. Many other 
South American monkeys eat the same items as capuchins, 
but the latter are distinguished by their  ‘ destructive ’  manner 
of foraging. They are  ‘ extractive ’  foragers, meaning that they 
exploit hidden and encased foods. Fragaszy and Boinski 
 (1995)  describe the wide diversity of capuchins ’  foraging 
styles, including the following  ‘ strenuous ’  foraging actions, 
which may be combined: dig, rip, bite, bang, grab, break, 
carry, tap, roll, scrape, chase.  ‘ Quiet ’  foraging actions, which 
may also be combined, include pick, visually examine, lick, 
mouth, sniff, manually examine, sift, take, feel, scoop, turn 
over, masticate, open by peeling. 

 One particular combination of strenuous foraging activi-
ties typifi es wild capuchins: breaking open hard - shelled 
fruits or nuts. For example,  C. apella  pluck hard - shelled 
cumare fruits by biting through the stem, then repeatedly 
bang the fruit against the tree trunk or a branch until cracks 
appear on the fruit. They then peel the cracked rind with 
their teeth and then bang the nut again until the husk breaks 
and the kernels can be extracted. Combined foraging actions 
are also evident in searching for edible items among the 
debris to be found in palm fronds, and in breaking off palm 
leaves and peeling off the stems. Another foraging category, 
long known in captive groups but recently confi rmed in the 
wild, is tool - assisted extractive foraging, notably using 
sticks to dig, and nut cracking using natural hammers and 
anvils ( C. libidinosus , Fragaszy  et al.   2004a ; Moura  &  Lee 
 2004 ).  

  Standard  b iological  d ata 

 Table  38.1  presents information on a number of important 
aspects of growth and development of  C. apella . Data are 
provided on this species because it is by far the most com-
monly studied species in captivity. Blood biochemistry, hae-
matological and serum protein parameters for adult males 
and females, and juveniles, are reported in Appendix III of 
Fragaszy  et al .  (2004b) . Recent information on reproductive 
biology (including hormonal profi les) can be found in Carosi 
 et al.   (2005)  and Carnegie  et al.   (2005a) . Ankel - Simons  (2007)  
presents anatomical data.   

 In addition to some distinctive physical biological traits 
(see later), a number of behavioural features combine to 
make capuchins unique among New World monkeys. They 
have the same variety of facial displays as Old World 
monkeys, with displays emerging at different points in 
development (Visalberghi  et al.   2006 ; De Marco  &  Visalberghi 
 2007 ) (Figure  38.1 ). Lip - smacking (an affi liative display) 
appears near the end of the fi rst month; the open - mouth 
threat face is the last to emerge, between 4.5 and 10 months 
of age. Capuchins also possess a rich vocal repertoire  –  still 
to be thoroughly studied  –  and great manual dexterity that 
includes precision grips and diverse tool - using behaviours 
(Fragaszy  et al.   2004a, 2004b ; Spinozzi  &  Truppa  1999 ; 
Visalberghi  1990 ).   

  C. apella  show highly elaborate sexual behaviour. Females 
in oestrus actively solicit males, who may be at least initially 
reluctant (Phillips  et al.   1994 ; Carosi  &  Visalberghi  2002 ; 

  Table 38.1    Reproduction, growth and development of  Cebus 
apella.  

   Parameter     Normal value     Source  

  Gestation    Captive capuchins, 
160 days  

  Fragaszy  &  
Adams - Curtis, 
 1998   

  Birth 
seasonality  

  Not marked. Peak 
birth period may 
coincide with 
increased 
availability of food  

  Di Bitetti  &  Janson, 
 2000   

  Interbirth 
interval  

  Captive capuchins, 
20.6 months  

  Fragaszy  &  
Adams - Curtis, 
 1998   

  Wild capuchins, 
19.4 months;  

  Di Bitetti  &  Janson, 
 2001   

  Wild capuchins, 
22 months  

  Robinson  &  
Janson,  1987   

  Birth weight    170 – 260   g 
 220 – 270   g   (1)    

  Fragaszy  &  
Adams - Curtis, 
 1998   

  Ovarian cycle    20.8    ±    1.2 days  (2)        

  External signs 
of oestrus  

  Female proceptive 
behaviour  

    

  Age at sexual 
maturity  

  Males are fertile: 
4 – 5 years  

    

  Females give birth: 
3   yr 10   mth 
(earliest)  

  Zunino,  1990   

  Females give birth: 
5   yr 7   mth (average)  

  Fragaszy  &  
Adams - Curtis, 
 1998   

  Age at weaning    416 days    Fragaszy  &  Bard, 
 1997   

  Adult weight    Males: 
3.3    ±    0.5   kg; (max 
 > 6   kg) 
 Females: 
2.4    ±    0.4   kg; (max 
4   kg)  

  Growth curves for 
males and females 
from birth to over 
20 years are 
available in Carosi 
 et al.   (2005)   

  Dental formula    I 2  2 C 1  1 P 3  3 M 3  3    =   36    Napier  &  Napier, 
 1967   

  Age at gingival 
eruption  

  1st molar 1.2 
years; 2nd molar 
2.2 years  

  Galliari,  1985   

  Longevity    Max 53 years  (3)        

    (1)    Data from the Primate Center of the Istituto di Scienze e Tecnologie 
della Cognizione in Rome concerning living newborns.  
   (2)    Data based on measurements of hormonal levels (Linn  et al.   1995 ; 
Nagle  &  Denari,  1983 ; Carosi  et al.   1999 ).  
   (3)    Bartus (personal communication).   
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may infl uence choice of enrichment devices and feeding 
techniques.   

  Sources of  s upply 

 Capuchins are widely distributed in the wild and breed very 
well in captive conditions. They are quite hardy and resist-
ant to disease (see later), although intestinal parasites 

combination it signals that she is in the periovulatory phase. 
Although copulation is mostly dorso - ventral, ventro - ventral 
posturing with mutual gaze is common. The sexual behav-
iour of the other  Cebus  species has not been so closely inves-
tigated, but good fi eld data exist for  C. capucinus  (Manson 
 et al.   1997 ; Carnegie  et al.   2005b ). In this species chemical 
communication has a greater role, as indicated by male 
interest in females ’  urine. 

 It is easy to mistake male and female newborns and 
infants because the external sex organ of the female resem-
bles that of the male in size, general shape and mobility 
(Figure  38.2 ); only close examination allows detection in 
females of a fi ssure instead of a hole at the tip of the genitalia 
and sex differences in shape. For good illustrations of the 
genitalia of both sexes, see Fragaszy  et al .  (2004b) .   

 Like other New World primates, capuchins show sex -
 linked colour vision polymorphism. Some females have 
trichromatic vision, whereas all other individuals have 
dichromatic vision. Several studies have attempted to link 
this polymorphism to differences in wild monkeys ’  foraging 
strategies or effi ciency, with little overall success. However, 
a recent study on wild  C. capucinus  reported differential 
success in preying upon camoufl aged insects (Melin  et al.  
 2007 ). A study on captive  C. apella  also reported an advan-
tage of dichromacy compared to trichromacy for detecting 
camoufl aged stimuli (Saito  et al.   2005 ). The fact that there 
will probably be different colour vision abilities within a 
given captive group should always be borne in mind, as this 

neutral face 

lip-smacking scalp-lifting relaxed open-mouth

silent bared-teeth open-mouth silent bared-teeth open-mouth threat-face 

     Figure 38.1     Example of facial displays in young  Cebus 
apella . Top: neutral face. Middle: lip - smacking (left), 
scalp lifting (middle), relaxed open - mouth (right). 
Bottom: silent bared - teeth (left), open - mouth silent 
bared - teeth (middle), open - mouth threat - face (right). 
 (Drawings: Arianna De Marco)   

     Figure 38.2     Clitoris of 1 - day - old female  Cebus apella . In females 
the tip of the genitalia has a fi ssure, whereas in males there is a 
hole.  (Photo: E. Visalberghi)   
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 human primate species (see the Primate Info Net website 1 ). 
In this chapter we focus particularly on aspects of welfare 
that might concern capuchins more specifi cally, given their 
somewhat unique biological and behavioural profi les. 

 Although they may spend much time on the ground, 
capuchins are primarily arboreal, and they employ their 
semi - prehensile tail during above ground locomotion and 
posturing. The height of cages or enclosures should refl ect 
these adaptations and, for example, allow the monkeys to 
perch above human eye level. Prior to its revision in June 
2007, Annex II to the European Directive 86/609 EEC speci-
fi ed a minimum fl oor area of 0.5   m 2  for individual capuchin -
 sized monkeys and a cage height of 0.8   m. This and the 
corresponding US stipulations are, in the authors ’  views, 
over - restrictive (Reinhardt  et al.   1996a ). The revised Annex 
II (European Commission  2007 ) does not provide specifi c 
recommendations for capuchins but does provide general 
performance standards that can be applied for this species. 
There are not yet any published guidelines regarding 
increasing space requirements as a function of group size. 
For example, the ISTC - CNR, Rome, keeps groups of fi ve to 
ten capuchins in indoor/outdoor enclosures of 374   m 3  (out-
doors) and 25.3   m 3  (indoors), and 106.5   m 3  (outdoors) and 
24.4   m 3  (indoors), respectively. In the Strasbourg Primate 
Centre, different groups of 14+  C. apella  and  C. capucinus  
thrived in a complex three - structure indoor/outdoor facility 
of approximately 180   m 2  (height 3   m). In a recent study, 
when capuchins ’  normal indoor area was reduced by 
approximately half, the monkeys coped by avoiding social 
encounters and by increasing self - grooming, which may 
reduce arousal (van Wolkenten  et al.   2006 ). In laboratories, 
where space is more restricted, the following minimum cage 
dimensions are suitable for capuchins: each monkey should 
have at least 1   m 2  fl oor area, and the cage should be at least 
2   m high. If a capuchin needs to be housed singly, the 
minimum available fl oor area should be 2   m 2 , and the height, 
2   m. For a typical captive group of 10 individuals, the recom-
mended minimum space allowances (fl oor area 10   m 2 , height 
2   m) will allow expression of the full locomotor repertoire 
(including leaping, running and climbing) and sitting or 
hanging by the tail above human eye level.  

  Environmental  p rovisions 

 Promoting the psychological well - being of captive primates 
is important for ethical and scientifi c as well as legal reasons. 
Of course, it is not feasible, nor indeed desirable for a labora-
tory or zoo to attempt to meticulously reproduce all aspects 
of natural settings. However, appropriate compromises are 
feasible. This involves focusing on features of the environ-
ment that can be either recreated or simulated in order to 
elicit a similar range of social and non - social activities as 
seen in the wild. For example, it would be hopeless to try to 
provide exactly the same foods as capuchins eat in the wild, 
but it is important to give adequate proportions of proteins, 
carbohydrates, vitamins, minerals, etc, as well as variety, 
and to do so through situations that encourage the kinds of 

(worms) may be present. Laboratories and zoos have often 
a surplus of animals, leading to the use of birth control 
methods. Captive - bred specimens can be found through the 
Primate Resource Referral Service (Washington National 
Primate Research Center, USA).  

  Uses in the  l aboratory 

 Due to their fascinating biological and behavioural features, 
capuchins have become very popular in behavioural studies 
both in the wild and captivity. This popularity seems likely 
to increase, with the fi rst  in vivo  brain imaging study a 
notable recent development (eg, Phillips  et al.   2007 ). They 
are also used in biomedical research; for example, pharma-
cology,  Trypanosoma cruzi  infection, genital herpes II, repro-
ductive biology and neuroscience, but to a much lesser 
extent than other New World monkeys such as  Aotus , 
 Callithrix or Saimiri . Capuchins (especially  C. apella and C. 
albifrons ) have been used to provide  ‘ simian helpers ’  to para-
plegics in North America, Israel and France, but the cost 
effectiveness and welfare implications of these projects are 
debatable. 

 However, capuchins are probably considered especially 
interesting for their cognitive abilities. Their psychological 
traits are currently studied from many perspectives includ-
ing tool use (Anderson  2002 ; Fujita  et al.   2003 ; Visalberghi  &  
Fragaszy  2006 ); visual perception and visuo - spatial learning 
(Fragaszy  et al.   2003 ; Anderson  et al.   2005 ; Fujita  &  Giersch 
 2005 ; Rosengart  &  Fragaszy  2005 ), visual search, memory, 
and metacognition, (Tavares  &  Tomaz  2002 ; Spinozzi  et al.  
 2003 ; Paukner  et al.   2006 ; De Lillo  et al.   2007 ), co - operation, 
exchange, and symbolic representation (Brosnan  &  de Waal 
 2004 ; Addessi  et al.   2007a, 2007b ), judgements of quantity 
(Addessi  et al.   2007b ; Beran  et al.   2007 ), use of social and 
non - social cues for fi nding food (Vick  &  Anderson  2000 ; 
Visalberghi  &  Neel  2003 ; Hattori  et al.   2007 ; Sabbatini  &  
Visalberghi  2008 ), face processing (Dufour  et al.   2006 ) and 
self - recognition (Paukner  et al.   2004 ; de Waal  et al.   2005 ; 
Roma  et al.   2007 ). Despite the fact that fi eldwork has been 
done on all four traditionally recognised  Cebus  species and 
is now extending to other species, the laboratory population 
consists almost entirely of tufted capuchins ( C. apella ), while 
zoos host also  C. capucinus ,  C. albifrons ,  C. olivaceus  and  C. 
xanthosternos . It should be noted that captive capuchins may 
live for well over 40 years, and one specimen reportedly 
lived up to 53 years (Bartus, personal communication). Any 
planning of research should take this extended longevity 
into consideration.  

  Laboratory  m anagement and  b reeding 

  General  h usbandry 

 General advice on husbandry, care, and common proce-
dures for non - human primates can be found in a report by 
the Joint Working Group on Refi nement (JWGR) ( 2009 ). 
Many of the safety -  and hygiene - related requirements for 
the transportation, housing and handling of capuchins are 
identical to those that apply when dealing with other non -   1       http://pin.primate.wisc.edu/research/vet/  
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 Another effective way of increasing use of available cage 
space is to make the fl oor more attractive. Plants may be a 
feasible addition to some enclosures (Figure  38.3 ), although 
in relatively small spaces capuchins are likely to eventually 
destroy all or most of them, except for stinging nettles or 
toxic varieties (eg, Solanaceae). (Note: the authors do not 
advocate giving captive animals access to toxic plants.) 
More plants are likely to survive in very large enclosures, 
especially if they are already well established before the 
capuchins arrive. Many laboratories and zoos use deep litter 
such as woodchips, woodwool, straw, or bark chips (eg, 
Ludes  &  Anderson  1996 ); there is adequate scope for trying 
other potentially suitable materials. The best litters encour-
age locomotion and foraging activities and sometimes play; 
they also afford some protection if an animal falls from an 
elevated position. Furthermore, concerns regarding possible 
hygienic disadvantages of using deep litter have so far 
proved to be unfounded; litter may be safely left for several 
weeks without hosing or disinfecting. However, the removal 
of heavily soiled parts of the litter or rotten food is advisable, 
especially if there is the chance that rodents might be 
attracted.   

 Capuchins will readily manipulate and do their best 
to break open almost any object given. (They can learn to 
open cage doors or partitions that are secured only by 
simple latches or dog clips, so padlocks are advised.) 
Discarded children ’ s toys, tennis balls, plastic and 
cardboard boxes, wooden blocks, rubber tubing, plastic 
mirrors are all examples of good, readily available and 
affordable enrichment objects. They must be checked 
carefully and all potentially dangerous parts (protruding 
wires, nails, sharp edges etc) removed. The most 
effective strategy for maintaining the monkeys ’  interest is to 
replace objects every few days. Certain types of objects (eg, 
a puppet) may initially elicit alarm and mobbing by the 
capuchins, especially upon fi rst introduction. It has been 
suggested that occasional brief challenging events of this 
type may be benefi cial to the animals, allowing them to 
express natural behavioural and physiological responses 
without undue risk. Capuchins do not readily enter deep 

manipulatory, locomotor and temporal patterns of feeding -
 related activities seen in wild capuchins (see later in this 
chapter). 

 In view of their highly developed manipulatory propensi-
ties, broad repertoire of object - orientated actions and their 
curiosity and sustained interest in objects, providing capuch-
ins with a stimulating environment is not only a requisite of 
good husbandry, but also relatively easy and gratifying to 
do. Many potential enrichment techniques exist, ranging 
from increasing the diversity and processing requirements 
of food (to simulate aspects of foraging), improving furnish-
ing of the cage or enclosure (to improve locomotor possibili-
ties and provide cover) and providing stimulating sensory 
events including objects to explore, play with or destroy. 
Recommendations given here are based upon species - typi-
cal behaviour in the wild or, in a few cases, outcomes of 
enrichment studies in captivity. 

 One important goal of the care and management of captive 
primates is the reduction of excessive inactivity in the 
animals, that is, to reduce boredom and its negative conse-
quences, such as lethargy and abnormal behaviours. The 
following aspects are addressed from this perspective in the 
rest of this chapter: the social and physical environment, and 
routine capture and handling techniques. 

 Capuchins are arboreal quadrupedalists that locomote on 
surfaces which are vertical and horizontal, but mostly 
oblique. Therefore, capuchins should be provided with 
oblique structures in addition to the more obvious vertical 
and horizontal ones. Panels, hanging screens, branches, 
slides, swings, ropes, crates, frames, poles and PVC pipes 
and plastic mats are all potentially suitable structures. Some 
such structures should be selected to allow monkeys to 
avoid others if they so choose, as well as to provide shade 
and shelter (if outdoors) and appropriate substrates for 
resting and sleeping. See Anderson  (2000) , for environmen-
tal factors infl uencing sleep. Visalberghi, (personal observa-
tion) has seen wild capuchins use caves to shelter from 
inclement weather. Such structures can also be excellent 
stimuli for promoting physical exercise and play and for 
better exploiting available cage space. 

     Figure 38.3     Outdoor enclosure in the Primate Center of the 
Istituto di Scienze e Tecnologie della Cognizione hosted by 
the Bioparco of Rome (Italy). Members of the public (in the 
background) can observe the capuchin monkeys; the latter are 
also used for research.  (Photo: Valentina Truppa)   
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ual. Furthermore, there is no guarantee that the remaining 
group members will not start to redirect their aggression 
upon another individual. The physical and psychological 
health of the victimised individual should be carefully mon-
itored, and temporary relief and food supplements provided 
during temporary separations, if necessary. The authors are 
not aware of any cases in which a subordinate individual 
has been harassed to the point of death; indeed, they have 
noticed that not only physical but also social wounds usually 
heal with time. For example, in the Rome colony a female 
who was a scapegoat at 3 years of age rose to become the 
dominant female of her group a few years later. It should be 
ensured that subordinates have adequate access to resources, 
including shelter. Facilities should be designed such that 
subordinates cannot easily be trapped or cornered during 
aggression. It should also be noted that haematological, 
physiological and immunological parameters of severely 
bullied or otherwise stressed animals might be outside the 
normal range of values. 

 If two or more groups are housed in the same facility, care 
should be taken to prevent direct physical contact between 
them. A single wire mesh partition is not suffi cient for sepa-
rating neighbouring groups; fi ngers, toes, and tips of tails 
can easily be bitten off. Groups in visual or auditory contact 
may react to each other, but if managed properly this should 
give rise to no negative consequences. Several zoos have 
successfully kept capuchins in mixed - species exhibits; com-
patible mixed - species groups can be enriching not only for 
the species involved but also for visitors. 

 It is advisable to allow animals some choice regarding 
whom to be with in the group, and whether to be in visual 
contact with a neighbouring group (International 
Primatological Society  2007 ). This can be achieved by pro-
viding  ‘ privacy ’  panels or other structures inside the cage(s) 
or, even better, housing groups in interconnecting rooms or 
cages, preferably with more than one connecting door or 
hatch between them. 

 Experimental testing sometimes requires working with a 
single subject at a time, leading to the question of how to 
separate the subject from the group while minimising stress. 
A tried and tested solution is to have the test apparatus in or 
alongside a cage or room connected to the colony quarters by 
sliding doors. The authors strongly recommend the use of 
horizontally or upward sliding doors instead of the tradi-
tional guillotine door, to reduce the risk of injury to monkeys. 
For most individuals, gradual habituation to increasingly 
long periods of separation associated with positive reinforce-
ment, inherent interest of the tasks (using only positive rein-
forcement, never punishment) and subsequent reunion, are 
suffi cient to overcome the initial reluctance to be separated. 

 As a general rule, a well established stable group will pose 
fewer problems than the process of forming a new group or 
of introducing unfamiliar individuals into an established 
group. The latter two scenarios are focused upon in the next 
section, drawing upon the authors ’  personal experiences 
and those of colleagues to suggest some procedures, as well 
as some pitfalls to avoid. It should be noted that most of the 
authors ’  knowledge on how to form or modify capuchin 
groups comes not from systematic experimental manipula-
tions but from experience gained through husbandry chal-
lenges faced occasionally by laboratories and zoos. Overall, 

water, but a plastic container fi lled with shallow water 
undoubtedly stimulates exploratory and playful activities, 
especially in hot weather. 

 In summary, there are many different ways in which the 
physical environment can be enriched. The choices need not 
be mutually exclusive. For example, simple objects can be 
baited with food treats to elicit specifi c feeding techniques. 
When deep litters contain buried food, animals devote much 
time to sifting and searching through the litter (Westergaard 
 &  Fragaszy  1985 ). Finally, furnishings may well include 
structures with holes or openings containing treats (syrup, 
honey, raisins, etc) to encourage extractive techniques, 
including tool use. 

 In the wild, capuchin monkeys have been observed 
rubbing leaves, fruits and even ants and millipedes into 
their fur (sometimes referred to as  ‘ anointing ’ ) (see Baker 
 1996 ). The monkeys sometimes appear highly motivated to 
do this and the signifi cance of the behaviour may be related 
to skin/pelage maintenance, and to repel insects. Captive 
capuchins also readily engage in this behaviour. There may 
be species and individual preferences for which substances 
may be rubbed into the fur, but the authors have seen 
onions, citrus fruits, garlic, peat, tobacco, and even tobacco 
smoke used for this purpose (the authors do not advocate 
the use of tobacco products). At least two independent 
observations have suggested that such fur - rubbing activities 
may reduce the incidence of skin sores (Ludes and Anderson 
 1995a ). Given the high motivation of capuchins for this 
activity, the authors recommend that trial and error be used 
to identify appropriate fur - rubbing - eliciting objects or sub-
stances, and that the capuchins are allowed to perform this 
behaviour periodically. It should be noted that both wild 
and captive capuchin monkeys also frequently rub their 
bodies with urine, which they collect on the hands and feet 
and tip of the tail. The functions of  ‘ urine washing ’  are not 
fully understood, but it is a normal behaviour, possibly with 
a thermoregulatory function (Roeder  &  Anderson  1991 ).  

  Social  g rouping 

 Capuchin monkeys demonstrably prefer to be in contact 
with at least one familiar social partner (Dettmer  &  Fragaszy 
 2000 ). The optimal social grouping for captive capuchins is 
undoubtedly one that would contain proportions of age -  
and sex - classes as seen in natural conditions. However, 
capuchins ’  social structure is quite variable, so this principle 
can be implemented with some fl exibility, depending on 
space limitations and on the purpose for which the monkeys 
are maintained. In any case, except under truly exceptional 
circumstances, capuchin monkeys should be kept socially, 
as social companions are excellent sources of interactive and 
ever - changing stimulation (Visalberghi  &  Anderson  1993 ). 

 As already mentioned, in some groups the lowest - ranking 
individual can become the target of repeated aggression. 
This is obviously a stressful situation for the victim, and in 
extreme cases removal of the unfortunate individual may be 
the best solution. However, unless serious injury or depres-
sion results from such bullying, removal can have some 
considerable drawbacks: it results in isolation and possible 
problematic (re - )integration for a socially rejected individ-
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 Overall, the risks associated with introductions appear 
greatly outweighed by the disadvantages of solitary housing. 
No foolproof recipe is yet available for group formation or 
introduction procedures, but the chances of success can be 
increased by having a good knowledge of the animals 
involved, careful monitoring before and after the introduc-
tion, and by taking into account factors such as sex, age and 
experience of the newcomers (Visalberghi  &  Anderson 
 1993 ). Given a few recent reports of male - perpetrated infan-
ticide in the wild (Fragaszy  et al.   2004b ), introduction of a 
fully adult male into a group containing neonates should be 
considered risky. Also, the introduction of an adult female 
in a group containing more than one adult male may lead 
to a violent attempt by a subordinate to overthrow the domi-
nant male, especially if the latter is old.  

  Identifi cation 

 Tattooing with an electric pen and ink is still the most com-
monly used method, and the authors are aware of no ill 
effects. Identifi cation collars are not advised, as capuchins 
will try their best to destroy them. Implanted microchips are 
becoming increasingly popular for individual identifi cation 
of captive New World primates (Savastano  et al.   2003 ), 
including some pet capuchins. However, the use of micro-
chips is not problem - free; cost, equipment incompatibility 
and possible migration of the microchip are all potential 
compromising factors (Rennie  &  Buchanan - Smith  2006 ). The 
authors know of no published reports on their use in capuch-
ins kept in laboratories or zoos.  

  The  p hysical  e nvironment 

 Capuchins are quite hardy animals provided that they have 
constant access to heated indoor quarters. They may occa-
sionally venture outdoors in temperatures close to freezing; 
however, they do not appear to enjoy walking on frozen 
surfaces. In enclosed environments, a temperature of around 
23    ° C, humidity of 50 – 60% and a ventilation rate of 4 – 5 air 
changes per hour are recommended. Rooms without natural 
light are typically kept on a 12   h – 12   h artifi cial light cycle. 
Although no scientifi c data are available, gradual light 
changes to simulate natural changes at dawn and dusk may 
be benefi cial. Natural light from windows or skylights will 
provide low levels of light at night, similar to the situation 
in the wild. There is little systematic work on the infl uence 
of auditory environments on captive primates, but excessive 
noise should be avoided.  

  Quarantine 

 Quarantine procedures are broadly similar to those for other 
primates. Duration ranges from 40 – 90 days, during which 
time repeated tuberculin skin tests, serology and stool anal-
yses are performed. Prophylactic treatment varies across 
institutions; for groups with access to outdoor areas vaccina-
tion against tetanus is recommended. A zoo - housed colony 
was successfully protected against rabies using a human 

group formation is a stressful procedure both for the animals 
and the care staff, and although cumulative experience may 
help to reduce the risks of failure, the outcome can never be 
predicted with absolute certainty (Visalberghi  &  Anderson 
 1993 ).  

  Introduction and  r e -  i ntroduction 

 Since an individually housed monkey is  de facto  living in 
impoverished conditions and therefore psychologically 
deprived, all efforts should be made towards compatible 
social housing. Sometimes, this may be feasible even shortly 
after major veterinary treatment; for an example with a 
newborn infant see Anderson  et al.   (1995) . Hand - reared 
(ages ranging from 5 – 9 months) and mother - reared (8 – 12 
months) infants were successfully introduced to a group 
when full integration was preceded by a period of visual 
contact, allowing mutual familiarisation at a safe distance 
(Visalberghi  &  Riviello  1987 ; Riviello  1992 ). In order to inte-
grate single adult females, initial visual contact was fol-
lowed by periods in which the female was together with the 
dominant male and then together with him and each of the 
other group members, before being housed permanently 
with the entire group (Anderson  et al.   1991 ; Ludes  &  
Anderson  1995b ). In the most extensive report on introduc-
tion and integration of strangers into captive groups of 
tufted capuchins, Fragaszy  et al .  (1994)  describe the success-
ful introduction of two to four individuals (adult males, 
females and juveniles) into three established groups of 
six to nine capuchins. This report is useful as it provides 
several behavioural categories that can be employed in both 
monitoring and predicting the success of introductions. 
First, the newcomers were familiarised with the resident 
group ’ s living quarters, and only then were residents and 
newcomers mixed. No serious aggression - related injuries 
occurred at the time of introductions or during the following 
months. When one or more individuals persistently chased 
a new female, partial separations were used to form mixed 
subgroups of newcomers and residents for overnight 
housing. 

 Concerning the introduction of adult males, one adult 
male (more than 10 years old), previously kept in a zoo, was 
successfully introduced to a group in which the dominant 
male was only 4 years old. The procedure included a quicker 
progression through stages similar to those just described 
for adult females, and with contact between the newcomer 
and the dominant resident male left until last. Strikingly, 
these two males immediately came into contact and per-
formed joint threats, towards no particular target. They 
quickly developed a positive relationship, the newcomer 
being alpha male. Although all introductions are likely to 
involve some degree of stress, in none of the above cases did 
the introduced monkey need to be removed from the group 
due to aggression or stress - related ill - health. Two introduc-
tion scenarios did result in severe aggression: unfamiliar 
adult males going into a group with no resident adult male, 
and males familiar with each other going into a group con-
taining an elderly resident male (Cooper  et al.   2001 ). In con-
trast, moving two males familiar with each other into a 
group with no resident male was peaceful. 
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such as juice, or by restraining them in a restricted space. If 
these procedures fail, the carrier may need to be captured 
and the infant returned to its mother, with follow - up moni-
toring for adequacy of maternal care. Sometimes during this 
process the carrier (even the mother) will forcefully dislodge 
the infant by rough pulling or even biting. Care should be 
taken to keep the capture process calm so as not to endanger 
the infant.  

  Hand  r earing 

 Viable infants abandoned at birth can be successfully hand 
reared. Commercially available human infant milk formulas 
generally work well for common laboratory primate species. 
Following an initial few feeds consisting of warmed rehy-
dration fl uid or 5% glucose, the authors recommend bottle -
 feeding newborns every 3   h with artifi cial milk, for example, 
Similac (Ross Laboratories, Columbus, OH), SMA (Wyeth 
Laboratories), or S - 26 powdered baby milk. The interval 
between feedings can be gradually increased, especially 
during the night. The concentration of the milk substitute 
can also be progressively increased, until full strength is 
reached by 24 – 36   h. Usually the infant vocalises when 
hungry. The hole in the nipple should be small enough to 
prevent excessively fast ingestion. The monkey stops drink-
ing when satiated and it is advisable to keep it upright for 
a few minutes to facilitate burping and avoid regurgitation. 
Based on what happens in the wild, the authors recommend 
giving small pieces of solid foods (eg, cookies, banana or 
apple) to infant capuchins as early as 3 – 4 weeks. Not much 
is consumed at this age, but the animals lick or mouth it. 

 According to Lehner  (1984)  nursery - reared infants ingest 
about 175   kcal/kg per day during the fi rst week. The amount 
peaks at around 400   kcal/kg per day at 2 months, then 
declines to a stable level of around 300   kcal/kg for rest of 
the fi rst year. They grow rapidly, gaining about 100   g per 
month for the fi rst 10 months. By 1 year of age, the infant 
will have reached more than 50% of the mother ’ s non - preg-
nant body weight (Fragaszy  &  Adams - Curtis  1998 ). Like 
other New World monkeys, capuchins require vitamin D3 
for adequate skeletal growth, especially if the monkeys have 
no access to unfi ltered sunlight. Vitamin D3 is available in 
pelleted diets and vitamin/mineral supplements. Sainsbury 
 (1991)  gives 100   IU/kg body weight as suffi cient for young 
animals.   

  Feeding 

 Mann  (1970)  traces the development of diets for captive 
 Cebus , and describes some common nutritional defi ciency 
states including rickets. For a recent detailed overview of 
primate nutrition see National Research Council of the 
National Academies ( 2003 ). Commercially available New 
World monkey food supplemented with fresh vegetables 
and fruits satisfi es the general requirements of captive 
capuchins. However, pellets are not among capuchins ’  pre-
ferred foods (Addessi  et al.   2005 ), despite containing all the 
requirements for physical health. Furthermore, given wild 
capuchins ’  wide variety of foods and feeding techniques 
(see overview earlier in this chapter), it is highly recom-

non - vaccinated exposure protocol consisting of periodic 
intramuscular doses of killed rabies (between possible post -
 exposure days 2 – 33) and a single dose of human rabies 
immune globulin (at possible post - exposure day 5) (Kenny 
 et al.   2001 ).  

  Breeding 

  Pregnancy and  n ewborns 

 The authors do not recommend separating pregnant females 
from their group, even though dead neonates are occasion-
ally recovered. Greater importance is attached to maintain-
ing the complex network of intra - group social relations than 
to episodic breeding success if the latter implies stress due 
to lengthy separation and later reintegration of the mother –
 infant pair into the group. As in other primates, most births 
occur at night. Also as in other primates, maternal perform-
ance may differ between primiparous and multiparous 
mothers, and the former may abandon their infants. 
Conceivably, delivery for primiparous females is particu-
larly long and/or tiring, and the infant may be compro-
mised after a lengthy delivery. Some females with inadequate 
early social experience might kill their newborn. If an aban-
doned or abused neonate is recovered in time, hand rearing 
is a viable possibility (see below). However, after initial 
incompetence, capuchin females may become competent 
mothers with subsequent offspring. While it is not clear why 
this improvement occurs, age, previous experience of hor-
monal changes, higher social status of the female and the 
presence of other mothers with infants may be contributing 
factors. 

 In a recent analysis of breeding records of four American 
and European colonies of tufted capuchins, 2.4% of preg-
nancies gave rise to twins, a higher incidence than previ-
ously estimated, and not dissimilar to human twinning rates 
(Leighty  et al.   2004 ). If twins survived the fi rst day of post -
 natal life (45% did not, compared to 16% of singletons), then 
subsequent survival was similar to that of singletons. Three 
complete sets of twins out of 10 sets recorded survived 
beyond 30 days, while another three individuals whose twin 
died survived beyond the fi rst month. 

 Infant transfer is common in capuchins. Young infants, 
even newborns, may be held or transported (and, rarely, 
nursed) by individuals other than their mother. Infant 
white - faced and tufted capuchins may be carried by adult 
males for long periods. This is usually safe, but it may carry 
risks if the infant is very young and/or when the mother 
does not retrieve it. The infant may take the initiative in 
transferring from the mother onto a nearby individual, or 
the other individual may solicit the transfer by adopting an 
inviting posture. The non - maternal carrier is rarely aggres-
sive, but infants up to about 8 weeks run the risk of dehydra-
tion/starvation if they are unable to transfer back to the 
mother, so surveillance is recommended. Some mothers do 
not attempt to get their infant back; sometimes, but not 
always, this is due to the mother ’ s subordinate status. In 
such cases intervention may become necessary. This can 
involve either bringing the mother and the carrier into close 
proximity, for example by offering a non - transportable treat 
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examination or treatment. In either case, the expertise of the 
person doing the capture is paramount. Since stress increases 
over time if its source persists, rapid, effi cient netting 
may be preferable to a prolonged wait for a frightened 
animal to enter the tunnel (Linn  et al.   1995 ). Nets should 
have padded rims to prevent injury to the animal (especially 
to its teeth) during capture. Capture - related stress can be 
reduced by giving piece of banana or grape containing a 
few drops of diazepam (2   mg/kg, C. Tomaz, personal 
communication). 

 Capture may be made less stressful by habituating the 
monkeys to sights and sounds associated with capture from 
an early age. Even so, capture typically results in the colony 
being highly aroused for some time afterward, although this 
may be alleviated by providing distracting foraging oppor-
tunities immediately after the event (Landau  &  Fragaszy, 
unpublished, cited in Fragaszy  et al.   2004b ). The authors 
have noticed that events typically occurring on capture days 
often become associated with the stressful experience. For 
example the arrival of the veterinarian, or the sight or noise 
of capture equipment (gloves, tunnel - cages, etc), give rise to 
tension and/or fear. Therefore, it may be advisable for those 
whose research activity involves direct observation of spon-
taneous behaviour not to be involved in capturing the 
animals. Capuchins have extremely powerful jaws and can 
infl ict serious bite wounds, so personnel should guard 
against being bitten (or scratched), for example by wearing 
protective gloves. 

 Transport boxes are commonly used to take individual 
monkeys from their home cage to an experimental room, for 
example to administer Wisconsin General Test Apparatus -  
or video - based tasks. Initial coaxing of the animal to enter 
the box may require any of a number of strategems of 
varying forcefulness, ranging from attracting it into the box 
using treats to chasing it in by blocking all escape routes 
except the entrance to the box. Capuchins can distinguish 
between different tones of voice and possibly words; this 
can be used in training. However, positive reinforcement is 
essential. Once the transport procedure becomes routine, the 
monkeys often start to enter the transport cage spontane-
ously, sometimes even in absence of food reward. Indeed it 
is common for a reliable order to emerge, often dominance -
 related, in which group members vie to be given access to 
the test apparatus.  

  Physiological  m onitoring 

 For general advice see JWGR ( 1993, 2009 ). In zoos and labo-
ratories, positive reinforcement training is becoming popular 
as an alternative to capturing monkeys for collecting vaginal 
swabs or blood (Prescott  et al.   2005 ). However, there are still 
very few examples with capuchins; it is possible that capuch-
ins are harder to train than macaques for such procedures 
(see Fragaszy  et al.   2004b ). Drug treatments can also be 
administered to co - operative animals in this way, thus cir-
cumventing the problem of rejection of food or liquid laced 
with the substance to be administered. Females can be 
trained to sit on a plastic bin for increasingly long periods 
and to urinate while seated. It took less than 1 month to fully 
train a female to urinate on the bin within a few minutes of 

mended to attempt to simulate some aspects of this diver-
sity. For example, capuchins like to break open and peel 
fruits, so it is rarely necessary to peel and chop such items 
into fi ne pieces. Whole fruits allow them to spend more time 
in species - typical feeding behaviour. Food can be placed in 
locations to encourage arboreality and increase search time; 
for example if the top of the cage or enclosure is of wire 
mesh, foods big enough not to drop directly through the 
holes can be spread there to encourage a variety of food -
 gathering techniques. Food can also be hidden in a variety 
of ways and locations so as to stimulate searching. For 
example, when capuchins were presented with food treats 
dispersed in bins full of sawdust or water (the food could 
be reached only by inserting an arm through holes in the 
bins), they spent considerable time engaged in tactile search. 
Specially constructed containers containing straw or wood-
chips and food treats can used to elicit a range of species -
 typical foraging activities. Extensive picking activities 
including fi ne precision grips are easily elicited by synthetic 
 ‘ grass ’  secured to a board outside the cage and fi lled with 
grains or other small edible items. Variability can also be 
made a feature of the timing of feeding, although whether 
this has observable benefi cial effects for capuchins requires 
confi rmation. 

 Raw and unprocessed foods are an obvious way of chal-
lenging capuchins ’  natural extractive propensities. Unshelled 
nuts can be made even more of a challenge to manual or 
tool - assisted cracking techniques by increasing the resist-
ance of their shells (Visalberghi  &  Vitale  1990 ). Every region 
has products suitable for capuchin  ‘ treatment ’ : corn on the 
cob, unshelled beans and nuts, coconuts and unhusked 
cereals are good examples, and all are excellent supplements 
to the staple balanced diet. Raw eggs are a preferred treat, 
although there may be an associated risk of salmonellosis, 
and of restricted biotin uptake due to the uncooked avidin. 
Commercial pellets for South American monkeys appear 
nutritionally ideal, although as mentioned above, they are 
not particularly appreciated (Addessi  et al.   2005 ). Such diets 
are prepared to include requisite proportions of proteins, 
amino acids and minerals, etc. Especially when commercial 
food is not given, mealworms, cheese, yoghurt etc, should 
be added to the regime to provide animal proteins. Obese 
capuchins are rare, even among those known to eat rich, 
processed human foods, therefore some food can be given 
almost  ad libitum . It is advisable to provide a highly pre-
ferred mixture (cottage cheese, eggs, cereals, etc) a few times 
a week and to use this occasion to administer medicines by 
mixing them with the food.   

  Laboratory  p rocedures 

  Handling and  t raining 

 The traditional way of capturing group - living capuchins is 
with a net and/or protective gloves. The chasing involved 
in this method is extremely stressful, and the method is not 
without risk of injury to the animal(s). Some of the stress 
and most of the risk of injury can be eliminated by shepherd-
ing the animal through a system of tunnels that lead the 
animal into a squeeze cage where it can be restrained for 
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captured capuchins using penicillin, chloramphenicol and 
electrolytes with 5% dextrose solution. They state that thia-
bendazole is effective against nematodes. Wolff  (1990)  pro-
vides an extensive table of internal and external parasites of 
cebid monkeys, along with host location, disease signs and 
diagnostic and treatment procedures. Information on mis-
cellaneous health problems including fractures, dental 
disease and soft tissue injuries can be found in Sainsbury 
 (1991) .  

  Anaesthesia 

 Short - term sedation can be induced with ketamine (10   mg/
kg). In order to treat a sick infant every 2 – 3 days, the authors 
fi rst lightly anaesthetised the mother with intramuscular 
ketamine 10   mg/kg. Inhalation anaesthetics and endotra-
cheal techniques are indicated for surgical procedures. 
Specialised information on anaesthesia and analgesia can be 
found in Sedgwick  (1986) , Sainsbury  (1991) , Flecknell  (2009)  
and Popilskis and Kohn ( 1997 ); the last authors also address 
intra - operative monitoring and support, and special anaes-
thetic considerations, although no specifi c recommenda-
tions are made for capuchin monkeys. 

 Care must be taken to ensure that a captured animal is 
unable to reach the needle of the syringe. Capuchins are 
extremely swift and capable of exploiting any possibility to 
prevent capture, injections and so on, unless specifi cally 
trained. Training, however, may require patience. Dettmer 
 et al .  (1996)  reported that repeated capture and venepunc-
ture procedures in  C. apella  resulted in raised cortisol levels, 
before a reduction in week 7 brought them back down to 
week 1 levels. After this phase, however, behaviourally 
habituated animals no longer showed this physiological 
stress response to venepuncture, whereas non - habituated 
animals did. 

 The post - anaesthesia recovery period should follow 
standard monitoring and hygiene - related protocols, ensur-
ing adequate warmth, freedom from potential injury, and 
rapid return to the social group as soon as possible.  

  Euthanasia 

 If euthanasia is necessary, the animal should be anaesthe-
tised and then injected intravenously with an overdose of 
pentobarbital. See also Chapter  17 .       
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  General  b iology 

  Natural  h istory 

 St. George Mivart  (1873)  defi ned the order Primates as

   Unguiculate claviculate placental mammals ,  with orbits 
encircled by bone; three kinds of teeth ,  at least at one time of 
life; brain always with a posterior lobe and calcarine fi ssure; 
the innermost digits of at least one pair of extremities oppos-
able; hallux with a fl at nail or none; a well - developed caecum; 
penis pendulous ,  testes scrotal; always two pectoral mammae .   

 Primate taxonomy and defi nitions of particular species now 
go beyond simple anatomical parameters and includes con-
siderations such as: genetics, population biology, ecology 
and biodiversity. There is disagreement over precisely what 
constitutes a particular species and defi nitions shift slightly 
over time. A more modern, lengthy defi nition of primate 
may be found in Martin  (1990) . However, a simplifi ed 
classifi cation of living primates is shown in Figure  39.1  
(adapted from Wolfensohn  &  Honess  2005 ). The term  ‘ Old 
World monkeys ’ , indicates a geographical origin from 
Asia and Africa, as opposed to the Americas. They are gen-
erally accepted to be monkeys from the superfamily 
Cercopithecoidea; all lack prehensile tails and have some 
degree of callus over the ischial tuberosities. Many have 
cheek pouches, all have a narrow nasal septum and oppos-
able thumbs. They may be divided into two subfamilies  –  
the  Cercopithecine  and the  Colobinae . The genera in the 
 Cercopithecine  subfamily fall more or less into two groups  –  
the African long - tailed monkeys (such as vervets, guenons, 
talapoins and patas monkeys), and the macaques, baboons 
and mangabeys. The genera of the  Colobine  subfamily are 
the colobine monkeys, langurs and other leaf eaters.   

 This chapter will only deal with selected species from 
the  Cercopithecine  subfamily which are commonly used in 
research programmes, that is  Macaca mulatta  (rhesus 
macaque),  Macaca fascicularis  (long - tailed, crab - eating or 
cynomolgus macaque),  Chlorocebus  sp. (formerly  Cercopithecus  
sp. (Groves  2001 )) (sometimes called the African green 
monkey or the vervet monkey) and  Papio  species (baboons). 
Old World primates includes many species that vary widely 
in social structure, ecology, reproduction, etc. It would be 
cumbersome in this chapter to continually refer to the 
rhesus, cynomolgus, vervet and baboon either as a list or as 
 ‘ Old World primates commonly used in research ’ . Therefore, 

in this chapter the term Old World primates is used to refer 
only to these species, except where otherwise stated. 
Moreover, the emphasis of this chapter is on the rhesus and 
cynomolgus macaque as these are, by far, the most com-
monly used Old World primates.  

  Biological  d ata 

 See Table  39.1  (reproduced from Wolfensohn and Lloyd 
 1998  and  2003 ).    

  Social  o rganisation and  n ormal  b ehaviour 

 The literature on primate biology, ecology and behaviour is 
extensive from both fi eld and laboratory studies, eg, Smuts 
 et al.   (1987) ; Mittermeier  et al.    ( 1988) ; Lindburg  (1991) ; 
Bennett  et al.    ( 1995) ; Fa and Lindburg  (1996) ; Fleagle  (1999) ; 
Cowlishaw and Dunbar  (2000) ; Strier  (2000) ; R ö der and 
Timmermans  (2002) . 

 The primate species commonly used in research are highly 
social animals. There are both costs and benefi ts from living 
in a group (Lee  1994 ; Strier  2000 ). The potential negative 
consequences of group living such as competition for food 
or mates, or increased likelihood of parasitism or predation, 
are offset by co - operation resulting in the improved survival 
of individuals with shared genes (Krebs  &  Davies  1993 ). 
This is achieved by living with close relatives, described as 
kin - bonded groups, which in Old World primates are typi-
cally female kin - bonded groups with the distribution of 
males superimposed on to that of the females. Group struc-
ture varies according to differences in the quality and 
density of resources and incidence of disease and level of 
predation. An excellent treatment of the variation in primate 
societies and the different strategies adopted by different 
species in balancing the costs and benefi ts of group living 
with attempts to maximise individual reproductive success 
and inclusive fi tness is presented by the authors in Smuts 
 et al.   (1987) . 

 The macaque genus has a wide range, extending from 
Morocco and Gibraltar through the Indian subcontinent up 
through China and Japan and down through the Philippines, 
Java and Sumatra. This range includes a wide variation in 
environmental temperatures and diets, and the macaques 
have adapted to a variety of ecological niches. This is 
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 Reproductive success depends on four key elements. 
Firstly, the individual must be able to survive to breeding 
age, which depends on the health and condition of the 
mother, the growth rate of the infant and the incidence of 
predation, disease and accidental death. Second, is the dura-
tion of the reproductive lifespan. Thirdly, productivity 
depends on fertility which can be affected by environmen-
tal, social, lactational and genetic factors. Finally, to ensure 
their genetic contribution to succeeding generations any off-
spring produced must, themselves, be able to survive to 
reproductive age. 

 Assuming that resources are suffi cient, the major recur-
ring infl uence on female fertility is lactation through the 
inhibition of ovulation and the negative effect on maternal 
condition (Lee  1987 ). There are also social infl uences on the 
fertility of primate species that live in groups, since Old 
World primates moderate the potentially negative process 
of competing for resources, such as food, nest sites or 
mates, through the development of dominance hierarchies. 
Dominance rank is maintained through displays of strength, 
or in some macaque species through the inheritance of 
maternal rank thus reducing the incidence of aggressive 
competition for limited resources. A number of primate 
species use social dominance and status to improve their 
reproductive success and females with higher dominance 
rank breed earlier and produce more offspring per year 
(Harcourt  1987 ). 

 The period of oestrus is indicated by changes in the 
female ’ s behaviour; olfactory cues and swelling and redden-
ing of the perineal skin may occur to a varying degree. 
Sexual activity peaks around the time of ovulation and the 
frequency of aggressive episodes also increases during 
mating periods. Fraser and Lunn  (1999)  present a detailed 

refl ected in normal variations in patterns of behaviour and 
interactions with humans, for example foraging around 
urban environments (Honess  et al.   2006 ) to foraging in 
remote areas. The components of a wild macaque ’ s diet 
typically come in small aliquots (eg, seeds, buds and 
fl owers), dispersed over a wide area, so the process of gath-
ering them is very time consuming and demands much 
energy. The daily activity cycle refl ects this as a macaque 
troop typically spends the morning foraging, followed by a 
rest period, then another bout of food gathering through the 
afternoon, fi nally moving to a sleeping site for grooming 
and sleep. Of the two macaque species commonly used in 
research, the cynomolgus monkey spends more of its time 
in the trees whereas the rhesus is a ground - dwelling monkey 
that forages on the fl oor and takes to the trees for safety 
and to sleep. Macaques also appear to enjoy playing in 
water and, although they do not actively swim, they will 
forage for food in shallow water and use water for 
thermoregulation.  

  Reproduction and  r earing 

 There are a several types of captive breeding systems for 
primates including free - ranging island colonies, semi - free -
 ranging corral colonies and enclosure or pen pairs or harems. 
A description of each is provided in a report by the Scientifi c 
Committee on Animal Health and Welfare (SCAHAW) 
 (2002) . Kirkwood and Stathatos  (1992)  provide a list of 
primate reproduction parameters such as the duration of 
events, adult and neonate weights, growth curves, infant 
feeding, weaning and physical and behavioural 
development. 

Primates
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     Figure 39.1     A simplifi ed classifi cation of primates.  
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  Table 39.1    Biological data. 

      Rhesus macaque 
 ( Macaca mulatta )  

  Cynomolgus macaque 
 ( Macaca fascicularis )  

  Baboon 
 ( Papio  sp.)  

    Biological data  

  Adult weight (kg)    Male 6 – 11    Male 4 – 8    Male 22 – 30  

  Female 4 – 9    Female 2 – 6    Female 11 – 15  

  Diploid number    42    42    42  

  Food intake    420   J/kg for maintenance, 525 – 630   J/kg for production, 840   J/kg for 
neonates  

    

  Water intake     Ad libitum , 40 – 80   ml/kg daily      

  Natural lifespan (years)    20 – 30    15 – 25    Up to 28  

  Temperature ( ° C)    36 – 40    37 – 40    36 – 39  

  Heart rate/min    120 – 180  *      240    75 – 200  

  Blood pressure systole (mmHg)    125    As rhesus    135  

  Blood pressure diastole (mmHg)    75    As rhesus    80  

  Blood volume (ml/kg)    55 – 80    50 – 96    62 – 65  

  Respiratory rate/min    32 – 50  *          29  

    Breeding data  

  Age at puberty    Male 3 – 4 years 
 Female 2 – 3 years  

  3 – 4 years    2.5 – 3 years  

  Age to breed    Male 4 – 5 years 
 Female 3 – 5 years  

  4 – 5 years    Male 4.5 – 5 years 
 Female 3.5 – 4 years  

  Gestation (days)    146 – 180, average 164    153 – 179, average 167    164 – 186, average 170  

  Litter size    1    1    1  

  Birth weight (kg)    0.4 – 0.55    0.33 – 0.35    0.87 – 0.94  

  Weaning age    12 months    12 months    12 months  

  Breeding cycle    Menstrual cycle 28 days    Menstrual cycle 31 days    Menstrual cycle 36 days  

  Comments    Seasonal breeding September to January    Non - seasonal breeding    Non - seasonal breeding  

    Haematological data  

  RBC ( ×  10 6 /mm 3 )    3.56 – 6.95    4.8  

  PCV (%)    26 – 48    35 – 40  

  Hb (g/dl)    8.8 – 16.5    11.9 – 12.7  

  WBC ( ×  10 3 /mm 3 )    2.5 – 26.7    7.5 – 9.6  

  Neutrophils (%)    5 – 88    51  

  Lymphocytes (%)    8 – 92    43  

  Eosinophils (%)    0 – 14    3  

  Monocytes (%)    0 – 11    2 – 8  

  Basophils (%)    0 – 6    0.2  

  Platelets ( ×  10 3 /mm 3 )    109 – 597      

    Biochemical data  

  Serum protein (g/dl)    4.9 – 9.3    6.6  

  Albumin (g/dl)    2.8 – 5.2    3.8  

  Globulin (g/dl)    1.2 – 5.8    2.8  

  Glucose (mg/dl)    46 – 178    95.9  

  Blood urea nitrogen (mg/dl)    8 – 40    12  

  Creatinine (mg/dl)    0.1 – 2.8    1.28  

  Total bilirubin (mg/dl)    0.1 – 2    0.33  

  Cholesterol (mg/dl)    108 – 263      

    *    values determined under sedation   
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 Artifi cial insemination is generally unnecessary as part of 
a breeding management strategy in the normal captive 
breeding of primates. It has been undertaken successfully in 
various Old World primate species (Gould  &  Martin  1986 ), 
including the rhesus macaque (Dede  &  Plentl  1966 ). The 
diagnosis of pregnancy in primates can be made by manual 
palpation, detection of hormonal changes in the urine and 
serum (Kirkwood  &  Stathatos  1992 ; Hendrickx  &  Dukelow 
 1995b ) and the use of ultrasound imaging. Data on embry-
onic and foetal development of commonly used Old World 
species are given by Fortman  et al.   (2002) . Morphological 
and endocrine diagnosis can be used to determine the early 
loss of pregnancy (Hendrickx  et al.   1999 ). See Table  39.1  for 
data on duration of gestation. 

 Hendrickx  &  Dukelow  (1995a)  detail many of the hormo-
nal changes that occur during pregnancy and parturition. 
In most primates, parturition takes place at night or in the 
early morning. If delivery takes in excess of three hours it 
will require careful monitoring and may need veterinary 
intervention (Kirkwood  &  Stathatos  1992 ). Multiple 
births are rare in Old World Monkeys (0.06% to 0.5% of 
births in macaques (Canfi eld  et al.   2000 )), though twins 
are known to occur (eg, in the stump - tailed macaque, 
 Macaca arctoides;  (Schrier  &  Povar  1984 )). Complications 
such as the production of conjoined twins are even rarer, but 
reports do exist (eg, in the rhesus macaque (Canfi eld  et al.  
 2000 )). 

 The production of milk and suckling behaviour is a vital 
part of the reproductive cycle of primates. It performs 
several important functions, providing nourishment and 
early immune protection of the infant; establishing and 
maintaining the maternal – infant bond; and causing lacta-
tional amenorrhoea  –  a period after the birth which impedes 
the ovarian cycle and prevents the mother becoming preg-
nant again for a period after the birth. Data on the length 
of the lactation period, as well as information on milk com-
position for many species are presented in Hendrickx and 
Dukelow  (1995a) . 

 Sometimes it is necessary to consider hand rearing of 
infants, due to human interference by taking neonatal pri-
mates for scientifi c procedures, or due to maternal neglect 
or death or because the mother has an inadequate supply of 
milk. In the latter case it may be possible to leave the infant 
with the mother for nurturing and care, and simply provide 
supplementary feeding until the infant is able to take 
food for itself. This is the preferred option since it will 
develop within its natal and peer group and the risk of any 
consequential behavioural abnormalities will be reduced. 
However, if it is established that an infant should be removed 
from its mother for hand rearing, it should be placed in a 
cage with some type of surrogate mother. This should be 
soft to touch, warm and, if possible, should move gently. 
Each day the infant ’ s body weight is recorded and its physi-
cal state monitored. Other parameters to be monitored 
include level of activity and general alertness, body tone, 
quality and quantity of faecal output, peripheral perfusion 
and weight gain. Hand feeding is not a precise activity and 
the timing of feeds and quantity of feed given may be varied 
according to the viability of the infant, but all information 
on the infant ’ s food intake should be recorded. It may some-
times be necessary to foster or hand rear young primates but 

description of the physiological features of reproduction in 
female primates. Data on primate ovarian cycle length are 
given in Hendrickx and Dukelow  (1995a) . Dixson  (1998)  
describes in detail the differences between primate taxa in 
reproductive anatomy, both internal and external, and also 
provides detail on the menstrual cycle of the rhesus macaque. 
The size and colour of the sexual skin in Old World primates 
may not only indicate the occurrence of ovulation but may 
also be associated with attractiveness in the context of mate 
choice, both of females to males and  vice versa , eg, in rhesus 
macaques (Waitt  et al.   2003 ). In females the anogenital region 
is frequently the primary site of sexual skin, but it may occur 
in other areas, such as the side of the thigh in rhesus 
macaques. The presence of sexual skin in male primates may 
also be dramatic and brightly coloured, eg, the blue of the 
scrotum of the vervet monkey ( Chlorocebus aethiops ). In addi-
tion to visual signals of reproductive state, communication 
via auditory and olfactory routes is extremely important in 
many primate species. 

 Primate groups are not simply convenient aggregations of 
individuals for breeding purposes (Dixson  1998 ); even sea-
sonal breeders will form groups all year - round, so it is nec-
essary to distinguish between grouping or social systems, 
and breeding or mating systems. The reproductive behav-
iour of male and female primates may vary considerably 
with the stage of the ovarian cycle, for example in the fre-
quency of ejaculatory mounts in males and the proceptive-
ness and receptiveness of females. Evidence suggests that 
changes in the proceptivity behaviour of females, in initiat-
ing copulations, may serve as a useful predictor of the day 
of conception in some species (eg, rhesus macaque,  Macaca 
mulatta  (Zehr  et al.   2000 )), and this may be very valuable for 
studies where accurate aging of embryos is required. The 
rhesus macaque is a seasonal breeder in which reproduction 
appears to be triggered by changes in day length. The 
importance of day length in this context is supported by 
observations of a captive rhesus population in Brazil, in the 
southern hemisphere, outside the natural range of this 
species which is totally in the northern hemisphere. In this 
colony there is an inversion of the breeding season, with 
births occurring between October and April compared to 
March to September in the northern hemisphere (Gomes  &  
Bicca - Marques  2003 ). 

 In some cases contraceptive strategies may be required. 
Permanent sterility can be ensured by surgical means, but a 
reversible solution may be preferred. Useful information on 
contraception can be found in the 2003 AZA Contraception 
Advisory Group Recommendations 1 . There can be compli-
cations associated with the use of contraceptives. Implants 
may be lost, or new ones may not be administered soon 
enough, resulting in pregnancies. In some cases there can be 
permanent sterility; and a predisposition to simian immuno-
defi ciency virus (SIV) infection by sexual transmission, 
possibly due to a thinning of the vaginal epithelium, has 
been associated with the use of progesterone implants 
in macaques (Marx  et al.   1996 ). Contraceptive strategies for 
some primates are aimed at prevention of implantation 
(Sengupta  et al.   2003 ). 

  1       http://www.stlzoo.org/animals/scienceresearch/
contraceptioncenter/  
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ulation tend to be dysfunctional in their reproductive behav-
iour (Goldfoot  1977 ). Socially deprived male rhesus do not 
develop the full double foot - clasp mating stance adopted by 
undeprived animals (Goy  et al.   1974 ) and there is a higher 
rate of rejection of infants in primiparous socially deprived 
females (Suomi  1986 ). 

 Suffi cient outbreeding helps to avoid some hereditary 
conditions or familial predispositions to diseases such as 
metabolic bone disease (Wolfensohn  2003 ). Researchers 
working in immunology may prefer animals of a specifi c 
type of major histocompatability complex (MHC) but those 
individuals with a greater variety of MHC alleles will have 
more protection from a corresponding diversity of possible 
diseases (Strier  2000 ). Knapp  et al.   (1996)  demonstrated, in 
pig - tailed macaques ( Macaca nemestrina ), that mates sharing 
the same MHC type suffered signifi cantly more spontane-
ous abortions than those with different MHC types, and the 
olfactory recognition of MHC type among animals (Brown 
 &  Eklund  1994 ) avoids this kind of reproductive wastage, 
while at the same time maximising MHC allele diversity. In 
addition to considering genetic profi le, breeding facilities 
that supply animals for research may wish to select animals 
based on aspects of their behaviour, such as temperament 
or learning ability. Tracking the performance of animals 
during training within both the breeding facility and the 
experimental facility will help to identify individuals that 
produce offspring that are more likely to be easily trainable 
and to co - operate with research protocols. This will contrib-
ute, when coupled with the highest welfare standards in 
housing and husbandry, to a reduction in the stress of pri-
mates maintained for research.  

  Sources,  s upply,  c onservation 
 s tatus,  t ransportation 

 In the USA and Europe, although there are some facilities 
for breeding macaques for research use, these do not yet 
supply adequate numbers to match the demand in these 
countries. Most jurisdictions either do not permit, or dis-
courage the use of wild - caught primates in research and 
some are encouraging moves to the use of F2 animals (ie, 
ones that are second - generation captive bred). The current 
text of article 7(3) of EU Directive 86/609/EEC states,  ‘  exper-
iments on animals taken from the wild may not be carried out 
unless experiments on other animals would not suffi ce for the aims 
of the experiment ’   (European Council  1986 ). 

 A substantial number of macaques are, therefore, imported 
into the USA and Europe from countries of origin where 
they are purpose - bred. Cynomolgus macaques may be 
sourced from China, the Philippines, Mauritius, Indonesia 
and Israel; and rhesus macaques may be sourced from 
China, Vietnam and Cambodia. The majority of primates 
used in scientifi c procedures are purpose bred, but at present 
a number of the breeding animals from which they are 
derived are still sourced from the wild in some facilities. 
Some breeding establishments are now introducing pro-
grammes to move to use of F1 or subsequent generation 
animals for breeding, with the aim of avoiding the need over 
the next decade or so to take animals from the wild and 
enabling them to supply F2 or subsequent generation 

they should not be maintained in isolation. For a protocol 
for hand rearing see Wolfensohn and Honess  (2005) . 

 Lactation in the macaque has all but fi nished by 10 – 11 
months so that the infants would be fully weaned before the 
birth of the next, and at this stage they do not depend on 
their mother for nutrition. Confusion arises over the use of 
the term  ‘ weaning ’  to describe both the cessation of suckling 
by the mother, in unmanaged populations, as well as the 
removal of offspring in captive populations as part of a 
breeding management or supply strategy. The confl icting 
interests of the mother (to accelerate weaning) and offspring 
(to prolong suckling) result in the mother terminating suck-
ling at a point determined by the metabolic independence 
of the offspring, this being a factor of the offspring ’ s body 
weight at birth and at weaning  –  the  ‘ metabolic weaning 
weight ’ . In rhesus macaques the threshold weaning weight 
is 1.34   kg (with a range of 1.0 – 1.6   kg), which refl ects a 
constant multiple 3.4 times the neonate ’ s birth weight 
(Lee  1999 ). 

 Natural weaning is not an abrupt event but a process 
lasting several months. Most infants can feed themselves at 
6 months but remain socially dependent on their mothers 
and return to them when disturbed and to sleep. This period 
of suckling and gradual increasing independence is an 
important time in the development of the infants. It is during 
this time, and shortly after, that they begin to learn from 
their mother and to refi ne food selection, acquisition and 
processing skills (Altmann  1980 ; Janson  &  van Schaik  2002 ). 
After the fi rst year, juvenile animals, especially males, 
become more and more involved in peer group activities. 
Stimulus deprivation in infancy has a dramatic impact on 
the development of young macaques, making them less 
active, more withdrawn, with more stereotypic behaviour 
(Harlow  et al.   1965 ), higher basal cortisol levels and showing 
more fear – disturbance – emotional behaviour than non -
 deprived control animals (Sacket  et al.   1973 ). The importance 
of social stimulation during infancy is well established, but 
considerably less is known about the infl uence of social 
contact during juvenile and adolescent stages of develop-
ment (National Research Council (NRC)  1998 ). It is therefore 
important to monitor each animal and if the assessments 
indicate an incidence of behavioural problems, then man-
agement regimes, such as age of separation from the natal 
group, should be reviewed. Continual assessment of behav-
iour and welfare is more important than sticking to rigid 
temporal criteria, and each animal should be considered 
individually. 

 Since many managers have tried to use temporal criteria 
for separating infants from mothers in captive breeding 
colonies, opinions differ on the ideal time (Goo  &  Fugate 
 1984 ; Home Offi ce  1995 ; Wallis  &  Valentine  2001 ; Reinhardt 
 2002 ; International Primatological Society (IPS)  2007 ). 
However, forced weaning appears to have no appreciable 
benefi t in terms of increased production, and account must 
be taken of the welfare aspects on the psychological well -
 being of the mother and the infant. If young monkeys are 
reared with an inappropriate social background they will 
show indicators of poor welfare such as a restricted reper-
toire of behaviours, an abnormal activity pattern, inade-
quate social behaviour and/or abnormal behaviours such as 
self - injury. Monkeys raised without appropriate social stim-
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which are published annually in several languages (English, 
Spanish and French). The IATA regulations set out minimum 
conditions for the air transport of live animals and provide 
essential information for all those seeking to transport live 
primates. Further information relating to transport has been 
provided by the Laboratory Animal Science Association 
(LASA)  (2005) , IPS  (2007) and see also Chapter  13  . 

 When primates are transported to research facilities, they 
are usually shipped while still juvenile, so that the total 
weight and cost of the consignment is reduced. Juvenile 
animals may be shipped in pairs within the transport con-
tainer, and pairing animals allows for mutual support 
during stressful events. Evidence suggests that when pri-
mates are subjected to a stressful event, such as transporta-
tion, signs of physiological stress are markedly reduced 
when in the presence of other individuals (Honess  &  Marin 
 2006a ). The compatibility of paired animals can be ensured 
by studying the interactions of the animals in their social 
groups prior to being transported; animals which show 
affi liation can be assigned to travel together. This approach 
should extend beyond the transport phase and efforts 
should be made to ensure that groups which will be housed 
together at their destination are socially stable and, where 
possible, from the same breeding group. In this way, rela-
tionships and social status will have already been estab-
lished in natal groups, reducing the likelihood and intensity 
of confl ict. This makes future veterinary and behavioural 
management of the animals easier. 

 A change in diet can affect the gut fl ora and, with all the 
other changes involved in transportation, will add to the 
animals ’  stress. A gradual change to a new diet over 4 – 5 
days will reduce the incidence of diarrhoea. Communication 
between shipper and recipient, prior to shipping, should 
ensure that a list of the animals ’  favoured and acceptable 
foods is passed on so that these can be available on arrival. 

 There may also be disease risks associated with the trans-
portation of primates, both between the animals and han-
dling staff and between consignments of animals, particularly 
if the health status of the animals is unknown. They may be 
carrying zoonotic diseases, and disease could also pass from 
the shipment handlers to the primates. Rhesus, long - tailed, 
bonnet and pig - tailed macaques show distinct and consist-
ent differences in behavioural and adrenocortical responses 
to stress induced by confi nement in a transport cage, and by 
a cage and room change (Clarke  et al.   1988 ; Crockett  et al.  
 1995, 2000 ). It is frequently diffi cult, if not impossible, to 
separate the effect of the transport element of their journey 
from the effect on the animals of other changes that may 
accompany this: changes in accommodation, animal care 
staff, diet, climatic conditions etc. (Honess  et al.   2004 ).   

  General  h usbandry 

  Enclosures 

 The physical environment in which captive primates are 
housed is an essential element of the conditions that contrib-
ute to the physical and psychological health of the animals. 
When designing accommodation in which to keep primates, 
the starting point is to examine the ecological requirements 

animals for use in research from self - sustaining captive colo-
nies. However, ongoing pilot projects evaluating the impact 
of self - sustaining breeding and inbreeding show there may 
be a signifi cant impact on fertility rates and other physio-
logical parameters. At this time, it is not yet possible to 
assess the impact of these changes on availability of animals 
for research. The feasibility and impact of these moves 
towards self - sustaining breeding is being monitored to 
inform future decisions about moving exclusively to use of 
self - sustaining breeding colonies. 

 When breeding stock is sourced from the wild conserva-
tion status has to be carefully taken into account. However, 
there is no evidence that the trapping of the cynomolgus 
macaque in controlled conditions for breeding purposes, 
is necessarily a conservation issue and in Mauritius the 
cynomolgus macaque has been implicated as a predator of 
other species that are endangered (Carter  &  Bright  2002 ). 
Indeed, in some areas the cynomolgus monkey is considered 
a pest, causing signifi cant damage to agricultural crop pro-
duction. Sourcing from the wild is also associated with 
potential health risks and these must be controlled by appro-
priate quarantine procedures. 

 There is debate about the merits of obtaining primates 
from overseas breeding centres rather than from national 
breeding centres. This has been prompted partly by fi ndings 
about the stress that primates respond to during interna-
tional air transport (Wolfensohn  1997 ; Prescott  2001 ; 
SCAHAW  2002 ; Honess  et al.   2004 ). 

 Macaques come from a wide range of natural habitats, and 
it seems likely that the genetic backgrounds and responses to 
experimental procedures may also be variable for macaques 
from different populations. For example, rhesus macaques 
from India and China can show very different responses to 
experimental infections (Smith  2005 ). However, without 
better knowledge of this variation it is possible that crucial 
characteristics for future experimental models may be lost if 
they are not present in the limited number of parents from 
which self - sustaining colonies are derived. Therefore, wild 
animals are an important reservoir of genetic characteristics 
that may be of prime importance for the study of diseases in 
the future. For other species, recent legislation against the 
exportation of wildlife in a number of source countries has 
affected supply. Even where the export of captive - bred rep-
resentatives of indigenous species is permitted, this is often 
under a quota system. Wild - caught olive baboons ( Papio 
hamadryas anubis ) have been exported from African countries 
(eg, Kenya) for research use, but the trade in this species from 
Tanzania and Ethiopia is now subject to CITES export quotas 
(Prescott  2001 ). 

 The Convention on International Trade in Endangered 
Species of Wild Fauna and Flora (CITES) regulates interna-
tional trade in endangered species, live or dead, or any parts 
or products of them. Species listed in Appendix I are con-
sidered the most endangered. Currently, all primates are 
listed as being in either Appendix I (threatened with extinc-
tion) or Appendix II (could become endangered without 
control of trade). CITES permits must be obtained for all 
movements (import and export) of CITES listed species 
between countries that have signed the Convention. These 
CITES management authorities are listed in the International 
Air Transport Association (IATA) Live Animal Regulations 
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needs is even more important than for those animals which 
will only stay for a short while. 

 Cages are frequently constructed of metal with wire mesh 
walls, or parallel metal bars. Such cages are not only expen-
sive but cold to touch, noisy and not very animal friendly. 
Metal is easy to clean but materials that are warmer to the 
touch, chewable, and which provide a quieter environment 
than the clanking of metal cages are preferable. The struc-
tural division of space in primate enclosures is of paramount 
importance. It is essential that the animals should be able to 
utilise as much of the volume as possible because, being 
arboreal, they occupy a three - dimensional space. To make 
this possible, perches, swings and climbing structures should 
be provided. Visual barriers, which allow the animals to be 
out of sight of one another, are important in group housing 
and multiple escape routes provide opportunities to avoid 
attacks and also prevent dominant individuals from restrict-
ing access of subordinates to other parts of the cage (National 
Centre for the Replacement, Refi nement and Reduction of 
Animals used in Research (NC3Rs)  2007 ). Where individuals 
may need to be treated individually, as in some toxicology 
experiments, areas with a partition to allow separation or 
varying degrees of social contact is required. Flexibility of 
use should be incorporated into the design of the housing. 

 In a research setting, a design that combines cages with a 
larger enclosed area is a fl exible and useful solution to the 
confl ict between wishing to give the animal free access to 
space and wishing to keep it in a cage to make it more acces-
sible. This permits the retention of a number of standard 
cages allowing the animals to be removed into transport 
chairs for testing, dosing or sampling; but at the same time 
allowing them access to a much larger and more complex 
space when not in use. In this setting, the animals will show 
an extensive range of natural behaviours, little aggression 
and will move readily into chairs or boxes. There is an 
ethical obligation to house and maintain animals used in 
research in the best conditions that can be provided. So, as 
 ‘ best practice ’  evolves it is necessary to continually re - eval-
uate whether the facilities and their operation and manage-
ment can be improved. 

 Foraging is a natural and desirable behaviour which can 
occupy a signifi cant period of time, reducing boredom and 
the incidence of stereotypic behaviours. Therefore, a sub-
strate such as woodchips, hemp or shavings should be pro-
vided in which forage can be scattered. Hay, straw or other 
material such as shredded paper may be provided for envi-
ronmental enrichment. Careful design and positioning of 
drains and air vents are required to ensure they do not 
become blocked, or can be readily cleared. 

 In addition to animal holding areas, a primate facility 
should be equipped with many functional support areas 
(see Chapter  9 ). The kinds of support areas needed will 
depend on the purpose of the facility and the use to which 
the primates are put, but all should receive due considera-
tion in the planning stages.  

  Social  h ousing 

 All species of primates used in the laboratory are social 
animals that live in family groups or large troops and it is 

of the species, consider its habitat in the wild and what 
features of that environment can be replicated in the captive 
setting. Not all features of the wild environment are in the 
animal ’ s welfare interest; for example, food resources may 
be scarce, competition from conspecifi cs and prevalence of 
predation and disease may be high in the wild. In captivity, 
on the other hand, there may be plentiful provision of food 
and effective disease control; but there may be a reduction 
in activity leading to boredom and obesity with resultant 
poor health, both physical and psychological. Replication of 
the natural environment in the captive situation must be 
balanced to ensure that the animals ’  health is maximised. 

 While there may be similar trends in many species, the 
details may differ for some with variation in social relation-
ships, anatomical and ecological adaptations, use of space, 
level of activity and time and energy budgets, and in aspects 
of infant rearing, feeding and foraging (Honess  &  Marin 
 2006b ). Thus, some practices suitable for one species may 
have unforeseen and potentially disastrous consequences 
when applied to another. Recommendations for captive 
maintenance, therefore, need to take into account knowl-
edge of species - specifi c behavioural responses, life history 
patterns and clinical tendencies. 

 There are many imperfections in current guidelines on the 
housing of primates kept for research, and there are incon-
sistencies between countries in regulations (Poole  1995 ). 
Sometimes, specifi c space guidelines (eg, NRC  1996 ) may be 
incompatible with the recommendation that behavioural 
needs should be met (NRC  1998 ) and the wide discrepancies 
in the recommended space allowances (Terao  2005 ) can 
throw doubt on their credibility. It is, therefore, important 
that these guidelines should be scrutinised and revised reg-
ularly, using a harmonised approach that will best serve the 
interests of the animals. The most recent recommendations 
are those published by the European Commission  (2007) . 

 Existing recommendations for primate housing, particu-
larly in research facilities, are generally inadequate from the 
animal welfare perspective. Most are based solely on the 
weight of an animal without reference to linear dimensions. 
This can result in recommended cage sizes which are actu-
ally smaller in the vertical dimension than the head to tail 
length of the monkey so that the animals cannot perch in the 
cage with the tail freely suspended, as they do in nature. The 
sizes of cages are sometimes too small to meet the behav-
ioural needs of the animals; providing neither adequate 
space for exercise nor room for environmental enrichment 
(Crockett  et al.   1995 ). The assumption is made that heavier 
individuals require more space than lighter ones, although 
in practice light, young animals are usually more active than 
the heavier adults (Wolfensohn  &  Honess  2005 ). Rather than 
basing cage size on parameters such as body weight or 
crown to rump length, it is better to use performance stand-
ards which assess the ability of the animal to express its 
species - typical behaviours and which will vary depending 
on species, age, sex, individual temperament, group compo-
sition and dynamics (Honess  &  Marin  2006b ). It is important 
to appreciate that most recommendations for cage sizes rep-
resent  minimum  dimensions for animals of all ages. The 
duration of stay of the animal is also relevant. Where pri-
mates are to be kept for a period of years, the necessity for 
housing them in an environment that better satisfi es their 
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distressed; the same circumstances in which an animal will 
return to its mother. Stimulation - seeking behaviours mani-
fest themselves in a variety of ways depending on the avail-
able options afforded by the environment. 

 Evaluation of the psychological condition of the animal 
should take into account its physical health, its behavioural 
repertoire and an assessment of its coping skills when pre-
sented with novelty. The latter will evaluate normal inquisi-
tive and explorative behaviour or any abnormal response 
and how long the animal takes to return to baseline level of 
behavioural repertoire.  

  Environmental  e nrichment 

 Establishments wishing to demonstrate best practice should 
endeavour to produce conditions for their animals which 
provide key safe features of a naturalistic environment that 
will contribute to encouraging as natural a range and rate 
of behaviours as possible. Environmental enrichment is 
essential for captive non - human primates to meet their etho-
logical and psychological needs (Young  2003 ). It should 
provide the animals with the opportunity to carry out a suf-
fi ciently varied daily programme of activity (see Chapter 
 10 ). The actual enrichment provided will vary, but there is 
now a large literature offering a wide variety of options. The 
effectiveness of many is reviewed in Honess and Marin 
 (2006b) . 

 Opportunities for the animals to exercise a full locomo-
tory repertoire should be provided in the living area. To 
allow this, the cage must be suffi ciently large and contain 
adequate furnishings. Cage furniture itself can provide 
opportunities for a wide repertoire of behaviour. Perches, 
ladders, swings, plastic chains, car tyres etc. are all of value, 
and allow the animals plenty of places to sit without having 
to squabble. This allows a social hierarchy to develop with 
less aggressive encounters. Devices to encourage foraging 
(ranging from food scattered in the substrate to puzzle 
feeders) have also proved effective. Some practical methods 
include the use of wire grids over food hoppers rather than 
expensive manufactured food puzzles, ice cubes of frozen 
juice, frozen grapes or melon cubes, food on top of the 
enclosure to encourage animals to forage upwards through 
the mesh, wrapping or boxing of treats, empty diet bags or 
cardboard boxes, and foraging boxes full of hay or sawdust 
(Dean  1999 ). Novelty is important so the items should be 
changed frequently to avoid habituation and a programme 
of rotation of items of environmental enrichment should be 
recorded. 

 Reducing the incidence of aggressive encounters by 
resorting to long - term single housing of animals is not 
acceptable; the environment and the group composition 
need to be actively managed to ensure maintenance of social 
stability. A key component in a successful strategy is to start 
with the right compatible grouping, which may require 
coordination and effective communication with the source 
breeding colony which establishes the groups at weaning. 
Training animals to co - operate with carers and experiment-
ers also helps to enrich the animals ’  lives and reduces han-
dling stress (Reinhardt  &  Reinhardt  2000 ). It is vital to 
remember that the animal ’ s principal purpose is for a scien-

widely accepted that housing individuals on their own is a 
major stressor (Joint Working Group on Refi nement (JWGR) 
 2009 ). Knowledge of the normal social structure (including 
how groups are constituted and dominance hierarchies 
established) should be used to inform how they should be 
group - housed in captivity. This is important in determining 
group size and structure, defi ning socialisation programmes, 
managing aggression, promoting natural behaviour, opti-
mising reproductive success, where appropriate, and of 
course initially in the design of housing and husbandry 
systems (Wolfensohn  2004 ). 

 The Old World primates described in this chapter live in 
social hierarchies in which there are inevitable confl icts and 
fi ghts which may result in some animals being injured or 
even killed. A singly housed animal may be in excellent 
physical health because it is not exposed to the risk of infec-
tions from other animals, there is no competition for food 
and no chance of wounding by companions. Furthermore, 
although it will suffer the stress of social deprivation, it will 
not have to try to maintain its position in a social hierarchy. 
However, such animals frequently show a poor behavioural 
repertoire with abnormal and even self - harming behaviours 
and do not have well developed coping skills. The benefi t of 
social housing is that the environment is dynamic, variable 
and unpredictable so there is little habituation, but on the 
other hand, there may be increased risks of infection, wound-
ing and competition for food. With good management strate-
gies these risks can be minimised but not altogether removed. 
Because of the overall welfare benefi ts, it is widely accepted 
that monkeys should be kept in groups. There will, however, 
be the occasional social misfi t who will have to be removed 
either for their own safety or for the benefi t of the remainder 
of that group. It is important to maintain a fl exible approach 
to the management and use of monkey colonies to ensure 
that such individuals are used to maximum benefi t, and are 
neither wasted nor left to suffer social deprivation simply 
because they do not fi t in. The size of the group is important, 
and arguably more important than the amount of space per 
animal. In nature, many primates live in fairly large groups 
(for macaques around 50 in a troop) and while putting a 
small group of animals or a pair together will give them 
company, there appears to be a higher incidence of fi ghts and 
unsettled behaviour in these than in larger groups, even if 
fl oor space per monkey is lower in the latter case. 

 Provision of foraging opportunities in an adequate 
amount of space is a way of offering a socially sanctioned 
method of establishing the hierarchy that does not result in 
signifi cant wounding and injury. The damage caused to an 
animal by individual housing may not be immediately 
apparent as the changes in behaviour may at fi rst be very 
subtle, but in the long term there may be self - mutilation and 
more obvious damage. The animal ’ s individual experiences 
will modify its development since there is a dynamic process 
that determines its later behaviour. For example, sucking 
and clinging, which should be directed toward the mother, 
may become directed toward other available objects or even 
the individual ’ s own body. Although this does not provide 
the nutrition and contact that should come from the natural 
mother - directed behaviour, it continues to provide a state 
of a psycho - physiological arousal. Thus digit sucking or 
self - hugging will occur when an individual is anxious or 
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  Relative  h umidity 

 In the UK relative humidity levels are required to be 45 – 65% 
in areas where primates are used in scientifi c procedures 
(Home Offi ce  1989 ); or 40 – 70% where they are kept for 
breeding (Home Offi ce  1995 ). In the USA the recommended 
range is 30 – 70% for all primates (NRC  1996 ). Efforts should 
be made to reduce the impact of husbandry practices, such 
as extensive cage/housing washing, on conditions such as 
humidity levels. Extensive daily washing, such as pressure -
 hosing, may result in surfaces which remain permanently 
wet, resulting in elevated humidity levels and also present-
ing a potential health risk to the animals as many pathogens 
remain viable in a warm, wet environment.  

  Lighting 

 Where animals have access to daylight and are not main-
tained in a region where day lengths are the same as, or very 
similar to, those in the natural geographical range of the 
species it will be necessary to regulate lighting regimes. 
Where access to daylight is not available a lighting regime 
of 12   h light, 12   h dark is typically provided, in which case 
efforts should be made to replicate dawn and dusk grada-
tions in light intensity. In the wild, primates rely on the ultra 
violet (UV) in daylight to produce vitamin D 3 . Care should 
be taken to ensure that, particularly in the absence of natural 
light, artifi cial light is provided using daylight spectrum 
tubes or bulbs, rather than standard fl uorescent lighting. 
This is of particular importance where there may be a famil-
ial predisposition to metabolic bone disease or an even 
minor defi cit in dietary vitamin D 3  (Wolfensohn  2003 ). 
Artifi cial lighting typically lacks a UV component; where 
this is the case and access to daylight is limited, specifi c 
provision of UV light is recommended, and vitamin D 3  
should be supplied as a supplement in the animals ’  diet. 

 Care should be taken in the positioning and intensity of 
artifi cial lighting in interior accommodation. Highly engi-
neered caging, such as that found in experimental facilities, 
is frequently made of galvanised steel. Poorly positioned 
and overly intense lighting can intensify the glare from 
highly polished metal surfaces. This can be reduced by 
using more sympathetic, better placed lighting and the use 
of more natural caging materials such as wood and wire. 
The lighting system is also important in preventing the crea-
tion of dark areas of the caging, such as the lower levels or 
corners of shelved caging, in which animals may hide from 
view. A facility can be designed to maximise daylight by the 
incorporation of windows; and if the confi guration of the 
building offers a choice between a place in a sunny/cool 
window region and a more controlled environment within 
the inner confi nes of the building this will allow the animals 
to select their own thermal environment.  

  Noise 

 There are four primary sources of noise: the primates 
themselves (eg, vocalisations); the physical environment 
(eg, caging, extractors, pumps, doors); the staff (overshoes, 
shouting, husbandry procedures); alarms, public address 
and entertainment systems (for staff and animals). High 

tifi c procedure and the animal model must be valid in terms 
of normality and reproducibility. The environmental enrich-
ment programme should be reviewed to consider of any 
effect (positive or negative) on the quality of the scientifi c 
data generated.  

  Physical  e nvironment 

 The environmental sensitivity of primates varies consider-
ably between species, some being more tolerant of environ-
mental change than others. In the wild, rhesus macaques 
( M. mulatta ) occur across a wide range of altitudes from 
sea level to 3000 metres (Rowe  1996 ) indicating a tolerance 
of a substantial temperature range. Long - tailed macaques 
( M. fascicularis ), on the other hand, may be less tolerant, 
being found in habitats from sea level to 2000 metres. 

  Temperature 

 The recommended temperature regimes for Old World pri-
mates relate to differences in the natural habitats to which 
they have adapted. In the UK codes of practice for users and 
breeders, 15 – 24 ° C is required for Old World monkeys 
refl ecting their tropical to subtropical natural habitat (Home 
Offi ce  1989, 1995 ). In the USA the recommended tempera-
ture range is 18 – 24 ° C for all primates (NRC  1996 ). Depending 
on the location and ambient temperature of the facility 
housing primates these recommended temperatures will be 
achieved and maintained either through a system of heating 
or cooling. Stocking density will affect the temperature in 
each room, so leading to signifi cant temperature variation 
between rooms with the same heating/cooling system 
where stocking density varies signifi cantly. Rapid fl uctua-
tions in housing temperature are undesirable, but appropri-
ate dampened temperature fl uctuation on a 24   h cycle that 
mimics natural temperature may help encourage natural 
behaviour, such as taking a siesta during the hot part of the 
day and huddling at nights when it is cooler (Honess  et al.  
 2004 ). 

 Where no indoor housing is provided, it is vital that suf-
fi cient shelter is available to protect animals from climatic 
extremes. If an outside run is provided, the interior accom-
modation should be suffi ciently attractive that animals do 
not seek all their stimulation outside, particularly during 
periods of inclement weather. Outside caging can be pro-
tected with natural vegetation or roofi ng; during seasonally 
bad weather, sides and a ceiling can be attached to the 
caging for extra shelter and to allow heating of the interior. 
Where excessive heat may be a problem, this can be allevi-
ated by providing a pool for recreational use and behav-
ioural thermoregulation or by thermostatically controlled 
spraying of a fi ne mist of water droplets that can reduce the 
ambient temperature by about 5 ° C (Honess  et al .  2004 ). 
Under certain experimental regimes and containment levels 
it may be important to ensure negative air pressure in the 
animal rooms. In the UK 10 – 12 air changes per hour are 
required (Home Offi ce  1989, 1995 ) while 10 – 15 air changes 
per hour are recommended in the USA and recycled air 
should contain at least 50% fresh air (NRC  1996 ). It is impor-
tant, however, to prevent draughts.  
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without feeling threatened. In the development of non -
 stressful and safe means of capture, and in the training of 
animals, there should be dual emphasis on animal welfare 
and staff health and safety. These developments are only 
practicable in a building which allows for the seclusion of 
the occasional aggressive animal (sub - division of areas) for 
the protection of staff and other animals, and within which 
it is possible to train animals to come forward for capture 
and for simple interventions. Capture by means of netting 
(as is often used in large outside runs) is both stressful for 
the animals and may be source of minor injuries. The stress 
of handling for minor procedures can be greatly reduced by 
training, and monkeys are capable of learning to volunteer 
for these interventions (see Chapter  16 ). The extent of the 
human – monkey interaction bears directly on intended end -
 use; familiarity with human handling is valuable in prepar-
ing animals for work in some studies. Initial profi ling and 
training has potential benefi ts in selecting animals for dif-
ferent end - uses. This is more diffi cult to deliver without the 
kind of close contact which is possible in an internal facility. 
However, for other types of study (such as studies of natural 
behaviour) it is necessary to have large naturalistic social 
groups (depending on the species) with diversity of demog-
raphy and social and genetic relationships which are more 
achievable in a parkland type setting. The fi nal decision on 
whether to choose an internal, external or mixed facility will 
depend on factors including the use of the animals (labora-
tory, zoo, sanctuary, conservation study prior to returning 
to the wild), the species, the local climate and cost. The facil-
ity must be  ‘ fi t for purpose ’  but there should be no underly-
ing assumption that outside living areas are somehow 
automatically better. A well designed facility is critical to be 
able to deliver a successful animal care programme and 
behavioural management. 

 Building a new facility takes a long time from conception to 
completion and there will be many factors and details to 
consider (see Chapter  9 ). Cost, design, materials and utilities 
will be high on the list of priorities for the build management 
team, however the species - specifi c behaviours of the animals 
to be housed in it should take an equally high priority in the 
design criteria. Finally, managers will often require hus-
bandry duties to be carried out in a way that optimises the 
effi cient use of staff time and as a result it is easy to overlook 
the effect their methods of working have on the animals. 
Wherever possible, husbandry duties should be carried out 
to minimise the impact on the animals being cared for, even 
if this may be at the cost of working effi ciency. Husbandry 
regimes that may be more labour - intensive but have a 
reduced impact on the animals should be used. It may well 
be that there will be cost savings elsewhere; for example, 
through less aggression leading to less traumatic injuries, 
easier training producing a more valid research model and 
ultimately a more effective use of research funds.   

  Feeding/ w atering 

  Food 

 Analysis of wild primate activity budgets has shown that 
more time is given to foraging than to any other activity 

noise levels may intimidate many animals and have a nega-
tive effect on their psychological well - being. Primates are 
highly social animals and one of their primary modes of 
communication is vocal. Dominance can be asserted through 
vocalisations and therefore care needs to be taken in place-
ment of overly assertive animals in proximity to those that 
may be negatively affected by vocal bullying. 

 The design of the physical environment and materials 
used in its construction can be responsible for substantial 
noise pollution. If cages are constructed using metal sheet-
ing and heavy meshing with metal furniture, such as swings, 
noise production can be substantial particularly when larger 
primates display. The use of more natural caging construc-
tion and furnishing materials such as wood will help reduce 
noise, as will the provision of a solid, rather than grid, fl oor 
covered with sound dampening forage substrate such as 
wood chips. Other sources such as air extractors and pumps 
also need to be considered when trying to minimise noise. 

 The people working around the primates, as well as those 
who visit the facility, can generate considerable noise. It may 
be reassuring for the animals to hear the voices of familiar 
care staff but not all staff are viewed as friendly by the 
animals and their voices may, particularly when loud, 
produce a response suggesting stress or anxiety. Staff should 
be encouraged to keep voices down and to work around the 
animals in a way that reduces unnecessary loud noises. 
Heavy metal modular caging is noisy to manipulate during 
cleaning or when catching animals for treatment, research 
procedures or husbandry changes. Trolleys that are used to 
move animals, food and bedding can be noisy especially if 
they collide with walls and doors. Other noise - generating 
factors such as slamming doors and clothing, including 
plastic overshoes, should be included in reviews of noise 
production and its prevention around captive primates.  

  Accommodation  d esign 

 Laboratory primates are often kept in cages or rooms, 
but some larger species may be kept in outside pens or 
corrals, with free access to a heated indoor area. There is a 
perception that there is a welfare advantage to all primates 
associated with the provision of external accommodation. 
However, it is the quality of the accommodation and the 
handling of the animals which matters most in terms of 
animal welfare and outdoor accommodation is not necessar-
ily in itself a benefi t. External accommodation carries with 
it risks from exposure to wildlife (small birds, rodents, 
insects), disease transmission from outside vectors (eg, 
 Mycobacterium ,  Salmonella ,  Yersinia ), and damage due to 
adverse climate conditions (eg, frost injuries). In the labora-
tory setting where disease - free animals are required, these 
factors may reduce the supposed welfare gain of external 
accommodation over a good quality internal exercise area. 

 The choice of internal accommodation will also facilitate 
animal handling and may infl uence the extent to which the 
primates become accustomed to human contact and sociali-
sation. Achieving this with a potentially aggressive species 
depends not only on staff education and training, but also 
on the confi guration of the facilities, including plentiful 
enrichment, and accommodation which allows the animal 
refuge points from where it can interact with humans 
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(Lindburg  1991 ), and arguably food gathering is the most 
profoundly affected activity of a captive existence. Since 
many primates choose to spend a substantial amount of 
their time foraging, anything that may restrict this should 
be regarded as potentially detrimental to their welfare. In 
captivity, providing food removes the need to forage and 
food tends to be presented to a predictable schedule. It is 
better to provide small portions and with an unpredictable 
schedule to satisfy the animal ’ s behavioural needs than to 
provide the quantity required to satisfy the daily nutritional 
requirements in just one feed. 

 Nutrient intake cannot be assessed adequately just in 
terms of grams of food taken. It is necessary to consider the 
metabolisable energy (ME) value and the nutrient content 
of the food so as to take into account variations in water 
content and digestibility. Macaques require approximately 
420   kJ   ME/kg daily for maintenance, 525 – 630   kJ/kg if 
pregnant or lactating, and 840   kJ/kg for neonatal growth. 
Commercial Old World monkey diets that have a protein 
density of 15 – 25% are used, with supplements of fruit and 
nuts. Foraging mix can be scattered through the substrate of 
the enclosure adding interest to the diet as well as providing 
environmental enrichment. Very useful tables of the nutri-
ent contents of foods commonly used to feed primates are 
published by the NRC  (2003) . 

 Dietary intake is affected by the colour, smell and taste of 
the food. Most species prefer sweet foods, but its hardness 
and density will also affect intake. The food pieces need to 
be of a size such as to be held easily so the primate can 
manipulate its food, but it is not necessary to chop foods 
into very small pieces. Food may be offered  ad libitum  or 
given in a fi xed amount. If fed  ad libitum , primates eat to 
their energy requirements but can become obese if fed on 
palatable foods, this applies especially to dominant animals 
who may monopolise favoured foods. 

 An overview of energy requirements and how these are 
calculated is given in Chapter  4  of Wolfensohn and Honess 
 (2005) . This energy requirement is met by a combination of 
commercial primate diet, a selection of fruit and vegetables 
and forage mix, but variety is essential and, when adding 
any supplements such as fruit, care must be taken not to 
upset the nutrient balance. Amounts fed will also need to be 
adjusted according to levels of activity and weight gain/loss 
must be evaluated regularly. Recommended dietary levels 
of minerals and vitamins are given in Table  39.2 .   

 Supplements are generally given for environmental 
enrichment or as part of positive reinforcement training, 
rather then primarily for nutrition, but they may have the 
undesired effect of distorting the balance of the nutrition 
provided. It is therefore important to use items that are 
nutritionally complete or which are high in moisture and 
low in calories  –  such as fresh fruit and vegetables  –  rather 
than offering energy - dense but nutritionally incomplete 
foods such as nuts and raisins. Since fresh fruit and vegeta-
bles are 80 – 90% moisture, if these make up less than 40% of 
the wet weight of the diet, they will be providing less than 
10% of the total dietary dry matter and therefore will mini-
mally distort the nutrient balance. 

 Data on composition of foods and feed ingredients, 
including details of dry matter, energy, protein and other 
nutrient densities are essential for formulating feeds and 

  Table 39.2    Recommended dietary concentration and levels of 
minerals and vitamins. 

   Mineral     Concentration  

  Calcium    0.8%  

  Phosphorus    0.6%  

  Magnesium    0.08%  

  Potassium    0.4%  

  Sodium    0.2%  

  Chloride    0.2%  

  Iron    100   mg/kg  

  Copper    20   mg/kg  

  Manganese    20   mg/kg  

  Zinc    100   mg/kg  

  Iodine    0.35   mg/kg  

  Selenium    0.3   mg/kg  

   Vitamin     Level  

  Vitamin A    12   000   IU/kg   DM  

  Vitamin D    1000 – 3000   IU/kg   DM  

  Vitamin E: ( α  - tocopherol)    50   mg/kg   DM  

  Vitamin K    2    μ g/kg body weight/day  

  Thiamine    1.1   mg/kg   DM  

  Ribofl avin    1.7   mg/kg   DM  

  Niacin    16 – 56   mg/kg   DM  

  Vitamin B6    4.4   mg/kg   DM  

  Biotin    110    μ g/kg   DM  

  Folic acid    2.55 – 5.61   mg/kg   DM  

  Vitamin B12    11    μ g/kg   DM  

  Vitamin C    55 – 110   mg/kg   DM  

diets that meet requirements (see NRC  2003 ). The exact 
analysis of fruits will vary depending on the condition of 
the particular batch, the season and the source. Animals 
should be fed according to their individual needs, and 
these will depend on species, age, sex, physiological and 
reproductive status, health and environmental conditions. 
Estimates of energy requirements are usually related to the 
stage of life cycle  –  maintenance, growth, pregnancy or 
lactation  –  and are often expressed as multiples of the 
maintenance requirement. Over - consumption of calories 
by immature animals will lead to excess weight gain, affect 
age of sexual maturity and adult weight, and predispose to 
obesity. Energy requirements during pregnancy and lacta-
tion are substantially increased, with lactation being the 
most energetically demanding phase of reproduction (NRC 
 2003 ). 

 Growth can be measured in various ways such as body 
weight, crown – rump length, limb length, or head circumfer-
ence. The linear measurements are not distorted by accumu-
lations of body fat in the way that body weight may be. 
Growth rate will vary depending on genetic background, 
maternal nutrition in pregnancy and lactation, availability 
of supplementary weaning foods and rearing practices.  
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  Health  m onitoring and  q uarantine 

 When new monkeys are brought into a facility, basic infor-
mation about them is necessary in order to be able to design 
the quarantine programme and establish the health - screen-
ing programme. The fi rst consideration is the source of the 
animals. The choice of where they are bought from may be 
imposed simply by availability, but this will have profound 
effects on the design of the quarantine and health - screening 
programmes. It is necessary to establish how the animals 
were kept at the source establishment, or if they were of wild 
origin. Details should be obtained of the groups in which 
they were kept (eg, peer groups or family groups) and how 
long they had been established. If they were weaned at an 
early age (less than 12 months) they will be more likely to 
be stressed and more likely to be carrying subclinical infec-
tions, such as shigellosis, which may then become a clinical 
problem when they arrive. Previous exposure to some infec-
tions, such as  Yersinia  from birds or avian mycobacteria, will 
depend on whether they have been housed with access to 
the outside, and may interfere with the interpretation of 
the tuberculin test. Information should be obtained on the 
standards of care in the source establishment and the back-
ground health status of the source colony, taking note of the 
time period over which this been established. 

 Lists of pathogens for which the animals have been tested 
should be examined closely, an unlisted pathogen may 
mean it is not tested for, rather than that the colony has a 
negative status. Samples from individual animals may be 
unhelpful without details of the full colony history. If screen-
ing results are available, it is important to determine which 
tests were carried out, where the laboratory processing was 
done, the method of quality control and whether or not any 
independent checks were made. 

 Once the source of the monkeys has been decided, they 
then have to be transported. If they are only coming a short 
distance, the impact of transportation will be much less than 
if they are coming half way round the world and stopping 
at airports in various countries where they may potentially 
encounter pathogens from other animals in airport holding 
areas. It is important to determine how they are to be trans-
ported, what will be the prevailing environmental condi-
tions and how this may result in pathological changes in the 
animal affecting its health and welfare. Additional factors 
such as whether the monkeys travel alone, or in pairs or 
with another from its peer group, or with a stranger, will 
infl uence the degree of stress and the likelihood of fi ght 
wounds and of transmitting infections. All these parameters 
will infl uence the interpretation of signs that may seen in 
the quarantine period. 

 During the quarantine period incoming monkeys need to 
be isolated from existing stock. This could be in a different 
building or in a separate area within the same building. Staff 
working practices must be such that they do not risk spread-
ing infection to existing stock (or vice versa). There should 
be adequate provision of protective clothing and changing 
areas, and methods to prevent spread of disease by rodents 
or insects. Access to monkeys in quarantine should be 
limited. In research establishments, scientists may want to 
start work on the animal from the moment it arrives. 
However, it is vital to set aside enough time to allow for 

  Water 

 The amount of water drunk to satisfy physiological needs 
will depend on many factors such as the water and electro-
lyte content of the food eaten, the ambient temperature and 
humidity and activity level of the animal. The mean total 
water intake in cynomolgus monkeys has been found to be 
76    ±    35   ml/kg/day for males and 100    ±    51   ml/kg/day 
for females, of which drinking water comprised 50    ±    33   ml/
kg /day for males and 49    ±    48   ml/kg/day for females  –  
other water being derived from food (Suzuki  et al.   1989 ). 
Even moderate restriction of water will reduce food 
consumption.   

  Identifi cation 

 All primates should be uniquely identifi able, and this is 
a legal requirement in some countries (eg, European 
Commission  2007 ). In some establishments this is done by a 
tattoo, and some animals may receive two or more of these 
if they are marked at both the breeding and the using estab-
lishment. A number of other methods can be used (Honess 
 &  Macdonald  2003 ). Animals that are individually recognis-
able can be given names since this helps to increase recogni-
tion of their individuality, facilitate recall of the animal ’ s 
history, and encourage appropriate attitudes to the animal 
(Segal  1989 ; Reinhardt  2003a ). Names can be a useful aid in 
training, particularly when animals are in groups. Variations 
in fur colour or pattern, ridges, wrinkles, pigmentation, 
fl aps of skin or other physical traits can be permanently 
recorded by photographs, drawings or written descriptions. 
The disadvantage of this method is that it can be diffi cult to 
identify individuals in large groups and may not comply 
with regulation of some studies. Coloured collars may be 
used, but should be monitored regularly to ensure that they 
do not abrade the skin or become too tight. Non - toxic dyes 
such as  ‘ permanent ’  hair dye for human use are a useful 
minimally invasive method to mark animals for short - term 
needs but most dyes last less than 1 month and animals will 
have to be captured for re - application for longer - term 
marking. Temporary marking can be achieved by clipping 
patches of fur and this can last up to 4 months before re -
 clipping is necessary. 

 Microchips are electronic implants that provide unique 
permanent identifi cation. However, they give no external 
indication of the animal ’ s identity and so may be unsuitable 
for some applications. In the UK and Europe, most micro-
chips and readers comply with ISO (International Standards 
Organisation) Standards (ie, ISO 11784 and 11785). The USA 
and Canada have different microchips that necessitate use 
of different readers. If animals are to be supplied micro-
chipped to a different world region, the appropriate reader 
should be supplied with the animals and the location of the 
microchip specifi ed. Tattoos are also permanent, though ink 
may diffuse over time and become unreadable. Invasive 
methods of identifi cation (microchipping and tattooing) 
should always be carried out by competent, trained staff. 
Ideally, the method used should: not be painful, not cause 
an adverse reaction, not be uncomfortable and not be likely 
to cause injury, and must also be appropriate to the study.  
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 A health - monitoring programme must defi ne what 
samples to take (how many and how much) and how the 
samples will be stored and then processed. All animals that 
die unexpectedly for whatever reason should be subjected 
to full  post - mortem  examination including routine monitor-
ing of enteric organisms, even if the cause of unexpected 
death is obvious, such as traumatic wounding. The cause of 
death should be established on the basis of facts, not based 
on circumstantial and anecdotal evidence from care staff. In 
a research environment there may be plenty of available 
data from animals at the end of experiments. The opportu-
nity should be taken to use this and carry out a complete 
routine  post - mortem  examination on as many subjects as pos-
sible. Given the problems of false positives (and negatives) 
with tuberculin testing this may be an additional method for 
screening for tuberculosis. This opportunity can be taken to 
check for changing antibiotic resistance of normal gut bacte-
rial fl ora, particularly if there are antibiotics used routinely 
post - operatively following experimental surgery. 

 Random sampling for haematology, clinical biochemistry 
and faecal bacteriology and parasitology will all yield useful 
background information about a colony. Ensuring full 
investigation of any clinical disease may reveal background 
health problems that might be affecting the health of the 
colony, such as marginal nutritional defi ciencies. There 
should also be in place an annual screening programme for 
selected diseases. As an absolute minimum, the screening 
history for B virus should be available for Old World 
monkeys and faecal bacteriology/parasitology should be 
carried out annually. Every such primate over 12 months of 
age should have the following checked annually: 

   •      clinical assessment (weight, review growth, condition 
score, alopecia);  

   •      dentistry/oral examination;  
   •      fi ngers/toes/tail examination;  
   •      thoracic auscultation;  
   •      abdominal palpation;  
   •      assessment of psychological health;  
   •      serum sample to check B virus serology;  
   •      other tests as necessary.    

 A regular health - screening programme of a colony of 
animals should be maintained to cover some or all of the 
following: 

   •      B virus;  
   •      simian immunodefi ciency virus (SIV);  
   •      simian T - lymphotrophic virus (STLV - 1);  
   •      simian retroviruses;  
   •      foamy virus;  
   •      SV 40;  
   •      hepatitis A;  
   •      fi loviruses;  
   •      tuberculosis;  
   •      faecal pathogens:  

   �       Campylobacter  spp.;  
   �       Salmonella  spp.;  
   �       Shigella  spp.;  
   �       Yersinia pseudotuberculosis ;  
   �       Entamoeba histolytica ;  
   �       Trichuris.       

observation of these new animals, building up a picture of 
each one ’ s normal behavioural repertoire, so that changes 
due to illness or experimental stress may be spotted rapidly. 
The key here is good - quality staff and good technician train-
ing. It has been demonstrated that the behaviour of juvenile 
long - tailed macaques does not settle to pre - transport levels 
even 1 month after international transport and relocation to 
a new unit (Honess  et al .  2004 ). 

 Quarantine can have a considerable impact on animal 
welfare through the way that animals are housed and 
handled, particularly if there is separation by single housing 
and a poor physical environment due to small cage sizes, 
lack of enrichment, isolation from former social compan-
ions, and fear of unfamiliar animals and humans in close 
proximity. Since some forms of quarantine or conditioning 
can have serious consequences for animal welfare, it is 
important for everyone to be clear about what is required 
and why, in order to avoid unnecessary constraints on the 
animals ’  husbandry and care. 

 The length of the quarantine period also depends on the 
source. In the UK, under the Rabies (Importation of dogs, 
cats and other mammals) Order 1974, if the animal comes 
from overseas it will have to be held under rabies quarantine 
for 6 months. If there is any risk of fi lovirus, then an absolute 
minimum of 31 days quarantine should be applied. If there 
are doubts about simian herpesvirus (herpesvirus simiae, B 
virus) and tuberculosis (TB) status then it will take 3 months 
to establish these. If the source is one for which there is 100% 
certainty of the health status of the animals then they can be 
moved sooner, depending on the use to which they will be 
put.  ‘ Conditioning ’  is a particular form of quarantine which 
covers the processes often used in source countries. This 
may be used to ensure that animals are in good condition 
and physical health before transport and relocation, or may 
be to  ‘ prepackage ’  and stress habituate the animals. 

  Health -  s creening  p rogramme 

 It is preferable to prevent diseases than to have to deal with 
them when they arise. Several infectious diseases of pri-
mates are potentially zoonotic so health - screening pro-
grammes can not only improve animal health and welfare 
but will also contribute to the occupational health pro-
gramme of the institute in which they are kept. The health 
programme should also take into account any necessity to 
screen staff to prevent spread of infections from humans to 
monkeys. 

 Monkeys can carry a number of potentially serious infec-
tious diseases: some bacterial, ranging from salmonellosis to 
tuberculosis, and some viral. The UK Advisory Committee 
on Dangerous Pathogens has made particular recommenda-
tions with respect to simian herpesvirus (herpesvirus simiae, 
B virus) and simian retroviruses (Advisory Committee on 
Dangerous Pathogens  1998 ). Cohen  et al.   (2002)  give recom-
mendations for prevention of and therapy for exposure to 
B virus. A health - screening programme should be drawn 
up for every facility holding primates which should take 
account of the source of the animals, the use to which they 
are put (eg, breeding/experimental, long term/short term, 
immunology/neuroscience), and the resources available for 
testing. 



Old World monkeys 605

by some that they may have a greater capacity for suffering 
than other animals because of their more developed cogni-
tive abilities (Summerhoff  1990 ). It is therefore particularly 
necessary when considering the use of primates in research 
to consider the ethical issues as well as the merely practical 
ones. 

 The total number of primates used in research worldwide 
is estimated at between 100   000 and 200   000, with 64.7% 
involving Old World monkeys (Carlsson  et al.   2004   ). Most 
(up to 70%) are used in regulatory toxicology. 

 The most common research areas for which primates 
are used are: infectious diseases (including HIV/AIDS) 26%, 
neuroscience 19%, biochemistry 12% and pharmacology/
physiology 11%, in addition to their use in regulatory 
toxicology. The use of non - human primates in research in 
the UK has recently been comprehensively reviewed by 
Wetherall  (2006) . 

 The responses of different species of macaques to environ-
mental stressors varies and this is refl ected in their response 
to minor procedures such as routine capture, when com-
pared with rhesus. Cynomolgus macaques tend to be more 
stressed (Clarke  et al.   1988 ), and the animals ’  responses to 
stress can have implications for research (Boccia  et al.   1995 ).  

  Laboratory  p rocedures 

  Handling,  r estraint and  t raining 

 Particular care must be taken when handling primates 
because of the danger of transmitting potentially zoonotic 
diseases. Appropriate protective clothing must be worn. For 
quarantine animals, this should include cap, gown, mask, 
boots and gloves. For other animals, gloves and protective 
gowns may be suffi cient but there will be local safety rules 
for each institution which must be followed. These rules will 
take into account the origin of the animal and the results of 
health screening. 

 Many experimental procedures require gaining access to 
the individual animal but since primates are intelligent they 
can readily be trained to co - operate, even when they are 
living in social groups. Training is encouraged by the use of 
positive reinforcement, which may be in the form of a 
favourite food or drink which does not form part of their 
normal diet, so they are not habituated to it. Rhesus monkeys 
respond very well to being trained to co - operate using voice 
commands, which will not distort their nutrition. 

 In order to carry out a full examination of a primate it may 
be necessary to sedate it in order to reduce the risk of injury 
to the handler (eg, in experiments involving the use of infec-
tious agents), to reduce the stress to the animal and also to 
enable the examination to be carried out thoroughly to yield 
the maximum possible information. A  ‘ restraint ’  cage may 
be used for this in which the back is pulled gently forward 
or the front pushed gently backwards. Most animals fi nd 
this procedure very stressful and there are better ways to 
handle most monkeys. The animal may also be netted but 
this is a signifi cant stress factor and most animals will not 
respond well to this method of capture. It is much better to 
spend time training the monkey to present its hindquarters 
for injection of sedative, which can then be carried out 

 The number of animals to be sampled (the sample size) 
should be as appropriate for the pathogens under investiga-
tion, taking into account that the probability of detecting 
infection will depend on the infection rate and other factors 
(ILAR  1976 ; Weber  et al .  1999 ). 

 The health monitoring report should contain information 
on: 

   •      species, breed and unit to which the report applies;  
   •      date the colony was established;  
   •      list of organisms monitored;  
   •      date of latest investigation, diagnostic test used and 

identifi cation of the testing laboratory;  
   •      results of latest investigation, number of positive/nega-

tive animals and number tested;  
   •      dates, test method, testing laboratory and results of the 

two preceding investigations;  
   •      any additional information of other investigations not 

included in the standard report such as investigations 
of sick animals.    

 All animals should undergo a full  post - mortem  examination 
as soon as possible after death. If they are found out of 
normal working hours the carcase should be kept in a refrig-
erator at 4 ° C, not frozen, so as not to damage tissues that 
may be required for histological examination, and examined 
as soon as possible (within a day). 

 Animals used in experiments should, wherever possible, 
be from herpes B virus (BV) - free colonies, particularly where 
animals are handled under conditions of close contact, in 
long term studies or for neurological surgery, or for work 
where a latent infection may be reactivated. Examples of 
such procedures are those involving psychological stress or 
immunosuppression, the establishment of tissue culture or 
cell lines, surgery of the brain or oropharyngeal region, the 
genital region or the neural ganglia related to these areas. A 
comprehensive programme of testing in the source colony 
over many years will enable interpretation of the results in 
individual animals from that source colony with more con-
fi dence. Unless full background information is provided, 
testing of single specimens may not be diagnostic and inter-
pretation of the result is not possible (Kalter  et al.   1997 ). The 
animals should come from regularly monitored BV - negative 
stocks, from breeding colonies free of BV or by serologically 
testing each animal. All animals used to start a breeding 
colony should be screened and all Old World monkeys 
should be tested annually. All incidents should be taken 
seriously and guidelines should be in place to deal with 
potential transmissions of infection.    

  Use in  r esearch 

 Primates should only be used in research programmes 
where there is particular need in justifi ed research pro-
grammes and where it can be demonstrated that the benefi ts 
to society outweigh the harms infl icted on the animals that 
are used (Wetherall  2006 ). While this principle applies to the 
use of all animals used in research, there is a particular 
societal concern and uncertainty over the acceptability of 
using primates in research, principally because of their evo-
lutionary proximity to human beings. It is also considered 
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primates with a brief  ‘ eyebrow fl ash ’  which in humans is an 
indication of recognition and may form part of ritualised 
fl irting behaviour. Raised eyebrows combined with lip -
 smacking are used as a social appeasement signal in 
macaques. Other facial expressions may communicate quite 
different meaning to non - human primates than to humans. 
For example, the grimace, or silent bared - teeth face, indi-
cates uncertainty or submission in many primates but, as a 
smile in humans, can be seen as an expression of friendli-
ness. Another common source of confusion is the human 
 ‘ stare ’ . A person may stare at an animal out of interest, but 
most primates will interpret this as an aggressive threat and 
respond accordingly. This  ‘ miscommunication ’  is a common 
problem when people who have no experience of interacting 
with primates visit animal units. 

 One of the most effective ways to minimise stress for 
primates in the laboratory is to ensure that they are handled 
in a competent and empathetic way, and that they react well 
to this, without trying to assert dominance over staff 
members. The aim should be for the animals to feel unafraid, 
at ease and comfortable when they are approached, handled, 
carried and restrained. Major improvements in this respect 
have been achieved in many laboratories in recent years 
(JWGR  2009 ). 

 All staff – animal interactions should be based on an under-
standing of species - typical behaviour patterns and commu-
nication systems, such that these are interpreted correctly 
and responded to appropriately. Direct eye contact and 
potentially threatening body postures should be avoided. 
Animals should be adequately habituated and socialised to 
humans early in life, so breeders and users of primates 
should liaise closely to ensure that good practice in handling 
and restraint procedures is harmonised between facilities. 
Good training can enable less invasive restraint procedures 
to be used. All methods of capture, handling and restraint 
require experience and skill and should therefore be included 
as an integral part of staff training programmes. Methods 
used should safeguard the health and welfare of both 
animals and staff. 

 Training animals to co - operate with scientifi c, veterinary 
and husbandry procedures helps to reduce the stress that 
may be caused to both the animal and the laboratory staff 
(see Chapter  16 ). However, in order to start a programme of 
training with laboratory primates it is fi rst necessary to train 
the people to communicate and interact positively with pri-
mates through recognition and interpretation of primate 
signals, and to help the primates to respond positively to 
humans through habituation and socialisation. Primates are 
not domesticated animals and contact with humans can be 
extremely stressful, especially where the primates are not in 
control of the level and intensity of that contact, which is a 
particular problem in the laboratory (SCAHAW  2002 ). 
Habituating and socialising captive primates to the presence 
(sight, sound, smell) and behaviour of humans as early as 
possible in their lives is essential. If the need to do this is not 
taken seriously, both animal welfare and the science can be 
seriously affected. 

 Early habituation reduces any fear or distress the animals 
may experience when confronted with new situations as 
adults. It can also facilitate handling and restraint and train-
ing of animals, and may reduce the need for sedation and 

without stress to animal or handler (Wolfensohn  &  
Finnemore  2006 ). Even if a macaque is sedated it should be 
held by the upper arms, to keep its face away from the 
handler. Even better is to train the animal for manual capture 
and restraint since sedatives themselves are stressors 
(Honess  &  Marin  2006a ). The most humane method of 
capture for macaques is to train animals to enter a transport 
container. Other methods used to catch laboratory primates 
include net - catching (see Luttrell  et al.   1994 ), catching 
animals in a nest box or transport container, and, for 
macaques, use of a pole and collar. These methods all have 
advantages and disadvantages and a useful discussion of 
the welfare implications of the various techniques is con-
tained in Rennie and Buchanan - Smith  (2006) . Whatever the 
method of capture, macaques should be safely restrained 
and their body weight supported when they are carried. 

 It is important to recognise that restraint for any purpose 
and whether for short duration or longer may induce fear 
and stress responses, such as physical resistance to han-
dling, alarm vocalisations, defensive threatening and aggres-
sion, urination and defecation, and that there are also likely 
to be physiological responses that will increase unwanted 
data variability (Reinhardt  et al.   1995 ; Honess  &  Marin 
 2006b ). These fear and stress responses should be recognised 
as indicative of a serious welfare problem that must be prop-
erly addressed. It may be that restraint itself can be avoided. 
Habituation and socialisation, together with training animals 
to co - operate with procedures using positive reinforcement 
techniques, can obviate the need for physical or chemical 
restraint. For example, macaques can quite quickly and 
easily be trained to present their hindquarters for injection 
or present a limb for blood sampling, and this avoids the 
need to catch them or to use a squeeze - back mechanism 
(Reinhardt  et al .  1995 ; Reinhardt  2003b ; Sauceda  &  Schmidt 
 2000 ; Wolfensohn and Finnemore  2006 ). 

 If restraint is required to control a primate during a scien-
tifi c procedure, then the method used should provide the 
least level of restraint for the minimum frequency and dura-
tion necessary consistent with achieving the experimental 
aims. It should protect both primate and personnel from 
harm and should avoid causing unnecessary distress or 
discomfort. 

 Restraint chairs are used to support primates in a sitting 
position when it is deemed necessary to restrain them for 
prolonged periods, such as for single cell recording within 
the CNS or chronic infusion when they may be required to 
remain in one position for several hours. Chair restraint 
can affect the animal ’ s physiology (Norman  &  Smith  1992 ; 
Norman  et al.   1994 ) and can severely compromise their 
welfare (Klein  &  Murray  1995 ; Morton  et al.   1987 ). 

 All primates can and will, on occasion, bite. They are very 
quick, surprisingly strong and will snatch and grab at such 
things as jewellery and loose clothing. Injuries can be pre-
vented by knowledge of the particular species and the 
individual, including knowledge and interpretation of the 
posture and expression of the animal. Primates communi-
cate in a variety of ways using sounds, facial expressions 
and postural changes. Many signals can be easily inter-
preted. For example, shaking a tree is a sign of aggression 
which, in a captive environment, translates to rattling the 
cage. A low - grade threat can be communicated in some 
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welfare of each animal individually (Smith  et al.   2006 ). 
Animals should generally be given free access to water for 
some period of time on days when there are no experimental 
sessions (NRC  2003 ). There is currently much debate over 
the use of water restriction paradigms and guidelines have 
been issued by the UK Home Offi ce  (2003)  and Prescott 
 et al.   (in prep) .  

  Administration of  s ubstances,  b lood  s ampling 

 Some recent reviews have been published which provide 
detailed advice on refi nements for the administration of sub-
stances and of sampling (JWGR  1993 ,  2001 ,  2009 ; Diehl  et al.  
 2001 ). 

 Factors to consider include whether the particular indi-
vidual or species is the most appropriate for the study or 
whether it is too easily stressed by handling and requires 
further time to acclimatise to the procedures. The use of 
sedatives may or may not reduce stress (Honess  &  Marin 
 2006a ), but may confound the experiment and not be feasi-
ble. If possible, animals should be trained to co - operate with 
the procedures to avoid the need for physical restraint. Staff 
should be competent to carry out the procedure and post -
 administration monitoring.  

  Telemetry 

 Telemetry is frequently used in studies involving primates, 
including those carried out to fulfi l the requirements of 
regulatory bodies. Telemetry is widely viewed as benefi ting 
science and animal welfare because it can reduce stress 
caused to animals (eg, by restraint), enable reductions in 
animal numbers and provide indicators of animal well -
 being to help implement humane endpoints. However, 
telemetry can require invasive procedures such as implan-
tation surgery, single housing and use of jackets, which 
can cause pain and distress. Although telemetry is often 
described as a refi nement, this will not be the case unless 
the technique itself has been fully refi ned. 

 Detailed advice on refi nements in telemetry can be found 
in JWGR ( 2003  and  2004 ), including maintaining stable 
group housing, and behavioural pre - screening to ensure 
that individuals are suitable for projects and are not 
implanted unnecessarily. In particular, the reports explain 
how to pair -  or group - house animals implanted with devices 
that transmit at the same frequency, eg, by housing an 
implanted animal with a na ï ve  ‘ buddy ’  or using devices that 
can be turned on and off one at a time or by using develop-
ing devices which transmit at different frequencies.  

  Anaesthesia,  a nalgesia and  p ost -  o perative  c are 

 A selection of drugs that may be used to sedate primates to 
facilitate handling are listed here. Veterinary advice should 
be sought on the use of these but some further information 
is provided by Foster  et al.   (1996) ; Sun  et al.   (2003)  and 
Flecknell  (2009) . In the UK, all these drugs are prescription -
 only medicines and therefore must only be used under vet-
erinary direction. 

personal protective equipment when carrying out proce-
dures (Reinhardt  et al.   1995 ). It also allows staff to observe 
behaviour patterns which are relatively unaffected by their 
own presence, and this helps them to assess the welfare of 
the animals more effectively. 

 There should be a formal habituation and socialisation 
programme, based on the principles of positive reinforce-
ment (Prescott  &  Buchanan - Smith  2007 ). In addition, all 
staff that come into contact with the animals should under-
stand the need to ensure that their own actions make a posi-
tive and consistent contribution to the habituation and 
socialisation programme, and everyone should be trained 
accordingly. 

 Training primates has signifi cant benefi ts for animal 
welfare, science and staff, especially when combined with 
appropriate socialisation, habituation and desensitisation. 
This is additional to the training required for primates to 
carry out specifi c tasks in some areas of research. Accordingly, 
training is recommended as good practice by many legisla-
tive and professional guidelines (Home Offi ce  1989 ; NRC 
 1998 ; IPS  2007 ). Training methods should be based on posi-
tive reinforcement techniques, which reward desired behav-
iour, since this method of training is considered to be the 
most humane (see Chapter  16 ; Laule  et al.   2003 ; Pryor  2002 ). 
Negative reinforcement should only be used when positive 
alternatives have been exhausted (eg, training for aversive 
procedures), and it should only be used in combination with 
positive reinforcement. 

 Positive reinforcement training is the preferred method of 
training animals. It refers to any form of training that is 
based on rewards rather than punishment. The animal is 
rewarded with some treat, such as a morsel of food, for a 
job well done. Negative reinforcement is the opposite of 
positive reinforcement and involves a punishment for less 
than favourable performances and usually implies some 
kind of fear, pain or discomfort for the animal being trained. 
Another way to get an animal to perform a task is to moti-
vate it by withholding food or water and it has to perform 
the task in order to obtain food or water. As the intake of 
water is essential for survival, water deprivation is a stronger 
motivator than food deprivation and will achieve faster 
results since an animal will become physiologically compro-
mised quicker with water deprivation than with food 
deprivation. Access to fl uid in these conditions cannot be 
described as  ‘ positive reward ’ . 

 Some research protocols require the regulation of the food 
or fl uid intake. This regulation may simply involve strict 
scheduling of the access to water, or may involve restriction 
in which the total amount of water is strictly controlled, so 
that thirst becomes the motivator for performance of certain 
tasks. With limited access to water, food consumption also 
decreases and these protocols are often associated with 
weight loss and associated stress. Pre - screening should be 
conducted to determine whether the particular animal ’ s 
temperament is conducive to training and to performing the 
tasks required. On such protocols the amount of fl uid con-
sumed and a hydration assessment should be recorded daily 
for each animal. Variables that can be used to assess hydra-
tion status include the body weight, food intake, skin turgor, 
urine output, moistness of faeces, general appearance and 
demeanour. It is important to evaluate the health and 
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that primates with surgical implants, for example cranial 
implants, can successfully be kept in social groups 
(Wolfensohn  &  Peters  2005 ). For work on extremities and 
limbs primates will tolerate bandaging to provide protection 
and support of the affected area provided the dressing is 
carefully applied. 

 When planning housing for the recovery period, it should 
be remembered that primates may climb before they are 
fully recovered from anaesthesia, and may fall and injure 
themselves. A purpose - built recovery enclosure may be 
used, or a temporary reduction in the height of the home 
area may be implemented. If a recovery enclosure is used, 
it should be constructed so that the primate does not have 
to be physically caught in order to be returned to the home 
cage, or animals should be trained to enter and leave a 
transport cage. Animals should be allowed to recover in 
proximity to others from their social group, not in social 
isolation. If surgery involves producing neurological lesions, 
the home area may need to be adapted to take account of 
any possible long - term side effects. If single housing follow-
ing surgery can be justifi ed, individual animals should have 
visual, auditory and, if possible, tactile contact with other 
primates.   

  Welfare 

  Assessment of  w elfare 

 Primates are highly intelligent, sentient and social animals 
with a complex range of physical as well as psychological 
needs. There is no doubt that they experience pain and that 
they experience a range of negative psychological states, 
such as anxiety, apprehension, fear, frustration and boredom, 
as well as a range of positive states (JWGR  2009 ). It should 
be assumed that procedures that cause pain and distress 
in humans will probably cause pain or distress in other 
primates (Organisation for Economic Co - operation and 
Development (OECD)  2001 ; Soulsby  &  Morton  2001 ). A 
monkey in pain may show a generally miserable appear-
ance, and may adopt a huddled position or crouch with 
head forwards and arms across the body. It will tend to 
refuse food and drink and to avoid companions, although 
monkeys that are unwell may attract extra attention from 
cage mates, varying from social grooming to attack. 
Vocalisation is more likely to indicate anger than pain. 

 Good animal welfare may be defi ned according to the fi ve 
freedoms: 

  1.     Freedom from hunger and thirst.  
  2.     Freedom from discomfort.  
  3.     Freedom from pain, injury and disease.  
  4.     Freedom to express normal behaviours.  
  5.     Freedom from fear and distress.    

 Research using primates has the ability to impact on these 
fi ve freedoms in some of the following ways, depending on 
the types of procedure being used: 

   •      Freedom 1:     use of food/fl uid regulation paradigms.  
   •      Freedom 2:     keeping animals in metal cages on grid 

fl oors.  

   •      Ketamine (5 – 25   mg/kg im) is the drug of choice to 
produce tranquillisation to facilitate handling. Peak 
effect is reached in 5 – 10 minutes and lasts 30 – 60 
minutes.  

   •      Medetomidine can be used to produce moderate seda-
tion which can be reversed with atipamezole. Use 
medetomidine at 50 – 100    μ g/kg im; reverse with ati-
pamezole at 250 – 500    μ g/kg im.  

   •      Ketamine can be used in combination with medetomi-
dine to produce anaesthesia.  

   •      Acepromazine (0.2   mg/kg im) produces sedation but 
this is insuffi cient for safe handling.  

   •      Diazepam (1   mg/kg im) also produces insuffi cient 
sedation for handling of larger primates, but may be 
used in combination with ketamine.    

 Once the animal can be handled, anaesthesia for surgical 
interventions should be of the highest standard. Induction 
(and maintenance) of anaesthesia can be by intravenous 
infusion of propofol. Barbiturates are associated with respi-
ratory depression and resultant hypercapnia. Initial trials 
with Alfaxan indicate that it may be suitable for use in 
primates, but further work is necessary to substantiate this. 
Primates should be intubated, having fi rst sprayed the 
larynx with local anaesthetic to prevent the occurrence of 
larygospasm. Prior to intubation, administration of oxygen 
by face mask is advisable. Maintenance of anaesthesia using 
isofl urane or sevofl urane is most satisfactory and gives a 
good quality of recovery. 

 During anaesthesia, it is vital to monitor the vital signs 
including, temperature, blood pressure, oxygen and carbon 
dioxide levels and to maintain physiological stability with 
administration of fl uids. This will assist the quality of the 
animal ’ s recovery. Post - operatively, analgesia can be pro-
vided with opioids or non - steroidal anti infl ammatory 
drugs. Post - operative gastritis and vomiting can be control-
led using metoclopramide. Selection of the appropriate 
regime will also depend on the area of scientifi c investiga-
tion as some anaesthetics may affect the area under study 
(Culley  et al.   2007 ).  

  Husbandry  f ollowing  s urgery 

 Primates have traditionally been housed singly after surgery 
because it has been thought that otherwise animals will 
interfere with the other ’ s sutures or equipment, such as 
cranial implants, or that animals which are slower to recover 
than others could be at risk of bullying or aggression. 
Clearly, animals need to be allowed to recover separately in 
the immediate post - operative period. However, it has been 
successfully demonstrated that surgically treated animals 
can be pair -  or group - housed soon after recovery (Wolfensohn 
 &  Peters  2005 ). 

 Interrupted subcuticular sutures, with the possible addi-
tional use of tissue adhesives, should be suffi cient to main-
tain the integrity of a surgical wound such that removal of 
sutures by the individual or cage mates is not a problem. 
Adequate perioperative analgesia will prevent animals from 
paying untoward attention to their own wound sites and 
attracting the attention of others. It has also been shown 
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 Clinical scoring systems are usually used for monitoring 
of single incidents but there should also be some assessment 
of the cumulative suffering and the lifetime experience 
of the animal. This will include direct suffering from the 
procedure as well as contingent suffering (Russell  &  
Burch  1959 ) as a result of transport, housing, the environ-
ment and injuries from caging or conspecifi cs, to name just 
a few examples. The lifespan of primates, compared 
with other laboratory animal species, is relatively long. 
They are valuable animals, have long breeding lives and are 
likely to be used in long - term experiments. Some primates 
may therefore be housed in the laboratory for many 
years. In such circumstances, there are particular welfare 
issues that must be addressed (JWGR  2003 ,  2004 ). A welfare 
assessment matrix can be used to give a pictorial view of 
welfare and is based on Wolfensohn and Honess  (2007) . 
The matrix consist of axes relating to the following basic 
parameters: 

   •      clinical condition (physical well - being);  
   •      behavioural deviations (psychological well - being);  
   •      the time frame of incident (duration);  
   •      harm   :   benefi t (justifi cation).    

 This produces a basic four - axes matrix to which additional 
axes may be added (Wolfensohn  &  Honess submitted). The 
use of this type of matrix allows comparison of one animal 
at different time points or allows comparison between 
groups of animals. It also allows estimation of cumulative 
suffering and, by giving a pictorial representation, may be 
very useful for ethical review committees, particularly 
where there is lay representation.  

  Behavioural  m onitoring 

 When assessing welfare using behavioural parameters it is 
important to assess the animals at various times. The 
animal ’ s behaviour should be noted on the approach of 
the observer. Observations should then be repeated after the 
animal has had time to habituate to the presence of the 
observer. The use of space and structures, any self - mainte-
nance behaviour, social behaviour, as well as the animal ’ s 
disposition and interaction with observers are all recorded. 
An example of a behavioural assessment table is shown in 
Table  39.4 , which demonstrates a difference in the behav-
ioural repertoire between the two groups, the cause of which 
can then be investigated.   

 An awareness of the normal behavioural repertoire for 
the species is important to enable provision of appropriate 
care and management and for assessing their physical and 
psychological well - being. Knowledge of the behaviour of 
individual animals is also essential since primates show 
a high degree of individuality. Any deviations from 
normal must also be recognised to enable evaluation of 
refi nements such as changes in cage design or environmen-
tal enrichment. 

 The advice of a primate behaviour specialist is invaluable 
in training both care staff and research staff to recognise and 
interpret deviations from normal behaviour and to assist 
in developing programmes to ensure good psychological 
health.  

   •      Freedom 3:     carrying out surgery, placement of implants 
with subsequent chronic infections.  

   •      Freedom 4:     use of single housing and restricted avail-
ability of space.  

   •      Freedom 5:     use of handling methods and procedural 
techniques which do not use reinforcement training but 
use aversive methods such as squeeze cages.    

 The welfare of primates will be maximised by keeping the 
animals in good health. This applies not just to their physical 
health but also to their psychological health. It has been 
demonstrated that cynomolgus macaques have the capacity 
for depression and that there is a relationship between social 
status and mood - related behaviours in this species (Shively 
 2006 ). The health should be evaluated regularly and records 
kept and a programme to review and improve physical and 
mental health applied where necessary. Quantitative assess-
ment of the animal ’ s well - being can be usefully recorded 
with a clinical score sheet. The animal should be reassessed 
at appropriate intervals in order to monitor its progress and 
check on the responses to any treatment given or changes in 
management. Good clinical score sheets remove the varia-
tion in interpretation of clinical signs which is frequently 
found between animal care staff and research staff; and 
the criteria for intervention are clearly defi ned before the 
animal ’ s condition deteriorates (Wolfensohn  &  Lloyd  2003 ). 
The recognition of animals suffering pain or psychological 
distress is important, as it is the fi rst step to avoiding or 
alleviating such conditions. 

 There are several parameters that can be used to assess 
welfare, which may be behavioural, physiological or bio-
chemical (Table  39.3 ). The most readily accessible and com-
monly used index for assessing well - being in primates is 
behaviour.   

  Table 39.3    Parameters used to assess welfare. 

   Behavioural 
parameters  

   Physiological 
parameters  

   Biochemical 
parameters  

  Time budgets    Body weight    Corticosteroids  

  Play    Condition scoring  *      Reproductive 
hormones  

  Allogrooming    Alopecia scoring  *  *  *      Leucocyte 
activity  *  *    

  Locomotion    Heart rate      

  Posture    Blood pressure      

  Social interactions    Body temperature      

  Sleep          

  Self - scratching          

  Stereotypical 
behaviours  

        

    *    Wolfensohn  &  Honess  (2005) ;   
   *  *    Honess  et al .  (2005a) ;   
   *  *  *    Honess  et al .  (2005b) .  
  For general information see Novak and Suomi  1988 , Boccia  et al . 
 (1995) , Mendoza  et al .  (2000) , Honess and Marin  (2006a) .   
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Dangerous Pathogens  1998 ). Captive - bred animals of known 
health status are less of a risk, and these should now com-
prise the majority of animals used. Monkeys are susceptible 
to many diseases carried by humans, such as colds and fl u, 
tuberculosis, measles and many others. Therefore it is 
important to exclude casual visitors or at least wear a suit-
able face mask to reduce the risk of spreading such infec-
tions to the monkeys if appropriate occupational health 
surveillance has not been established. It is important to wear 
appropriate protective clothing and use good hygiene, to 
protect us from them, and them from us. Power hoses 
promote the formation of aerosols, which may allow trans-
mission of zoonotic diseases, so suitable protective clothing 
must be worn when operating these. 

 There are many diseases which should be included in 
a regular screening programme as discussed above. Full 
details on the diseases of primates and their management 
can be found in Bennett  et al.   (1998)  and Wolfe - Coote  (2005) ; 
only a brief resum é  is presented here. 

  Tuberculosis  causes a chronic fatal disease in monkeys, 
and can pass from monkey to man and vice versa. It can be 
screened for using an intradermal skin test, commonly in the 
skin of the eyelid. Alternatively there are enzyme - linked 
immunosorbent assay (ELISA) tests available to detect anti-
body (Brusasca  et al.   2003 ; Kanaujia  et al.   2003 ). The disease 
in monkeys can remain subclinical for 6 months or more, and 
indeed may be latent until the animal is terminally ill. To 
prevent the disease from entering the colony, all new animals 
should come with a health profi le which indicates they have 
been screened prior to arrival. Personnel intending to work 
with monkeys should be vaccinated or screened regularly 
for the disease. Any animal which has contacted a known 
human case should be effectively quarantined for at least 6 
months until it is proved not to have contracted the disease. 
The important points about tuberculosis in primates are: 

   •      skin tests are not 100% reliable;  
   •      infectivity precedes radiographic or clinical signs or 

positive tuberculin test;  
   •      radiographic signs precede clinical signs;  
   •      coughing is the most common clinical sign;  
   •      no single test is reliable  –  use combinations;  
   •      take sequential chest X - rays of coughing monkeys;  
   •      routine  post - mortem   examinations will add to the avail-

able screening data.    

  Enteric disease  may be caused by a number of factors 
including pathogenic organisms. Monkeys will pass loose 
stools if they are frightened, or if there are changes in their 
environment or diet. Stress, such after weaning, transporta-
tion, surgery or due to changes in social hierarchy, can also 
cause sub - clinical infections to become clinical, so any case 
of diarrhoea should be investigated to eliminate infectious 
causes. Zoonoses such as  Shigella ,  Salmonella ,  Campylobacter  
and  Yersinia  are common bacterial pathogens, and protozoa 
such as  Entamoeba  or helminth parasites may also pose a 
risk. Some of these organisms can cause explosive outbreaks 
of disease and death if not controlled immediately. Regular 
screening and treatment will reduce the level of infection, 
and must be combined with strict hygiene and good hus-
bandry to prevent transmission between animals and to 
personnel. Husbandry and environmental factors may also 

  Physical  h ealth 

 The fi rst step in assessment of the monkey ’ s physical health 
is to observe the animal in its home cage and evaluate its 
appearance, behaviour and general demeanour. In order to 
do this it is vital that the observer has some experience of 
the animal (both the species and the individual) in order to 
be able to judge whether the animal is exhibiting a normal 
behavioural repertoire. Just like humans some individual 
non - human primates exhibit behavioural patterns that 
are specifi c for that individual, but do not necessarily 
refl ect poor well - being. Only after completing the examina-
tion from a distance and noting the behavioural responses, 
should the animal be caught in order to look at it more 
closely. Catching it will markedly affect its behaviour, 
whether or not sedatives are used, which it why it is impor-
tant to make a full evaluation, before disturbing it other than 
by one ’ s presence. For a full description of clinical assess-
ment of a monkey see Wolfensohn and Honess  (2005)  and 
Smith  et al.    ( 2006) . 

 The animal ’ s weight should be recorded and its body 
condition noted as in Figures  39.2  and  39.3 . This may be 
scored in a similar way to condition scoring of sheep 
(Ministry of Agriculture, Fisheries  &  Food  1994 ). It is 
assessed by palpating the monkey over its thoracic and 
lumbar vertebrae (at the level of the last rib) and making a 
judgment as to the amount of fat and muscle covering the 
bony prominences of the vertebrae and giving a quantitative 
score. Condition scoring at weaning and during the post -
 weaning period, combined with regular weight measure-
ments, is important to ensure that the animal is receiving 
adequate nutrition and growing properly.    

  Diseases 

 The potential of primates to carry serious zoonotic diseases 
should not be underestimated (Advisory Committee on 

  Table 39.4    Example of behavioural assessment table. 

   Parameter     Group A     Group B  

  Confi dence in 
approaching 
observer  

  Confi dent    Huddled at back 
of cage  

  Use of all levels 
of enclosure  

  Used all    Remained at 
highest level  

  Use of foraging    Used    Did not use  

  Use of 
environmental 
enrichment  

  Used them    Occasionally 
biting at objects  

  Manipulation of 
objects  

  Yes    No manipulation  

  Social interaction    Normal auto -  and 
allogrooming  

  Hugging, no 
grooming  

  Dominance 
behaviour  

  No aggression    Aggression and 
chasing  

  Alopecia score    9 animals, total 
score 11  

  13 animals, total 
score 35  
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sideration must be given to the assessment of risk to staff 
and, since the secondary complications possible from the 
type of pathology induced by shigellosis could be numerous 
and serious, it is important to keep animals free from disease 
wherever possible. 

 Post - weaning chronic diarrhoea is signifi cantly associated 
with body weight at weaning rather than age (Munoz - Zanzi 
 et al.   1999 ). An episode of pre - weaning diarrhoea is a good 
predictor for the occurrence of post - weaning diarrhoea, pos-
sibly since this may alter the function of intestinal mucosa 
and thus reduce the absorption of nutrients. This leads to 
reduced growth, smaller weight, impaired immune function 
and consequently post - weaning diarrhoea. 

contribute to the development of enteric disease, as will the 
presence of parasites or viruses such as rotavirus, retrovi-
ruses and haemorrhagic viruses. Therefore, prompt and 
accurate diagnosis of the aetiology of the enteritis is impor-
tant so that a specifi c therapy can be instituted. 

 Eradication will depend on a prolonged programme to 
break the cycles of infection and transmission by improving 
hygiene and detecting and treating carriers (Wolfensohn 
 1998 ). In some units, the presence of  Shigella  is accepted, 
since with good husbandry, control is possible even with 
healthy carriers in the colony, provided the animals are not 
subjected to undue levels of stress, which may precipitate 
clinical disease. However, given the zoonotic potential, con-

SCORE 0: Emaciated SCORE 1: Severely underweight

No Picture Available

SCORE 2: Underweight SCORE 3: Normal

SCORE 4: Overweight SCORE 5: Obese

     Figure 39.2     Condition scoring: whole primates.  
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encountered with increasing use of foraging and group 
housing should be developed and built into any primate 
health - management programme. The benefi t of social 
housing is that the environment is dynamic, unpredictable 
and variable so there is little habituation, but there are 
increased risks of infection, wounding and competition for 
food. With good management strategies, such as appropri-
ate housing, these risks can be minimised but not altogether 
removed. 

 Clinical problems may be brought about by the increasing 
provision of forage mix in addition to normal pelleted diet. 
Although the forage mixes are all well balanced nutrition-
ally, this assumes that the monkey will not pick out its 
favourite bits and leave the rest. By introducing an element 
of choice the diet may become unbalanced and problems, 
such as rickets in juvenile animals, may arise from this.  

 There are many enteric parasitic infections of primates, 
many are non - pathogenic, some are zoonotic, a few require 
diagnosis and treatment. Full details may be found in Owen 
 (1992) . The important ones to consider are the protozoans, 
 Giardia  spp.,  Trichomonas  spp.,  Entamoeba histolytica , 
 Cryptosporidium  spp.,  Balantidium  spp., and the metazoans, 
 Strongyloides  spp. and  Trichuris  spp. The protozoa may be 
treated with agents such as metronidazole and the metazo-
ans with ivermectin. 

 For further information on screening of primate colonies 
see Weber  et al .  (1999) . 

  Husbandry -  r elated  d iseases 

 A management strategy for dealing with such problems 
as fi ght injuries or nutritional imbalances which may be 
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the details of their biography, enabling a full picture of 
previous experiences to be established. For example, it 
should include details of transport history, social grouping 
from birth through weaning to set up of experimental or 
breeding group, training records, husbandry system and 
type of environmental enrichment. This is in addition to 
reproductive history and full details of medical conditions 
(physical health and psychological health assessment details 
and screening records) and, of course, full details of any use 
in a research project. 

 The fi le should be sent with the animal if it is moved 
between institutions, together with general information on 
the establishment of origin, such as details of animal care 
and routine procedures, in order to assist in continuity of 
care and to ensure successful acclimatisation to the new 
facility.  

  Future  d evelopments 

 It is very important to maintain current knowledge of tech-
nical developments that could benefi t animal welfare. While 
a good deal is known about the needs of non - human pri-
mates in captivity, there are several aspects where more 
scientifi cally validated information would be welcome to 
supplement the experience on which the present recommen-
dations are largely based. 

 Little is known of the effects of transportation on primates 
(Wolfensohn  1997 ). While it may seem ideal for primates to 
be bred in Europe, breeding in source countries may have 
some advantages for the animals in terms of climate. These 
advantages, however, need to be balanced against any stress 
the animals may be subjected to as a result of the additional 
transportation. The increases in cage sizes and use of enclo-
sures and social housing that are now recommended 
produce more effi cient use of space and cost savings over 
single housing of individuals, thus promoting the keeping 
of animals in groups. However, this leads to a necessity for 
more research to develop improved techniques for handling 
and training primates to facilitate their research use in this 
type of housing. This will encourage the development of 
humane techniques to facilitate the movement of primates 
from one cage to another or to a particular area of the home 
cage. 

 The use of sound through music or television as environ-
mental enrichment is anecdotally reported to be benefi cial, 
but this may be of more direct benefi t to staff. While good 
well - being of staff may improve the well - being of the 
animals under their care, the provision of such aural enrich-
ment requires evaluation, as does the use of water as enrich-
ment in water features and provision of bathing. The 
provision of drinking water from bottles or automatic drink-
ers or from the water enrichment is another variable that 
requires assessment. 

 The validation of different methods of monitoring and 
quantifying stress and development of new parameters that 
are simple to measure would greatly benefi t the debate on 
primate welfare and the impact of housing, husbandry and 
use in scientifi c procedures. Further work of this nature 
needs to be conducted on a routine basis as part of the con-
tinuing assessment of the welfare of primates held in captiv-
ity. It could also enable the identifi cation of specifi c 

  Age -  r elated  d isorders 

 These are frequently linked to nutrition; dietary restriction 
(but without essential nutrient defi ciencies) will increase 
survival and delay the onset of degenerative aging condi-
tions. A persistently positive energy balance will lead to 
accumulations of adipose tissue with increasing body weight 
and obesity.

   
Obesity index for rhesus

Weight kg

Crown rump length cm
= ( )

− ( )( )22

  
 (Jen  et al.   1985 ) 

 Social rank may be associated with obesity (Kemnitz  1984 ) 
since the dominant animal determines feeding time and 
the subordinates eat afterwards, depending on spatial dis-
tribution of food and the mix of food types. Chronic 
dietary restriction also protects against the development of 
diabetes in aging rhesus monkeys since, although it is not 
the sole causal agent, obesity is necessary for diabetes to 
develop.    

  Euthanasia 

 The principles of euthanasia are set out in Chapter  17  and 
in Close  et al.   (1996, 1997)  and American Veterinary Medical 
Association (AVMA)  (2001) ; all of which refer to the animal 
welfare concerns with respect to carrying out of euthanasia. 
Having to kill a primate may be a more emotionally chal-
lenging experience for staff than having to kill some other 
species. Staff who carry out this procedure must not only 
competent in the appropriate methods, but it is essential that 
they receive good training, adequate supervision and any 
necessary empathetic support. 

 Appropriate methods of euthanasia should be selected 
after discussion with veterinary staff and with due regard 
for the collection of scientifi c data. The most common 
methods for killing primates is an overdose of an anaes-
thetic, such as sodium pentobarbital (at 100   mg/kg) admin-
istered intravenously. For larger primates it will be necessary 
to sedate the individual before attempting an intravenous 
injection. 

 When primates are euthanased, every effort should be 
made to make full use of their tissues and blood, particularly 
if this will minimise the number of animals having to be 
used. This requires good mechanisms for communication to 
match supply and demand both within and between estab-
lishments. Establishing tissue banks and data exchange net-
works is one means of coordinating, optimising, reducing 
and refi ning primate use. In the USA Primate Info Net 2  
achieves this objective and in Europe, EUPRIM - NET offers 
a tissue/gene bank 3 .  

  Record  k eeping 

 A fi le or  ‘ passport ’  giving full details on each individual 
primate should be maintained (JWGR  2009 ). It should keep 

  2       http://pin.primate.wisc.edu/  
  3       http://www.euprim-net.eu/  
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behaviours, in which changes might provide an early indica-
tion of compromised animal welfare. Such tools would 
allow planning for the alleviation of any stress caused to the 
animal. For effi cient, rigorous and objective studies of this 
nature it is important that a professional primatologist is 
involved in the planning. Perhaps with the increasing 
requirement that primate facilities include a primatologist 
on their staff, the objective study of the welfare of captive 
primates will become more commonplace and incorporated 
into research funding.         

  References 

   Advisory Committee on Dangerous Pathogens  ( 1998 )   Working Safely 
with Simians: Management of Infection Risks  .  Specialist supplement 
to Health and Safety Commission ’ s Advisory Committee on 
Dangerous Pathogens  Working safely with research animals: manage-
ment of infection risks.  HSE Books, London   

    Altmann ,  J.   ( 1980 )  Baboon Mothers and Infants .  University of Chicago 
Press ,  Chicago   

   American Veterinary Medical Association  ( 2001 )  AVMA 2000 
Report of the AMVA panel on euthanasia .  Journal of the American 
Veterinary Medical Association ,  218 ,  669  –  696   

    Bennett ,  B.T.  ,   Abee ,  C.R.   and   Hendrickson ,  R.   ( 1995 )  Nonhuman 
Primates in Biomedical Research: Biology and Management .   American 
College of Laboratory Animal Medicine Series  .  Academic Press , 
 San Diego   

    Bennett ,  B.T.  ,   Abee ,  C.R.   and   Hendrickson ,  R.   ( 1998 )  Nonhuman 
Primates in Biomedical Research: Diseases .  Academic Press ,  San 
Diego   

    Boccia ,  M.L.  ,   Laudenslager ,  M.L.   and   Reite ,  M.L.   ( 1995 )  Individual 
differences in macaques ’  responses to stressor levels based on 
social and physiological factors: Implications for primate welfare 
research outcomes .  Laboratory Animals ,  29 ,  250  –  257   

    Brown ,  J.L.   and   Eklund ,  A.   ( 1994 )  Kin recognition and the major 
histocompatability complex: an integrative review .  American 
Naturalist ,  143 ,  435  –  461   

    Brusasca ,  P.N.  ,   Peters ,  R.L.  ,   Motzel ,  S.L.    et al . ( 2003 )  Antigen recog-
nition by serum antibodies in non human primates experimen-
tally infected with Mycobacterium tuberculosis .  Comparative 
Medicine ,  53 ,  165  –  172   

    Canfi eld ,  D.  ,   Brignolo ,  L.  ,   Peterson ,  P.E.    et al . ( 2000 )  Conjoined twins 
in a rhesus monkey ( Macaca mulatta ) .  Journal of Medical Primatology , 
 29 ,  427  –  430   

    Carlsson ,  H.E.  ,   Schapiro ,  S.J.  ,   Farah ,  I.    et al . ( 2004 )  Use of primates 
in research: a global overview .  American Journal of Primatology ,  63 , 
 225  –  237   

    Carter ,  S.P.   and   Bright ,  P.W.   ( 2002 )  Habitat refuges as alternatives 
to predator control for conservation of endangered Mauritian 
birds . In:  Turning the Tide: The Eradication of Invasive Species . Eds 
  Veitch ,  C.R.   and   Clout ,  M.N.  , pp.  71  –  78 .  IUCN SSC Invasive 
Species Specialist Group .  IUCN, Gland, Switzerland and 
Cambridge, UK   

    Clarke ,  A.S.  ,   Mason ,  W.A.   and   Moberg ,  G.P.   ( 1988 )  Differential 
behavioural and adrenocortical responses to stress among three 
macaque species .  American Journal of Primatology ,  14 ,  37  –  52   

    Close ,  B.  ,   Banister ,  K.  ,   Baumans ,  V.    et al . ( 1996 )  Recommendations 
for euthanasia of experimental animals Part 1 Report of a Working 
Party .  Laboratory Animals ,  30 ,  293  –  316   

    Close ,  B.  ,   Banister ,  K.  ,   Baumans ,  V.    et al . ( 1997 )  Recommendations 
for euthanasia of experimental animals Part 2 Report of a Working 
Party .  Laboratory Animals ,  31 ,  1  –  32   

    Cohen ,  J.I.  ,   Davenport ,  D.S.  ,   Stewart ,  J.A.    et al . ( 2002 )  Recom-
mendations for prevention of and therapy for exposure to B virus 



Old World monkeys 615

management and conservation . In:  The Barbary Macaque: Biology 
and Conservation . Eds   Hodges ,  J.K.   and   Cortes ,  J.  , pp.  149  –  168 . 
 Nottingham University Press ,  Nottingham   

   Institute of Laboratory Animal Resources  ( 1976 )  Long term holding 
of laboratory rodents .  ILAR News ,  19 ,  L1  –  L25   

   International Primatological Society  ( 2007 ) International Prima-
tological Society.  International Guidelines for the Acquisition, Care 
and Breeding of Non - human Primates .  http://www.internationalpri-
matologicalsociety.org/publications.cfm (accessed 10 th   November 
2009)   

    Janson ,  C.H.   and   van   Schaik ,  C.P.   ( 2002 )  Ecological risk aversion in 
juvenile primates: slow and steady wins the race . In:  Juvenile Primates: 
Life History, Development, and Behavior . Eds   Pereira ,  M.E.   and 
  Fairbanks ,  L.A.  , pp.  57  –  74 .  University of Chicago Press ,  Chicago   

    Jen ,  K.L.C.  ,   Hansen ,  B.C.   and   Metzger ,  B.L.   ( 1985 )  Adiposity, 
anthropometric measures and plasma insulin levels of rhesus 
monkeys .  International Journal of Obesity ,  17 ,  597  –  604   

   Joint Working Group on Refi nement  ( 1993 )  Removal of blood from 
laboratory mammals and birds. First Report of the BVA/FRAME/
RSPCA/UFAW Joint Working Group on Refi nement .  Laboratory 
Animals ,  27 ,  1  –  22   

   Joint Working Group on Refi nement  ( 2001 )  Refi ning procedures 
for the administration of substances. Report of the BVAAWF/
FRAME/RSPCA/UFAW Joint Working Group on Refi nement . 
 Laboratory Animals ,  35 ,  1  –  41   

   Joint Working Group on Refi nement  ( 2003 )  Refi nements in 
telemetry procedures. Seventh report of the BVAAWF/FRAME/
RSPCA/UFAW Joint Working Group on Refi nement . Part A. 
 Laboratory Animals ,  37 ,  261  –  299   

   Joint Working Group on Refi nement  ( 2004 )  Husbandry refi nements 
for rats, mice, dogs and non - human primates used in telemetry 
procedures. Seventh report of the BVAAWF/FRAME/RSPCA/
UFAW Joint Working Group on Refi nement . Part B.  Laboratory 
Animals ,  38 ,  1  –  10   

   Joint Working Group on Refi nement  ( 2009 )  Refi nements in hus-
bandry, care and common procedures for non - human primates. 
Ninth report of the BVAAWF/FRAME/RSPCA/UFAW Joint 
Working Group on Refi nement .  Laboratory Animals ,  43 , 
 S1:1  –  S1:47   

    Kalter ,  S.S.  ,   Heberling ,  R.L.  ,   Cooke ,  A.W.    et al . ( 1997 )  Viral infections 
of nonhuman primates: overview of data from Viral Reference 
Laboratory San Antonio on results from 53,000 tests .  Laboratory 
Animal Science ,  47 ,  461  –  467   

    Kanaujia ,  G.V.  ,   Garcia ,  M.A.  ,   Bouley ,  D.M.    et al . ( 2003 )  Detection 
of early secretory antigenic target - 6 antibody for diagnosis of 
tuberculosis in non human primates .  Comparative Medicine ,  53 , 
 602  –  606   

    Kemnitz ,  J.W.   ( 1984 )  Obesity in macaques: spontaneous and 
induced .  Advances in Veterinary Science and Comparative Medicine , 
 28 ,  81  –  114   

    Kirkwood ,  J.K.   and   Stathatos ,  K.   ( 1992 )  Biology, Rearing and Care of 
Young Primates .  Blackwell Publishing ,  Oxford   

    Klein ,  H.J.   and   Murray ,  K.A.   ( 1995 )  Restraint . In:  Nonhuman Primates 
in Biomedical Research: Biology and Management . Eds   Bennett ,  T.B.  , 
  Abee ,  C.R.   and   Hendrickson ,  R.  , pp.  286  –  297 .  Academic Press , 
 San Diego   

    Knapp ,  L.A.  ,   Ha ,  J.C.   and   Sackett ,  G.P.   ( 1996 )  Parental MHC antigen 
sharing and pregnancy wastage in captive pig - tailed macaques . 
 Journal of Reproductive Immunology ,  32 ,  73  –  88   

    Krebs ,  J.R.   and   Davies ,  N.B.   ( 1993 )  An Introduction to Behavioural 
Ecology ,  3rd edn .  Blackwell Publishing ,  Oxford   

   Laboratory Animal Science Association  ( 2005 )  Guidance on the 
transport of laboratory animals .  Laboratory Animals ,  39 ,  1  –  39   

    Laule ,  G.E.  ,   Bloomsmith ,  M.A.   and   Schapiro ,  S.J.   ( 2003 )  The use 
of positive reinforcement training techniques to enhance the 
care, management, and welfare of laboratory primates .  Journal of 
Applied Animal Welfare Science ,  6 ,  163  –  174   

    Goo ,  G.P.   and   Fugate ,  J.K.   ( 1984 )  Effects of weaning age on maternal 
reproduction and offspring health in rhesus monkeys ( Macaca 
mulatta ) .  Laboratory Animal Science ,  34 ,  66  –  69   

    Gould ,  K.G.   and   Martin ,  D.E.   ( 1986 )  Artifi cial insemination in 
nonhuman primates . In:  Primates: The Road to Self - sustaining 
Populations . Ed.   Benirschke ,  K.  , pp.  425  –  443 .  Springer - Verlag , 
 New York   

    Goy ,  R.W.  ,   Wallen ,  K.   and   Goldfoot ,  D.A.   ( 1974 )  Social factors 
affecting the development of mounting behaviour in male rhesus 
monkeys . In:  Reproductive Behaviour . Eds   Montagna ,  W.   and 
  Sadler ,  W.A.  , pp.  223  –  247 .  Plenum Publishing ,  New York   

    Groves ,  C.   ( 2001 )   Primate Taxonomy . Smithsonian Series 
in Comparative Evolutionary Biology, Smithsonian Books . 
 Smithsonian Institution Press ,  Washington   

    Harcourt ,  A.H.   ( 1987 )  Dominance and fertility among female pri-
mates .  Journal of Zoology, London ,  213 ,  471  –  487   

    Harlow ,  H.F.  ,   Dodsworth ,  R.O.   and   Harlow ,  M.K.   ( 1965 )  Total 
social isolation in monkeys .  Proceedings of the National Academy of 
Sciences ,  54 ,  90  –  97   

    Hendrickx ,  A.G.   and   Dukelow ,  W.R.   ( 1995a )  Reproductive biology . 
In:  Nonhuman Primates in Biomedical Research: Biology and 
Management . Eds   Bennett ,  T.B.  ,   Abee ,  C.R.   and   Hendrickson ,  R.  , 
pp.  365  –  374 .   American College of Laboratory Animal Medicine 
Series  .  Academic Press ,  San Diego   

    Hendrickx ,  A.G.   and   Dukelow ,  W.R.   ( 1995b )  Breeding . In:  Nonhuman 
Primates in Biomedical Research: Biology and Management . Eds 
  Bennett ,  T.B.  ,   Abee ,  C.R.   and   Hendrickson ,  R.  , pp.  147  –  191 . 
  American College of Laboratory Animal Medicine Series  . 
 Academic Press ,  San Diego   

    Hendrickx ,  A.G.  ,   Peterson ,  P.E.  ,   Otianga - Owiti ,  G.E.    et al . ( 1999 ) 
 Endocrine and morphological biomarkers of early pregnancy 
loss in macaques . In:  Reproduction in Nonhuman Primates: A Model 
System for Human Reproductive Physiology and Toxicology . Eds 
  Weinbauer ,  G.F.   and   Korte ,  R.  , pp.  111  –  135 .  Waxmann M ü nster , 
 New York   

   Home Offi ce  ( 1989 )  Code of Practice for the Housing and Care of 
Animals in Designated Scientifi c Procedure Establishments .  HMSO , 
 London   

   Home Offi ce  ( 1995 )  Code of Practice for the Housing and Care of Animals 
in Designated Breeding and Supplying Establishments .  HMSO , 
 London   

   Home Offi ce  ( 2003 )  Guidance Note. Water and food restriction for 
scientifi c purposes .  http://scienceandresearch.homeoffi ce.gov.uk/
animal-research/publications-and-reference/publications/code-
of-practice/housing-of-animals-breeding/waterfoodguidance.
pdf?view=Binary (accessed 10 November 2009)   

    Honess ,  P.E.  ,   Gimpel ,  J.L.  ,   Wolfensohn ,  S.E.    et al . ( 2005b )  Alopecia 
scoring: the quantitative assessment of hair loss in captive 
macaques .  Alternatives to Laboratory Animals ,  33 ,  193  –  206   

    Honess   P.  ,   Johnson   P.   and   Wolfensohn   S.   ( 2004 )  A study of behav-
ioural responses of non - human primates to air transport and 
re - housing .  Laboratory Animals ,  38 ,  119  –  132   

    Honess   P.E.   and   Macdonald ,  D.W.   ( 2003 )  Marking and radio 
tracking primates . In:  Field and Laboratory Methods in Primatology: 
a Practical Guide . Eds   Curtis ,  D.   and   Setchell ,  J.  , pp.  158  –  173 . 
 Cambridge University Press ,  Cambridge   

    Honess ,  P.E.   and   Marin ,  C.   ( 2006a )  Behavioural and physiological 
aspects of stress and aggression in nonhuman primates . 
 Neuroscience and Biobehavioural Reviews ,  30 ,  390  –  412   

    Honess ,  P.E.   and   Marin ,  C.   ( 2006b )  Enrichment and aggression in 
primates: a review .  Neuroscience and Biobehavioural Reviews ,  30 , 
 413  –  436   

    Honess ,  P.E.  ,   Marin ,  C.  ,   Brown ,  A.P.    et al . ( 2005a )  Assessment of 
stress in non - human primates: application of the neutrophil 
activation test .  Animal Welfare ,  14 ,  291  –  295   

    Honess ,  P.E.  ,   Pizarro ,  M.  ,   Sene ,  N.N.    et al . ( 2006 )  Disease transmis-
sion in Barbary and other macaques: risks and implications for 



616 Old World monkeys

Clinical Signs as Humane Endpoints for Experimental Animals used 
in Safety Evaluation .  Environment Directorate ,  OECD, Paris   

    Owen ,  D.G.   ( 1992 )  Parasites of Laboratory Animals . Laboratory 
Animal Handbooks No. 12.  Royal Society of Medicine Press , 
 London   

    Poole ,  T.   ( 1995 )  Guidelines and legal codes for the welfare of non -
 human primates in biomedical research .  Laboratory Animals ,  29 , 
 244  –  249   

    Prescott ,  M.J.   ( 2001 )  Counting the Cost: Welfare Implications of the 
Supply and Transport of Non - Human Primates for Use in Research and 
Testing .  Royal Society for the Prevention of Cruelty to Animals , 
 Horsham, West Sussex   

    Prescott ,  M.J.   and   Buchanan - Smith ,  H.M.   ( 2007 )  Training labora-
tory - housed non - human primates, Part 1: A survey of current 
practice in the UK .  Animal Welfare ,  16 ,  21  –  36   

    Prescott ,  M.  ,   Brown ,  V.  ,   Flecknell ,  P.    et al.  (in prep)  Refi nement of 
food and fl uid control as motivational tools for macaques used in 
behavioural neuroscience research: Report of a Working Group 
of the NC3Rs .  

    Pryor ,  K.   ( 2002 )  Don ’ t Shoot the Dog!: The New Art of Teaching and 
Training . Revised edn.  Ringpress Books ,  Gloucestershire   

    Reinhardt ,  V.   and   Reinhardt ,  A.   ( 2000 )  Social enhancement for adult 
non human primates in research laboratories .  Lab Animal ,  29 , 
 34  –  41   

    Reinhardt ,  V.   ( 2002 )  Artifi cial weaning of Old World monkeys: 
benefi ts and costs .  Journal of Applied Animal Welfare Science ,  5 , 
 149  –  154   

    Reinhardt ,  V.   ( 2003a )  Compassion for animals in the laboratory: 
Impairment or refi nement of research methodology?   Journal of 
Applied Animal Welfare Science ,  6 ,  123  –  130   

    Reinhardt ,  V.   ( 2003b )  Working with rather than against macaques 
during blood collection .  Journal of Applied Animal Welfare Science , 
 6 ,  189  –  197   

    Reinhardt ,  V.  ,   Liss ,  C.   and   Stevens ,  C.   ( 1995 )  Restraint methods of 
laboratory nonhuman primates: a critical review .  Animal Welfare , 
 4 ,  221  –  238   

    Rennie ,  A.E.   and   Buchanan - Smith ,  H.M.   ( 2006 )  Refi nement of the 
use of non - human primates in scientifi c research. Part III: refi ne-
ment of procedures .  Animal Welfare ,  15 ,  239  –  261   

    R ö der ,  E.L.   and   Timmermans ,  P.J.A.   ( 2002 )  Housing and care of 
monkeys and apes in laboratories: adaptations allowing essential 
species - specifi c behaviour .  Laboratory Animals ,  36 ,  221  –  242   

    Rowe ,  N.   ( 1996 )  A Pictorial Guide to the Living Primates .  Pogonias 
Press ,  East Hampton, New York   

    Russell ,  W.M.S.   and   Burch ,  R.L.   ( 1959 )  The Principles of 
Humane Experimental Technique . 1992 Special Edition,  UFAW , 
 Potters Bar   

    Sacket ,  G.P.  ,   Bowman ,  R.E.  ,   Meyer ,  J.S.    et al . ( 1973 )  Adrenocortical 
and behavioural reactions by differentially raised rhesus 
monkeys .  Physiological Psychology ,  1 ,  209  –  212   

    Sauceda ,  R.   and   Schmidt ,  M.G.   ( 2000 )  Refi ning macaque handling 
and restraint techniques .  Lab Animal ,  29 ,  47  –  49   

   Scientifi c Committee on Animal Health and Welfare  ( 2002 )  The 
Welfare of Non - Human Primates Used in Research . Scientifi c 
Committee on Animal Health and Welfare, Health and Consumer 
Protection Directorate - General, European Commission.  http://
europa.eu.int/comm/food/fs/sc/scah/out83_en.pdf   

    Schrier ,  A.M.   and   Povar ,  M.L.   ( 1984 )  Twin stumptailed monkeys 
born in laboratory .  Laboratory Primate Newsletter ,  23 ,  18   

    Segal ,  E.F.   ( 1989 )  Housing, Care and Psychological Well - being of Captive 
and Laboratory Primates .  Noyes Publications ,  New York   

    Sengupta ,  J.  ,   Dhawan ,  L.  ,   Lalitkumar ,  P.G.L.    et al . ( 2003 )  A multi-
parametric study of the action of mifepristone used in emergency 
contraception using the rhesus monkey as a primate model . 
 Contraception ,  68 ,  453  –  469   

    Shively ,  C.A.  ,   Friedman ,  D.P.  ,   Gage ,  H.D.    et al . ( 2006 )  Behavioural 
depression and positron emission tomography - determined sero-

    Lee ,  P.C.   ( 1987 )  Nutrition, fertility and maternal investment in pri-
mates .  Journal of Zoology, London ,  213 ,  409  –  422   

    Lee ,  P.C.   ( 1994 )  Social structure and evolution . In:  Behaviour and 
Evolution . Eds   Slater ,  P.J.B.   and   Halliday ,  T.R.  , pp.  266  –  303 . 
 Cambridge University Press ,  Cambridge   

    Lee ,  P.C.   ( 1999 )  Comparative ecology of postnatal growth and 
weaning among haplorhine primates . In:  Comparative Primate 
Socioecology . Ed.   Lee ,  P.C.  , pp.  111  –  136 .  Cambridge University 
Press ,  Cambridge   

    Lindburg ,  D.G.   ( 1991 )  Ecological requirements of macaques . 
 Laboratory Animal Science ,  41 ,  315  –  322   

    Luttrell ,  L.  ,   Acker ,  L.  ,   Urben ,  M.    et al . ( 1994 )  Training a large troop 
of rhesus macaques to cooperate during catching: analysis of time 
investment .  Animal Welfare ,  3 ,  135  –  140   

   Ministry of Agriculture, Fisheries  &  Food  ( 1994 )  Condition 
Scoring of Sheep: Action on Animal Welfare .  MAFF Publications , 
 London   

    Martin ,  R.D.   ( 1990 )  Primate Origins and Evolution, a Phylogenetic 
Reconstruction .  Chapman and Hall ,  London   

    Marx ,  P.A.  ,   Spira ,  A.I.  ,   Gettie ,  A.    et al . ( 1996 )  Progesterone implants 
enhances SIV vaginal transmission and early virus load .  Nature 
Medicine ,  2 ,  1084  –  1089   

    Mendoza ,  S.  ,   Capitanio ,  J.   and   Mason ,  W.   ( 2000 )  Chronic social 
stress: studies in non - human primates . In:  The Biology of Animal 
Stress: Basic Principles and Implications for Animal Welfare . Eds 
  Moberg ,  G.   and   Mench ,  J.  , pp.  227  –  248 .  CAB International , 
 Wallingford   

    Mittermeier ,  R.A.  ,   Rylands ,  A.B.  ,   Coimbra - Filho ,  A.F.    et al . ( 1988 ) 
 Ecology and Behaviour of Neotropical Primates ,  Vol.   2 .  World Wildlife 
Fund ,  Washington, DC   

    Mivart ,  St G.   ( 1873 )  On  Lepilemur  and  Cheirogaleus , and on the zoo-
logical rank of the  Lemuroidea  .  Proceedings of Scientifi c Meeting, 
Zoological Society, London ,  484  –  510   

    Morton ,  W.R.  ,   Knitter ,  G.H.  ,   Smith ,  P.M.    et al . ( 1987 )  Alternatives to 
chronic restraint of nonhuman - primates .  Journal of the American 
Veterinary Medical Association ,  191 ,  1282  –  1286   

    Munoz - Zanzi ,  C.A.  ,   Thurmond ,  M.C.  ,   Hird ,  D.W.    et al . ( 1999 ) 
 Effect of weaning time and associated management practices 
on postweaning chronic diarrhoea in captive rhesus monkeys 
( Macaca mulatta ) .  Laboratory Animal Science ,  49 ,  617  –  
621   

   National Centre for the Replacement, Refi nement and Reduction of 
Animals used in Research (NC3Rs)  ( 2007 ) National Centre for the 
3 Rs.  Guidelines on Primate Accommodation, Care and Use . Available 
from  http://www.nc3rs.org.uk/page.asp?id=277 (accessed 10 th   
November 2009)   

   National Research Council (NRC)  ( 1996 )  National Research Council . 
 Guide for the Care and Use of Laboratory Animals .  National Academy 
Press ,  Washington, DC   

   National Research Council (NRC)  ( 1998 )  National Research Council . 
 The Psychological Well - Being of Non - Human Primates .  National 
Academy Press ,  Washington, DC   

   National Research Council (NRC)  ( 2003 )  National Research Council . 
 Nutrient Requirements of Nonhuman Primates .  The National 
Academies Press ,  Washington, DC   

    Norman ,  R.L.  ,   McGlone ,  J.   and   Smith ,  C.J.   ( 1994 )  Restraint inhibits 
lutenizing hormone secretion in the follicular phase of the men-
strual cycle in rhesus macaques .  Biology of Reproduction ,  50 , 
 16  –  26   

    Norman ,  R.L.   and   Smith ,  C.J.   ( 1992 )  Restraint inhibits lutenizing 
hormone and testosterone secretion in intact male rhesus 
macaques: effects of concurrent naloxone administration . 
 Neuroendocrinology ,  55 ,  405  –  415   

    Novak ,  M.A.   and   Suomi ,  S.J.   ( 1988 )  Psychological well - being 
of primates in captivity .  The American Psychologist ,  40 ,  765  –  773   

   Organisation for Economic Co - operation and Development  ( 2001 ) 
 Guidance Document on the Recognition, Assessment, and Use of 



Old World monkeys 617

Trust. Available from  http://www.acmedsci.ac.uk/images/
project/nhpdownl.pdf (accessed 10 November 2009)   

    Wolfe - Coote ,  S.   ( 2005 )  The Laboratory Primate .  Elsevier Academic 
Press ,  London   

    Wolfensohn ,  S.E.   ( 1997 )  Brief review of scientifi c studies of the 
welfare implications of transporting primates .  Laboratory Animals , 
 31 ,  303  –  305   

    Wolfensohn ,  S.E.   ( 1998 )   Shigella  infection in macaque colonies: case 
report of an eradication and control program .  Laboratory Animal 
Science ,  48 ,  330  –  333   

    Wolfensohn ,  S.E.   ( 2003 )  Case report of a possible familial predispo-
sition to metabolic bone disease in juvenile rhesus macaques . 
 Laboratory Animals ,  37 ,  139  –  144   

    Wolfensohn ,  S.   ( 2004 )  Social housing of large primates: Methodology 
for refi nement of husbandry and management .  Alternatives to 
Laboratory Animals ,  32  ( suppl 1 ),  149  –  151   

    Wolfensohn ,  S.   and   Finnemore ,  P.F.   ( 2006 )  Refi nements in Primate 
Husbandry : a DVD training resource. Available from  http://www.
oxforduniversityshops.co.uk/store/shop/products.asp?func=pr
odvar&compid=14&deptid=33&prodtypeid=16&prodID=63   

    Wolfensohn ,  S.   and   Honess ,  P.   ( 2005 )  Handbook of Primate Husbandry 
and Welfare .  Blackwell Publishing ,  Oxford   

    Wolfensohn ,  S.   and   Honess ,  P.   ( 2007 )  Laboratory animal, pet animal, 
farm animal, wild animal: Who gets the best deal? UFAW 
Symposium: Quality of Life: The Heart of the Matter .  Animal 
Welfare ,  16  ( suppl 1 ),  17  –  123   

    Wolfensohn ,  S.   and   Honess ,  P.   (submitted) The extended welfare 
assessment grid: A matrix for the assessment of welfare and 
cumulative suffering in experimental animals.  Alternatives to 
Laboratory Animals   

    Wolfensohn ,  S.E.   and   Lloyd ,  M.H.   ( 1998 )  Handbook of Laboratory 
Animal Management and Welfare ,  2nd edn .  Blackwell Publishing , 
 Oxford   

    Wolfensohn ,  S.E.   and   Lloyd ,  M.H.   ( 2003 )  Handbook of Laboratory 
Animal Management and Welfare ,  3rd edn .  Blackwell Publishing , 
 Oxford   

    Wolfensohn ,  S.   and   Peters ,  A.   ( 2005 )  Refi nement of neuroscience 
procedures using non human primates .  Animal Technology and 
Welfare ,  4 ,  49  –  50   

    Young ,  R.J.   ( 2003 )  Environmental Enrichment for Captive Animals . 
 Blackwell Publishing ,  Oxford   

    Zehr ,  J.L.  ,   Tannenbaum ,  P.L.  ,   Jones ,  B.    et al . ( 2000 )  Peak occurrence 
of female sexual initiation predicts day of conception in rhesus 
monkeys ( Macaca mulatta ) .  Reproduction, Fertility and Development , 
 12 ,  397  –  404    

 
  

tonin 1A receptor binding potential in cynomolgus monkeys . 
 Archives of General Psychiatry ,  63 ,  396  –  403   

    Smith ,  D.G.   ( 2005 )  Genetic Characterization of Indian - origin and 
Chinese - origin rhesus macaques ( Macaca mulatta ) .  Comparative 
Medicine ,  55 ,  227  –  230   

    Smith ,  J.J.  ,   Hadzic ,  V.  ,   Li ,  X.    et al . ( 2006 )  Objective measures of health 
and well - being in laboratory rhesus monkeys ( Macaca mulatta ) . 
 Journal of Medical Primatology ,  35 ,  388  –  396   

    Smuts ,  B.B.  ,   Cheney ,  D.L.  ,   Seyfarth ,  R.M.    et al . ( 1987 )  Primate 
Societies .  University of Chicago Press ,  Chicago   

    Soulsby ,  L.   and   Morton ,  D.B.   ( 2001 )  Pain: Its Nature and Management 
in Man and Animals .  Royal Society of Medicine ,  London   

    Strier ,  K.B.   ( 2000 )  Primate Behavioural Ecology .  Allyn and Bacon , 
 Boston   

    Summerhoff ,  G.   ( 1990 )  Life, Brain and Consciousness .  North Holland , 
 Amsterdam   

    Sun ,  F.J.  ,   Wright ,  D.E.   and   Pinson ,  D.M.   ( 2003 )  Comparison of 
ketamine versus combination of ketamine and medetomidine 
in injectable anaesthetic protocols: chemical immobilization in 
macaques and tissue reaction in rats .  Contemporary Topics ,  42 , 
 32  –  37   

    Suomi ,  S.J.   ( 1986 )  Behavioural aspects of successful reproduction in 
primates . In:  Primates: The Road to Self - sustaining Populations . Ed 
  Benirschke ,  K.  , pp.  331  –  340 .  Springer - Verlag ,  New York   

    Suzuki ,  M.T.  ,   Hamano ,  M.  ,   Cho ,  F.    et al . ( 1989 )  Food and water 
intake, urinary and faecal output, and urinalysis in the wild 
originated cynomolgus monkey ( Macaca fascicularis)  under 
individually caged conditions .  Experimental Animal ,  38 ,  71  –  74   

    Terao ,  K.   ( 2005 )  Management of Old World Primates (Table 11.1) . 
In:  The Laboratory Primate . Ed,   Wolfe - Coote   S.  , pp.  163  –  173 . 
 Elsevier Academic Press ,  London   

    Waitt ,  C.  ,   Little ,  A.  ,   Wolfensohn ,  S.    et al . ( 2003 )  Evidence from 
rhesus macaques suggests that male colouration plays a role in 
female mate choice .  Proceedings of the Royal Society of London B , 
 270 ,  144  –  146   

    Wallis ,  J.   and   Valentine ,  B.   ( 2001 )  Early vs. natural weaning in 
captive baboons: The effect on timing of postpartum estrus and 
next conception .  Laboratory Primate Newsletter ,  40 ,  10  –  13   

    Weber ,  H.  ,   Berge ,  E.  ,   Finch ,  J.    et al . ( 1999 )  FELASA (Federation of 
Laboratory Animal Science Associations) Working Group on 
Non - Human Primate Health. Health monitoring of non - human 
primate colonies .  Laboratory Animals ,  33  ( Suppl 1 ),  S1:3  –  S1:18   

    Wetherall ,  D.   ( 2006 )  The Use of Non - human Primates in Research.  A 
report sponsored by the Academy of Medical Sciences, the 
Medical Research Council, The Royal Society and The Wellcome 



 Chimpanzees    
  Steven J.   Schapiro   and   Susan P.   Lambeth       
 

40

  Introduction 

 Entire volumes have been devoted to the care and manage-
ment of captive chimpanzees (eg, Brent  2001a ), so this 
chapter will not attempt to provide all the information nec-
essary for the those involved in the care of chimpanzees. 
Instead, the aim of this chapter is to draw attention to those 
aspects of chimpanzee biology, care and management that 
have signifi cantly changed since the last edition of the 
UFAW Handbook (Poole  1999 ).  

  Biological  o verview 

 The previous edition of this Handbook contained an excel-
lent treatment of chimpanzee biology (Fritz  et al.   1999 ) as 
does the book by Brent  (2001a)  on management of captive 
chimpanzees. There has not been much change in knowl-
edge of the basic biology of chimpanzees since the last 
edition of the UFAW Handbook. They are Great Apes and 
are among the most intelligent primates. Their similarities 
to humans make them, both an extremely attractive model 
for biomedical research (VandeBerg  et al.   2005 ; Varki  2007 ) 
and, an extremely problematic model for many types of 
investigations (Knight  2007 ; Rowan  2007 ). Many readers 
will neither be able to fathom the need for using chimpan-
zees in research nor, the moral justifi cation for doing so. On 
the other hand, many readers will understand that the value 
of the research can be more than adequate justifi cation for 
the use of a species so similar to our own. 

  Taxonomy 

 The taxonomy of the common chimpanzee ( Pan troglodytes ) 
is still being debated. Three subspecies are normally pro-
posed ( P. t. troglodytes ,  P. t. verus  and  P. t. schweinfurthii ), and 
considerable academic discussion is currently devoted to the 
clarifi cation of this issue (Gonder  et al.   2006 ; Becquet  et al.  
 2007 ). There does not appear to be much drive for maintain-
ing distinct subspecies in the captive chimpanzee popula-
tion in contrast to the situation for orangutans and certain 
other primate species (Groves  2005 ).  

  Genetics 

 Chimpanzee genetics is an area in which substantial and 
important progress has been made since the last edition of 
this handbook. Specifi cally, both the human genome (Venter 
 et al.   2001 ) and the chimpanzee genome (The Chimpanzee 
Sequencing and Analysis Consortium  2005 ) have been 
sequenced since 2001. As should be obvious, substantial 
similarities exist between the two genomes, providing 
opportunities to further exploit the genetic, physiological, 
behavioural and social similarities as well as the differences 
between the two species to learn more about both species 
(Varki  &  Nelson  2007 ). The high degree of genetic similarity 
between chimpanzees and humans highlights both the 
importance of chimpanzees as animal models in human -
 focused research as well as the problems associated with 
conducting research with such close relatives (VandeBerg 
 et al.   2005 ; Rowan  2007 ; Varki  2007 ).  

  Social  o rganisation 

 Chimpanzees are usually described as living in fi ssion –
 fusion societies consisting of up to 100 members per com-
munity (Wrangham  et al.   1994 ). Fission – fusion societies are 
frequently characterized by fairly fl uid social relationships 
within the community; with subgroup composition varying 
considerably on a day - to - day basis. Unlike many other 
species of non - human primates that live in multimale – 
multifemale groups, male – male bonds (rather than female –
 female bonds) are the most important social factor in 
chimpanzee groups (Goodall  1986 ). Although chimpanzee 
social relationships are fl uid within the group, relationships 
between communities of chimpanzees can be extremely 
aggressive (Mitani  &  Watts  2005 ). Multiple reports have 
described fatal encounters between individuals of different 
chimpanzee communities (Watts  et al.   2006 ; Boesch  et al.  
 2007, 2008 ). Females exhibiting maximal oestrous swellings 
appear to be the age – sex class of individuals that is least 
likely to receive high levels of aggression in intergroup 
encounters (Deschner  &  Boesch  2007 ). 

 The fi ssion – fusion societies of wild chimpanzees 
include regular and frequent social separations and 
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and sex of the chimpanzee. The reader can fi nd the original 
sources for complete sets of normal ranges in Herndon and 
Tigges  (2001) ; Ihrig  et al.   (2001) ; Lee and Guhad  (2001) ; 
Howell  et al.   (2003) ; Lamperez and Rowell  (2005) ; Videan 
 et al.   (2008) . Representative values for adult males, adult 
females, aged males and aged females, the most common 
age – sex classes of animals currently in research colonies, are 
included in Table  40.1  (adapted from Herndon and Tigges 
 2001 ; Ihrig  et al.   2001 ; Lee and Guhad  2001 ; Howell  et al.  
 2003 ; Lamperez and Rowell  2005 ; Videan  et al.   2008 ). It is 
important to note that the values in the table represent 
normal ranges; it is not necessarily correct to assume that 
animals displaying values outside of the normal range are 
clinically ill and/or in need of treatment.   

 Most physiological data obtained from adult chimpanzee 
blood samples come from anaesthetised animals. It is well 
known that ketamine and telazol, two of the most frequently 
used anaesthetics for captive chimpanzees, infl uence many 
of these physiological parameters in non - human primates 
(Woodward  &  Weld  1997 ). Efforts are currently underway 
to establish unanaesthetised normal ranges from samples 
obtained from adult chimpanzees that will voluntarily 
present their arms for conscious venepuncture (Schapiro  et 
al.   2006b ). Whether these unanaesthetised normal ranges 
will differ signifi cantly from anaesthetised normal ranges 
has yet to be determined. Additionally, data are accumulat-
ing to establish normal ranges for several immunological 
parameters (eg, lymphocyte subsets, cytokine production, 
natural killer cell activity) for both anaesthetised and unan-
aesthetised chimpanzees (Schapiro  et al.   2006a ).  

  Conservation and  e cology 

  Threats 

 Clearly, there are many factors that are threatening the sur-
vival of chimpanzees in their natural settings. Destruction 
of habitat, logging, disease and hunting for bushmeat are 
probably the biggest threats (Kormos  et al.   2003 ; Fa  et al.  
 2005 ; Arnhem  et al.   2008 ; Hanamura  et al.   2008 ; Kondgen  et 
al.   2008   ). These factors are all interrelated and can in general 
be attributed to increased human encroachment into chim-
panzee habitat. It is extremely unlikely that any of these 
threats will diminish in the near (or distant) future, leaving 
the chimpanzee at considerable risk of extinction in the not -
 so - distant future. It is unlikely that the captive population 
of laboratory chimpanzees, for whom a breeding morato-
rium is in effect, will play any role (positive or negative) in 
the conservation of the species. Zoo chimpanzees may play 
a small positive role, given the limited amount of breeding 
(zero population growth) that is permitted in the zoo 
population.  

  Recent  fi  ndings 

 Despite fairly gloomy news concerning the ultimate sur-
vival of chimpanzees in the wild, recent fi eld studies of 
populations of chimpanzees (Pruetz  2007 ; Boesch  et al.   2008 ; 
Stanford  2008 ) have yielded some extremely interesting 
fi ndings. While most fi ndings from fi eld studies have impli-
cations for the captive management of chimpanzees, the 

re - introductions. It is therefore somewhat surprising that it 
is so diffi cult to re - introduce captive chimpanzees back into 
their social groups, even after only a short absence, such as 
for an annual physical examination. Development and use 
of appropriate standard operating procedures (SOP) for 
group formations and re - introductions are critical for the 
successful management of captive chimpanzees (Bloomsmith 
 &  Baker  2001 ; Fritz  &  Howell  2001 ; Lambeth personal obser-
vation). Since natural chimpanzee sociality in the wild 
includes repeated separations and re - introductions that are 
under the animals ’  control, it has been suggested that re -
 introduction diffi culties may arise from the fact that separa-
tions and re - introductions in captivity are under the control 
of human care staff, rather than the chimpanzees them-
selves. Certainly, gradual, systematic and sometimes 
individualised re - introductions are necessary to minimise 
damaging aggression (Fritz  &  Howell  2001 ).  

  Reproduction 

 Chimpanzees are a slow - producing, slow - maturing species 
(traits characteristic of a K - selected species). Under natural 
conditions, the average length of gestation is diffi cult to 
accurately determine, but the mean is estimated at 228 days 
(Tutin  1994 ) and females do not give birth to their fi rst infant 
until around 11 years of age (Fritz  et al.   1999 ). Females nurse 
their offspring for several years, with interbirth intervals 
ranging from 36 – 84 months (Fritz  et al.   1999 ). Infants and 
juveniles remain in the company of their mothers and mater-
nal kin for years, often forming reasonably stable subgroups 
within the fi ssion – fusion community. In addition, young 
chimpanzees typically learn many foraging skills from their 
mothers, especially those that involve the use of tools, such 
as termite fi shing and nut cracking (Biro  et al.   2006 ). Captivity 
can infl uence virtually all aspects of this pattern of repro-
duction and development, with captive females giving birth 
for the fi rst time earlier and having shorter interbirth inter-
vals on average (Roof  et al.   2005 ). 

 The female reproductive cycle lasts approximately 34 
days and is characterised by conspicuous swelling of the 
perineal area leading up to a maximum on the day of ovula-
tion (Wrangham  1994 ). The patterns of social interactions of 
an adult female with other females and with adult males 
differ according to the state of her oestrous swelling (Wallis 
 1992 ). Males will attempt to mate with females throughout 
their oestrous cycles, but male interest increases as swelling 
size increases. Maximally swollen females are able to move 
between social groups in the wild, whereas most other age –
 sex classes are not (Deschner  &  Boesch  2007 ). This fact can 
be used to advantage in captivity when attempting to intro-
duce a new animal (swollen female) to other animals.  

  Physiological  p arameters 

 Since the publication of the 7th edition of the UFAW 
Handbook (Poole  1999 ), several papers have been published 
that contain normal values for a variety of physiological 
parameters for captive chimpanzees. Many of these primary 
publications present normal ranges differentiated by the age 
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were used in 4.9% of studies involving primates published 
in 2001, and infectious disease was among the most common 
topics of investigation involving chimpanzees. 

 Chimpanzees are also used in assessments of the effi cacy 
of a variety of novel therapeutic approaches, including anal-
yses of monoclonal antibodies as treatments for cancer 
(VandeBerg  et al.   2005 ). Although mice are useful models for 
many aspects of biomedical research, they are not valid 
models for all aspects. For some investigations, it may be 
that chimpanzees are the most valid model. Use of words 
like test article suggests that a regulatory process is involved, 
and in fact, the United States Food and Drug Administration 
(FDA) often requires that compounds be tested in appropri-
ate non - human primate models, using good laboratory prac-
tices (GLP), prior to approving the compound for the next 
stages of evaluation and/or use in humans. However deci-
sions to use chimpanzees should always include a full 
consideration of ethical and welfare issues. Performing 
GLP studies with chimpanzees presents a series of signifi -
cant management challenges for those responsible for 
the care and well - being of the animals. While it is diffi cult 
to bring a non - GLP - compliant chimpanzee programme up 
to GLP standards, once GLP - compliant protocols and 
record keeping practices become part of normal operating 
procedures, multiple benefi ts accrue for the research 
and care staff and for the chimpanzees used in research. 
Most of these benefi ts are related to: (1) the establishment 
of SOPs which promote consistent care and treatment of the 
animals and (2) enhanced record keeping systems that 

fi ndings from savannah chimpanzees in Senegal are among 
the most interesting and the most relevant. Pruetz and her 
colleagues (Pruetz  2007 ; Pruetz  &  Bertolani  2007 ; Stewart  et 
al.   2007 ; Roach  2008 ) have demonstrated that wild chimpan-
zees will play in water, live in caves, make comfortable nests 
and hunt for bushbabies in holes in trees using tools (modi-
fi ed and sharpened sticks). The implications for the manage-
ment of captive chimpanzees should be clear; small pools, 
nesting material, and food stuffed into holes in structures 
that can be speared with sticks should be useful, naturalistic 
forms of environmental enrichment.    

  Uses in the  l aboratory 

  Biomedical  r esearch 

 When chimpanzees are used in infectious disease research, 
they are usually involved in studies of hepatitis viruses. In 
the past, chimpanzees had been infected with human immu-
nodefi ciency virus (HIV), but only a single chimpanzee may 
have developed AIDS, making them a less than ideal model 
for this type of research (Stump  &  VandeWoude  2007 ). They 
are a far superior model for hepatitis research; in fact vac-
cines for hepatitis B were successfully developed in chim-
panzees and potential vaccines for hepatitis C are currently 
being tested and evaluated using chimpanzees (Elmowalid 
 et al.   2007 ). An analysis of primate use in biomedical research 
(Carlsson  et al.   2004 ) revealed that members of the genus  Pan  

  Table 40.1    Physiological parameters for adult chimpanzees   (values taken from Herndon  &  Tigges  2001 ; Ihrig  et al.   2001 ; Lee  &  Guhad 
 2001 ; Howell  et al.   2003 ; Lamperez  &  Rowell  2005 ; Videan  et al.   2008 )  . 

   Analyte     Units     Adult males     Adult females     Aged males     Aged females  

  Haematocrit    %    44.09 – 46.50    41.27 – 42.05    45.00 – 52.80    37.00 – 43.40  
  Haemoglobin    g/dl    14.39 – 15.51    13.40 – 13.86    15.00 – 16.50    11.78 – 14.00  

  RBC count     × 10 6 /mm 3     5.31 – 5.65    5.03 – 5.14    5.00 – 6.14    4.38 – 5.50  

  WBC     × 10 3 /mm 3     11.17 – 11.37    10.62 – 12.88    10.07 – 10.30    10.83 – 14.42  

  Neutrophils segmented     × 10 3 /mm 3     6.15 – 6.70    5.42 – 7.49    3.61 – 5.69    5.19 – 9.51  

  Lymphocytes     × 10 3 /mm 3     3.88 – 4.58    4.61 – 4.72    3.90 – 6.39    4.23 – 6.32  

  Monocytes     × 10 3 /mm 3     0.31 – 0.33    0.25 – 0.32    0.26 – 0.31    0.15 – 0.33  

  Platelets     × 10 3 /mm 3     231.93 – 258.94    242.64 – 255.13    226.90 – 270.00    240.84 – 299.28  

  Total bilirubin    mg/dl    0.36 – 0.37    0.28 – 0.33    0.20 – 0.27    0.22 – 0.27  

  AST    U/l    25.99 – 35.79    18.33 – 25.01    27.50 – 33.36    26.13 – 31.44  

  ALT    U/l    37.13 – 42.28    26.49 – 32.57    41.50 – 43.85    29.92 – 47.49  

  Alkaline phosphatase    U/l    85.22 – 93.02    95.67 – 100.70    91.00 – 111.00    98.00 – 107.79  

  Glucose    mg/dl    85.14 – 100.33    83.6 – 92.11    98.50 – 101.98    104.24 – 121.72  

  BUN    mg/dl    13.14 – 13.59    11.15 – 12.15          

  Creatinine    mg/dl    1.09 – 1.12    0.86 – 1.00    1.00 – 1.20    0.99 – 1.15  

  Total protein    g/dl    7.33 – 7.80    7.33 – 7.59    7.20 – 7.39    7.28 – 7.40  

  Albumin    g/dl    3.36 – 4.10    3.34 – 3.70    3.45 – 3.69    3.26 – 3.52  

  Globulin    g/dl    3.40 – 4.06    3.70 – 3.95    3.75 – 4.00    3.48 – 4.02  

  Cholesterol    mg/dl    179.50 – 222.58    212.20 – 228.52    211.23 – 235.50    225.75 – 263.39  

  HDL    mg/dl    49.81    ±    11.74    55.68    ±    14.34          

  LDL    mg/dl    143.61    ±    26.63    154.88    ±    34.84          

  Triglycerides    mg/dl    82.62 – 93.67    84.00 – 109.74    69.84 – 119.50    75.2 – 109.12  

  Creatine kinase    U/l    270.67 – 379.63    213.54 – 335.42    351.88 – 361.50    242.75 – 452.18  

  C - reactive protein    mg/dl    0.86    ±    0.74     1.08    ±    0.99          
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  Basic  r esearch 

 Captive chimpanzees are ideal subjects for both simple 
and complex investigations of learning, hemispheric spe-
cialisation, cultural transmission, behavioural economics, 
language development, cognition, facial expressions and 
prosociality (Silk  et al.   2005 ; Hopkins  et al.   2005, 2007 ; 
Brosnan  et al.   2007 ; Hopper  et al.   2007 ; Parr  et al.   2007 ; Whiten 
 et al.   2007 ), just to name a few. Many of these investigations 
can be combined with non - invasive imaging techniques to 
gather even more data to test critical hypotheses (Cohen 
 2007a ). In addition, many of the procedures used to generate 
the data are quite stimulating, challenging and enriching for 
the participating chimpanzees.    

  Laboratory  m anagement and  b reeding 
(or  n on -  b reeding) 

 Intelligent, powerful animals like chimpanzees present a 
number of management challenges for those charged with 
providing them with optimal care in captivity. Nothing is 
simple when managing chimpanzees and the volume edited 
by Brent  (2001a)  addresses many aspects of their manage-
ment. Techniques for managing the successful breeding of 
captive chimpanzees are not of great concern at the time of 
writing, as the National Institutes of Health of the United 
States is maintaining the moratorium on the breeding of 
research chimpanzees (Cohen  2007b ). This moratorium has 
been in effect for over a decade and was recommended by 
the advisory committee of the National Research Council 
(National Research Council  1997 ). Obviously, the indefi nite 
continuation of this breeding moratorium will result in the 
eventual extinction of the population of captive research 
chimpanzees. This strategy is in harmony with legislation 
designed to outlaw invasive research on Great Apes that is 
currently under consideration in the United States (the only 
country that still allows and conducts  ‘ invasive ’  research 
with Great Apes). As mentioned several times previously, 
some readers will fi nd this an appropriate and commenda-
ble outcome, while others will fi nd it extremely short - sighted 
and objectionable. 

 The main thrust of the rest of this section will be the breed-
ing moratorium that is in effect for captive research chim-
panzees in the US (National Research Council  1997 ; Cohen 
 2007b ). Most female chimpanzees of breeding age in both 
the zoo and laboratory populations in the US are given 
some form of contraception to prevent the unplanned birth 
of additional chimpanzees (Bettinger  &  DeMatteo  2001 ). 
Different facilities are using oral birth control pills, intrau-
terine devices (IUD), hormonal implants, sexual segregation 
and/or surgical interventions to prevent additional 
chimpanzee births. Regardless of the technique, the overall 
goal is to prevent the addition of any new chimpanzees to 
the population of research chimpanzees (Cohen  2007b ) and 
to maintain zero population growth among the zoo chim-
panzees (Ross, personal communication). Given the slow 
reproductive rate, long interbirth intervals and the long 
lifespan of chimpanzees, it would be extremely diffi cult to 
rapidly produce a new set of subjects for an emerging 
health - related crisis that required the use of chimpanzees 
(VandeBerg  et al.   2005 ). 

promote the systematic collection of health, behavioural and 
research data.  

  Behavioural  r esearch 

  Applied  r esearch 

 The primary goal of most applied laboratory chimpanzee 
behavioural research projects is to improve the welfare, while 
simultaneously enhancing the defi nition of chimpanzees as 
animal models for biomedical research (Bloomsmith  &  Else 
 2005 ; Videan  &  Fritz  2007 ; Coleman  et al.   2008 ). Such efforts 
should result in improvements in the quality and utility of the 
chimpanzee as a research model. A typical focus in applied 
research programmes is to  ‘ refi ne ’  (one of the Three Rs as 
discussed by Russell and Burch  (1959) , see also Chapter  2 ) 
management and handling techniques so as to minimise 
psychological/behavioural confounds that might adversely 
affect subjects, research protocols and/or results. More spe-
cifi cally, attempts are being made to minimise the stress 
experienced by chimpanzees in an effort to limit interindi-
vidual variation in the measures typically assessed by inves-
tigators working with chimpanzees as subjects (Lambeth  et 
al.   2006 ; Bloomsmith  et al.   2006b   ; Schapiro  et al.   2007 ). 
Reducing inter - animal variability should make it possible to 
reduce the number of subjects required for experimental 
comparisons without diminishing the power of experimental 
designs. This addresses  ‘ reduction ’ , another of Russell ’ s and 
Burch ’ s Three Rs (Russell  &  Burch  1959 ); one that is of great 
relevance when dealing with an animal model as complex as 
the chimpanzee. 

 There are considerably fewer applied research projects 
focusing on factors that infl uence the quality and utility of 
chimpanzees as models in the zoo setting. However, fi ndings 
from applied investigations that delineate benefi cial man-
agement strategies for chimpanzees used in research can, 
should be and, in most cases, are, adapted to zoo settings. 
Similarly, fi ndings from investigations conducted on chim-
panzees in zoos that identify benefi cial management strate-
gies are adapted to laboratory settings whenever possible. 

 Various welfare - enhancing techniques have been devel-
oped, and are in use, to manage the behaviour and the 
psychological environments of captive chimpanzees 
(Bloomsmith  &  Else  2005 ; Videan  &  Fritz,  2007 ; Coleman  et 
al.   2008 ). These techniques are designed to functionally sim-
ulate important components of the animals ’  natural environ-
ment/habitat, thereby providing them with opportunities 
to express species - typical behaviours and some degree of 
choice and control over what they experience. Conventional 
wisdom suggests that  ‘ normally ’  behaving laboratory 
animals are likely to make better models than animals that 
behave abnormally. Since wild chimpanzees are able to 
control many aspects of their existence in their natural envi-
ronments, providing laboratory chimpanzees with opportu-
nities to choose should promote normal behaviour in the 
non - natural laboratory setting. Studies of behavioural man-
agement strategies are designed to empirically address the 
question of whether such procedures infl uence behavioural 
and physiological variables of interest to those working with 
and studying captive chimpanzees.  
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and safety. Aside from the chapters contained in the Brent 
 (2001a)  book on captive care, little new chimpanzee hus-
bandry information has been published since the last edition 
of the UFAW Handbook (Poole  1999 ). The book by Brent 
 (2001a) , the chapter by Fritz and colleagues  (1999)  in the 
seventh edition of the UFAW Handbook ( 1999 ), and the 
husbandry manual edited by Fulk and Garland  (1992)  are 
likely to remain the most useful guides to chimpanzee 
husbandry until the imminent publication of the new 
AZA (Association of Zoos and Aquariums) chimpanzee 
care manual (Ross,  in press ). The second edition of the 
International Primatological Society captive care guidelines 
are also available (International Primatological Society 
Captive Care Committee  2007 ), but they primarily provide 
general guidance for caring for non - human primates, rather 
than information specifi c to the care of chimpanzees. A 
much abbreviated discussion of selected aspects of chim-
panzee husbandry follows. 

 A variety of different husbandry schemes are used with 
chimpanzees, including both  ‘ wet ’  and  ‘ dry ’  systems. In a 
dry system, some type of bedding (ie, shredded paper, hay, 
straw, wood chips) is typically used, and cleaning involves 
the removal of soiled bedding on a regular basis without 
using water (bedding would be shovelled, scooped, or vacu-
umed out). As the name implies, cages/enclosures main-
tained by a wet system are cleaned on a regular basis using 
water hoses (often high - pressure) and chemicals (ie, bleach, 
disinfectants, degreasers). In wet systems, drains are critical 
factors in the  ‘ performance ’  of the facility and are often a 
limiting factor in determining what types of enrichment are 
regularly used. Drain placement, drain function and drain 
covers are critical variables in the effective management of 
captive chimpanzees using wet systems. 

 In both wet and dry systems, maintenance of the animals 
in multiroom  ‘ suites ’  signifi cantly enhances the ability to 
clean and sanitise cages/enclosures properly. When chim-
panzees have access to more than one room, the animals can 
be securely excluded from Room 1 when it is being cleaned 
and then moved back into Room 1 so that Rooms 2, 3, etc can 
be cleaned. This removes the need to  ‘ clean around ’  animals 
or  ‘ jump ’  animals into transport boxes as may occur for other 
non - human primate species. However, this process works 
best when some effort is devoted to training the animals to 
shift on command, preferably using positive reinforcement 
training techniques (Laule  &  Whittaker  2001 ), see also 
Chapter  16 . Since chimpanzees are so strong and are poten-
tially dangerous, appropriate shifting and cleaning SOPs 
must be in place and rigorously adhered to, to minimise the 
risk of accidents in both zoo and laboratory settings. 

 Environmental enrichment devices often complicate the 
cleaning and sanitation processes of both types of husbandry 
schemes (including clogging drains in wet systems). The 
ideal environmental enrichment device from a husbandry 
perspective, is one that does not have to be put up and taken 
down frequently, does not clog drains, and can be easily 
sanitised while in place.  

  Veterinary  m anagement and  g eriatric  c are 

 Veterinary management (Lee  &  Guhad  2001 ) has always 
been a critical component of the proper maintenance of 

 For a number of reasons, reversible contraceptive tech-
niques that allow reasonably normal oestrous cycles are 
preferred for chimpanzees. First, the possibility exists 
(VandeBerg  et al.   2005 ) that the breeding moratorium will 
be at least partially lifted at some point in the near future. 
Reversible forms of contraception, such as sexual segrega-
tion, oral contraceptives, intrauterine devices and hormonal 
implants, are thus favoured. While there are few empirical 
data that guarantee that IUD and hormonal implants are 
completely reversible forms of contraception, the occasional 
failures of these contraceptives (in chimpanzees and 
humans) and the reversibility in humans suggest that repro-
duction could be effectively re - started in chimpanzees, even 
after a fairly long period of contraception. 

 Secondly, IUD and certain hormonal implants in particu-
lar, seem to minimally disrupt the oestrous cycling of mature 
female chimpanzees; many animals appear to swell and 
detumesce in patterns that are similar to female chimpan-
zees that are not on contraceptives (Bettinger  et al.   1997 ). 
Given the importance that reproductive cycles play in the 
social dynamics of chimpanzee groups, where females are 
treated differently by other members of the group depend-
ing on the stage of their cycles (Wallis  1992 ; Wrangham  et 
al.   1994 ; Deschner  &  Boesch  2007 ), it is important to maintain 
reproductive swelling cycles in order to maintain cyclical 
patterns of social activity as well. This aspect of the interplay 
between contraception, reproductive cycles and social 
behaviour is important in both the zoo and the laboratory, 
regardless of whether births are allowed to take place and 
animals are replaced or not. 

 Preliminary observations of animals with some of the 
newer hormonal implant contraceptives suggest that these 
contraceptives do disrupt normal oestrous cycles (Lambeth, 
personal observation). While this is clearly undesirable in 
terms of maintaining normal patterns of social interaction, 
there may be at least one circumstance in which the smaller 
and shorter swellings observed in females on the implant-
able contraceptive is an advantage. Aggression and wound-
ing among males in social groups that are housed in 
proximity to, but not in contact with, adult females, increases 
when female(s) are maximally swollen. Aggression among 
males in groups housed in proximity to females with the 
new implants has decreased, as has the amount of time that 
the females are swollen (Lambeth, personal observation). 
Currently, this relationship is only correlational and needs 
further investigation. 

 Finally, evidence is accumulating that males that have 
been vasectomised are still occasionally impregnating 
females (Noon, personal communication). Preliminary 
investigations suggest that the vasectomies are being per-
formed properly, but for reasons yet to be determined, the 
long - term effectiveness of the procedures has been less than 
desired. 

  Husbandry 

  Cleaning and  h ygiene 

 As with any species of laboratory animal, it is imperative 
that chimpanzees are maintained in sanitary conditions that 
enhance their welfare and do not compromise their health 
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her group, if a bad hip or impaired vision limits her ability 
to escape from an aggressive member of her group, then she 
may need to be removed and placed in a safer situation. The 
question then arises as to when an animal is too impaired 
to safely or usefully remain within the colony. The next 
obvious question is what is to become of an animal that is 
to be removed. Retirement is one obvious option and a 
number of sanctuaries do exist to house chimpanzees no 
longer  ‘ useful ’  for research or exhibition (Brent  2007 ). 
Euthanasia of chimpanzees to solve management problems 
is not permitted (National Research Council  1997 ), although 
euthanasia of an animal that is suffering is clearly accepta-
ble. There is still an ongoing debate over the defi nition of 
the terms that are critical to this discussion, including 
impairment thresholds, usefulness and suffering.  

  Housing 

 Chimpanzees should be housed in physical and social con-
ditions that: (1) functionally simulate natural conditions; (2) 
stimulate naturalistic behaviour patterns; (3) are safe; (4) can 
be sanitised; and (5) are functional for humans (Brent  2001b ). 
Housing conditions for captive chimpanzees range from 
small cages (3.25   m 2 , 35   ft 2 ) for a single animal up to 5 - acre 
(20   324   m 2 ) corrals (Brent  2007 ) for groups of as many as 34 
animals, and can include almost anything in between (Figure 
 40.1 ). Given the social tendencies of chimpanzees in their 
natural environment and the behavioural data demonstrat-
ing the value of social partners to captive chimpanzees 
(Bloomsmith  &  Baker  2001 ), social housing must be the 
default option in captivity. Single housing should be an 
infrequent and short - term condition in all but the most well 
justifi ed situations (ie, recovery from injury or experimental 
manipulation; some infectious disease research; social 
incompatibility). As mentioned above, older and/or mildly 
impaired animals may need to be transferred from their 
normal groups to modifi ed groups or enclosures for safety 
reasons.   

 While captive housing regulations typically focus on 
delineating minimum fl oor areas (National Research Council 

chimpanzees in captivity, but as the captive population 
ages, it will take on even greater signifi cance. Middle - aged 
and older chimpanzees require considerably more care than 
do young to prime - aged chimpanzees, especially in the area 
of preventive medicine (Lammey  et al.   2008 ). As animals 
age, biannual physical examinations are likely to replace the 
current practice of annual examinations. Echocardiograms 
should be added to health maintenance SOPs for older or 
 ‘ at - risk ’  animals (Doane  et al.   2006 ), although there may be 
some diagnostic limitations of echocardiograms conducted 
on anaesthetised chimpanzees (Bernacky personal 
communication). 

 Assessments of physiological parameters, usually through 
bodily fl uid samples (blood, urine, saliva, semen) are 
routinely made to not only aid in the diagnosis of acute 
conditions, but also to provide a comparative database for 
assessments of chronic health conditions (Videan  et al.   2008 ). 
Normal ranges (differentiated by age class and sex) for a 
variety of physiological parameters in captive chimpanzees 
have been published (Ihrig  et al.   2001 ; Lamperez  &  Rowell 
 2005 ) (Table  40.1 ). Occasionally, clinical pathologists, veteri-
narians and behavioural scientists encounter animals whose 
physiological measures are outside the published normal 
ranges. This can lead to lively discussions concerning the 
health and/or welfare of the animals (young or old) when 
the numbers on paper do not agree with the clinical signs 
and behavioural observations. Frequently, chimpanzees 
with  ‘ poor ’  readouts on paper appear to be in much better 
overall health than the readouts would suggest. 

 In addition to enhancements to monitoring and other 
types of preventive medicine procedures as the population 
of captive chimpanzees ages, other modifi cations to their 
veterinary care and management may become necessary. If 
advancing age is accompanied by non - lethal sensory, motor, 
cognitive, or health - related impairments, then animals may 
have to be removed from their  ‘ normal ’  groups or enclo-
sures and placed in other groups or enclosures that mini-
mise the potential for injury and other negative consequences 
due to their impairment(s). Even though an older female 
may be an important participant in the social interactions of 

     Figure 40.1     Chimpanzee enclosure (corral) at The 
University of Texas M. D. Anderson Cancer Center, 
Bastrop, TX USA.  
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of captive chimpanzees by providing them with opportuni-
ties to express species - typical activity patterns (Bloomsmith 
 &  Else  2005 ; Schapiro  et al.   2007 ). This is usually discussed 
in terms of providing the chimpanzees with opportunities 
to control or to choose what happens to them (Schapiro  &  
Lambeth  2007 ) and may be formalised in a facility ’ s  ‘ envi-
ronmental enhancement plan ’  (see Table  40.2  for a sample 
environmental enhancement plan). The provision of bedding 
material (hay, blankets, excelsior, shredded paper, etc) each 
evening to stimulate nest - building behaviour is a clear 
example of providing the animals with opportunities to 
choose to perform naturalistic behaviours (Stewart  et al.  
 2007 ) in the captive setting.   

 Behavioural management programmes are in operation at 
most primate facilities (Baker  et al.   2007 ), although the matu-
rity of the programmes differs considerably across facilities. 
The ultimate goal of most behavioural management pro-
grammes is to include all animal care staff as participants in 
the specialised functions of the behavioural - management 
team. However, during the early stages of the development 
of a behavioural - management programme, it is often more 
effective to identify a specifi c subgroup of people that is 
responsible for the training, enrichment and handling 
procedures that comprise the specialised behavioural - 
management duties. As the programme matures, these 
duties and responsibilities can then be distributed among all 
animal care staff. 

 A considerable amount of empirical data has been pub-
lished that addresses how enrichment, socialisation and 
training can infl uence the welfare of captive animals (see 
Chapters  10  and  16 ), with a reasonable number of these 
publications focusing on chimpanzees (eg, Bloomsmith  &  
Baker  2001 ; Baker  2005 ; Bloomsmith  &  Else  2005 ; Schapiro 
 &  Lambeth  2007 ; Schapiro  et al.   2007 ). Many of these reports 
focus on the behavioural effects of these types of manipula-
tions, but assessments of physiological effects are available 
as well (Lambeth  et al.   2006 ).  

 1996 ), three - dimensional volume is probably a more useful 
 ‘ engineering ’  measure for the chimpanzee, a species that 
spends a considerable portion of its day (and all of its night) 
above the ground. Single cages may be 1.8   m (6   ft) tall, while 
outdoor enclosures may include towers that are as high as 
15.2   m (50   ft) (Figure  40.2 ). As with most non - human pri-
mates maintained in captivity, performance standards are 
usually more useful than engineering standards.   

 No chimpanzee enclosure is escape - proof and escapes do 
occur (no fewer than six escapes from all types of facilities 
across the globe have been reported in the popular media in 
2006, 2007, and the fi rst half of 2008 according to a Google 
search of the term  ‘ chimpanzee escape ’ ), so SOPs that mini-
mise the risk of escapes must be developed and stringently 
followed. In addition, safe capture SOPs in the event of an 
escape must be developed and practised, for the safety of 
both the animals and the people involved in the capture 
process. Although chimpanzees have occasionally escaped 
from their enclosures through unanticipated feats of athleti-
cism, the majority of escapes occur through human error  –  
the failure of care staff to properly lock or secure doors, gates 
or chutes (Schapiro  &  Lambeth personal observation).  

  Behavioural  m anagement 

 Behavioural management is a critical component of the 
captive care of all laboratory animals, and is especially 
important for the care of non - human primates (National 
Research Council  1998 ), and even more so for the care of 
chimpanzees (Bloomsmith  &  Else  2005 ). Behavioural man-
agement is typically described as an approach that inte-
grates behavioural strategies (environmental enrichment, 
socialisation and training) designed to functionally simulate 
natural conditions with more traditional husbandry and vet-
erinary management programmes. The general goal of most 
chimpanzee behavioural management programmes is to 
maintain and enhance the welfare/psychological well - being 

     Figure 40.2     Chimpanzee housing (Triple Tower) 
at the Primate Research Institute, Kyoto, Japan. 
 Reproduced with permission of Tetsuro 
Matsuzawa.   



  Table 40.2    A sample environmental enrichment plan for research chimpanzees. The last four columns refer to the description of the 
chimpanzees depending on their housing situation. This table presents the temporal frequency of enrichment, which may be available on a 
 ‘ continuous ’  or  ‘ occasional ’  basis, or at a specifi c daily frequency. 

   Enrichment type     Corral - housed     Indoor/outdoor run     Biomedical 
study groups  

   Biomedical study singles  

   Outside     Inside  

   SOCIAL   

  Conspecifi c contact    Continuous    Continuous    Continuous          

  Human contact  8      Daily    Daily    Daily    Daily    Daily  

  Conspecifi c non - contact    Continuous    Continuous    Continuous    Continuous    Continuous  

   PHYSICAL   

  Ropes    Continuous        Continuous    Continuous      

  Fire hose  1          Continuous              

  Swings    Continuous        Continuous          

  Climbing structure    Continuous    Continuous  3      Continuous  3      Continuous  3        

  Overhead brachiation bars    Continuous    Continuous    Continuous    Continuous    Continuous  

  Grass (ground cover)    Continuous    Continuous  3      Continuous  3      Continuous  3        

  Cargo nets    Continuous    Continuous  3      Continuous  3            

  Culverts    Continuous    Continuous  3      Continuous  3      Continuous  3        

  Tires    Continuous    Continuous  3      Continuous  3      Continuous  3        

  Plastic milk crates    Continuous    Continuous    Continuous    Continuous      

  Sturdy latex tubing    Continuous    Continuous    Continuous    Continuous    Continuous  

  55 - gallon barrels    Continuous    Continuous    Continuous  3      Continuous      

   FEEDING      3/week      3/week      7/week      7/week      7/week   

  Forage mix  4      Occasional    Occasional    Occasional    Occasional    Occasional  

  Novel food items    Occasional    Occasional    Occasional    Occasional    Occasional  

  Frozen produce  2      Occasional    Occasional    Occasional    Occasional    Occasional  

  Stuffed chow bags    Occasional    Occasional    Occasional    Occasional    Occasional  

  Frozen milk cartons  2              Occasional    Occasional    Occasional  

  Frozen soda bottles  2              Occasional    Occasional    Occasional  

  Brent puzzle            Occasional    Occasional    Occasional  

  Forage trough    Occasional    Occasional    Occasional    Occasional    Occasional  

  Stuffed paper bags    Occasional    Occasional    Occasional    Occasional    Occasional  

  Crate puzzle/double crate    Occasional    Occasional    Occasional    Occasional      

  Browse (leaves, bamboo, vine, etc.)  7      Occasional    Occasional    Occasional    Occasional    Occasional  

  Frozen juice cups    Occasional  2      Occasional  2      Occasional  2      Occasional  2      Occasional  

  Food PVC tubes    Occasional    Occasional    Occasional    Occasional    Occasional  

  Smeared forage lids/boards        Occasional  2      Occasional  2      Occasional  2      Occasional  2    

  Toilet paper rolls            Occasional    Occasional    Occasional  

  Reel in feed 
 Goodie box  

      Occasional    Occasional 
 Occasional  

  Occasional 
 Occasional  

  Occasional  

   OCCUPATIONAL      3/week      3/week      4/week      5/week      5/week   

  Pipefeeder (termite) puzzle  6      Occasional    Occasional    Occasional    Occasional    Occasional  

  Raisin board puzzle        Occasional    Occasional    Occasional    Occasional  

  PVC puzzle    Occasional    Occasional    Occasional    Occasional    Occasional  

  Banana puzzle    Occasional    Occasional    Occasional    Occasional    Occasional  

  Ball puzzle        Occasional    Occasional    Occasional    Occasional  

  Peanut puzzle    Occasional    Occasional              

  Three - level puzzle    Occasional    Occasional    Occasional    Occasional    Occasional  

  Astroturf forage board (hanging)    Occasional    Occasional    Occasional    Occasional    Occasional  

  Astroturf hanging tubes    Occasional    Occasional    Occasional    Occasional    Occasional  

  Cap puzzle    Occasional    Occasional    Occasional    Occasional    Occasional  
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   Enrichment type     Corral - housed     Indoor/outdoor run     Biomedical 
study groups  

   Biomedical study singles  

   Outside     Inside  

  Forage bleach bottle    Occasional    Occasional    Occasional    Occasional    Occasional  

  Frozen fruit buckets/tubs  2      Occasional    Occasional    Occasional    Occasional      

  Food - stuffed Kong Toys ™         Occasional    Occasional    Occasional    Occasional  

  Wadger (trough on the outside of the cage 
mesh containing diluted fruit juice, in which 
the animals dip sponges of paper)  

  Occasional    Occasional    Occasional    Occasional    Occasional  

  Frozen vertical PVC puzzle            Occasional    Occasional    Occasional  

  Chalk/drawing/paint    Occasional    Occasional    Occasional    Occasional    Occasional  

  Boomer Ball ™     Continuous    Continuous    Continuous    Continuous    Occasional  

  Other toys  9      Occasional    Occasional    Occasional    Occasional    Occasional  

   NESTING MATERIALS      5/week      5/week      5/week      5/week      5/week   

  Excelsior    Regular    Regular    Occasional    Occasional    Occasional  

  Fleece/blankets/clothes    Occasional    Occasional    Occasional    Occasional    Occasional  

  Butcher paper    Occasional    Occasional    Occasional    Occasional    Occasional  

  Cardboard boxes    Occasional  2      Occasional  2      Occasional  2      Occasional  2      Occasional  

  Shredded paper    Occasional    Occasional    Occasional    Occasional    Occasional  

   SENSORY      5/week      5/week      5/week      7/week      7/week   

  Television/videotapes    Occasional    Occasional    Occasional    Occasional    Occasional  

  Radio/music    Occasional    Occasional    Occasional    Occasional    Occasional  

  Visual items  5      Continuous    Continuous    Occasional    Occasional    Occasional  

  Nature sounds    Occasional    Occasional    Occasional    Occasional    Occasional  

  Olfactory    Occasional    Occasional    Occasional    Occasional    Occasional  

  Rattle ball            Occasional    Occasional    Occasional  

  Water in barrels  2          Occasional    Occasional    Occasional      

  Transport cage  ‘ ride ’     Occasional    Occasional    Occasional    Occasional    Occasional  

  Tug - of - war    Continuous        Continuous    Occasional    Occasional  

  Water sprinkler/misters  2      Daily    Daily    Daily    Daily      

  Bubbles    Occasional    Occasional    Occasional    Occasional    Occasional  

  Destructible items  10      Occasional    Occasional    Occasional    Occasional    Occasional  

  Mirror    Continuous    Continuous    Continuous    Continuous    Continuous  

  Triangle noisemakers    Continuous    Continuous    Continuous    Continuous    Continuous  

   1.   Young animals and some adult groups in the indoor/outdoor runs  .  
  2.   During warm weather only.  
  3.   Animals with access to Primadomes ® .  
  4.   Forage mix can consist of popcorn, raisins, dry cereals, nuts and graham crackers.  
  5.   Visual items include windmills, birdfeeders, balloons, painted murals, decorative shower curtain, etc.  
  6.   Pipe feeders are fi lled with liquid and semi - liquid foods (apple sauce, syrup, jelly, or tomato sauce, etc)  
  7.   All browse (leaves, stick, roots, vines, plants) must be approved by the veterinarian.  
  8.   Human interactions or training with the chimps is conducted regularly through the wire mesh. All precautions are taken to ensure human 

safety.  
  9.   Other toys include, but not limited to Kongs, Dental Devices, Havaballs, Gumabones, Dumbbells, etc.  

  10.   Destructible items include magazines, boxes, etc.   

Table 40.2 Continued

  Environmental  e nrichment 

 Captive chimpanzees respond well to a variety of environ-
mental enrichment strategies and procedures (Brent  2001b ; 
Baker  2005 ). Social enrichment opportunities typically work 
the best; these options will be discussed in more detail in 

the Socialisation section. This section will focus on inani-
mate enrichment strategies, including brief treatments of 
physical, sensory, foraging and occupational enhancement 
approaches (Figure  40.3 ).   

 Enclosures for captive chimpanzees should be physically 
complex enough to stimulate species - typical levels and 
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     Figure 40.3     Foraging enrichment for chimpanzees in a 
Primadome at The University of Texas M. D. Anderson 
Cancer Center, Bastrop, TX, USA.  

     Figure 40.4     Indoor portion of enclosure with barred ceilings 
for brachiation at The University of Texas M. D. Anderson 
Cancer Center, Bastrop, TX, USA.  

types of locomotor activity. While this can usually be 
achieved in situations where the enclosures include an 
outdoor component, it is somewhat more diffi cult when 
access to the outside is not possible. For animals maintained 
only indoors, it is especially important to provide opportu-
nities for brachiation (typically using barred ceilings see 
Figure  40.4 ). Since young chimpanzees are considerably 
more physically active than older chimpanzees, physical 
enhancements that promote running, jumping, swinging etc 
may be more important for younger animals. However, 
since older captive chimpanzees may develop and exhibit 
health problems related to weight gain and a lack of physical 
activity, it may be important to provide an environment that 
also stimulates physical exercise in this age group (it would 
not be appropriate however, to house geriatric, mobility -
 impaired animals in environments that require high levels 
of exercise). As the number of young chimpanzees in 
research settings continues to decrease, enhancements that 

promote physical activity in older, mobile chimpanzees may 
be the most practical and valuable to implement.   

 While open - topped enclosures may provide especially 
naturalistic and functional environments for larger groups 
of chimpanzees, they also provide an additional opportu-
nity for chimpanzees to escape. Complex climbing struc-
tures are typically provided in all outdoor chimpanzee 
enclosures  –  it is especially important when designing the 
structures to make sure that it is  ‘ impossible ’  for the chim-
panzees to jump out. Factors that require signifi cant scrutiny 
include the distance (horizontal and vertical) between the 
structure and the top of the external wall and the availability 
of smaller items that could be stacked and used as ladders, 
or as poles for vaulting. Additionally, suffi cient space must 
be provided between the walls and any overhanging objects 
outside the enclosure. 

 Sensory enrichment is most important for captive chim-
panzees maintained in settings where there are limited 
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ments, primarily apparatus - based operant conditioning pro-
cedures, as occupational enrichment. Additionally, many of 
the tasks that comprise studies of cultural transmission, 
social learning, problem solving, laterality and behavioural 
economics (Silk  et al.   2005 ; Hopkins  et al.   2005, 2007 ; Brosnan 
 et al.   2007 ; Hopper  et al.   2007 ; Whiten  et al.   2007 ) are also 
likely to function as occupational enrichment. Many of these 
techniques could serve as ideal behavioural assays of the 
effects of aging on cognitive function in the captive chim-
panzee population.  

  Socialisation 

 Captive chimpanzees should be maintained in social group-
ings that promote naturalistic social behaviours, are stimulat-
ing, are safe and can be managed. The typical fi ssion – fusion 
community of chimpanzees in the wild (Goodall  1986 ; 
Wrangham  et al.   1994 ) is an extremely diffi cult type of social 
organisation to simulate in captivity. This is partially due to 
space limitations, but is also due, in part, to the potential for 
damaging aggressive episodes when chimpanzees are 
improperly introduced or re - introduced to one another (Fritz 
 &  Howell  2001 ). In the wild, the space available to animals and 
their  ‘ fl ight ’  options are signifi cantly greater than they are in 
the laboratory or zoo. Although in captivity (and on many 
research protocols) it is not possible to maintain chimpanzees 
in a fi ssion – fusion community of 100 animals, it is possible 
functionally to simulate other aspects of their natural social 
organisation (Bloomsmith  &  Baker  2001 ). Specifi cally, captive 
managers of chimpanzees have had good success maintaining 
chimpanzees in multimale – multifemale groups of between 
eight and 20 animals, where male – male social behaviour can 
be expressed in a manner similar to that seen in the wild. One 
specifi c example of such interactions would be the post -
 aggression reconciliation, which is observed in both wild and 
captive groups of chimpanzees (Koski  et al.   2007 ). Although 
multimale groups may result in infrequent outbreaks of 
aggression (as may unimale groups; Alford  et al.   1995 ), the 
daily positive consequences of male – male affi liative and ago-
nistic interactions are typically thought to outweigh the rare 
negative consequences of aggressive interactions. 

 The social development of juvenile and adolescent female 
chimpanzees is another potentially critical aspect of captive 
chimpanzee socialisation that merits discussion. The mora-
torium on breeding of research chimpanzees is likely to have 
long - term social consequences, beyond the reduction in size 
of the chimpanzee population. Currently, young female 
chimpanzees have few opportunities to allomother younger 
chimpanzees and these opportunities are progressively 
declining over time. While many of these females will have 
been raised by their own mothers, data from Bloomsmith 
and colleagues ( 2006 ) suggest that opportunities to  ‘ aunt ’  
infants should increase the probability that young females 
will be competent mothers when (and if) they give birth and 
a lack of such opportunities should decrease the probability. 
However, their data also suggest that about one third of 
females that are not raised by their mothers should still 
become competent mothers themselves (Bloomsmith  et al.  
 2006 ). These fi ndings could be important for understanding 
and assessing maternal competence, if the breeding morato-
rium is eventually lifted.  

opportunities for species - typical sensory stimulation. This 
would apply primarily to chimpanzees housed by them-
selves or in small groups in potentially static or sterile 
indoor environments. For animals living under these condi-
tions, auditory (CDs), visual (videos or TV), olfactory and 
tactile (contact comfort items such as blankets) stimuli can 
serve as options for sensory enrichment (Bloomsmith  &  
Lambeth  2000 ; Sak  et al.   2005 ; Videan  et al.   2007 ). The empiri-
cal data are not particularly convincing concerning the value 
of these types of enrichment for socially housed chimpan-
zees, and many of the studies on the topic have used sensory 
stimuli that are probably not  ‘ species - typical ’  (music, car-
toons, bubbles, etc). Overall though, sensory enrichment is 
reasonably inexpensive and easy to provide in many captive 
circumstances, so the inclusion of such stimuli, especially 
species - typical stimuli (sounds, videos or odours of conspe-
cifi cs), in a comprehensive enrichment programme should 
be worthwhile. The value of sensory enrichment can be sig-
nifi cantly enhanced by providing chimpanzees with the 
opportunity to control the sensory stimuli; to turn lights, 
TVs, radios, fans, etc on and off or to change the type of 
stimulus (eg, classical vs rock music; cartoons vs live action 
video) that they are experiencing (Bloomsmith  et al.   2001 ; 
Schapiro  &  Lambeth  2007 ). 

 Since wild chimpanzees spend up to 60% of their waking 
day searching for, fi nding, processing and eating food items 
(Goodall  1986 ), it is imperative that the captive environment 
includes opportunities for the animals to work (forage) for 
their food. In the past, in many captive situations, highly 
nutritious, though frequently heavily processed food (chow, 
pellets or biscuits) was simply presented to the chimpanzees 
on a scheduled basis, at times that were convenient for those 
providing the food. Current feeding practices for captive 
chimpanzees are much better simulations (although still far 
from perfect) of natural chimpanzee feeding and foraging 
behaviour: (1) various types of food are distributed so that 
they must be searched for and located by the animals; (2) 
food items are presented in forms in which the animals have 
to work to get to the edible portions (whole fruits, food 
puzzles, foraging devices); and (3) multiple small meals are 
fed, rather than one or two large meals (Bloomsmith  &  Else 
 2005 ; Bloomsmith  2007 ). These types of foraging enrichment 
strategies can be implemented with both unprocessed foods 
(fruits, vegetables, seeds, etc) and processed foods (biscuits, 
chow or pellets) and can involve the construction and use 
of tools, an important component of natural chimpanzee 
foraging behaviour. 

 Chimpanzees have considerable cognitive abilities and 
occupational enrichment is typically designed and imple-
mented to provide the animals with opportunities to use 
their cognitive skills (Bloomsmith  &  Else  2005 ). Computers 
with levers, joysticks or touch screens can be used for 
occupational enrichment, although any piece of apparatus 
(enrichment - related or research - related) used, must be made 
as  ‘ chimp - proof ’  as possible (no device or apparatus is com-
pletely chimp - proof). Occupational enrichment will occa-
sionally include the provision of food rewards, however 
occupational enrichment differs from foraging enrichment 
in that the occupational enrichment task is more important 
than the reward. It is not unreasonable to consider the tasks 
performed by chimpanzees maintained for cognitive experi-
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than large, human - like  ‘ meals ’  of only one or two food items, 
captive chimpanzees should be encouraged to forage/feed 
on many foods in a number of bouts across the day to achieve 
a balanced diet (the National Research Council  (2003)  has 
published nutrient requirements for captive non - human 
primates, however this volume contains surprisingly little 
information of direct value to managers of captive chimpan-
zees). This is obviously a more work - intensive and poten-
tially more costly approach for animal care staff than is 
feeding a few large, discrete meals of a limited number of 
foods. But the benefi ts to the animals of a more naturalistic 
feeding regimen are quantifi able (Bloomsmith  2007 ) and 
address the achievement of the general goal of functionally 
simulating natural conditions. Many of the strategies used to 
feed captive chimpanzees are predicated on issues of con-
venience, cost effectiveness and manageability for the care 
staff. Clearly, certain accommodations for such issues have 
to be made, but integrative strategies that take into account 
both human - related and chimpanzee - related factors are in 
use and are constantly being updated. As one example, by 
using small meals as positive reinforcement for the perform-
ance of timely shifting behaviour, the initial commitment of 
additional effort to the feeding of a larger number of smaller 
meals can ultimately reduce the amount of time required to 
get animals to voluntarily move from place to place.    

  Safety 

 The importance of maintaining a safe environment for chim-
panzees and those working with them in captivity cannot 
be overemphasised. Chimpanzees can be dangerous to those 
who work with them (care staff, researchers, veterinarians) 
and to one another. Housing, handling and research proto-
cols must take into account the animals ’  strength, health, 
social relationships and cognitive capabilities. Additionally, 
the potential for humans to make mistakes must be factored 
into all aspects of chimpanzee care and management. 
Effective and effi cient SOPs must be developed and imple-
mented to promote a safe environment for the animals and 
those responsible for them. While it is essential to have SOPs 
for working with chimpanzees, it is also critical that SOPs 
are followed with little or no deviation. If aspects of SOPs 
are unmanageable or inappropriate, then the SOPs need to 
be modifi ed. Even seemingly harmless enrichment tools and 
devices need to be  ‘ safety - assessed ’  as chimpanzees will 
often use them for unintended (but no doubt enriching) 
purposes, such as using foraging tubes as projectiles and 
foraging sticks as weapons.  

  Retirement and  s anctuaries 

 As the population of laboratory (and zoo) chimpanzees 
continues to age, it will be necessary to retire some of the 
animals (Figure  40.5 ). Primary candidates for retirement 
include those animals that are deemed no longer  ‘ useful ’  for 
research (or exhibition in the zoo).  ‘ Useful ’  can be defi ned 
in a number of different ways, some of which are quite 
contentious, especially if animals have to be removed from 
social groups at their research facility and placed in one of 

  Positive  r einforcement  t raining 

 Positive reinforcement training (PRT) can be profi tably 
employed in a number of ways in the management of 
captive chimpanzees. Animals can be trained to voluntarily 
participate in husbandry, veterinary and research proce-
dures (Laule  &  Whittaker  2001 ; Lambeth  et al.   2006 ; Schapiro 
 &  Lambeth  2007 ; Coleman  et al.   2008 ), dramatically increas-
ing the amount of control and choice available to them. This 
volume contains an entire chapter on PRT (Chapter  16 ), so 
only a few chimpanzee - specifi c highlights will be addressed 
here. 

 Chimpanzees have been trained to voluntarily present for 
injections (Lambeth  et al.   2006 ). There are many benefi ts to 
having this behaviour under stimulus control, not the least 
of which is being able to administer a dose of anaesthetic 
(or antibiotic) in a manner that is as minimally stressful as 
possible. Recent studies have shown that numerous haema-
tological and chemistry parameters obtained when chim-
panzees voluntarily presented for an anaesthetic injection 
prior to a blood sample differed signifi cantly from param-
eters obtained from samples in which subjects were non -
 voluntarily anaesthetised (Lambeth  et al.   2006 ). This was 
true for comparisons across different subjects, but more 
importantly, was also true for within - subjects comparisons, 
in which the same subjects were non - voluntarily anaesthe-
tised on one occasion and voluntarily presented for an 
anaesthetic injection on another occasion. 

 Chimpanzees have also been trained to voluntarily 
present for an unanaesthetised venepuncture and blood 
sample (Coleman  et al.   2008 ). Among the small number of 
chimpanzees that have been trained to reliably perform this 
complex and diffi cult behaviour, the pattern of physiologi-
cal results obtained is similar to that reported for present for 
injection above; haematology and chemistry parameters 
differed signifi cantly between blood samples obtained
 voluntarily without anaesthesia and blood samples obtained 
from the same animals 2 – 3 days later when anaesthetised 
(Schapiro  et al.   2006b ). 

 PRT has been used to decrease food stealing and animal 
chasing during feeding times in relatively large (n   =   8 – 16) 
social groups of chimpanzees (Bloomsmith  et al.   1994 ). 
Briefl y, chimpanzees that usually chased other animals and 
stole their food were trained using PRT techniques to 
perform a behaviour that was incompatible with chasing 
and stealing; namely, sitting in one place. Many manage-
ment benefi ts were gained once the animals had been trained 
to feed in this  ‘ co - operative ’  fashion, including a more equal 
distribution of food items (especially highly desirable food 
items) across all members of the group and the necessity of 
using fewer food items in order to make certain that each 
animal received the minimum portion.  

  Feeding 

 Wild chimpanzees spend much of their time searching for, 
working for, processing and eating food items, including 
constructing tools to obtain food. Captive chimpanzees 
should be fed in a manner that promotes foraging and tool 
use. Since wild chimpanzees tend to eat a wide variety of 
food items during foraging bouts throughout the day rather 
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 The amount of space  ‘ required ’  by captive chimpanzees 
is another question that needs to be empirically investigated. 
Space per animal is one variable that is regularly  ‘ addressed ’  
by rules, regulations and/or regulatory bodies (International 
Primatological Society Captive Care Committee  2007 ), and 
may turn out to be a critical aspect in the performance of 
GLP studies with chimpanzees. GLP studies have additional 
experimental and documentation requirements compared 
to non - GLP studies, and often result in subjects living in 
more restricted housing conditions. It would be quite useful 
to have some objective criteria by which to determine how 
much space a chimpanzee (or other non - human primate) 
 ‘ needs ’  as a study subject or simply as a member of a 
resource colony. While it is quite clear that the quality of 
the space and who else is occupying it are more important 
than the quantity of space for most captive non - human 
primates (in laboratories or zoos), empirically determined 
space guidelines would benefi t both animals and humans. 
These are diffi cult and expensive investigations to perform 
however, requiring evaluation of a wide array of housing 
options, not just cages/enclosures that are slightly smaller 
or slightly larger than those recommended in the current 
and relevant guidelines (Crockett  et al.   2000 ).  

  Concluding  r emarks 

 Chimpanzees are extremely valuable animals that present a 
number of very signifi cant moral, ethical and practical chal-
lenges for those involved with their management and use 
in captivity. Their many similarities to humans make them 
of great interest to all people and important models for a 
variety of investigations. However, these similarities also 
create dilemmas related to their appropriate care and use. 
Those responsible for the welfare of captive chimpanzees 
must continuously strive to provide them with safe environ-
ments that stimulate the performance of a wide range of 
species - typical behaviours. Those responsible for studying 
captive chimpanzees must continuously strive to develop 
innovative research procedures that refi ne the ways that 
these animals are handled in captivity.  
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  Biological  o verview 

  Origins 

 The domestic fowl is derived from the junglefowl, probably 
mainly from the Burmese red junglefowl ( Gallus gallus spadi-
ceous , Bonnaterre), but possibly with contributions from the 
other three junglefowl species (Siegel  et al .  1992 ). The jun-
glefowl is a ground - dwelling, gallinaceous bird with territo-
rial males looking after small harems of two to ten females 
with their offspring. Junglefowl are considered graminivo-
rous, feeding on leafy material, seeds and grains, but, as 
with many gallinaceous species, the young chicks require a 
higher - quality diet than this and feed on insects and other 
invertebrates for the fi rst few weeks of life. Junglefowl are 
extremely timid and secretive and therefore diffi cult to 
study in the wild. They can fl y reasonably and roost in trees 
at night and occasionally through the day. Otherwise they 
spend most of their time on the ground and tend to run from 
frightening stimuli. 

 Domestic fowl have probably been domesticated for 
about 5000 years but early archaeological records are scant. 
Two features of their early history are of note. The fi rst is 
that it seems likely the original relationship between human 
beings and the progenitors of chickens was a predator – prey 
one. The usual reaction of prey species to predators is a 
fearful one and the evidence suggests that domestication 
has not removed this completely (Duncan  1990 ). The 
second is that during much of their domestication, chickens 
were selected for fi ghting ability, not for their egg -  or 
meat - producing capabilities (Wood - Gush  1959 ), and this 
probably accounts for the aggressiveness of some modern 
strains.  

  Lifespan 

 Domestic fowl have a life span of 5 – 8 years. Commercially, 
egg - laying hens are kept for only 1 or 2 laying years, because 
egg production declines rather rapidly after this. Breeding 
birds of egg - laying strains are also kept for 1 or 2 years. 
Breeding stock for broilers are kept for less than a full laying 
year because fertility declines so quickly that it is not worth-
while keeping them longer. Broilers themselves, of course, 
are killed at ages ranging from 32 – 70 days depending on 
what fi nal product is required. 

 The unnaturally short lives of commercial chickens should 
not necessarily set the pattern for laboratories. Chickens can 
live healthy lives for at least 4 – 6 years, and this should be 
made use of if possible.  

  Social  o rganisation 

 The basic social unit of jungle fowl consists of about 4 – 12 
females accompanied by a dominant male and their sub -
 adult offspring. Dominant males establish and defend terri-
tories (Collias  et al.   1966 ). From the scant information that is 
available, it appears that domestic fowl that have gone feral, 
have a very similar organisation (McBride  et al.   1969 ). When 
in a group, domestic fowl form a social hierarchy. Males and 
females do not generally interact agonistically, although 
males tend to dominate females passively. Male and female 
hierarchies are separate. Once formed, the social hierarchy is 
fairly stable with little social friction. On the other hand, 
mixing strangers together leads to a lot of fi ghting. 

 Under commercial or laboratory conditions, domestic 
fowl are fairly adaptable. In order to control disease trans-
mission, they are normally kept in single - age groups and 
this is not a problem for them. Newly hatched chicks are 
precocial and develop normally without contact with their 
dam. They are also able to adapt easily to being kept in 
single -  or mixed - sex groups. As males approach sexual 
maturity, they may become very aggressive to each other. 
This is generally not a problem if they are in mixed - sex 
groups and the sex ratio is kept at 10 or more females per 
male. However, in all - male groups, the aggression may lead 
to injury, and it may be necessary to house males individu-
ally. In general, domestic fowl will adapt to the range of 
group sizes normally found in a laboratory, (ie, from three 
to four to several hundred).  

  Breeds,  s trains and  g enetics 

 Chickens kept for commercial purposes can generally be 
divided into three main types, two of which are kept for 
eggs and one for meat production. In Europe and North 
America, white - egg - laying strains are derived from the 
White Leghorn breed, whereas brown - egg - laying strains are 
derived from a variety of breeds but usually include some 
Light Sussex and Rhode Island Red or Rhode Island White 
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 et al.   2004 ). Chickens spend a considerable part of the day 
foraging for food. This is true even if food is provided in a 
very concentrated and highly nutritious form so that they 
can consume their requirements in a short time; they still 
spend many hours pecking, probing and fl icking with their 
beaks and scratching with their feet. A good husbandry 
system should allow this foraging behaviour to occur unim-
peded. Chickens can adapt their drinking behaviour to dif-
ferent sources of water such as troughs, cups or nipples. 
However, if they have learned to obtain water from one 
source, they may not recognise it if it is offered from another 
source. 

 Other maintenance behaviour includes preening and 
other activities associated with feather care. Domestic fowl 
do not bathe in water, but show dust - bathing behaviour 
which functions to rid the feathers of excess lipids. Sleeping 
and resting are normally done in a perching position but 
domestic fowl seem able to adapt to fl at - footed resting and 
sleeping. 

 As mentioned previously, chickens are highly social 
animals. They also tend to synchronise their activities and 
do things together as a fl ock. It is therefore important that 
the facilities provided allow them to do this. The only activ-
ity in which chickens will take turns, is drinking at a limited 
water source. All these social activities, both agonistic and 
associative, are organised by a rich repertoire of visual and 
vocal signals. 

 Domestic chicks are precocial when they hatch. Although 
the mother hen would normally be responsible for showing 
chicks sources of food and water, they are quite able to learn 
to feed and drink on their own when food and water are 
obvious. The one function they cannot manage well is ther-
moregulation; young chicks, therefore, have to be kept in a 
warm environment for the fi rst few weeks of life. 

 Mating behaviour is preceded by elaborate courtship with 
the male being the initiator and main actor. Once insemi-
nated, the hen remains fertile for about 14 days although 
fertility drops quickly after 7 days. Nesting behaviour is 
complex and involves both nest site selection and nest build-
ing and may occupy 60 – 90 minutes every time an egg is laid. 
The evidence suggests that the performance of this behav-
iour is very important to the hen (Follensbee  et al.   1992 ). 

 One other behaviour pattern requires special mention, 
and that is feather pecking and cannibalism which can be a 
problem in some strains of laying fowl. Outbreaks of feather 
pecking and cannibalism can occur at any time in a chicken ’ s 
life but the common times are from 6 – 12 weeks and at point -
 of - lay. This behaviour has nothing to do with aggression 
and is probably some form of foraging behaviour directed 
at other birds ’  feathers rather than a potential food source 
(Blokhuis  &  Arkes  1984 ; Blokhuis  1986 ). It is likely that 
many factors contribute to an outbreak of feather pecking, 
including large group size, wire fl oor housing and bright 
lighting (Kjaer  &  Vestergaard  1999 ). Feather pecking 
behaviour varies substantially between strains of domestic 
fowl and it has been shown to be a heritable trait (Kjaer  &  
S ø rensen  1997 ) which can be selected against (Muir  &  Craig 
 1998 ). 

 The most effective way to reduce the effects of feather 
pecking is to debeak (beak trim) the birds. However, there 
is strong evidence that this causes both acute and chronic 

blood. Elsewhere in the world, there may be incorporation 
of local genetic material such as the Australorp breed in 
Australia. Meat - producing strains (usually referred to as 
 ‘ broilers ’ ) are derived from many different breeds including 
Cornish and White Rock. Primary breeding companies keep 
selected inbred lines which produce grandparent, parent, 
and eventually three -  or four - way cross hybrid chicks which 
are sold on the commercial market. This method exploits 
hybrid vigour and gives an extremely productive and 
uniform fi nal product, the hybrid chicken. This structure in 
the poultry industry also separates breeding from commer-
cial production which provides good biological security. It 
also, of course, provides great genetic security to the primary 
breeding companies, since the result of breeding commercial 
stock would be genetic segregation and recombination and 
a whole mixture of genotypes of little value.  

  Reproduction 

 Reproductive function in domestic fowl is at least partly 
controlled by day length. Commercially, egg - laying strains 
and breeders are kept under short day conditions (often 8   h 
light and 16   h dark or 10   h light and 14   h dark) until they are 
about 16 weeks of age in the case of laying strains and 20 – 22 
weeks of age in the case of broiler breeders. They are then 
photo - stimulated by increasing day length by about 1   h per 
week to 20 – 22 weeks (in the case of laying strains) to 14   L   :   10   D 
or 15   L   :   9   D. Thereafter, day length usually remains constant. 
There are various modifi cations that can be made (see, for 
example, Lewis  &  Morris  2006 ), but this basic lighting pro-
gramme works well. For ease of management, males and 
females of the same age are usually used, although it would 
be possible to successfully photo - stimulate males earlier. 

 When hens of laying strains are photo - stimulated in week 
16, the fi rst egg is usually laid in week 18, the birds reach 
5% production in week 20 and peak production, which 
should be well over 90% (90 eggs per 100 birds per day), is 
reached in weeks 26 – 28. There is then a gradual decline in 
egg production until at week 72 or 74 the birds should be 
laying at about 70%. Commercially, day length is often grad-
ually increased through the laying year but there is no good 
evidence that this actually stimulates more production. A 
long day of only 14 or 15   h (in contrast to a very long day of 
16 or 18   h) may have more welfare advantages for the hens, 
in that it provides them with plenty of rest and they do not 
have an exceptionally long day to fi ll with activities. With 
broiler breeders, egg production is delayed by 2 – 3 weeks 
and is lower. 

 It should be remembered that birds differ from mammals 
in that the male is the homogametic sex carrying two similar 
sex chromosomes designated ZZ, with females being hetero-
gametic and designated ZW. The fowl has some useful sex -
 linked traits such as silver (S) and gold (s) down colour, and 
slow (K) and fast (k) feathering. These traits enable chicks 
to be sexed easily at hatching.  

  Behaviour 

 The behaviour of the domestic fowl has been well studied 
and reported (eg, Wood - Gush  1971 ; Duncan  1980 ; Appleby 
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control over blood fl ow to the lower, unfeathered part of the 
leg and the feet and can use this to conserve or dissipate 
heat. The resting heart rate of adult fowl is about 230 beats/
min and this increases to about 280 – 320 beats/min in active 
but undisturbed birds. When frightened, the heart rate can 
rise to 460 beats/min (range 380 – 460) (Duncan  1981 ).   

  Uses in the Laboratory 

 The domestic fowl ( Gallus gallus domesticus ) continues to be 
a popular laboratory animal. It is small and comparatively 
cheap and easy to maintain. It also has several biological 
features that make it the species of choice for several avenues 
of research. For example, there is still great interest in 
immune function in chickens. B lymphocytes were fi rst 
described in chickens, the  ‘ B ’  referring to the bursa of 
Fabricius. The chicken is also often preferred for classical 
studies in developmental biology. It lost ground to the 
mouse some years ago when mouse genetics surged ahead, 
but the convenience of having the embryo on hand outside 
the mother has meant that many laboratories have 
continued to work with chick embryos. The chicken is also 
favoured for certain oncological studies probably because 
the avian leucosis viruses are amongst the better character-
ised tumour - forming viruses. The chick embryo is also used 
fairly widely in general virus research and toxicology 
studies. Of course, in addition to being used as models for 
other species and for some general biological principles, 
chickens are also used in agricultural laboratories specialis-
ing in chickens.  

  Sources of  s upply 

 Laboratories using domestic fowl can buy day - old chicks 
from commercial hatcheries each time more birds are 
required. A commercial type can be selected to suit the 
requirements of the particular lines of research. Moreover, 
the sex of bird required can be specifi ed. This strategy will 
result in a dependable source of uniform birds. Over the 
short term, it will also result in birds with a very similar 
genetic make - up. However, the primary breeding compa-
nies are constantly striving for improvement, and, every few 
years, introduce new hybrids and discontinue old ones. If 
genetic similarity is important for the research over an 
extended period, then a different strategy should be adopted. 
Many countries have specialised non - commercial lines of 
poultry available. These may be research lines maintained 
by other laboratories, or pure breeds maintained by local 
fanciers. Information on these sources can usually be 
obtained from government agricultural departments/min-
istries, university animal science departments, or poultry 
research institutes/centres. Pure breeds may be of interest 
because they carry particular genes such as the gene for 
polydactyly carried by the Silkie breed. Another solution is 
to maintain breeding stock, but this tends to be expensive. 
The minimum number of breeding birds required to avoid 
inbreeding problems is about 20 males and 20 females in 
each generation. This assumes that all 40 birds will contrib-
ute to the next generation, which implies the use of artifi cial 

pain and therefore reduces the welfare of the birds (Duncan 
 et al.   1989 ; Gentle  et al.   1990 ). Therefore, where possible, 
strains with low tendencies to feather peck should be chosen; 
if the chosen strain has a bad reputation for feather pecking, 
then the chicks should be precision debeaked at the hatchery 
 –  a procedure which is less traumatic than later debeaking 
(Gentle  et al.   1997 ).  

  Standard  b iological  d ata 

 Body weights for various strains of domestic fowl are shown 
in Table  41.1 . Growth rate depends on the strain of chicken 
being used. The primary breeding companies produce 
 ‘ Management Guides ’  with growth curves for each of their 
hybrids. As an example, females of a light hybrid strain 
should weigh around 450, 900 and 1350 g at 6, 12 and 18 
weeks of age. If reproductive fi tness is important for the 
research being undertaken, then it is essential that chickens 
reach the correct weight for age as they are growing. 
There is usually no problem with light hybrids which can 
be fed  ad libitum . Medium hybrids have a slight tendency to 
gain weight too rapidly, so growth rate must be checked 
regularly during the rearing period. Moderate food ration-
ing can easily correct any tendency for the birds to gain too 
much weight. Broiler breeders, on the other hand, have 
enormous appetites and have to be very severely food 
restricted in order to be reproductively fi t later in life. This 
is a big animal welfare problem in the poultry industry. 
There is no easy solution; the short - term welfare of broiler 
breeding fowl must be reduced by keeping them on severe 
food restriction so that they suffer from extreme hunger 
every day, or they suffer later in life from diseases of exces-
sive weigh gain, including abnormalities of limb bone devel-
opment (leg weakness) and obesity. For this reason, 
laboratories should avoid using broiler breeding fowl if at 
all possible. Of course this may not be possible if the birds 
are being used as a model in obesity or pathological bone 
growth studies.   

 Chickens have a core temperature of about 41.5    ° C 
(Whittow  1986 ). Like many avian species, they have good 

  Table 41.1    Average body weights of various types of domestic 
fowl. 

   Type of bird     Average weight (kg)  

  Light  a   hybrid adult females    1.3 – 1.8  
  Light  a   hybrid adult males    2.0 – 2.6  

  Medium  a   hybrid adult females    1.5 – 2.2  

  Medium  a   hybrid adult males    3.0 – 3.6  

  Female broilers at 42 days    1.9  

  Male broilers at 42 days    2.2  

  Broiler breeder adult females  b      3.0  

  Broiler breeder adult males  b      4.0  

    a     ‘ Light ’  and  ‘ medium ’  refer to light and medium body weight birds, 
the two common types of fowl kept for table egg production.  
   b    These weights refer to birds which are food - restricted according to 
the management guidelines.   
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20.2   kg water per day. The ventilation system has to remove 
much of this water and the effi ciency of the system will 
depend on the relative humidity of the air at the time. The 
usual formula for calculating fan capacity is to allow 0.17   m 3  
air per bird per minute. If the laboratory is located in an area 
where summer temperatures of over 30    ° C are common, 
then an air - conditioning system should be installed. 

 It is essential that the whole building is fi tted with an 
alarm system which will give warning if there is a power 
failure to any room. The building should have an emergency 
generator which switches in automatically in the event of a 
power failure and, in addition, an alarm system which will 
notify a responsible person that there is an emergency. 
Systems are available whereby the alarm will ring a series 
of telephone numbers until one is answered.  

  Pens or  c ages? 

 Probably the fi rst important decision to be made is whether 
birds can be kept on the fl oor or if they must be housed in 
some form of cage. The nature of the research will probably 
determine which route must be followed. In general, it is 
possible to provide the birds with a better, more appropriate 
environment if they are kept on the fl oor. However, the fact 
that a cage environment separates the bird from its faeces, 
means that cages are more hygienic although more restric-
tive. There may also be many good scientifi c reasons for 
deciding on cages, such as projects requiring faecal collec-
tion or if the nature of the research precludes medication 
with a coccidiostat. It should also be remembered that con-
ventional battery cages will be banned for commercial use 
in the European Union (EU) from January 2012. Moreover, 
the EU has recently adopted recommendations for animals 
used in research that provide advice on housing and 
husbandry, including enrichment (European Commission 
 2007 ). These recommendations (portions of which may 
become compulsory within the EU) also provide minimum 
enclosure dimensions and space allowances that are sub-
stantially greater than previous recommendations (eg, a 
minimum enclosure size of 2   m 2  for birds above 600   g). It 
may also be possible to brood the chicks and rear the young 
stock on the fl oor, while keeping the adult stock in cages. It 
may even be possible to keep all stock on the fl oor and move 
birds into cages for the duration of an experiment. Of course, 
there are not the same fi nancial constraints on the keeping 
of birds in a laboratory. So, for example, it may be perfectly 
feasible to keep laboratory hens in a small fl oor pen on litter 
and maintain hygiene by cleaning the pen out each week 
which would be totally unacceptable fi nancially in commer-
cial practice.  

  Equipment 

 The equipment selected will depend very much on the 
nature of the research being carried out. For many research 
projects, commercial equipment may be used. In other cases, 
for example in nutritional studies into trace elements, spe-
cialised equipment made of stainless steel or special plastics, 
may be needed.  

insemination. It should be remembered that if the research 
to be carried out involves chick embryos, then the source of 
the eggs is very important. For example, certain research 
projects might require background information on the 
disease status and vaccination programme of the parent 
fl ock; such information may or may not be available for 
fertile eggs purchased from a commercial hatchery.  

  Laboratory  m anagement and  b reeding 

  Housing 

 Any well designed laboratory animal house can be used for 
chickens. There is advantage in having rooms of suffi cient 
size such that commercial poultry equipment can be used. 
This would include a ceiling height of 2.5   m. Large rooms 
also allow for fl exibility in the confi guration of penning 
or caging. The surfaces of rooms should be of some 
impervious material that can be thoroughly cleaned and 
disinfected. There are various plastic laminates available 
which, although expensive, serve this purpose extremely 
well and these should cover the walls and ceiling. The fl oors 
of rooms should slope to drains and be of sealed concrete. 
If possible, all electrical fi ttings should be sealed so that each 
room can be pressure - washed. The lights in each room 
should be fi tted with a timer and dimmer so that the length 
and level of illumination can be controlled automatically. 
Incandescent or fl uorescent lights can be used but fl uores-
cent lights, although more effi cient, are diffi cult to dim at 
the present time (although this is likely to change in the near 
future). 

 A system for the removal of manure should be incorpo-
rated. As a rough guide, 100 light hybrid laying hens 
produce about 12   kg manure per day. Also, local authority 
rules and regulations governing the disposal of waste water 
should be carefully observed. It may be necessary to provide 
a large settling tank within the building to remove the bulk 
of the solids. Ideally, advice from an architect and sewage 
engineer, who are familiar with local by - laws, should be 
sought during the design phase of the building. These 
people should also be consulted if an existing building is 
being converted to hold chickens.  

  Environmental  p rovisions 

 General advice on environmental requirements can be 
found in the report on birds by the Joint Working Group on 
Refi nement (JWGR  2001 ). The ventilation system should 
have suffi cient capacity to cope with the local climatic condi-
tions and the maximum numbers of birds held in each room. 
The main purpose of a ventilating system is to remove 
excess heat and water vapour from the building. It is unlikely 
that bird density in a laboratory setting will ever be so high 
as to constitute an over - heating problem, but it should be 
noted that a light hybrid, medium hybrid and broiler breed-
ing hen produce about 42, 48 and 59   kJ of heat per hour. With 
regard to water production, 100 light hybrid laying hens at 
normal room temperature produce 11.4   kg respiratory water 
per day and 8.8   kg faecal water per day, giving a total of 
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 Some form of litter with good insulating and absorbing 
properties should be placed on the fl oor to a depth of about 
3 – 5   cm. Wood shavings are common but many other materi-
als can be used. If wood shavings are used, they should be 
from untreated wood. 

 Water can be provided in various ways. Chick founts, 
with a large glass or plastic jar inverted in a plastic or metal 
dish, are common (Figure  41.1 ). Automatic drinking nipples, 
cups and bells also work well. A bell drinker is a plastic 
bell - shaped container suspended from the ceiling and sup-
plied with water via a fl exible water line from above. Water 
fl ows over the outside of the bell and is held in an upturned 
rim. When a set amount of water is in the rim, the weight 
of the water operates a stop valve in the supply line. As the 
birds drink the water, the weight decreases and the valve 
opens allowing water to fl ow again (Figure  41.2 ). There is 
some advantage to using nipples since they often have a 
drop of water hanging from the nipple and this attracts 
chicks which have a natural tendency to peck at bright shiny 
objects. Allow 1.5   cm/chick of water trough access, 1.3   cm/
chick if pans or bells are used, four automatic cups/100 
chicks, or eight automatic nipples/100 chicks. There should 
be a daily inspection of all drinkers to ensure there is an 
unimpeded supply of water.   

 There is also a variety of feeders available in metal and 
plastic. Allow 5   cm/chick of trough access or 4   cm/chick if 
round pans are used. In addition, some extra food should 
be provided on  ‘ scratch trays ’  for the fi rst few days. 
Cardboard trays used for egg storage are ideal for this 
purpose. 

 Tier brooders are cages for groups of chicks. Each cage is 
commonly divided into an enclosed section which is heated 
electrically with the heat being controlled by a thermostat, 
and a more open section which allows for inspection. 
Food and water are supplied from troughs running round 
the outside of the cage (Figure  41.3 ). Tier brooders save 
space and are often on wheels so they can easily be moved 
between rooms. The thermostat should be adjusted to 
provide a temperature of about 32    ° C in the enclosed section 
of the brooder.   

  Brooding  p hase 

 Chicks may be brooded on the fl oor or in tier brooders. They 
are not able to regulate their body temperature very well for 
the fi rst few weeks of life and require warmth. It is usually 
best to raise the temperature of the room in which chicks are 
being brooded to say, 24 – 26    ° C, and to provide some sup-
plemental heat. 

 If chicks are brooded on the fl oor, the extra heat is most 
easily provided by a suspended electrical heater. More 
powerful commercial brooders operated by natural gas and 
other fuels are available if large numbers of chicks are being 
brooded. For a laboratory, electrical brooders are probably 
more convenient. It is recommended that dull emitter 
heaters are used rather than heating lamps since this means 
that the lighting and heating programmes can be controlled 
independently. The heater should be suspended above the 
fl oor of the pen with some means of adjusting the height, 
since this is how temperature is controlled. The heater 
should be switched on 24   h before the chicks are due. A 
thermometer can be used to check the temperature before 
the chicks arrive. It should be about 32    ° C 15   cm outside the 
brooder canopy or refl ector and 5   cm above the fl oor. 
However, the main guide to brooder temperature should be 
the chicks themselves. When they are placed, they should 
arrange themselves in a ring below where the brooder is 
radiating heat. If they huddle directly below the brooder, 
then they are cold and the brooder should be lowered. If 
they are spread out as far from the brooder as possible, then 
they are hot and the brooder should be raised. Dull emitter 
heaters are capable of brooding a few hundred chicks. 
Supplemental heat is gradually reduced through the brood-
ing period by raising the height of the brooder. 

 For the fi rst few days, chicks are usually not allowed 
access to the whole pen, but are confi ned to a smaller area, 
about 1.5   m in diameter, under the brooder using a brooder 
guard. This is simply a temporary construction made out of 
a roll of corrugated cardboard, perhaps 30 – 40   cm high with 
the ends clipped together to make a circle. It is scrapped 
after a few days. 

     Figure 41.1     A chick fount suitable for supplying chicks 
with water for the fi rst few weeks of life.  
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18 – 26 ° C. Birds can be reared on the fl oor or in cages. Once 
again, the nature of the research will determine which hus-
bandry method is selected. If they are destined to become 
breeding stock, breeding naturally, then they should be 
reared on the fl oor. 

 Birds should be given plenty of space. If they are being 
reared in cages, each bird will require a minimum of about 
600   cm 2  as they approach sexual maturity, so this capacity 
should be available. They can be kept at a higher density 
when they are young, and then be split into smaller groups 
at a lower density as they grow. If they are reared on the 
fl oor on litter, the space required as they approach maturity 
is about 5 birds/m 2 . Once again they can be kept more 
densely than this when young and the groups sub - divided 
as they grow. 

 There are many different kinds of commercial feeders 
available for fl oor rearing. Allow 9   cm/bird of trough access 
or 4   cm/bird if large - diameter (120   cm) tube feeders are 
used. Of course, if any type of food restriction is going to be 
practised, then these allowances must be greatly increased 
to 15   cm/bird for troughs and 8   cm/bird for tube feeders, to 
ensure that all the birds can very easily feed at once. For 
cage - reared birds, towards the end of the rearing period, 
allow 9 – 10   cm/bird of trough space. 

 Water can be provided by means of troughs, bells, auto-
matic cups or nipples, with cups and nipples being more 
hygienic. Allow 2.5   cm/bird of water trough access, 2.0   cm/
bird of bell access, nine automatic cups/100 birds, or 12 
automatic nipples/100 birds. Birds should be monitored 
closely if the type of drinker is changed between phases. For 
example, chicks that have been brooded with nipple drink-
ers may not recognise water when it is presented in a trough 
or bell drinker. There should be a daily inspection of all 
drinkers to ensure there is an unimpeded supply of water. 
Drinking troughs require frequent cleaning. Bells and cups 
also require cleaning but less frequently than troughs. 

 Since domestic fowl learn to perch at an early age, and 
since, if given the opportunity, they rest in a perching 
posture and are strongly motivated to do so (Olsson  &  
Keeling  2002 ), it is recommended that perches be provided. 
These should be round, or round with a fl attened top, of 

 As with all neonates, rest and sleep are extremely impor-
tant for chicks (Malleau  et al.   2007 ). Therefore, chicks should 
be given at least 8   h of darkness every 24   h. When the lights 
are on, the level of illumination should be fairly high (40 lux) 
for the fi rst 3 – 5 days. After this, birds should go on to a 
lifetime lighting programme. For laying hens and all breed-
ing birds, this will generally mean that, from about 5 days 
until they are photo - stimulated, they will be kept on a short 
day, perhaps 8   L   :   16   D. Commercially, chickens are kept 
under very dim light. However, since they are very visual 
animals, it is suggested that, in a laboratory setting, the 
level of illumination should be as bright as possible, at least 
20 lux.  

  Rearing  p hase 

 After about 4 weeks, young birds generally do not require 
supplemental heat. The phase that follows brooding until 
they reach sexual maturity at 19 – 24 weeks is considered the 
rearing phase. The optimum room temperature is about 
20    ° C, but growing birds can easily cope with a range of 

     Figure 41.2     A drinking bell suitable for supplying 
water to all growing and adult birds on the fl oor.  

     Figure 41.3     A tier brooder.  
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 The simplest and most hygienic method of supplying 
water to cages is by means of nipples or cups. One nipple 
or cup per cage of three to four birds is suffi cient. However, 
since chickens do not compete over water, a better confi gu-
ration is to locate nipples or cups at cage junctions so that 
two or four cages can share the facility. This means that 
birds in each cage will have access to more than one water 
outlet. There should be a daily inspection of all drinkers to 
ensure there is an unimpeded supply of water. Drinking 
cups also require periodic cleaning. 

 If the type of research being conducted by the laboratory 
allows alternatives to cages, then there are many systems to 
choose from. The past 20 years has seen a burgeoning of 
alternative commercial systems (eg, Appleby  et al.   2004 ) and 
a laboratory could easily adopt one of these, either in its 
commercial form or as a modifi ed scaled - down version. 
There are two main types of system, one based on fl oor -
 housing and the other on modifi ed cages. A good housing 
system should include the following essential features: 

  1.     The birds should be in reasonably small groups. There 
is no hard evidence on what the upper threshold might 
be, above which welfare is reduced, but it is likely that 
a group size of 15 – 20 is ideal and that problems may 
arise with groups over 40. Maintaining birds in appro-
priately sized groups should not be a problem for most 
laboratories. Within the group, each bird should have 
800   cm 2  of space. Since, in many of these systems, 
more use is made of vertical space, and birds may 
 ‘ share ’  fl oor space by being at different levels, it is 
sometimes diffi cult to make this calculation. As a 
general rule, laboratories should be generous with 
space allowances.  

  2.     The birds should be able to feed at the same time; this 
means that at least 10   cm feed trough space per bird is 
required, slightly less than this if food is provided from 
a round pan.  

  3.     Birds should have access to water at all times. Any of 
the previously described drinkers is suitable. Allow 
about one cup for 12 hens or one nipple for eight hens.  

  4.     Hens should have access to a suitable nesting place. 
Single -  or pair - housed birds should each have access to 
a nest box, with a ratio of at least one nest box per two 
birds provided in larger groups (European Commission 
 2007 ). The nest should be secluded but not necessarily 
dark. It should allow the hen to express the various 
nest - building motor patterns. Loose nesting material is 
not essential but a round cup - shaped nest is preferred 
(Duncan  &  Kite  1989 ). It is possible to collect eggs auto-
matically from a nest of this type. If individual nest 
boxes are used, then allow one nest box for fi ve hens.  

  5.     Perches should be available for roosting at night and for 
resting through the day. The best perch designed so far 
(a perfect perch has not yet been designed) is of reason-
ably hard wood, circular in profi le, 36   mm in diameter 
and fl attened on the top and bottom giving a vertical 
cross - section of 31   mm (Tauson  &  Abrahamsson  1994 ). 
If perches are provided at different levels, there should 
be suffi cient length of perch to allow all the birds in a 
group to perch at the same level. This will require about 
15   cm of perch per bird. It should be pointed out that, 

about 25   mm in diameter for younger birds, and made of 
reasonably hard wood. As the birds approach adulthood, 
the perches should be exchanged for ones with a diameter 
of about 36   mm (Tauson  &  Abrahamsson  1994 ). It is recom-
mended that perches be provided at different heights, one 
at 5 – 10   cm above the fl oor, and at least one other at about 
30   cm above the fl oor. Allow about 30   cm perch length per 
bird at each level so that the birds can perch communally.  

  Adult  p hase 

 Birds should be moved to their adult quarters at about 16 
weeks of age so that they can settle down before the fi rst egg 
is produced. The optimum temperature for adult chickens 
is 20 – 21    ° C but the range 16 – 26    ° C is satisfactory. Below 16    ° C 
birds will eat considerably more food to keep warm, and 
above 27    ° C hens may not eat enough to maintain a high 
level of egg production. At 28 – 29    ° C they begin to encounter 
heat stress problems. 

 It is the housing of adult chickens that raises the most 
animal welfare concerns. The traditional battery cage, 
although being a hygienic and profi table husbandry system 
commercially, is much less than ideal from a welfare point 
of view. It should also be remembered that conventional 
cages will be banned in the EU from January 2012. Standards 
of care in a laboratory should be higher than those in com-
mercial conditions. Laboratories should, therefore, make 
every attempt to fi nd an alternative, more welfare - friendly 
husbandry system for keeping adult chickens. 

 If some type of conventional cage is essential for the 
research, then it must be of the best possible design. Tauson 
 (1980, 1985)  describes how design features of conventional 
cages may be modifi ed to improve welfare. For some years 
Sweden has insisted on this improved cage design, therefore 
a cage manufacturer supplying the Swedish commercial 
market should be sought. If some form of conventional cage 
in a special material such as stainless steel or plastic is neces-
sary, then the cages may have to be built to order. Once 
again, the modifi cations suggested by Tauson  (1980, 1985)  
should be incorporated into the design, including an absence 
of V - shaped spaces where birds can be trapped, a fl oor slope 
of no more than 8 ° , and an appropriate distance that the bird 
has to stretch to the bottom of the food trough. Cage height 
should be at least 40   cm throughout the cage. If possible, 
birds should be kept in small groups of three or four with 
800   cm 2  fl oor space per bird or at least 600   cm 2  if the birds 
are small. If birds must be kept in single - bird cages these 
should allow about 1200   cm 2  fl oor space per bird. If birds are 
kept in pairs, each cage should have at least 1800   cm 2  fl oor 
space. The minimum feeding space should be 12   cm per 
bird. In multi - bird cages, birds retain better plumage condi-
tion if there are solid rather than wire mesh divisions 
between cages. 

 Conventional cages, even those with all the improve-
ments described above, are not suitable for males. It will not 
generally be possible to keep more than one male to a cage 
because of the risk of fi ghting and injury. Cages for males 
should be 60   cm in height and a space allowance of about 
2500   cm 2  is recommended. Since there are no eggs to roll 
away, the fl oor should be level. 
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infected. If individual rooms can be hermetically sealed, 
then they should also be fumigated at this time. There may 
be some advantage in rotating disinfectants and in allowing 
rooms to stand empty for some days after disinfection. All 
the equipment in the room should be cleaned and disin-
fected at the same time as the room is being treated. 

 It is also good practice to have disinfectant foot baths 
outside each room so that diseases are not spread inadvert-
ently by the animal care staff. Of course, if the laboratory is 
dealing with diseases, then much more stringent precau-
tions will have to be taken such as specialist protective cloth-
ing and apparatus, and showering in to and out of each 
room or unit.  

  Identifi cation and  s exing 

 Small, numbered, metal or plastic wing - tags can be used to 
give day - old chicks a unique, lifetime identifi cation. A 
special tool is used to clip the tags through the wing - web 
on the front edge of the wing taking care not to pierce 
any muscle tissue. These wing - tags seem to have minimal 
adverse effects. 

 Commercial breeding companies often arrange their day -
 old chicks to be auto - sexed. Use is made of certain genes 
carried on the sex chromosomes, such as silver down colour, 
barring, or fast feathering. In the case of silver down colour 
for example, cocks (the homogametic sex) which are 
homozygous recessive for the trait (and gold) are mated 
with females which are hemizygous dominant (and silver). 
This results in male progeny in which the males are all het-
erozygous (and silver) and the females are all hemizygous 
(and gold). If breeding companies cannot arrange for auto-
sexing then they use vent - sexing in which highly trained 
personnel are able to sex the chicks using differences in 
genital papillae. 

 It is thus simple for a laboratory to buy day - old chicks of 
the required sex but not so easy to arrange auto - sexing or 
vent - sexing within the laboratory. If birds of a certain sex 
are required, the solution may be to rear all the chicks until 
feather differences become obvious. These differences can 
usually be identifi ed at a few weeks of age.  

  Natural  b reeding 

 Domestic fowl will breed easily if kept in fl oor pens. If the 
experimental procedures dictate that the breeding birds 
should be kept in cages, then it is advisable to use artifi cial 
insemination, since cage breeding is never very successful. 
Birds are usually photo - stimulated to bring them into breed-
ing condition at around 17 – 21 weeks of age (a few weeks 
later for meat - type birds). Rapid growth and reddening of 
the comb is characteristic of birds coming into breeding 
condition. In hens, the vent becomes moist and red a few 
days before the fi rst egg is due and the pubic bones separate 
from about 1 fi nger - width to about three fi nger - widths. 

 A sex ratio of about one male to ten females usually works 
well. Eggs laid 2 days after the sexes are mixed should be 
fertile. If the laboratory is practising some form of pedigreed 
mating system, then it should be remembered that hens 

although on balance, the provision of perches increases 
welfare, they do have some costs. Perches increase the 
incidence of bumble foot (an infl ammatory infection of 
the foot pad) and keel bone deformations, compared 
with birds kept without perches. On the other hand, 
perches decrease the incidence of toe pad hyperkerato-
sis when they are added to conventional battery cages 
(Tauson  &  Abrahamsson  1994 ).    

 The best alternative systems, whether based on fl oor -
 housing or cage - housing, incorporate all these features. The 
following features are not equally available in the two types 
of system: 

  1.     It is much easier to provide opportunities for foraging 
in fl oor - based housing systems. Since foraging nor-
mally occupies a great deal of time, it is probably very 
important to the chicken. It is not impossible to allow 
hens in cage - based environments to forage, but it takes 
some ingenuity and stamina on the part of the animal 
care staff. For example, some type of fresh green mate-
rial, such as a cabbage or piece of cabbage or net fi lled 
with clover could be hung in the cage. The hygiene 
associated with a mesh fl oor would thus be maintained. 
However, the labour involved in such a scheme would 
be considerable and if fresh greens are not provided 
after the chickens have become used the routine, there 
would then be a grave risk of the chickens starting to 
featherpeck. Therefore, if foraging behaviour is consid-
ered essential, a fl oor - based system should be selected.  

  2.     Dustbathing behaviour can be encouraged in cage -
 based systems by the provision of sand boxes. However, 
there have been problems associated with these, notably 
hens laying in the sand boxes, probably because the 
design was not ideal. On the other hand, dusty locations 
quickly develop in the litter of fl oor - based systems and 
these are used for dustbathing.    

 Fowl are highly motivated to perform  ‘ comfort behaviour ’  
such as wing fl apping, feather ruffl ing and leg stretching, 
which help to maintain strong leg bones. Birds should there-
fore be housed in enclosures large enough to permit all of 
these behaviours whenever possible (European Commission 
 2007 ). There are so many housing systems available that it 
is impossible to describe each. One that is showing consider-
able promise is a type of modifi ed cage called the  ‘ Edinburgh 
modifi ed cage ’  (Appleby  &  Hughes  1995 ) or the  ‘ modifi ed 
and enriched cage ’  (Abrahamsson  et al.   1996 ). This is essen-
tially a cage for four to six hens with a perch, nest box and 
sand box for dustbathing. These cages can be tiered to save 
space, and feeding, drinking and egg collection can be auto-
mated. They also provide a fairly high standard of hygiene.  

  Hygiene 

 It is essential that newly hatched chicks go into a clean envi-
ronment. In a laboratory the best way to achieve this is to 
copy commercial husbandry and operate an  ‘ all - in, all - out ’  
system. Of course, in a laboratory, all - in, all - out will apply 
to individual rooms and not to the whole establishment. 
When each room becomes empty of birds, the room and all 
the equipment in it, should be thoroughly cleaned and dis-
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tion such that each hen gets a standard insemination volume 
of 0.05   ml containing 100 million sperm cells. 

 Females can be inseminated as soon as they are in lay and 
it is better to inseminate later in the day when there is not a 
hard - shelled egg in the shell gland. The hen is held in the 
palm of the left hand facing left with the thighs held by the 
thumb and index fi nger. Gentle pressure is then exerted in 
a posterior direction with the left hand as the tail is pressed 
in an anterior direction with the right hand. This everts the 
hen ’ s cloaca. A second person then inserts the inseminating 
pipette into the oviduct to a depth of about 3   cm. The fi rst 
person releases the pressure on the body cavity allowing the 
cloaca to return to its natural position and the second person 
inseminates and withdraws the pipette. Inseminating hens 
every 5 days will usually maintain a high fertility rate.  

  Inspection of  b irds 

 All birds in a laboratory should be inspected at least twice 
a day, fi rst thing in the morning and again later in the day. 
The inspection should be carried out by personnel who are 
familiar with the healthy appearance and normal behaviour 
of various classes of domestic fowl. It is good laboratory 
practice to have check sheets in every bird room on which 
any departure from normal appearance or behaviour can 
be recorded. Of course, if birds are subjected to any experi-
mental treatment that might jeopardise their welfare, then 
inspections should be more frequent than this. During 
routine inspections of the birds, equipment such as feeders 
and drinkers should be checked. This is also a good oppor-
tunity to monitor and record environmental variables such 
as temperature and ventilation.  

  Feeding 

 Commercial poultry rations are formulated to very high 
standards and laboratories can have confi dence in buying 
these. Complete balanced rations are usually fed, either as a 
dry mash, pellets or crumbles, which are partially ground - up 
pellets. The steam and pressure used in pelleting increase the 
digestibility of a ration so that weight - for - weight, pellets and 
crumbles are slightly more nutritious than the same ration in 
mash form. It is advantageous to feed chicks crumbles; the 
particle size of crumbles is very attractive to chicks and 
ensures that they ingest plenty of food in the fi rst few days. 
In the rearing and adult stages, it is usual to choose a mash 
ration if over - consumption is a problem or if it is necessary to 
occupy the birds with feeding through a large part of the day 
and essential if feather pecking is likely to be a problem. 
(Birds take longer to eat the same quantity of mash compared 
with pellets or crumbles.) If high consumption and quick 
growth are necessary, or if under - consumption is a problem, 
then pellets or crumbles should be fed. 

 The energy in poultry diets normally comes from a cereal, 
often maize, wheat or barley or a mixture of these, some-
times boosted with tallow. The protein comes from a source 
of vegetable protein such as soybean meal supplemented 
with animal protein or individual synthetic amino acids. To 
this is added a pre - mix containing minerals, vitamins and 

remain fertile for 7 – 10 days after one successful copulation. 
Fertility then drops quite quickly and few fertile eggs should 
be produced 15 days after the sexes are separated. 

 Fertile eggs should be collected often in order to get 
them into ideal storage conditions as quickly as possible. 
They should be stored, blunt end up, in egg trays, in an egg 
storage room designed for the purpose, with a temperature 
of about 16 – 18    ° C and a relative humidity of 75%. Fertile 
eggs may be stored for 1 week but hatchability will decrease 
after longer storage times. 

 It is best to warm hatching eggs at room temperature 
(20 – 22    ° C) for 4 – 6   h before setting them in the incubator. The 
incubation period for domestic fowl is 21 days. Optimal 
incubation conditions are a temperature of 37.5 – 37.7    ° C and 
a relative humidity of 60% for the fi rst 19 days and a tem-
perature 36.1 – 37.2    ° C and a relative humidity of 75% for the 
fi nal 2 days. This is normally achieved by moving the trays 
from the setter to the hatcher on day 19 of incubation; if the 
chicks are to be pedigreed, the hatcher must have individual 
boxes for each egg/chick. The eggs must be turned regularly 
(commercially they are turned every hour) during the fi rst 
19 days. If incubation is going to be carried out regularly in 
a laboratory, then papers which cover the topic such as 
Hulet  (2007) , Fasenko  (2007)  and Decuypere and Bruggeman 
 (2007)  should be consulted.  

  Artifi cial  i nsemination 

 Artifi cial insemination may be necessary because, for 
example, of a scientifi c requirement for individually housed 
hens, or when natural mating results in low fertility, or if 
specifi c pedigreed matings are required. The technique is 
straightforward. For best results, males should be housed 
individually, otherwise homosexual mating may deplete 
semen yields. Males can be photo - stimulated to produce 
semen at a fairly young age but it is normal to do this at 
about 18 weeks for laying - type males and 20 weeks for 
meat - type males. They will then start to produce semen at 
about 20 weeks and 22 weeks respectively, and collection of 
semen should start at that time. The procedure for semen 
collection is well described by Etches  (1996)  but requires a 
highly skilled technician for best results. The male is held 
with his feet at right angles to his body, and his belly and 
back stroked towards the tail with quick fi rm strokes. This 
stimulates erection of the phallic folds. When stimulated, the 
hand massaging the back is then transferred to the cloacal 
area with the thumb and index fi nger located on the lateral 
aspects of the cloaca and slightly anterior to the vent. Gentle 
pressure can then be used to expel semen from the ductus 
deferens. The fl ow of semen can then be collected by aspira-
tion into a collecting ampoule. Care should be taken to 
collect semen only and avoid urates and faeces. Males 
should be handled gently and consistently. They become 
accustomed to being milked by the same operator and 
changes of personnel should be avoided if possible. A col-
lecting schedule of three times per week (Mondays, 
Wednesdays and Fridays) will yield good volumes (0.15 –
 0.35   ml) of semen. Etches  (1996)  recommends collecting the 
semen into semen diluent at 15 ° C, evaluating the semen for 
sperm density and quality, then arranging the rate of dilu-
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  Table 41.2    Chick starter diet specifi cations for egg - type strains 
(from day - old to week 5). The quality of the protein must be high 
and this can be verifi ed by checking the levels of certain amino 
acids which should be present at least at the level shown. 

   Diet specifi cation     Value  

  Metabolisable energy (ME) (MJ/kg)    12.13  

  Protein (%)    18 – 20  
     Arginine (%)    1.0  
     Lysine (%)    0.9  
     Methionine (%)    0.4  
     Tryptophan (%)    0.18  

  Fibre (%) (upper limit)    3 – 4  

  Calcium (%)    1.0  

  Phosphorus (%)    0.45  

  Plus a good vitamin and mineral supplement at the 
recommended level  

    

  Table 41.3    Grower diet specifi cations for egg - type strains (from 
week 5 to week 16/17). 

   Diet specifi cation     Value  

  ME (MJ/kg)    11.71  

  Protein (%)    14  

  Calcium (%)    0.8  

  Phosphorus (%)    0.4  

  Plus a good vitamin and mineral supplement at the 
recommended level  

    

  Table 41.4    Two - phase grower diet specifi cations for egg - type 
strains. 

   Diet specifi cation     Week 5 – 11     Week 12 – 16/17  

  ME (MJ/kg)    11.92    11.50  

  Protein (%)    15    13  

  Calcium (%)    0.8    0.8  

  Phosphorus (%)    0.4    0.4  

  Plus a good vitamin and 
mineral supplement at the 
recommended level  

        

  Table 41.5    Layer diet specifi cations for egg - type strains. 

   Diet specifi cation     Value  

  ME (MJ/kg)    11.50  

  Protein (%)    16  

  Calcium (%)    3.5  

  Phosphorus (%)    0.4  

  Plus a good vitamin and mineral supplement at the 
recommended level  

    

  Table 41.6    Breeder diet specifi cations for egg - type strains. 

   Diet specifi cation     Value  

  ME (MJ/kg)    11.71  

  Protein (%)    17  

  Calcium (%)    3.7  

  Phosphorus (%)    0.44  

  Plus a good vitamin and mineral supplement at the 
recommended level  

    

  Table 41.7    Three - phase broiler diet specifi cations. 

   Diet specifi cation     Starter 
 (days 
1 – 24)  

   Grower 
 (days 
25 – 35)  

   Finisher 
 (days 
36 – 42)  

  ME (MJ/kg)    12.75    13.18    13.38  

  Protein (%)    22    20    18  

  Calcium (%)    1.0    0.95    0.95  

  Phosphorus (%)    0.42    0.4    0.4  

  Plus a good vitamin and 
mineral supplement at the 
recommended level  

            

  Table 41.8    Broiler breeder diet specifi cations. 

   Diet specifi cation     Value  

  ME (MJ/kg)    12.13  

  Protein (%)    16.5  

  Calcium (%)    3.7  

  Phosphorus (%)    0.45  

  Plus a good vitamin and mineral supplement at the 
recommended level  

    

possibly some additives such as an anti - oxidant, a coccidi-
ostat, xanthophylls to give yolk colour, etc. 

 Different ages and types of bird have different nutritional 
requirements which means that, in a laboratory housing 
chickens with a range of ages and types, several rations have 
to be fed. The specifi cations for the most commonly fed 
chicken rations are shown in Tables  41.2 – 41.8 .   

 It should be noted that if hens are producing fertile eggs 
for hatching, then it is usual to increase the nutrient density 
of the diet slightly. In addition, special attention is paid to 
minerals, vitamins and essential amino acids in breeder 
diets. It is normal for the males in a breeder fl ock to receive 
the same ration as the hens. However they should receive 
less calcium ( < 1.0%). If artifi cial insemination is being prac-
tised and the males are separate from the females, this can 
be arranged. It can also occur in broiler breeder fl ocks in 
which the sexes are fed separately. 

 It is usual to include a coccidiostat in the rations of young 
birds being kept on the fl oor. Rations containing tallow 
should also have an anti - oxidant, such as ethoxyquin, to 
prevent the fat going rancid. 

 More information on poultry nutrition can be obtained 
from Leeson  &  Summers  (1997) . 

 If commercial poultry rations are not available, then there 
are other possibilities which, although not ideal, will provide 
the essential nutrients. However if standardised commercial 
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rations are not available, then consider whether it is worth-
while performing research that may not be replicable. 

  1.     Any other commercial laboratory animal ration may be 
fed (eg, rat chow or dog chow). If the birds are hens in 
laying condition, this type of diet should be supple-
mented with a source of calcium such as oyster shell or 
ground limestone sprinkled over the food.  

  2.     Birds are very good at balancing their own diet if 
provided with a variety of ingredients (Dove  1935 ). 
Therefore, they could be given a selection of locally 
available seeds and grains. The local ingredients should 
be checked against tables of nutrient composition (in 
any good nutrition textbook) to ensure that they are 
likely to provide suffi cient energy and protein. Leeson 
and Summers ( 1997 , pp. 61 – 62) provide tables of ingre-
dient constraints showing the maximum amount of 
various ingredients that should be included in diets for 
different classes of domestic fowl. If soluble vitamins 
and minerals are available, they could be supplied in 
the water to supplement local rations. Again, if the 
birds are laying hens, then some form of supplemental 
calcium will be required. Also, if whole grains are being 
fed, then the birds should have access to some form of 
insoluble grit which is needed to grind the grains in the 
gizzard.      

  Laboratory  p rocedures 

  Handling 

 As pointed out previously, many strains of domestic fowl 
have retained their ancestral fear of human beings. They 
should therefore be handled gently but fi rmly in order that 
fear responses are not exacerbated. There is little problem 
with very young chicks, since fear responses to human 
beings only develop over the fi rst few days after hatching. 
There may be some advantage for laboratory managers to 
habituate birds to human beings and to handling early in 
life. There is evidence that early handling reduces fearful 
responses to human beings later (Hughes  &  Black  1976 ; 
Jones  &  Faure  1981 ) although some particularly fl ighty 
strains may not show much improvement (Murphy  &  
Duncan  1978 ). Birds should be caught using both hands to 
pin the bird ’ s wings against its sides. When held fi rmly like 
this, birds usually settle down very quickly, and they can be 
transported over short distances, say between a pen and an 
examination table within a room. For transporting between 
rooms, a carrying crate is recommended. Disposable card-
board carrying crates are ideal for this purpose. If birds are 
diffi cult to catch because they show excessive avoidance 
behaviour, dimming the lights usually helps.  

  Restraint and  b lood  s ampling 

 Birds may be restrained on their backs, say for examination, 
with one hand gripping both legs fi rmly, leaving the other 
hand free for manipulation. Blood samples are usually 
drawn from the brachial vein close to where it passes over 
the ulna and radius just distal to the joint with the humerus. 

The easiest method is for one person to restrain the bird on 
its side using one hand to hold both legs with the other hand 
over the breast pinning the lower wing to the bird ’ s side. 
The person taking the sample can then use one hand to 
extend the other wing. The axillary feathers should be 
removed from the site and the skin swabbed with spirit. 
Whether the needle is inserted into the vein towards or 
away from the heart is a matter of personal preference. The 
following sizes of needles are recommended for blood sam-
pling; 0.7   mm    ×    15   mm long needle (22   G) for 0 – 2 - week - old 
chicks, 0.7   mm    ×    19   mm (21   G) for 2 – 6 - week - old chicks, 
0.8   mm    ×    38   mm (20   G) for 6 – 18 - week - old birds, and 
0.9   mm    ×    38   mm for adults.  

  Monitoring  p hysiological  v ariables 

 The fact that restraint is an extremely stressful procedure for 
domestic fowl means that obtaining undisturbed physiolog-
ical data can be a challenge. Birds are also very intolerant of 
leads or catheters running from the skin surface. With a 
great deal of patience birds can sometimes be habituated to 
the presence of leads or catheters, but one would then need 
to question how normal their behaviour was. Birds have 
extremely fl exible necks and can reach almost every part of 
their bodies with their beaks, which are usually very effi -
cient at removing attachments. The upper neck and head, 
which cannot be reached by the beak, can be very effectively 
scratched by the bird ’ s feet. A solution to this problem could 
be bio - telemetry, by which physiological variables are sent 
from a radio transmitter on (Duncan  et al.   1975 ) or in the 
bird (Filshie  et al.   1980 ; Duncan and Filshie  1980 ) to a receiver 
some distance away. A bird will habituate to a small device 
strapped to its back whereas it is very intolerant of attached 
leads. Once a bird with an implanted device has recovered 
from anaesthesia, it is free to move about unencumbered. 
Biotelemetry techniques have improved in the past 30 years 
and now multichannel devices are available which can 
transmit up to nine variables simultaneously and even have 
a two - way capability by which the implanted device can 
accept commands to perform various tasks within the 
animal (Axelsson  et al.   2007   ).  

  Injections and  d osing 

 Intravenous injections are usually given in the brachial 
vein (see Restraint and blood sampling). Intramuscular 
injections are usually given in the muscles of the upper leg. 
Subcutaneous injections can be given in the web of the wing 
or, with the bird restrained on its back, into a patch of loose 
bare skin at the junction of the breast and leg which makes 
a very convenient site. 

 Birds can be dosed orally very easily. With the bird 
restrained in an upright position and the beak held open, 
pills can be gently pushed to the back of the mouth with a 
fi nger. When the head is released the pill will be swallowed. 
Liquids can be injected into the crop by way of the oesopha-
gus (taking care to avoid the trachea) by means of a syringe 
and a fl exible plastic tube and with the bird restrained as 
described above. For best practice, after insertion the correct 
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tress, and death occurs quietly after a slightly longer period. 
In every case after euthanasia by injection, the body should 
be kept until  rigor mortis  has occurred before disposal of the 
body. 

 In cases of emergency when someone with authority to 
use barbiturates is not available, it is preferable to kill a 
chicken by cervical dislocation rather than let it suffer for 
long, even though this may not be an approved method of 
killing in some countries. Cervical dislocation can be carried 
out manually, but requires a little training on cadavers. In 
young chicks, the neck may be dislocated by using the 
thumb to press the neck against the sharp edge of a table or 
bench. An older bird is held by the legs with the head down-
wards. The other hand is then placed with the head between 
the index and second fi ngers so that the other fi ngers are 
under the jaw. By applying pressure downwards with the 
knuckle of the index fi nger while simultaneously pulling the 
jaw upwards, the neck can be dislocated. In the case of large 
birds, the neck can be dislocated using mechanical disloca-
tors or Burdizzo forceps. If cervical dislocation is used, the 
dislocation should be at as high a level as possible, prefer-
ably at the atlas (C1) and axis (C2) joint.   

  Common  w elfare  p roblems 

  Disease 

 Chickens suffer from a variety of infectious diseases caused 
by viruses, bacteria, mycoplasma and larger parasitic organ-
isms as well as several metabolic diseases. Birds in a labora-
tory should be monitored regularly for signs of sickness. 
Symptoms are usually fairly obvious and would include 
lethargy, poor appetite, loss of condition, hens going out of 
lay, production of malformed eggs, coughing, wheezing, 
blood in faeces, etc. 

 It is beyond the scope of this chapter to describe each 
disease in detail and for more information a standard 
text should be consulted such as Saif  et al.   (2003) , Jordan 
 (1990)  or Sainsbury  (1992) . Neither is this text meant as a 
diagnostic tool; birds which die or are sick should always 
be sent to a pathology laboratory for proper diagnosis. What 
follows is simply a rough guide to the more important dis-
eases. The mode of transmission is given;  ‘ vertical transmis-
sion ’  means that the organism is passed from generation to 
generation via the egg;  ‘ horizontal transmission ’  means that 
the organism is passed from bird to bird by a variety of 
routes. 

  Bacterial  d iseases 

 There are several  Salmonella  diseases of poultry. 

  Pullorum  d isease ( Salmonella  p ullorum )   
  Symptoms        This is a disease of all poultry and some wild 

birds with acute white diarrhoea and deaths (up to 50%) 
in young chicks. If chicks have become infected through 
the hatching egg, then symptoms, including huddling, 
can start very early (2nd day). Survivors can be chroni-
cally infected with few symptoms. In older birds, there 
are few symptoms except green – brown diarrhoea.  

position of the tube should be confi rmed by ensuring it can 
be felt within the oesophagus.  

  Anaesthesia and  a nalgesia 

 Birds are not the easiest class of animals to anaesthetise and 
those administering anaesthetics to chickens should be 
properly trained. Specialist texts that should be consulted 
include Sinn  (1994) , Schaeffer  (1994)  and Lawton  (2008) . 

 Chickens should be fasted suffi ciently to empty the crop 
before proceeding with anaesthesia. This will vary from an 
hour or two with young chicks to overnight for adult birds. 
It should also be remembered that birds can quickly become 
hypothermic. Therefore, a warming pad should be used 
during anaesthesia and some provision should be made to 
provide heat during recovery, such as a heating lamp over 
the recovery cage. 

 With regard to pre - anaesthetics, atropine is generally not 
used in birds; diazepam (0.5 – 1.5   mg/kg im or iv) is the pre -
 anaesthetic of choice. 

 Isofl urane is the best anaesthetic agent for chickens. They 
can be induced in a chamber or by means of a mask with 
3 – 5% isofl urane. They may then be intubated with a non -
 cuffed endotracheal tube and maintained on 1.0 – 1.5% iso-
fl urane. Halothane and methoxyfl urane may also be used as 
anaesthetics but are more likely to produce undesirable side 
effects. 

 For short - term procedures, an injectable mixture of keta-
mine and xylazine may be used to anaesthetise chickens. 
The required dosage is about 20   mg/kg ketamine and 2   mg/
kg xylazine both given im. This anaesthesia may be partially 
reversed by yohimbine injected iv at a rate of 0.1   mg/kg. 

 There is very little information available on analgesics for 
chickens (see Howlett  (2008)  for brief review of local anaes-
thesia and analgesia in birds). It is thought that butorphanol 
at a dosage rate of 0.2 – 2.0   mg/kg im and buprenorphine at 
a rate of 0.01 – 0.05   mg/kg im have good analgesic effects. 
Lame broilers will self - medicate with the anti - infl ammatory 
drug carprofen suffi ciently to reduce their lameness, which 
suggests that this drug is an effective analgesic for joint pain 
(Danbury  et al.   2000 ).  

  Euthanasia 

 When chickens are to be killed, the method must be humane; 
that is, it must be painless and must minimise fear and 
anxiety (see Chapter  17 ). It must also be reliable, reproduc-
ible, irreversible, simple, safe and rapid (Canadian Council 
on Animal Care  1993 ; Close  et al.   1996; 1997 ; Humane 
Slaughter Association,  2001 ). The recommended method for 
humanely killing chickens is by overdose of an injectable 
anaesthetic, such as a barbiturate, given intravenously. 
Laboratory managers should ensure that a suitably qualifi ed 
person is readily available to carry out this procedure in 
emergencies as well as in planned procedures. In an emer-
gency, if barbiturates are available but the carer is inexperi-
enced in intravenous injection, then it can be administered 
by intraperitoneal injection at about 1.0 – 1.5   ml/kg of 20% 
pentobarbital sodium solution. This causes very little dis-
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  Arizona  d isease ( S.  a rizonae   a lso  k nown  a s 
 Arizona  h inshawi ) 
    Symptoms        Important in turkeys and to a less extent chick-

ens. In young birds there is diarrhoea, listlessness, some-
times nervousness. In older birds there can be paralysis 
of legs. Mortality can reach 25%.  

  Transmission        Horizontal: 
   •      in the hatcher (from outside of shell);  
   •      through the droppings (into feed and water);  
   •      from infected equipment.     

  Treatment        Furazolidone is commonly used but eradication 
is the real answer.  

  Prevention        The organism is very resistant to disinfectants 
and fumigants (which is why it can be present on the 
outside of hatching eggs after fumigation). Fumigate at 
double strength.     

  Fowl  c holera ( Pasteurella  m ultocida )   
  Symptoms        In the acute form there are rapid deaths (up to 

50%), with 12 – 18 weeks of age being a very susceptible 
stage. In the chronic form there is swelling of wattles and 
internal organs can be affected.  

  Transmission        Horizontal, entry by respiratory tract or 
digestive tract.  

  Diagnosis        Bacteria are isolated and can be cultured in the 
laboratory.  

  Treatment        Sulfa drugs in drinking water are fairly 
effective.  

  Prevention        A live vaccine is available and can be given by 
wing web but aim for eradication (a blood test is 
available).     

  Infectious  c oryza ( Hemophilus  p aragallinarum )   
  Symptoms        This is a persistent but non - fatal disease of the 

upper respiratory tract with sneezing, discharge from 
nostrils and swelling of the face. Organism can only live 
5 – 6   h outside bird.  

  Transmission        Horizontal through air and drinking water.  
  Diagnosis        Symptoms plus laboratory tests.  
  Treatment        Sulfa drugs are fairly effective.  
  Prevention        Isolation from other poultry, and use all - in, all -

 out management.     

  Vibrionic  h epatitis ( Campylobacter  f etus )   
  Symptoms        Birds have pale, withered, scaly combs, show a 

drop in egg production, and watery green diarrhoea. A 
swollen liver and thickened bile duct are evident at  post -
 mortem  examination.  

  Transmission        Horizontal through the droppings and so in 
the feed and on equipment and from room to room on 
people ’ s feet.  

  Diagnosis        Sick birds should be sent to the pathology labo-
ratory, where diagnosis is by isolation of organism from 
bile.  

  Treatment        Furazolidone in feed gives quite good results. 
Injection of streptomycin is also effective.  

  Prevention        Stressed birds seem more susceptible  –  so 
avoid stress. Normal sanitary precautions will stop 
spread.     

  Transmission        Vertical through the hatching egg (this is the 
most important). 
 Horizontal: 
   •      in the hatcher, debris and dust from infected eggs;  
   •      through the droppings (into feed and water);  
   •      cannibalism, birds eating infected blood and tissues;  
   •      birds eating infected eggs;  
   •      from infected equipment eg, debeakers;     

  Diagnosis        Bacteria are isolated and can be cultured in the 
laboratory.  

  Treatment        None is practised. The idea is to eradicate the 
disease and this is done by blood - testing breeders for 
antibodies.  

  Prevention        Breeders should be blood - tested for the pres-
ence of pullorum antibodies and reactors eliminated.     

  Fowl  t yphoid ( S.  g allinarum )   
  Symptoms        This is a slow - spreading disease of all poultry 

of all ages. Birds show loss of appetite, green diarrhoea, 
with pale combs and wattles in adults. Mortality can even-
tually reach 50%.  

  Diagnosis        Bacteria are isolated and can be cultured in the 
laboratory.  

  Transmission        Exactly the same as for pullorum disease.  
  Treatment        None is practised and, as for pullorum, eradica-

tion is the answer.  
  Prevention        Breeders should be blood - tested using an 

agglutination test.     

  Paratyphoid ( e g,  S.  t yphimurium ,  S.  m ontevideo ,  S.  d erby ) 
 These are important infections because of the risk of food 
poisoning to humans.   

  Symptoms        There are often no symptoms in the birds, 
sometimes diarrhoea.  

  Diagnosis        Bacteria are isolated and cultured in 
laboratory.  

  Transmission        Spread is mainly horizontal through drop-
pings, equipment and people.  

  Treatment        This is not a major disease of poultry and 
treatment is not usually required. However, sulfadimeth-
oxine, furazolidone and tetracycline are all quite 
effective.  

  Prevention        Cleaning and disinfection between batches of 
birds, plus the use of footbaths for personnel, help to 
reduce the incidence.     

  A  d isease  a s  y et  u nnamed ( S.  e nteriditis ) 
 This is very important, not because it causes big losses in 
poultry, but because the organism infects the ovary and 
hens lay infected eggs which can cause food poisoning in 
humans. This disease is now fairly well controlled in most 
countries through testing and elimination of reactors. There 
are also vaccines available.   

  Symptoms        No clear symptoms.  
  Transmission        Vertical through hatching egg. 

 Horizontal through egg - eating and possibly through 
droppings.  

  Treatment        Recommended not to treat but to eradicate.  
  Prevention        Breeders should be blood - tested using an 

agglutination test.     
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  Treatment        Penicillin works quite well if the main organism 
is  Clostridium . The synthetic penicillin ampicillin is better 
if  Staphylococcus  is the main organism.  

  Prevention        This disease can be associated with dirty condi-
tions (but not always). Using litter more than once can 
increase problem. The disease sometimes appears as a 
secondary infection after the birds have been weakened 
by, say, an outbreak of gumboro disease.     

  Necrotic  e nteritis ( Clostridium  w elchii )   
  Symptoms        This disease is more usually found in 

broilers. Birds fail to thrive. Mortality commonly reaches 
5 – 10%.  

  Transmission        Horizontal.  
  Diagnosis        Small intestine grossly infl amed and distended. 

Send suspect birds to laboratory for confi rmation of 
diagnosis.  

  Treatment        Penicillin works quite well.  
  Prevention        This disease can be associated with dirty condi-

tions (but not always). Thorough disinfection between 
batches of birds can reduce the incidence.      

  Mycoplasma  d iseases 

   MG  ( Mycoplasma  g allisepticum ) or 
 PPLO  ( p leuro -  p neumonia -  l ike -  o rganism) or 
 CRD  ( c hronic  r espiratory  d isease)   
  Symptoms        This is a respiratory disease affecting the whole 

respiratory tract particularly the air sacs. Young chicks 
show sniffl ing, sneezing and rattling. It is not a killer itself, 
however, it is often followed by secondary infections par-
ticularly with coliforms which make symptoms worse and 
can lead to 30% mortality. Adult birds have a few symp-
toms  –  inactivity, drop in production  –  but low mortality.  

  Transmission        Vertical through the hatching egg  –  this is 
important. 
 Horizontal: 
   •      through air within a room;  
   •      on feet, clothing, feed and equipment between rooms.     

  Diagnosis        Suspect birds can be diagnosed in a pathology 
laboratory. There is an agglutination test available.  

  Treatment        Should only be regarded as a temporary solu-
tion. Tylosin is an antibiotic with specifi c activity against 
MG.  

  Prevention        Control can be by vaccination (usually layers) 
or eradication (usually broilers). Eradication is centred on 
identifying broiler breeder hens reacting to a blood test, 
and eliminating them. However, eradication is diffi cult 
because MG is  very  infectious.     

   MS  ( Mycoplasma  s ynoviae )   
  Symptoms        Although this is a respiratory disease, the res-

piratory symptoms are slight and easily missed. What 
causes the problem is that the organism tends to move to 
the synovial fl uid and the hock and foot pad joints are 
often affected and become swollen and infl amed. This is 
mainly a disease of growing birds, particularly 6 – 14 
weeks of age, which become lame and lose their appetites. 
In older birds there is a drop in egg production and 
lameness.  

  Transmission        Vertical through the hatching egg. 

  Coliform  i nfections ( Escherichia  c oli ) 
  Coli enteritis    
  Symptoms        The organism multiplies and causes lesions in 

the upper digestive tract. There can be blood in droppings 
similar to coccidiosis plus listlessness.    

  Coli septicaemia    
  Symptoms        This is often the next stage of coliform infec-

tion. The organisms enter the blood stream and infect 
internal organs.    

  Air - sac infection    
  Symptoms        Eventually  E. coli  reach the air sacs and cause 

an infection there. The birds cough and wheeze and pro-
duction falls.  

  Transmission        Mainly horizontal: 
   •      in the hatcher, infected shells etc;  
   •      through the droppings (into feed and water);  
   •      from infected dust (into lungs);  
   •      from infected feed.     

  Diagnosis        Bacteria are isolated and cultured in the 
laboratory.  

  Treatment        Furazolidone and tetracycline can be useful if 
disease is caught at early stage. Once air - sacs are infected, 
treatment is not effective.  

  Prevention         E. coli  infections are a sign of dirty surround-
ings, so treatment should be accompanied by a clean - up 
campaign. The usual cleaning, disinfecting and fumigat-
ing plus all - in, all - out management will do much to 
prevent coliform infections.     

  Omphalitis or  n avel  i nfection ( E.  c oli ,  Staphylococcus , 
 Pseudomonas , and  o thers)   
  Symptoms        This is a disease of hatching chicks, which seem 

weak, huddle together, have watery diarrhoea, and an 
infected open navel. It may be accompanied by 10% 
mortality.  

  Transmission        Horizontal transmission in hatcher. This 
disease is  very  infectious.  

  Diagnosis        Send suspect chicks to pathology laboratory 
for diagnosis. They will identify which organism is 
responsible.  

  Treatment        No effective treatment. There is little spread of 
infection once chicks are out of the hatcher.  

  Prevention        The seat of this infection is always the hatcher. 
If an outbreak occurs, the hatcher must be thoroughly 
cleaned and fumigated with a fumigant at three times 
normal strength. Hatching eggs should be fumigated at 
twice normal strength until infection is eradicated.     

  Malignant  o edema or  g angrenous  d ermatitis 
( Clostridium  s epticum )   
  Symptoms        Disease of broilers particularly towards end of 

the growing period. There is gangrene of muscle and skin 
so that birds  ‘ fall apart ’  whilst still alive. Massive mortal-
ity (up to 50%) is common.  

  Transmission        Horizontal.  
  Diagnosis        Fairly obvious but send suspect birds to labora-

tory for diagnosis. Although  Clostridium septicum  is the 
usual organism,  Staphylococcus aureus  can also cause the 
disease and treatments differ depending on the bacterium 
that is involved.  
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free from this disease. However, if it gets into the area, 
then it is wise to vaccinate, since transfer from other sites 
is very easy. The vaccination program is complicated  –  so 
take advice.     

  Fowl  p ox   
  Symptoms        There are two forms of the disease: 

  1.     Dry pox (scabs) on comb, wattles, eyes and 
ear - lobes.  

  2.     Wet pox in mouth, trachea and respiratory tract 
which eventually cause suffocation. This often follows 
dry pox.     

  Transmission        Horizontal. The skin must be broken for the 
virus to enter. This can happen in two ways: 
  1.     Birds pecking each other during fi ghting.  
  2.     Mosquitos can transmit the disease.    

 Transmission is therefore usually slow.  
  Diagnosis        The lesions are very symptomatic. If in doubt, a 

pathology laboratory will take some material from an 
infected bird and inject it into the face of another bird. If 
the typical pox develop, then the disease is fowl pox.  

  Treatment        No treatment.  
  Prevention        If fowl pox is a problem, then there are vaccines 

available. However, vaccines are not used routinely.     

  Infectious  l aryngotracheitis ( ILT  or  LT )   
  Symptoms        A very severe respiratory disease usually in 

chickens over 6 weeks old. The infected birds gasp for 
breath. There is often haemorrhaging in the respiratory 
tract and blood can be coughed up. Mortality varies but 
can reach 30%.  

  Transmission        Horizontal: 
   •      through air within a room;  
   •      on feet, clothing, feed and equipment between rooms.     

  Diagnosis        Can only be diagnosed in a lab.  
  Treatment        No treatment.  
  Prevention        There is now a very good attenuated vaccine 

which gives good immunity. Vaccinate at 6 and 16 weeks 
using ocular route.     

  Gumboro  d isease or  i nfectious  b ursal  d isease ( IBD )   
  Symptoms        Affects chicks aged 20 – 60 days. Birds are list-

less, nervous, sleepy, with a whitish diarrhoea which 
causes them to peck at their vents. Mortality is variable. 
The problem is that the virus damages the cells in the 
Bursa responsible for proper working of the immune 
system. Organism can live several months outside bird  –  
so important to clean and disinfect between batches.  

  Transmission        Horizontal through droppings.  
  Diagnosis        Can only be diagnosed in laboratory.  
  Treatment        No treatment.  
  Prevention        If IBD is a problem in an area, then the usual 

method is to vaccinate breeders which pass on antibodies 
in their eggs and this gives protection to the chicks at least 
for the fi rst part of the vulnerable period.     

  Avian  e ncephalomyelitis ( e pidemic  t remors)   
  Symptoms        Mainly a disease of chicks between 6 and 21 

days. They show nervous symptoms including quivering, 
which is very obvious if the chick is held in the palm of 
the hand, and paralysis. Many chicks lie on their sides. 

 Horizontal: 
   •      through air within a room;  
   •      on feet, clothing, feed and equipment between rooms.     

  Diagnosis        Suspect birds can be diagnosed in a pathology 
laboratory. There is an agglutination test available.  

  Treatment        Oxytetracycline in feed can be useful, but aim 
for eradication.  

  Prevention        Eradication by identifying breeder hens react-
ing to a blood test and eliminating them. Also, hatching 
eggs can be heat treated to 46 ° C before incubation. This 
kills the organism and only lowers hatchability slightly.      

  Viral  d iseases 

  Infectious  b ronchitis ( IB )   
  Symptoms        This is a disease of domestic fowl only. In 

chicks there is wheezing and sneezing and perhaps a 
nasal discharge. Birds gasp for breath. Typically it starts 
very suddenly and spreads very quickly with up to 50% 
mortality. In a fl ock it is likely that all birds will be affected 
and those that recover will have poor performance in 
adult life. It is often followed by secondary infections 
particularly by the coliforms. In adult birds, there are few 
respiratory symptoms. There is however a huge drop in 
egg production and a dramatic decrease in egg quality. 
Soft - shelled, misshapen and wrinkled eggs are very char-
acteristic and albumen quality is poor. Many birds become 
internal layers.  

  Transmission        Horizontal: 
   •      through air within a room;  
   •      on feet, clothing, feed and equipment between rooms.     

  Diagnosis        Diagnosis is diffi cult and is often done by 
eliminating other possibilities. Agglutination tests for 
antibodies are available.  

  Treatment        No treatment.  
  Prevention        There are several vaccines, mostly attenuated, 

available: 
   •      Broilers  –  at day - old, spray vaccine into mouth or eye 

(ocular).  
   •      Layers  –  at 2 and 6 weeks give a water - borne or 

ocular vaccine.  
   •      Breeders  –  at 1, 10 and 30 weeks then every 10 – 20 

weeks during the laying cycle, give a water - borne or 
ocular vaccine.        

  Newcastle  d isease ( ND )   
  Symptoms        A very infectious disease affecting all poultry 

and some wild birds. There are different forms depending 
on where in the body the virus strikes. The main symp-
toms are one of the following: 
  1.     respiratory diffi culty;  
  2.     nervous disorders ( ‘ twisted necks ’  and  ‘ tumblers ’ );  
  3.     reduced egg production and quality.     

  Transmission        Horizontal: 
   •      through air within a room;  
   •      on feet, clothing, feed and equipment between rooms.     

  Diagnosis        The nervous symptoms give an accurate diag-
nosis, otherwise it is diffi cult. Pathology laboratory diag-
nosis is possible.  

  Treatment        No treatment.  
  Prevention        The usual method is to try to keep completely 
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single - celled bodies known as oocysts. These are passed in 
the droppings, but are not infectious. They must fi rst go 
through a process called sporulation, which requires correct 
conditions of temperature, moisture and air and takes 2 – 4 
days. If the sporulated oocyst is eaten by a chicken it ends 
up in the intestines where it multiplies in the gut wall and 
causes damage. Eventually after 4 – 7 days, more oocysts are 
produced and expelled in the droppings and the whole cycle 
starts again. 

 The amount of damage is closely related to the number of 
oocysts present and if only a few are present then little 
damage is caused. However, if the bird goes on ingesting 
more and they keep multiplying, very soon there can be 
millions present  –  and then the bird has a big problem. If 
the numbers build up slowly, then the bird can develop 
immunity. However, this seldom happens under the artifi -
cial conditions found in a laboratory and numbers usually 
build up very quickly. 

  Coccidiosis ( Eimeria   s pecies)   
  Symptoms        Bloody droppings, ruffl ed feathers, paleness 

(anaemia due to blood loss) loss of appetite, poor growth, 
poor production, diarrhoea. The different species of coc-
cidia produce different lesions in different parts of the 
intestine.  

  Transmission        Through droppings  –  but of course infected 
material can be carried on feet, equipment etc, and so be 
spread from room to room.  

  Diagnosis        Bloody droppings and characteristic lesions in 
gut are usually enough for diagnosis. A pathology labora-
tory can identify the species involved.  

  Treatment and prevention        There are lots of good coccidi-
ostats available, which can be added to the feed. However, 
some of them are very specifi c to some species of coccidia, 
so it is advisable to get a laboratory identifi cation. Also, 
coccidia can develop resistance to a particular coccidio-
stat, so it sometimes helps to rotate coccidiostats from 
time to time. Birds on the fl oor will be at biggest risk (ie, 
most young birds, all broilers, some layer replacements 
and all breeders). A coccidiostat is usually fed to broilers 
at a rate to completely suppress coccidia since there is no 
time for broilers to develop immunity. With replacement 
birds (layers and breeders) another strategy is employed. 
A coccidiostat is fed at full strength for the fi rst 5 – 6 weeks. 
It is then gradually withdrawn so that the birds get a very 
mild coccidiosis. They then slowly develop an immunity 
and in time the coccidiostat can be withdrawn completely. 
Another approach is to use a so - called  ‘ vaccine ’ . This is a 
material which contains a limited number of oocysts and 
is fed to chicks at about 10 – 12 days of age. The idea is that 
the numbers of oocysts are small and immunity will build 
up. Obviously a coccidiostat should not be used with this 
approach.  Warning   –  Some coccidiostats are  very  toxic to 
other classes of livestock. For example, monensin at 
normal poultry dosages causes acute heart failure in 
horses and dogs.    
 There are some other parasitic diseases of poultry caused 

by various round and fl at worms, but these are unlikely to 
be a problem in the laboratory. There are also various species 
of lice that parasitise the skin of domestic fowl, but these are 
unlikely to be a problem in the laboratory. However, mites 

Mortality is high because chicks cannot get to food or 
water. Adult birds which become infected show few 
symptoms but lay infected eggs.  

  Transmission        Vertical in the hatching egg. 
 Horizontal through the droppings.  

  Treatment        No treatment.  
  Prevention        Vaccination of breeders is the answer. Their 

immunity should be checked regularly as they pass on 
antibodies to their chicks and this gives good protection.     

  Marek ’ s  d isease   
  Symptoms        A tumour - causing virus which is present in 

most chickens worldwide, but does not always cause 
tumours. Sometimes tumours enlarge and cause death. 
The virus can infect the bursa of Fabricius and reduce 
birds ’  immunity to other diseases.  

  Transmission        Horizontal. This virus has a unique method 
of transfer  –  it lodges in the feather follicles and then gets 
into the air on skin debris and feather particles. It fl oats 
around and is inhaled by other birds. The infected dust 
and debris can be carried around on feet, clothes, etc.  

  Diagnosis        Tumours are very symptomatic.  
  Treatment        No treatment.  
  Prevention        Several vaccines are available, all derived from 

herpes virus turkey (HVT).     

  Avian  i nfl uenza ( b ird  fl  u)   
  Symptoms        A contagious infection caused by the infl uenza 

virus type A, which can affect most bird species, including 
all poultry species and occasionally some mammalian 
species. Avian infl uenza can be classifi ed into two catego-
ries, low pathogenic (LPAI) and high pathogenic (HPAI) 
forms, based on the severity of the illness caused in birds. 
Avian infl uenza is a reportable disease. The LPAI form 
commonly causes only mild symptoms (ruffl ed feathers, 
a drop in egg production) and may easily go undetected. 
The HPAI form spreads very rapidly through poultry 
fl ocks, causes disease affecting multiple internal organs, 
and has a mortality that can approach 100%, often within 
48   h. The great concern is that the H5N1 strain of this virus 
has been known to infect human beings with a very severe 
form of infl uenza with a high mortality rate.  

  Transmission        Horizontal. The main route of transmission 
is probably as an aerosol but other routes may be 
possible.  

  Diagnosis        Laboratory diagnosis is required.  
  Treatment        No treatment.  
  Prevention        No vaccines are available yet for avian 

infl uenza.      

  Parasitic  d iseases 

 Other important infectious diseases of chickens are caused 
by coccidia. These are protozoa that live in the intestinal 
tract and can cause great damage there. There are several 
species of coccidia that infect chickens and all belong to the 
group  Eimeria . The 3 most important ones are  E. tenella ,  E. 
necatrix  and  E. acervulina . The diseases are generally called 
 ‘ coccidiosis ’  no matter which organism is responsible. 

 Coccidia have a complex life history spent partly in 
the chicken and partly outside it. Coccidiosis is spread by 
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ment and husbandry such as Sainsbury  (1992)  and Bell and 
Weaver  (2002)  which should be used to expand this text. The 
welfare implications of different commercial husbandry 
systems are dealt with in some detail by Appleby  et al.   (2004)  
and this should also be studied.  
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can be a serious problem, particularly the common red mite, 
 Dermanyssus gallinae . Every effort should be made to keep 
laboratory facilities free of red mite since an infestation can 
cause birds extreme distress and major blood loss, and the 
mite is very diffi cult to eradicate because of resistance to all 
permitted arachnicides. Precautions would include an all - in, 
all - out policy and allowing only hatching eggs or day - old 
chicks into the facility.   

  Metabolic  d isorders 

 The implementation of good biological security and the use 
of vaccines have resulted in control of most of the infectious 
diseases of chickens. Non - infectious diseases are now of 
more importance to the poultry industry, and these diseases, 
usually referred to as metabolic disorders, will no doubt be 
evident in the laboratory, particularly if modern, high - 
producing strains of chicken are used. The most important 
ones are sudden death syndrome, ascites, fatty liver and 
kidney syndrome, and various skeletal disorders in broiler 
chickens, and liver haemorrhagic syndrome and osteoporo-
sis in laying hens. Most of these disorders have a multifacto-
rial aetiology and are therefore complex. They are mentioned 
here, simply to warn laboratory managers of their existence. 
If morbidity due to metabolic disorders is suspected, then 
more detailed texts such as Saif  et al.   (2003)    and Leeson  et al.  
 (1995)  should be consulted.   

  Abnormal  b ehaviour 

 The occurrence of abnormal behaviour is often a sign that 
birds are suffering. As mentioned previously, the laboratory 
manager should be able to recognise behavioural signs 
of disease. In addition to this, some other behavioural 
symptoms of suffering are fairly easy to recognise. 
Severe frustration is often characterised by stereotyped 
back - and - forward pacing and increased aggression (Duncan 
 &  Wood - Gush  1971, 1972 ). Lack of a suitable nesting 
place is the most likely cause of severe frustration. Severe 
food restriction often leads to stereotyped pecking at the 
feeder or some other aspect of the environment (Savory 
 1989 ). 

 Occasionally some strains of chickens in some circum-
stances will show panic or hysteria. These may be defi ned 
as excessive and inappropriate fl ight – fright reactions, panic 
having some external trigger and hysteria without an appar-
ent cause (Mills  &  Faure  1990 ). Both panic and hysteria seem 
to have complex aetiologies. However, since they are often 
associated with large group size, they are unlikely to occur 
in the laboratory.   

  Further  r eading 

 The primary breeding companies produce  ‘ Management 
Guides ’  for each of their hybrids. These set out the manage-
ment conditions that will optimise the productivity of that 
particular strain. Laboratories using these hybrids should 
always ensure that they have the relevant guide. In addition, 
there are several excellent text books on poultry manage-
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  Biological  o verview 

 The Japanese quail ( Coturnix japonica ) is a small, chubby, 
brown - coloured terrestrial migratory bird (Wetherbee  1961 ). 
The species is indigenous to East Asia (Latitude 17    ° N to 
55    ° N) and is sympatric with the common quail ( Coturnix 
coturnix ) in their breeding range in Mongolia (Wakasugi 
 1984 ). Their habitat is in grasslands, croplands, riversides, 
alpine meadows and grass steppes (Long  1981 ). 

 The Japanese quail belongs to the order Galliformes, 
family Phasianidae, genus  Coturnix , and was previously 
considered to be a sub - species of the common quail (see 
Crawford  1990 ). It was given full species status in 1983 
(American Ornithologists ’  Union  1983 ; Howard  &  Moore 
 1984 ) because no interbreeding has been observed between 
the common quail and the Japanese quail in areas where the 
two species are sympatric. Barilani  et al.   (2005) , however, 
have suggested that natural hybridisation is a possibility on 
the basis of mtDNA and nuclear DNA analyses of a small 
sample of fi ve birds. In captivity, hybridisation is possible 
but diffi cult (Der é gnaucourt  et al.   2002 ), and only after some 
failed attempts (Lepori  1964 ; Pala  &  Lissia - Frau  1966 ; 
Moreau  &  Wayne  1968 ). The Japanese quail (Old World 
quail) should not be confused with Bobwhite quail ( Colinus 
virginianus ), a species in the family Odotophonidae (New 
World quail). Both species have been domesticated and used 
as food and as research animals. 

 Japanese quail were originally introduced to North 
America by the US Fish and Wildlife Service as game birds 
in 1870, and releases continued into the late 1950s (Standford 
 1957 ). Most of the birds released were domestic birds 
imported from Japan. All stocks released in North America 
failed to establish and perished within 1 year. However, 
release attempts in the 1940s on the Hawaiian Islands were 
successful. Populations survived on Kauai, Molokai, Lanai, 
Maui and Hawaii (Peterson  1961 ) and have been regularly 
hunted (Munro  1960 ). Although the populations originated 
from released domestic birds, they are now considered wild. 

  Domestication and  o rigin of  d omestic and 
 l aboratory  l ines 

 The fi rst records of domestic Japanese quail were from 
twelfth century Japan and it appears that the species was 

domesticated there during the eleventh century, or imported 
from China in an already domesticated form (Chang  et al.  
 2005 ), at about that time (Howes  1964 , Crawford  1990 ). 
Japanese quail were originally kept for their song (Howes 
 1964 ) and it has been inferred that lines of quail with par-
ticular call types were bred for use in song contests (Taka -
 Tsukasa  1935 ; Wakasugi  1984 ). 

 Between 1910 and 1941, the Japanese selected quail for 
increased egg production and by 1940, a thriving industry 
existed (Howes  1964 ; Wakasugi  1984 ). However, all lines of 
song - type quail and the majority of egg production lines 
were lost during World War II. Following the war, the 
quail industry was rebuilt from the few remaining domes-
ticated birds available, possibly with the addition of domes-
ticated lines from Korea, China and Taiwan and quail 
captured in the wild (Howes  1964 ; Wakasugi  1984 ). All 
present day laboratory and commercial lines of Japanese 
quail appear to have been derived from this post - war popu-
lation (Crawford  1990 ).  

  General  b iology 

  Morphology 

 The wild - type natal plumage of Japanese quail is the same 
in both sexes (Cheng  &  Kimura  1990 ). Chicks have tawny 
coloured heads with small black patches above the beak. A 
buff stripe bordered by black stripes runs along the top of 
the head and there are four dark brown stripes on the back. 
The back and wings are pale brown (Cheng  &  Kimura  1990 ). 
Juvenile plumage is present at 3 – 4 weeks of age and full 
adult plumage is present at about 6 weeks of age. The 
species is sexually dimorphic in adult plumage (Figure  42.1 ). 
In both sexes, body plumage is predominantly brown 
(Wetherbee  1961 ; Kawahara  1967, 1973 ) but it is highly vari-
able in terms of shades of brown and some of the markings 
on the breast and the throat (Cheng  &  Kimura  1990 ). Females 
have pale - coloured breast feathers which are speckled with 
dark - coloured spots whereas males have uniform dark 
rufous breast and cheek feathers. Furthermore, males may 
develop a white collar while females have cream coloured 
feathers on the cheeks and do not develop white collars 
(Urbanski  1984 ). With domestication came the development 
of many strains with various plumage colour and pattern 
(Cheng  &  Kimura  1990 ).   

 Domestic quail reach sexual maturity at 4 – 5 weeks of age, 
depending on the lighting schedule. Females enter into full   1      Deceased 
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reported lifespan varied depending on breeds, rearing 
conditions (e.g. continuous lighting) and nutrition factors. 
In most cases, life was terminated artifi cially and the 
reported lifespan may mean productive lifespan (eg, see 
Table  42.1  and Gerken  &  Mills  1993 ). Woodard  &  Abplanalp 
 (1971)    reported that males live longer (more than 5 years) 
than females (less than 4 years). In the authors ’  laboratory, 
a male that was kept as a mascot lived for 8 years before 
being euthanased because of the development of skin 
tumours.    

  Social  o rganisation 

 Studies of social organisation in wild Japanese quail appear 
to be limited to those by Taka - Tsukasa  (1935) , and oppor-
tunistic observations of wild quail have produced confl ict-
ing reports (Kawahara  1967 ; Dement ’ ev  et al.   1967 ). It has 
been reported that the birds live in pairs during the breeding 
season but gather in large fl ocks during migration and in 
the winter (Crawford  1990 ). Observations of feral Japanese 
quail in Hawaii indicate that males are territorial, and 
mating and nesting take place within these territories 
(Schwartz  &  Schwartz  1949 ). Members of a pair remain in 
close proximity before and during the egg - laying period 
(which implies mate guarding and thus the possibility of 
extra - pair copulations (McKinney  et al.   1983 )). Dement ’ ev  et 
al.   (1967)  reported that the species is polygamous. Kawahara 
 (1967)  noted that males and females live in pairs during the 
breeding season. On the basis of such evidence and studies 
of other  Coturnix  species, Kovach  (1975)  concluded that the 
mating system of wild Japanese quail is in a transitional 
state between polygamy and monogamy. However, one of 
the few studies with captive quail (Orcutt  &  Orcutt  1976 ) 
indicated that males and females formed strong pair bonds, 
and that males were monogamous and courted only their 
own female. There is also evidence that Japanese quail are 
able to recognise the calls of a pair - bonded mate (Guyomarc ’ h 
 1974 ). Crowing rate increases in males visually separated 
from females, and crowing intensity increases with rises in 
ambient noise levels (Potash  1972, 1975 ). Crowing patterns 
of pair - bonded males differ from those of unmated males 
(Potash  1975 ). Potash  (1975)  argued that crowing by males 

lay at about 6 weeks of age (see also Gerken  &  Mills  1993 ). 
Quail eggs are variably mottled. The background colour of 
shells varies from white through to pale brown or blue. The 
shell colour pigments are porphyrin and biliverdin (Poole 
 1965 ). Shell colour, mottling pattern, size and shape vary 
considerably between females but are consistent for and 
unique to a given female (Jones  et al.   1964 ). Eggs weight 
varies between 8 and 13   g depending on the strain of the bird 
(see below).  

  Size  r ange and  l ifespan 

 Adult wild males and females weigh about 90 and 100   g, 
respectively (Kawahara  1967 ), and unselected domestic 
males and females weigh about 100 and 120   g, respectively. 
There is considerable variability in body weight between 
different genetic strains of quail (Gerken  &  Mills  1993 ). 
Some domestic strains that have been selectively bred for 
meat production weigh as much as 300   g at 6 weeks of age 
(Cheng  &  Nichols  1992 ). 

 The domestic Japanese quail is notable for its rapid growth 
rate (Figure  42.2 ). Chicks weigh between 8 and 12   g at hatch-
ing. They double this weight by 5 days of age and triple it 
by 8 days of age (Lucotte  1974 ). By 5 – 6 weeks of age, birds 
may weigh 160 – 250   g depending on sex and strain (Gerken 
 &  Mills  1993 ).   

 There appear to be no reports concerning the lifespan 
of wild quail. Under artifi cial husbandry conditions, 

(a)

(b)

     Figure 42.1     Wild - type plumage of female (a) and male (b) adult 
Japanese quail.  Pictures reproduced by permission of the UBC 
Quail Genetic Resource Centre.   
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     Figure 42.2     Growth curve for male (dashed line) and female (solid 
line) domestic Japanese quail from hatching to 8 weeks of age  (data 
from Aggrey  (2003) ) .  
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regardless of the females ’  receptivity (Lucotte  1974 ), the type 
of female ’ s reaction signifi cantly infl uenced the latency of 
the male ’ s grab, mount and cloacal contact responses and 
also determined the effi ciency of the male ’ s copulatory 
behaviour (Domjan  &  Nash  1988 ). 

 Under husbandry conditions Japanese quail form domi-
nance hierarchies. Although the nature of these hierarchies 
has not been extensively studied, they appear to be of the 
peck order type and confer priority of access to resources 
(Otis  1972 ; Nol  et al.   1996 ). In group - housed birds, subordi-
nate birds show ambivalent behaviour (Edens  et al.   1983 ). 
This ambivalent behaviour comprises aspects of both 
aggressive and submissive behaviour and is an attempt 
to displace dominant birds from feeders or drinkers. 
Furthermore, under conditions of deprivation, levels of 
aggression increase as distance from the food source 
decreases, and dominance relationships change from a peck 
order system to a peck dominance system. 

 Domestic males do not respond well to disruption of 
established hierarchies. If birds are introduced into estab-
lished groups, they are likely to be attacked. Attacks are 
more likely if a stranger is introduced into the home cage of 
other birds. As a consequence, it is unwise to mix groups of 
birds or to introduce replacement birds into groups where 
hierarchies have been established.  

  Reproduction 

 Reproduction in Japanese quail is strongly dependent on the 
lighting regimen. Wild birds breed in spring and summer. 
However, in the laboratory, birds can be maintained in breed-
ing condition all year if they are kept on day lengths of 12   h 
or more. If birds are kept on short day lengths (6   h or less) 
sexual development is delayed or inhibited. Social factors as 
well as photoperiod infl uence the onset of sexual maturity. 
The sound of male vocalisations can speed female sexual 
development (Guyomarc ’ h  &  Guyomarc ’ h  1984 ) and males 
housed with females show faster sexual development than 
males housed alone (Delville  et al.   1984 ). If birds are trans-
ferred from long to short day lengths the gonads regress and 
reproduction ceases (Sachs  1967 ). However, some females 
will lay eggs under short photoperiods or even under con-
tinuous darkness (Noble  1972 ; Stein  &  Bacon  1976 ). 

 If the photoperiod is suffi ciently long, sperm production 
commences at around 4 weeks of age (Mather  &  Wilson 
 1964 ; Ottinger  &  Brinkley  1978 ; Ottinger  &  Brinkley  1979a ) 
and sperm are present in large numbers in the vas deferens 
and testes by 35 days of age (Ottinger  1978 ). Males begin 
crowing at about 2 weeks of age, show cloacal gland devel-
opment (Cheng  et al.   1989b ) at about 4 weeks of age and 
begin mating attempts. Completed copulations may occur 
only a few days later (Ottinger  &  Brinkley  1979b ). 

 Male fertility starts to decline as early as 15 weeks of age 
(Ottinger  1991 ). Old males have lower fertility than younger 
males (Ottinger  et al.   1983 ; Woodard  &  Abplanalp  1967 ) and 
males kept on a chronic long day length photoperiod 
develop more age - related abnormalities in testes and sperm 
than males kept on shorter day length photoperiods 
(Eroschenko  et al.   1977 ). Advanced age adversely affects 
sexual behaviour in male quail (see reviews by Ottinger 
 1983; 1991 ). 

and cricket calls by females serve the function of contact 
calls when a bonded pair is out of sight of each other. 
Nichols  et al.   (1992)  studied captive Japanese quail in outdoor 
fl ight pens and confi rmed that males were paired with one 
female for the whole breeding season. Females also paired 
with only one male during the breeding season. Nichols 
 (1991)  concluded that wild Japanese quail are monogamous 
with some opportunistic forced extra - pair copulations by 
the male. 

 Under simulated natural conditions in outdoor fl ight 
pens, domestic quail males are serially monogamous with 
signifi cantly higher frequencies of extra - pair copulations 
compared to wild males (Nichols  1991 ). With higher density 
rearing in fl oor - pens or cages, they become promiscuous. 
Cheng  et al.   (1989a)  observed that the cloacal foam gland in 
domestic males is much more prominent than that of wild 
males. Adkins - Regan  (1995)  suggested that the enlarged 
foam gland of the domestic males  ‘  hints at a genetically non -
 monogamous mating system  ’ . 

 The common courtship displays performed by wild males 
include zig - zag dancing, leading, tidbitting, strutting and 
squatting (Eynon  1968 ; Nichols  1991 ). The male initiates 
sexual behaviour by strutting towards the female. During 
strutting, the male stretches himself such that his beak, 
body, head and neck are parallel to the ground, erects his 
body feathers and walks on his claws and digits with a 
characteristic stiff - legged gait. Under simulated natural con-
ditions, domestic males also perform these displays but with 
signifi cantly less frequency and with less specifi c contexts 
(Nichols  1991 ). An indication of female acceptance of the 
male could be solicitation of copulation by the female. A 
female would walk in front of her suitor and crouch, inviting 
the male to mount her (Nichols  1991 ). A mated pair also 
keeps in close vocal contact with each other, giving very 
quiet calls as they move around together. Under husbandry 
conditions, the role of the female in courtship and mating 
appears to be minimal (Kovach  1975 ). Sefton and Siegel 
 (1973)  reported that male courtship displays were rare. The 
male approaches the female, grabs her head or neck feathers 
and attempts to mount her without any additional courtship 
or display behaviour (Farris  1964, 1967 ; Wilson  &  Bermant 
 1972 ). Cheng (unpublished data) observed mating behav-
iour of domestic quail using two - male, six - female mating 
groups in 2.5    ×    3.1   m indoor fl oor - pens. Under this situation, 
a male could dominate the other male and attempt to keep 
the subordinate male from mating with the females. Often 
the subordinate male would dash into a group of females 
and perform zig - zag dancing, and the females responded by 
scattering in different directions, crouching and hopping up 
in the air. The subordinate male, and sometimes both males, 
would start to grab and mount females. During mounting, 
the male  ‘ grabs ’  the head or neck feathers of the female, 
positions himself on the back of the female, spreads his 
wings and begins treading. The copulatory response 
sequence results in ejaculation in about half of these cases. 
On those occasions, the male brings his cloaca down 
and underneath the female, establishes cloacal contact and 
ejaculates. The male releases his grip on the female and 
dismounts immediately after ejaculation. Following dis-
mounting, both the male and the female may show ruffl ing 
and shaking of the feathers. While males mount females 
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production and ease of management, they are a practical 
solution to the problem of animal protein shortage in devel-
oping countries and an alternative to chicken in developed 
countries (Shanaway  1994 ). Under commercial production 
systems, quail can be marketed at about 5 weeks of age with 
an average weight of about 215   g. A feed conversion ratio 
(feed/gain) ratio of 3.5 is not as effi cient as that of broiler 
chickens (Hoffmann  1990 ). However, the strength of the 
Japanese quail is in egg production. Domestic quail hens 
start egg - laying at about 5 weeks of age, eggs are about 10   g 
each, and a hen can produce 280 – 300 eggs in a year (Minvielle 
 1998 ). The feed conversion (feed/egg) ratio of 3.3 makes the 
Japanese quail the champion species in converting feed into 
eggs (Shanaway  1994 ). 

 In the past four decades, commercial quail farming has 
developed in many parts of the world, particularly in Japan, 
China, Korea, India, Italy, France (Bessei  1977 ; Minvielle 
 1998 ), Spain, Hungary, Poland, Estonia, Russia, Czech 
Republic, Slovakia (Baumgartner  1993 ), Saudi Arabia, 
South - eastern United States, Brazil (Murakami  &  Ariki  1998 ) 
and Chile.  

  Quail  a s  l aboratory  a nimals 

 The Japanese quail ’ s small size, inexpensive rearing require-
ments, rapid maturation and adaptability to a wide range of 
husbandry conditions have made it popular as a laboratory 

 Egg production declines with age (Figure  42.3 ) and eggs 
from older females (post 20 weeks) have low hatchability 
and fertility even though older females are more sexually 
receptive than younger females (Woodard  &  Abplanalp 
 1967 ). Wild females in their fi rst breeding season display 
little sexual activity until late in the season and are usually 
not successful in laying a clutch until their second breeding 
season (Nichols  1991 ). Keeping females on chronic long pho-
toperiods shortens their reproductive life presumably 
because of the physiological demands associated with high 
egg production.    

  Breeds,  s trains and  g enetics 

 A wide variety of plumage colour mutants exist (Cheng  &  
Kimura  1990 ; Butkauskas  2001 ) and various strains have 
been selected for physiological and behavioural traits. 
Details of existing known mutations, gene nomenclature, 
mutations, physical linkage maps and specifi c genetic lines 
can found in Cheng and Kimura  (1990) , Cheng and Nichols 
 (1992)  and Somes  (1984) . 

 The karyotype of the Japanese quail consists of seven 
pairs of macrochromosomes (including the sex chromo-
somes) and 32 pairs of microchromosomes. The integrated 
linkage map has been published by Kayang  et al.   (2006) .  

  Standard  b iological  d ata 

 There is a paucity of recent information concerning common 
physiological parameters in present - day strains of Japanese 
quail. Tables  42.1  and  42.2  show physiological and baseline 
haematological and clinical chemistry data, respectively. 
However, these tables should be considered only a guideline 
since present - day laboratory and domestic strains may be 
physiologically different because of selection for other traits, 
such as body weight or increased egg production.      

  Quail  a s  f ood  a nimals 

 Japanese quail have been farmed in many parts of the world. 
Due to their small body size, fast growth, high rate of egg 
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     Figure 42.3     Hen - day egg laying rate as a function of age in 
domestic Japanese quail  (data from Minvielle  et al .  (2000) ) .  

  Table 42.1    Standard biological data for the Japanese quail.  
 Modifi ed from Cooper  (1987)  and Mills  et al.   (1999) .   

   Parameter     Value  

  Body weight (g)      
     1 day    6 – 8  
     Adult male    100 – 130  
     Adult female    120 – 160  

  Organ weight (% body weight)      
     Liver    1.95  
     Heart    0.91  
     Kidney    0.73  
     Testes    2.88  

  Performance and longevity      
     Egg weight (g)    9 – 10  
     Egg number/100 bird days    80 – 90  
     Age at sexual maturity (days)    38 – 42  
     Lifespan (months)    24 – 26  

  Blood pressure (mmHg)      

  Systolic      
     Adult male    158.1    ±    4.6  1    
     Adult female    156.1    ±    4.7  1    

  Diastolic      
     Adult male    151.8    ±    4.7  1    
     Adult female    146.9    ±    4.2  1    

  Heart rate (beats/min)      
     Adult male    530.7    ±    17.7  1    
     Adult female    489.5    ±    17.1  1    

    1    mean    ±    se   
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 Japanese quail have been used extensively as a research 
model in neuroendocrinology. Since they have prominent 
and clearly defi ned sex differences in their behaviour 
(Ottinger  1989 ), they have been particularly useful in studies 
on the endocrine and neural mechanisms that control sexual 
differentiation and reproductive behaviour (Balthazart  &  
Ball  1998 ; Balthazart  et al.   2003 ; Ball  &  Balthazart  2004 ). 
Gonadotropin - inhibitory hormone, which directly acts on 
the pituitary to inhibit gonadotropin release, was fi rst dis-
covered in quail (Tsutsui  et al.   2000 ). Since much is known 
about their hormonal regulation of sexual development and 
behaviour, Japanese quail are often used as model species 
for avian toxicology tests (Ottinger  et al.   2002 ; Scanes  &  
McNabb  2003 ). They are a key model for examining the 
effects of endocrine - disrupting chemicals (Halldin  et al.  
 1999 ; Ottinger  et al.   2001, 2002 ). Because of their early matu-
ration and short generation time, quail are best suited for 
testing trans - generational effects of chemicals (Ottinger  et al.  
 2002 ; Kamata  et al.   2006 ). For similar reasons the quail has 
been a popular model for studying avian genetics (eg, Yang 
 et al.   1999 ; Aggrey  2003 ; Minvielle  et al.   1999 ; Piao  et al.   2003 ; 
Suda  &  Okamoto  2003 ; Kim  et al.   2007 ). 

 The species has been of particular value in studies of 
photoperiodism and the hormonal control of sexual behav-
iour (Mills  et al.   1997 ). Quail are strongly photoperiodic and 
been used to examine how circadian rhythms are entrained 
in birds and the role of melatonin in various physiological 
processes (Underwood  1994 ; Cheng  et al.   1994 ; Underwood 
 &  Edmonds  1995 ; Ohta  et al.   1989 ; Moore  &  Siopes  2000, 
2003 ; Fu  et al.   2002 ; Houdelier  et al.   2002   ; Nakahara  et al.  
 2003 ). 

 Furthermore, Japanese quail have many characteristics 
and behaviour patterns in common with the domestic 
chicken ( Gallus gallus domesticus ). They have been used to 
test the nutritive value of various feedstuffs for chickens (eg, 
Kaya  et al.   2003 ; Elangovan  et al.   2003 ), and are increasingly 
being used as model of that species for studies of applied 
animal ethology related to animal welfare (Gerken  &  
Petersen  1987 ; Gerken  &  Mills  1993 ; Mills  &  Faure  1990 ; 
Odeh  et al.   2003 ). 

 Although Japanese quail have been, and continue to be, a 
useful laboratory species, Minvielle  (2004)  reported that 
their popularity as a research model, as measured by the 
number of published papers, had declined between 1992 
and 2002. His analysis showed that only 115 – 120 papers per 
year were published on Japanese quail in 2001 – 2002. The 
authors searched BIOSIS Previews for research papers pub-
lished between 2003 and 2006 on Japanese quail, and found 
that the number had increased to an average of 154 papers 
per year. Like Minvielle  (2004) , they found that the number 
of papers published on Japanese quail is small in compari-
son to those published on other laboratory species like rats 
and mice. However, given the signifi cance of many of the 
studies outlined above, solely counting the number of pub-
lished studies on quail may not be a good refl ection of their 
importance as a research model. 

 Although the amount of research involving Japanese 
quail has been considerable, the species has largely been 
used as a model or for comparative purposes, and little 
attention has been paid to the bird itself (Cheng  &  Kimura 
 1990 ).  

animal for studies of behaviour, development, genetics, 
growth, endocrinology, nutrition, physiology, pharmacol-
ogy and toxicology (Landsdown  et al.   1970 ; Padgett  &  Ivey 
 1959 ; Wilson  et al.   1959 ; Reese  &  Reese  1962 ). Since quail 
have been used as a model organism in many research 
studies, there is an abundance of background information 
available. Additionally, numerous mutations are known 
(Cheng  &  Kimura  1990 ) and several strains have been devel-
oped for use in research (Marks  1978 ; Shih  et al.   1983 ; Hazard 
 et al.   2005 ; Minvielle  et al.   2007 ). 

  Table 42.2    Haematological and clinical chemistry values for adult 
domestic Japanese quail (mean    ±    se).   Data from Nirmalan and 
Robinson  (1971)  and Faqi  et al.   (1997) .   

   Parameter     Normal value  

   Adult male     Laying females  

  Erythrocytes (10 6 /mm 3 )    4.14    ±    0.07    3.81    ±    0.14  

  Packed cell volume (%)    53.1    ±    0.8    46.9    ±    1.3  

  Haemoglobin (g/100   ml)    15.8    ±    0.2    14.3    ±    0.5  

  Mean corpuscular volume 
( μ m 3 )  

  127.0    ±    2.0    124.0    ±    2.0  

  Mean corpuscular 
haemoglobin (ng)  

  38.5    ±    0.1    37.7    ±    0.7  

  Mean corpuscular 
haemoglobin concentration 
(%)  

  29.6    ±    0.3    30.4    ±    0.4  

  Reticulocytes (%)    7.0    ±    0.5    6.1    ±    0.4  

  Thrombocytes (10 3 /mm 3 )    117.0    ±    9.0    132.0    ±    17.0  

  Total leucocytes (10 3 /mm 3 )    19.7    ±    0.7    23.1    ±    1.0  

  Heterophils (%)    20.8    ±    1.9    21.8    ±    1.8  

  Eosinophils (%)    2.5    ±    0.04    4.3    ±    1.5  

  Basophils (%)    0.4    ±    0.1    0.2    ±    0.1  

  Lymphocytes (%)    73.6    ±    2.1    71.6    ±    1.6  

  Monocytes (%)    2.7    ±    0.3    2.1    ±    0.3  

  Glucose (mmol/l)    18.1    ±    0.8    17.5    ±    1.6  

  Uric acid (mmol/l)    455    ±    198    426.5    ±    276  

  Total cholesterol (mmol/l)    5.3    ±    0.4    3.1    ±    0.8  

  Bilirubin ( μ mol/l)    0.7    ±    0.05    0.8    ±    0.1  

  ASAT (U/l)    127.3    ±    10    130.4    ±    18.3  

  ALAT (U/l)    4.7    ±    1.1    4.3    ±    1.1  

   γ  - GT (U/l)    4.7  ±    1.1    4.3  ±    1.1  

  Cholinesterase (kU/l)    3.9    ±    0.7    2.8    ±    0.4  

  Creatinine ( μ mol/l)    35.4    ±    9.3    29.7    ±    6.1  

  Protein (g/l)    25.0    ±    1.0    33.6    ±    4.6  

  Albumin (g/l)    10.7    ±    1.4    16.5    ±    3.6  

  Phosphate (mmol/l)    1.2    ±    0.3    1.9    ±    0.4  

  Calcium (mmol/l)    2.3    ±    0.1    4.0    ±    1.3  

  Magnesium (mmol/l)    1.0    ±    0.04    1.2    ±    0.1  

  Iron ( μ mol/l)    12.5    ±    0.4    21.0    ±    2.8  
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cover whenever possible. In European agricultural research 
where the housing condition has to be similar to that of 
commercial farms, the standards laid down by the European 
Union Directive 98/58/EC and Council Directive 1999/74/
EC should be followed (see also Table  42.3 ). General recom-
mendations adopted under the Council of Europe 
Convention for The Protection of Farm Animals (ETS No 
87) 2  and general and species - specifi c recommendations 
under The Protection of Vertebrate Animals used for 
Experimental and other Scientifi c Purposes (ETS No 123) 
should also be consulted. In the UK, in circumstances in 
which Japanese quail are not defi ned as domestic poultry 
under the legislative framework, the housing condition 
guidelines encompassed within the Wildlife and Countryside 
Act may have to be followed. In the following sections the 
authors provide a description of some commercially avail-
able caging systems. These are not intended to be descrip-
tions of the ideal as there has been little research in this area, 
and further research into optimal quail housing is required.    

  Breeding  f acilities 

 Because domestic quail hens do not take to nest boxes 
readily and eggs laid on the fl oor are easily soiled and 
broken, diffi cult to collect and impossible to pedigree, cages 
are by far the most practical system for the housing of 
breeder or layer stock. Even though Buchwalder and 
Wechsler  (1997)  have found that quail may use solid - sided 
nest boxes with a small entrance, no further research has 
been carried out to facilitate housing breeding quail in fl oor 
pens as an alternative to conventional battery cages. New 
non - cage housing requirements for farmed poultry will 
come into effect in Europe in 2012. 

 A lighting regimen of 16 – 18   h of light and 6 – 8   h of dark 
is usually suffi cient to maintain a bird in good breeding 
condition.  

  Brooding  f acilities 

 Deep litter fl oor pens can be used to house birds from hatch-
ing to the end of their lives. Deep litter systems can range 
in size from entire rooms to small boxes mounted on wheels. 

  Sources of  s upply ( c onservation  s tatus) 

 In those countries where quail are farmed for meat or eggs, 
it may be possible to obtain birds from commercial suppliers. 
However, one has to be aware that the quality and genetic 
background of birds from commercial suppliers may vary. 
This may compromise comparison of results from different 
experiments or the potential to obtain consistent results from 
long - term studies. Other sources of supply are laboratories 
or research stations that maintain breeding populations. In 
North America, birds of known genetic history and lines 
selected for particular traits such as atherosclerosis resist-
ance or susceptibility used to be maintained by the Quail 
Genetic Resource Centre at the University of British 
Columbia. Because of budgetary problems, the Centre was 
closed in 2003 and the quail populations have been trans-
ferred to and are maintained by the Agassiz Poultry Research 
Centre (Agriculture and Agri - Food Canada, 6947 #7 
Highway, P.O. Box 1000, Agassiz, British Columbia V0M 
1A0, Canada). In Europe, The French National Institute for 
Agricultural Research (INRA) (Department of Animal 
Genetics, 78352 Jouy - en - Josas, France), and in Asia, The 
Japan National Institute for Environmental Sciences (NIES) 
(16 - 2 Onogawa, Tsukuba Ibaraki, 305 - 8506, Japan), are both 
involved in quail research and maintain conservation popu-
lations and specialised lines.  

  Laboratory  m anagement and  b reeding 

  General  h usbandry 

 Different strains of domestic quail differ greatly in their 
husbandry requirement. The information provided in this 
section is generic in nature. Researchers working with par-
ticular strains of quail may need to modify their husbandry 
practice accordingly. Management information can usually 
be obtained from the organisation from which the birds 
were obtained. Other sources of information include 
Ottinger and Rattner  (1999)  and Randall and Bolla  (2007) . 

  Housing 

 Quail can be housed in facilities as diverse as battery cages 
or outdoor aviaries. The type of housing used will be deter-
mined by the nature of the research, statutory requirements, 
welfare considerations and other factors. Although battery 
cages have frequently been used, the Joint Working Group 
on Refi nement (JWGR) recommended that, when it is not 
possible to keep the birds in outdoor aviaries, indoor pens 
were more suitable than cages, and that if cages have to be 
used these should be modifi ed to improve the quality of the 
space they provide (JWGR  2001b ). In that report, informa-
tion on cage sizes used in common practice is also presented 
together with recommendation for best practice. The 
European Commission has provided updated housing 
guidelines (European Commission  2007 ) which provide 
advice on rearing, enrichment and housing. These guide-
lines also recommend pens rather than cages and that 
housing systems should allow for the provision of substrate 
for scratching, pecking and dustbathing, nest boxes and 

  Table 42.3    Space allowances for domestic Japanese quail  
 (modifi ed from JWGR  (2001b) , European Commission  (2007) )  . 

   Parameter     Body mass (g)  

   Up to 150     Over 150  

  Minimum enclosure size (m 2 )    1.0    1.0  

  Area per bird: pair housed (m 2 )    0.5    0.6  

  Area per bird: group housed (m 2 )    0.10    0.15  

  Minimum height (cm)    20    30  

  Minimum length of feeding 
trough (cm)  

  4    4  

  2       http://www.coe.int/t/e/legal_affairs/legal_co-operation/
biological_safety%2C_use_of_animals/farming/A_texts_documents.
asp#TopOfPage  
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easily but not so large as to allow chicks to escape. Similar 
provisions should be made for access to drinkers if these are 
located outside of the cage. The vertical distance between 
tiers of cages should be suffi cient to allow easy collection and 
removal of droppings. Obviously, there must be an impervi-
ous separation between each tier of cages so as to prevent 
faeces falling from one level to another. Droppings can be 
collected on sheets of paper, pull out trays or moving belts. 

 Cage fl oors of 1   cm 2  mesh have been used, which allow 
for the passage of the droppings from the cage. However, 
this mesh size is too large to support the feet of chicks under 
1 week of age. Therefore, for chicks of less than 1 week of 
age, the cage fl oor should be lined with sheets of paper or 
fi ne mesh plastic mesh (0.2   cm 2 ). Some droppings will pass 
through plastic mesh of this size and with reasonable stock-
ing densities, a single sheet of plastic mesh can be left in 
place from hatching to about 10 days of age when it is no 
longer required. Paper sheets, pull out trays or moving belts 
should be cleaned before there is excessive accumulation of 
droppings. In this context, it is important to remember that 
droppings will not be evenly distributed over the cage fl oor 
but will be concentrated in the areas around feeders and 
drinkers. 

 Feeders for young chicks must not have high ( < 2   cm) sides 
or the birds may not be able to reach the food. Petri dishes 
make excellent feeders for chicks from hatching to 4 or 5 
days of age when food spillage becomes an important 
problem. From hatching onwards it is usual to present food 
in both petri dishes and some other form of feeder so that 
the chicks are familiar with these other feeders when the 
petri dishes are removed. In brooder and battery cages food 
is usually presented in feeders attached to the front of the 
cage. These feeders can be simple troughs or more compli-
cated  ‘ back - well feeders ’ . 

 The appropriate type of drinker varies with the husbandry 
system. In small cages and boxes, cage - bird drinkers can be 
used (one per fi ve birds). When birds are housed in deep -
 litter pens, or boxes, plastic 0.5   l gravity - fed bell drinkers are 
probably the most appropriate for chicks and sub - adult 
birds. However, for small chicks it may be advisable to fi t 
drinkers with a grill or rubber ring to reduce the available 
watering area or some chicks may drown. An alternative 
solution is to partially fi ll the drinker with pebbles. Bell 
drinkers should be placed on wooden sheets to prevent 
them becoming clogged with litter. However, this is only a 
partial solution to clogging and drinkers should be inspected 
daily and cleaned out when necessary. 

 Irrespective of the type of housing system used, chicks 
less than 2 weeks old should be kept under continuous 
illumination at a minimum of 20   lux light intensity. This is 
of particular importance when birds are kept in large deep 
litter pens with a single heat source such as a gas burner. 
Under such conditions, if a period of darkness occurs, chicks 
will disperse from beneath the heat source and may die. 
There is no evidence that quail suffer from being kept under 
UV - defi cient lighting (Smith  et al.   2005 ).  

  Rearing and  h olding  f acilities 

 Juvenile and adult birds can best be housed in deep litter 
fl oor pens. They can also be kept in colony or pedigree 

Heat is provided by lamps, gas burners or radiant heaters 
suspended above the fl oor. Wood shavings are the most 
frequently used fl oor covering. 

 Chicks can be kept in wooden boxes until they are 2 – 3 
weeks of age. Typical boxes measure 40   cm    ×    65   cm    ×    30   cm 
(w    ×    d    ×    h). When there is no place to hide, quail will jump 
upwards with tremendous force in a fl ight response when 
startled. If cage height exceeds 30   cm, it will allow the quail 
to pick up momentum in the fl ight response and which may 
result in severe head injuries (Gerken  &  Mills  1993 ). For this 
reason, ceilings can be of soft material. However, the soft 
material should be: (1) non - porous and washable; (2) non -
 fl ammable; and (3) not obstruct ventilation. Brooding boxes 
with soft ceilings are not commercially available. Heat and 
light can be provided by an infra - red lamp suspended over 
one end of the box. Temperature directly under the heat 
source should be 37    ° C, allowing the chicks to fi nd their 
comfort zone as they move towards the other end of the box. 
The fl oor of the boxes should be covered with wood shav-
ings or some other form of litter. After 2 weeks, the heat 
source is no longer needed if the room temperature is main-
tained within the 18 – 26    ° C range. At this age, the juveniles 
can also be moved to deep litter fl oor pens. 

 Chicks and juvenile birds have also been kept in com-
mercial battery brooder cages (Figure  42.4 ). As their name 
suggests, battery brooder cages are arranged in batteries 
mounted on metal frames. Heat is provided from radiant 
heaters which are usually built into the roof of the cage. 
Light and additional heat can be provided by lamps mounted 
on the ceiling of the cage. In most commercial brooder cages, 
the heat source can be controlled by a thermostat. At hatch-
ing quail chicks require an ambient temperature of 37    ° C. 
After 3 days the temperature can be reduced to 35    ° C. 
Thereafter, the temperature can be progressively reduced by 
5    ° C per week until 25    ° C.   

 Battery brooder cages can be of different sizes but usually 
measure at least 100   cm    ×    75   cm    ×    16 – 20   cm (w    ×    d    ×    h). Cage 
roofs are made of solid metal sheeting. Cage sides are made 
of 1   cm 2  (or smaller) wire mesh or solid metal sheeting. The 
cage fronts usually serve as hinged doors and are usually 
made out of vertical wire grill. If trough feeders are attached 
to the front of the cage, then the space between the bars 
should be large enough to allow the birds to reach the feeder 

     Figure 42.4     Box brooder for Japanese quail chicks.  Reproduced 
with permission of GQF Manufacturing Company.   
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batteries with an impervious separation between tiers. The 
vertical distance between tiers should be suffi cient to allow 
easy collection and removal of droppings. Again, as for 
brooder cages, droppings can be collected on sheets of 
paper, pull out trays or moving belts. 

 Domestic quail grow rapidly and reach adult size in 4 
weeks. Therefore, stocking densities should be predeter-
mined at hatching or should decrease with the age of the 
birds, until they reach adult size. Strain, breed and line dif-
ferences in body weight may confound this problem. Lucotte 
 (1974)  suggested that stocking densities should be 250 
birds/m 2  during the fi rst week after hatching and 175 birds/
m 2  during the and third weeks after hatching. However, sex 
ratio and body weight may require that these estimates 
be modifi ed. Current recommendations suggest that adult 
birds should not be kept at stocking densities greater than 
40 – 45 birds/m 2 , thus providing each birds with 225 – 250   cm 2  
of space (National Research Council (NRC)  1996 ; National 
Advisory Committee for Laboratory Animal Research  2004 ; 
see also Table  42.3 ). 

 In deep litter systems, food can be provided in hoppers 
which require less maintenance than other feeder types. 
Quail have high nutritional requirements throughout their 
lives, particularly during the growing period, so it is impor-
tant that the feeding space provided is adequate (see Table 
 42.3 ). In large deep litter systems, continuous - fl ow bell 
drinkers can be used for juvenile and adult birds. These 
drinkers can be suspended at a height within easy access by 
the birds but suffi ciently high to minimise clogging with 
litter. Alternatively, cup or nipple drinkers can be installed. 
Colony cages and pedigree cages are usually equipped with 
cup or nipple drinkers (one per fi ve birds). 

 Although juvenile birds readily adapt to changes in 
drinker type, this is not the case in adult birds. Birds which 
have been raised with bell drinkers may not recognise 
nipple or cup drinkers and  vice versa . Therefore, when birds 
are transferred from one type of husbandry system to 
another, it is important to ensure that the animals fi nd the 
drinkers. 

 From 3 – 6 weeks of age birds should be kept under a light-
ing regimen of 8   h light to 16   h darkness. If this is not the 
case females may enter into lay too early, giving rise to 
reproductive problems (see later in this chapter). Adult 
birds can be kept on photoperiods of 12 – 18   h.  

  Environmental  p rovisions 

 Quail do not readily use conventional nest boxes (see 
Buchwalder  &  Wechsler  (1997)  for a discussion of the 
improvement of nest box design and usage) but do use litter 
for dust - bathing. Enriching the environment of chicks by 
providing coloured objects and other  ‘ toys ’  reduces fear and 
aggressive responses in later life (Jones  et al.   1991 ; JWGR 
 2001b ). Providing soft background music and human con-
versations from radio stations may lessen fear responses 
elicited by human entering the room.  

  Social  g rouping 

 Male quail react vigorously to the presence of unfamiliar 
males (Selinger  &  Bermant  1967 ) and rearing males in pairs 

battery cages that do not have internal sources of heating or 
lighting (Figure  42.5 ). Commercial colony cages for adults 
can often be sub - divided into smaller cages for one to three 
birds.   

 Floor pens have to be custom built. They can be of various 
dimensions depending on the number of birds to be housed 
and other research requirements. Readers should consult 
JWGR  (2001b)  and also see Chapter  41  on domestic fowl. 

 Like brooder cages, adult cages can be of different sizes. 
However, commercially available colony cages normally 
measure 100   cm    ×    50   cm    ×    16 – 20   cm (w    ×    d    ×    h) and pedigree 
cages suitable for up to three or four birds measure 
25   cm    ×    50   cm    ×    20   cm (w    ×    d    ×    h). 

 Pedigree and colony cages usually have roofs made of 
solid metal sheeting. If the cage roof is not solid metal sheet-
ing but of wire mesh, it is advisable to hang soft, wide plastic 
strips vertically from the cage roof half way down the cage 
for birds to hide behind. This will minimise their fl ight 
response and head injuries. The material used for making 
these strips should be able to withstand high pressure or 
steam cleaning without turning brittle. Cages with soft mesh 
netting roofs are not commercially available, but can be 
custom installed. However, soft mesh netting roofs have the 
disadvantages that they are fl ammable, not easily cleaned 
and disinfected, there is a risk of birds tangling or strangling 
themselves in a fl ight response, and they may not easily 
used with rack cage systems. Cage sides are made of 1   cm 2  
or smaller wire mesh or solid metal sheeting. Cage fl oors are 
made of 1 – 2    ×    1   cm mesh to allow the passage of droppings. 
The cage fl oors should be sloping so as to allow eggs to roll 
out. As for brooder cages, the cage fronts are usually hinged 
and serve as the cage doors. The cage fronts and backs 
should be made from wire grill with 2.5   cm spaces between 
the bars to allow birds to reach food and water easily. 
Adult cages are mounted on metal frames and arranged in 

     Figure 42.5     Battery breeding cages for adult Japanese quail. 
 Reproduced with permission of GQF Manufacturing Company.   
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Transponder microchips could be used as an alternative to 
leg bands or wing tags. However, these are relatively expen-
sive and do not appear to have been widely used. 

 In pedigree breeding systems, where two or more hens 
are kept with a male, egg colour, size and shape can be used 
to identify which of the hens laid them. These parameters 
vary greatly between individuals but are extremely consist-
ent within individuals over a 3 week period (Lucotte, 1974 ; 
Cheng, personal observations).  

  Hygiene 

 Good hygiene is essential at all stages of husbandry. 
Incubators and hatchers should be cleaned and disinfected 
after each use. Rooms, cages, feeders and drinkers must be 
kept clean and disinfected after each cycle of use. When 
birds are kept in cages, dropping collectors should be 
changed or cleaned on a weekly basis. As far as possible, 
cages fl oors should be kept free from droppings. In deep 
litter fl oor pens, litter should be topped up weekly, with a 
total clean out and replacement every 2 months. If breeding 
birds are kept in deep litter fl oor pens, a cleaning schedule 
has to be carefully planned because the cleaning procedure 
will disrupt egg laying. 

 Where possible, the buildings used to house quail should 
be emptied periodically and cleaned and disinfected before 
being used again.   

  Health  m onitoring,  q uarantine and 
 b arrier  s ystems 

 Birds should be carefully inspected at least once daily and 
any birds showing signs of sickness or injury should be 
examined and treated appropriately and any dead birds 
removed. From hatching to 6 weeks of age, the mortality 
rate should be less than 5%. During breeding, the mortality 
rate should be less than 2%. Disease may be indicated by 
reduced egg output, morbidity and emaciation (see also 
section on disease). If animals are introduced to existing 
stock from an external source (this should be avoided if at 
all possible), it is very important that the source fl ock is 
disease free. It is better to bring in fumigated eggs or chicks 
than adult birds. If chicks or adult birds are brought in from 
external sources, they should be kept in quarantine for a 
period of 5 – 6 weeks. Contact between quail and other birds 
(particularly game birds) should be avoided. Access to 
housing facilities should be restricted to persons who have 
not been in contact with other birds for 72   h. It is prudent to 
provide disinfectant footbaths and protective clothing for 
workers and, for biosecurity reasons, visitors should not be 
allowed into the husbandry unit. Rodents and insects should 
be prevented from access to buildings housing quail.  

  Transport 

 It is advisable not to ship quail less than 2 weeks old, but if 
unavoidable, chicks are best transported in commercially 
available cardboard chick boxes (46   cm    ×    31   cm    ×    15   cm) with 
a fl oor lining of wood shavings. The boxes should have air 

and then interchanging pair members leads to an increase 
in the frequency of aggressive interactions relative to that 
observed in the original pairs (Edens  et al.   1983 ; Edens  1987 ). 
Further, birds that have been left in their  ‘ home ’  cages are 
more aggressive than birds that have been transferred to an 
unfamiliar cage (Edens  et al.   1983 ). Therefore, once groups 
have been established it is inadvisable to attempt to mix 
groups or introduce new animals into established groups. 

 In groups where the male   :   female ratio is high, misdi-
rected head grabs by males (particularly if the female is not 
receptive) may result in head wounds and eye damage or 
loss. Under such circumstances, frequent attempts at mount-
ing may result in wounds and, in extreme cases, the death 
of the females. 

 Where possible, housing of females in single - sex groups 
is desirable on welfare grounds. However, this is not the 
case for males. In all male groups, or in groups where the 
male   :   female ratio is high, homosexual copulation attempts 
are frequent (Wilson  &  Bermant  1972 ). This leads to subor-
dinate males suffering feather loss and injuries similar to 
those sustained by females in mixed - sex groups. In breeding 
fl ocks, the ratio of males to females is usually kept at 1   :   4 to 
avoid repeated mounting by males leading to injury of the 
females.  

  Sexing 

 Day - old chicks can be vent sexed (examination of the cloaca) 
(Homma  et al.   1966 ) but accuracy is diffi cult to achieve in 
practice, except perhaps in Japan where hatcheries hire pro-
fessional sexers to sex the chicks. However, by the time the 
chicks are 3 – 4 weeks old they can be sexed on the basis of 
plumage colour (Figure  42.1 ). Researchers working with 
strains that have plumage colour other than the wild type 
can identify males at 4 weeks of age by the protruding foam 
gland above the cloaca (Cheng  et al.   1989b ).  

  Identifi cation 

 Individual birds can be identifi ed by means of leg bands or 
wing tags. The use and application of split rings and wing 
tags is described in JWGR  (2001b) . Wing bands and tags are 
readily available from commercial suppliers. Both bands 
and tags can be placed on birds of any age. However, the 
banding and tagging of chicks present certain diffi culties. 
Leg bands, which are suitable for small chicks, do not have 
a diameter suffi cient to accommodate the leg of juvenile or 
adult birds and must be replaced with larger ones when the 
birds are 1 – 2 weeks of age. Wing tags can be left in place 
throughout the life of the birds but only if they are correctly 
placed in the propatagium (the membrane or fold of skin in 
front of the humeral and radio - ulnar parts of the wing). 
However, in chicks the propatagium is very small and there 
is a risk that some tags will be placed in the muscles of the 
wing. If this is the case, then the tag will progressively 
become imbedded in the musculature of the wing as the bird 
grows. Therefore, birds should be inspected at 1 – 2 weeks of 
age and any incorrectly placed tags replaced. #5 Fingerling 
tags are suitable for quail chicks and aluminium chick wing 
bands are suitable for adult quail. Ear tags for mice may also 
be suitable for the wing tagging of chicks and adults. 
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been maintained for more than eight generations (Kim  et al.  
 2007 ). Therefore it is important to avoid consanguineous 
matings. To achieve this in small populations, it is important 
to maintain pedigree records for breeding stock. 

 At least three methods exist for the management of breed-
ing birds. Each of these has particular advantages and dis-
advantages but there is a clear order of preference on both 
welfare and husbandry grounds. 

  1.     Birds can be housed in small cages containing one male 
and two or three females. Under such conditions, males 
do not usually damage the females, the method is not 
labour intensive and it is possible to pedigree offspring 
or identify birds which are not reproducing well.  

  2.     Males and females may be kept in individual cages and 
the males introduced into the cages of the females at 
intervals of 2 – 3 days since females are fertile for 3 – 9 
days after a single insemination (Reddish  et al.   1996 ). 
Males are introduced into the female cages in the 
morning for a period of 15 – 30 minutes. This is a suffi -
ciently long period for copulation to take place but 
short enough to prevent the males from injuring the 
females. However, this method is extremely labour 
intensive although it permits one male to be mated to a 
relatively large number of females.  

  3.     Males and females may be kept together in colony cages 
containing 5 – 10 males and 20 – 40 females. This is not 
labour intensive but the males may fi ght or attempt to 
copulate with one another, the mating of individual 
females is irregular and the parents of chicks cannot be 
identifi ed. This method is probably the least satisfactory 
method for the management of breeding birds.    

 In the authors ’  laboratory, they keep two males with four 
females as a unit in a breeding cage and keep 24 cages (total 
of 48 males and 96 females) for propagating their random-
bred population. They have found this arrangement much 
more satisfactory than the colony cages. 

 Techniques for the artifi cial insemination (AI) of Japanese 
quail have been developed (Marks  &  Lepore  1965 ), but fer-
tility by AI is highly variable. AI is seldom used in practice 
because it is diffi cult to obtain semen that is not contami-
nated with foam or cloacal products (Buxton  &  Orcutt  1975 ). 
In addition, the volume of semen collected per male is 
between 3.9 and 6.9    μ l (Marks  &  Lepore  1965 ) whereas an 
inseminating dose of 2.5 – 15    μ l is required to achieve accept-
able fertility levels. Furthermore, quail lay at the end of the 
photoperiod (late afternoon). Inseminating the female when 
there is a hard - shell egg in her oviduct will result in very 
poor fertility. The best time to inseminate after the egg is 
laid would be in the dark. For these reasons, reproduction 
of Japanese quail is usually by natural mating rather than 
by artifi cial insemination.  

  Incubation of the  e ggs 

 The nest of the Japanese quail, like those of most gallina-
ceous species, is little more than a simple scrape on the 
ground with a rim of dry grass or similar material (Kawahara 
 1967 ; Nichols  1991 ). In the wild or in aviaries, quail hens 
choose to nest in secluded sites within areas containing 
rough grasses and scattered shrubs (Taka - Tsukasa  1935 ; 

holes of a size suffi cient to allow adequate ventilation but 
small enough to prevent the chicks from escaping. When 
transporting chicks, it is important to ensure that the ambient 
temperature is suitable (35 – 30    ° C, depending on the age of 
the chicks) and the time in transit be kept to less than 4   h. 
Adults should be transported in crates with solid fl oors and 
mesh or grill walls and roofs (65   cm    ×    52   cm    ×    19   cm for 20 
birds). Specially designed crates can be purchased (Figure 
 42.6 ). For shipping adults over long distances, it is recom-
mended that a cut open apple be attached to the inside of 
the crate for birds to peck at to obtain moisture. Time in 
transit should be limited to less than 8   h unless drinking 
water can be applied every 4   h. Information on the transport 
of laboratory animals is given by Laboratory Animal Science 
Association (LASA  2005 ) and IATA 3  (see also Chapter  13 ).    

  Breeding 

  Condition of  a dults 

 The reproductive status of both male and female quail can 
be determined from behavioural, hormonal, neuro - anatom-
ical and morphological parameters (for details and refer-
ences see Mills  et al.   1997 ). However, in practical terms, 
behavioural and morphological measures are the most easy 
to apply. Age of sexual maturity can be manipulated by 
photoperiod. Birds kept under short photoperiod will not 
become sexually mature. Birds kept under long photoperiod 
will become sexually mature at 4 – 5 weeks of age. At sexual 
maturity, the cloacal diameter of females and the protodeal 
(foam) gland of males increases. These anatomical changes 
and the beginning of sexual behaviour are reliable indicators 
of sexual maturity.  

  Breeding  s ystems 

 The main criteria for the selection of breeding stock are that 
the birds are in good physical condition and meet the 
requirements of any selection criteria. However, it should 
be remembered that quail are extremely susceptible to 
inbreeding depression. According to Lucotte  (1974)  the 
hatchability of eggs falls to near zero after three generations 
of brother    ×    sister mating. No full - sib mating inbred line has 

     Figure 42.6     Specially designed shipping crate for adult Japanese 
quail. The crate has openings on the top and the side to facilitate 
the introduction and removal of birds.  Reproduced with permission 
of KUHL Corporation.   

  3       http://www.iata.org  
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  Hatching of  y oung 

 On day 14 of incubation, eggs should be prepared for hatch-
ing by transferring them to a hatcher apparatus or arranging 
them in hatcher trays in the incubator. Eggs should be 
placed on their sides and should not be turned thereafter. 
The temperature should be increased to 40    ° C and the 
humidity increased to 70 – 80%. Eggs hatch between days 16 
and 18 of incubation with most chicks hatching on day 17 
(Lucotte  1974 ). However, these values may vary slightly 
depending on incubation conditions. For example, Wilson 
 et al.   (1961)  found that the time from setting of eggs to exter-
nal pipping was about just under 16 days, the time from 
pipping to hatching about 10   h and the time from hatching 
to complete drying of the down about 5   h. 

 Within batches the time of hatching of quail chicks is 
synchronised to some degree. This synchronisation of hatch-
ing is partially the result of communication between embryos 
by means of a vocalisation known as clicking which accom-
panies each air intake (Kovach  1975 ). Clicking by advanced 
embryos accelerates hatching in retarded embryos and vice 
versa (Vince  1966, 1968 ; Vince  &  Cheng  1970 ). Hatchability 
is therefore better when eggs are put close together in the 
hatching tray.  

  The  y oung 

 Quail chicks are nidifugous (precocial) and do not necessar-
ily require parental care post hatching. Provided that the 
rearing environment is adequate (see earlier) they have no 
other specifi c requirements. In 1974 Lucotte suggested that 
a mortality rate of 10 – 15% during the fi rst weeks after hatch-
ing should not be considered excessive but with modern 
management systems it should be considerably less. In the 
authors ’  laboratory, quail mortality rate has been below 5% 
for the last 25 years. The greatest mortality occurs due to 
 ‘ starve out ’  on the third and fourth days after hatching when 
the nutrients from the yolk sack (vitellus) have been depleted 
and some chicks may fail to adapt to external sources for 
water and nourishment. It is important to monitor closely at 
this time.   

Kawahara  1967 ; Nichols  1991 ; Schmid  &  Wechsler  1997 ). 
However, little is known about the nesting behaviour of 
wild birds although it appears that nest - building and incu-
bation are carried out exclusively by the female ( Schwartz 
 &  Schwartz  1949 ; Orcutt  &  Orcutt  1976 ; Nichols  1991 ). 

 In deep litter fl oor pens, natural incubation of eggs is not 
practical because quail hens do not readily become broody. 
Even with nest boxes provided, her nest - building and incu-
bation behaviour is disrupted or not expressed because of 
close proximity and disturbance from other birds in the pen 
(Nichols  1991 ). Eggs can be incubated by bantam hens or 
pigeons but by far the most practical method is artifi cial 
incubation. 

 Eggs which are intended for incubation should be col-
lected daily. Collection is usually carried out in the morning 
since most eggs will have been laid at the end of the previ-
ous day. Quail eggs have thin and fragile shells and they 
therefore should be handled carefully during collection and 
subsequent manipulations. After collection, the eggs should 
be stored on cardboard or specially designed polystyrene or 
foam - rubber trays for quail eggs. Eggs should be stored at 
10 – 15    ° C in a well ventilated room (with a relative humidity 
of about 40%). Turning stored eggs at regular intervals may 
help to maintain hatchability. Storage time from collection 
to setting should be less than 7 days for maximum fertility 
and should not exceed 14 days since extended storage 
increases the incidence of embryonic abnormalities (Sittman 
 et al.   1971 ). Further, there is a fall in hatchability from 10 
days onwards (Kraszewska - Domanska  &  Pawluczuk  1977 ). 
Before setting, eggs should be inspected and any that are 
dirty, cracked, under -  or over - sized, or with shell abnormali-
ties (soft or under or over pigmented) eliminated. 

 Artifi cial incubators are of two types  –  horizontal or verti-
cal. The major difference between these two types of incuba-
tors is that horizontal incubators have a single fi xed shelf for 
eggs whereas vertical incubators have several tiers of shelves 
which can be inclined up to an angle of 45%. Most horizontal 
incubators are simple in design and can be purchased 
cheaply. However, they may have low capacity and rela-
tively poor stability of incubation temperature and humid-
ity. More sophisticated horizontal incubators for research 
use are also available. Vertical incubators have higher capac-
ity and better controlled temperature and humidity than the 
simple horizontal incubators. Popular models for incubating 
quail eggs can be obtained from commercial incubator 
companies. 

 Incubation conditions for quail eggs are similar to those 
for chicken eggs, but because quail eggs are much smaller 
than chicken eggs they are more sensitive to temperature 
and humidity fl uctuations during incubation. In vertical 
incubators temperature should be between 37.5    ° C and 
38    ° C. In simple horizontal incubators, where heat loss to the 
environment tends to be greater than in vertical incubators, 
the temperature should be set at 39    ° C. This higher tempera-
ture is used to compensate for the greater temperature fl uc-
tuations inherent in these incubators. In both types of 
incubator, humidity should be 40 – 50%. 

 Incubation lasts 16 – 18 days. Under normal incubation 
conditions, there are peaks in embryonic mortality during 
the fi rst 3 days of incubation and during the last 2 days of 
incubation (Figure  42.7 ).    
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     Figure. 42.7     Daily embryonic mortality during incubation of 
Japanese quail eggs  (modifi ed from Mills  et al .  (1999) ) .  
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growing and breeding birds are shown in Table  42.4 . In the 
case of laying hens, although food intake is low (20 – 30   g/
day), the ratio of egg weight to body is high (approximately 
5%) and it is particularly important to ensure a high intake 
of protein and sulphur amino acids.    

  Natural and  l aboratory  d iets 

 Wild quail are omnivorous and have a diet composed of 
small seeds, insects and spiders (Kawahara  1967 ). Table  42.5  
shows the food consumption of birds up to 5 weeks of age. 
The metabolisable energy value of diets should be in the 
range of 2600 – 3200   kcal/kg (Shim  &  Vohra  1984 ). In com-
mercial operations where maximising production is a 
premium, it is usual to provide the birds with  ‘ starter ’  diets 
until they are 21 days of age, with  ‘ grower diets ’  from 3 – 6 
weeks of age and  ‘ breeder or layer ’  diets thereafter. In labo-
ratory operations, the authors found that using a commer-
cial turkey starter diet (26% protein) fortifi ed with extra 
calcium (2.5%) is satisfactory for feeding quail of all ages. 
The diet comes in  ‘ crumble ’  form (crumbled pellets) and has 
to be ground to a dry mash for feeding newly hatched chicks 
to 2 weeks old. Thereafter, the diet can be fed as crumbles. 
Specially prepared diets for quail may be available from 
some feed companies. Some commercial game bird diets can 
also be used for quail. Diet with high wheat content should 
be avoided, as the feed will become glutinous when mois-
tened and will stick to the toes of the birds and ball up. 
Advice on quail nutrition in the tropics is available online 4 .   

 For nutritional physiology studies, commercial diets may 
not provide the background consistency of the feed ingredi-
ents and the precise level of various nutrients needed. In this 
situation, a synthetic diet (Table  42.6 ) may be used.    

  Water 

 Clean drinking water must be provided at all times. Water 
consumption (Table  42.7 ) increases with age (Farrell  et al.  
 1982 ; Visser  et al.   2000 ), and is greater in lines selected for 
increased body mass (Visser  et al.   2000 ). Drinking rates of 
adults increase as salinity of their drinking water increases, 
but quail do not tolerate salinities greater than isotonic 
(150   mM NaCl; Roberts  &  Hughes  1983 ).      

  Table 42.4    Nutrient requirements of Japanese quail  (NRC,  1994 ) . 
Dietary requirements are on a per kg diet basis, assuming 90% 
dry matter. 

   Nutrient     Unit     Diets  

   Starting 
and 

growing  

   Breeding  

  Metabolisable energy    kcal/kg    2900    2900  

  Protein and amino acids              
     Protein    %    24.0    20.0  
     Arginine    %    1.25    1.26  
     Glycine   +   serine    %    1.15    1.17  
     Histidine    %    0.36    0.42  
     Isoleucine    %    0.98    0.90  
     Leucine    %    1.69    1.42  
     Lysine    %    1.30    1.00  
     Methionine    %    0.50    0.45  
     Methionine   +   cystine    %    0.75    0.70  
     Phenylalanine    %    0.96    0.78  
     Phenylalanine   +   tyrosine    %    1.80    1.40  
     Threonine    %    1.02    0.74  
     Tryptophan    %    0.22    0.19  
     Valine    %    0.95    0.92  

  Fat              
     Linoleic acid    %    1.0    1.0  

  Macrominerals              
     Calcium    %    0.8    2.5  
     Cholorine    %    0.14    0.14  
     Magnesium    mg/kg    300    500  
     Non - phytate phosphorus    %    0.3    0.35  
     Potassium    %    0.4    0.4  
     Sodium    %    0.15    0.15  

  Trace minerals              
     Copper    mg/kg    5    5  
     Iodine    mg/kg    0.3    0.3  
     Iron    mg/kg    120    60  
     Manganese    mg/kg    60    60  
     Selenium    mg/kg    0.2    0.2  
     Zinc    mg/kg    25    50  

  Fat - soluble vitamins              
     A    IU/kg    1650    3300  
     D3    ICU/kg    750    900  
     E    IU/kg    12    25  
     K    mg/kg    1    1  

  Water - souluble vitamins              
     B12    mg/kg    0.003    0.003  
     Biotin    mg/kg    0.3    0.15  
     Choline    mg/kg    2000    1500  
     Folacin    mg/kg    1    1  
     Niacin    mg/kg    40    20  
     Pantothenic acid    mg/kg    10    15  
     Pyridoxine    mg/kg    3    3  
     Ribofl avin    mg/kg    4    4  
     Thiamin    mg/kg    2    2  

  4       http://www.thatquailplace.com/quail/coturn1.htm  

  Table 42.5    Food consumption of sample lines of Japanese quail at 
different ages. 

   Age (wk)     Food consumption (g/day)  

   Random - bred line  1       Commercial meat lines  2    

  1        6.8  
  2    10.2    13.7  
  3    13.0    15.7  
  4    17.5    19.8  
  5        23.5  

    1     Data from Farrell  et al.   (1982) .   
   2     Data from G ü ler  et al.   (2005)    and Hy á nkova  et al.   (1997) .    

  Feeding and  w ater 

  Dietary  r equirements 

 Quail chicks have very high requirements for dietary protein 
and amino acids early in life but these requirements dimin-
ish as the birds age. Recommended nutrient levels for 
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hypothalamus, rectum and skin under different environ-
mental conditions. The temperatures observed had the 
following ranges: hypothalamus 42.7 – 42.8    ° C, rectum 42.0 –
 42.2    ° C and skin 39.0 – 39.8    ° C. McNabb and McNabb  (1977)  
describe the measurement of heat transfer across the skin 
and feather pelts in young birds. Woodard and Mather 
 (1964)  have described circadian rhythms in body tempera-
ture and Woodard and Wilson  (1972)  have measured body 
temperature in relation to oviposition. For further informa-
tion concerning body temperature in Japanese quail see 
Wilson  (1972) .  

  Collection of  b lood  s amples 

 Blood samples can be taken from the jugular or brachial 
veins. The blood volume of quail is approximately 7   ml/100   g 
body weight (Nirmalan  &  Robinson  1971 ) and 0.5   ml 
blood/100   g body weight can be safely withdrawn. Arora 
 (1979)  suggested 0.5   mm diameter (25   G) needles for obtain-
ing blood from the jugular vein and 0.46   mm diameter (26   G) 
needles for obtaining blood from the brachial vein (see also 
JWGR  1993 ). Arora  (1979)  suggested that for ease of collec-
tion, safety and for repeated sampling, the jugular vein was 
the most suitable site. However, repeated bleeding is not 
advisable.   

  Administration of  m edicines 

  Dosing and  i njection  p rocedures 

 The jugular vein is the most suitable site for intravenous 
injections. Intramuscular injection should be made in the 
pectoral muscles. Subcutaneous injections should be placed 
under the skin of the neck. Intra - coelomic injections are 
sometimes used to administer anaesthetics, but care should 
be taken not to place the injection into the air sacs. 

 Liquids can be administered orally by direct intubation of 
the crop using a standard 12 – 16   G gavage needle (bulbous 
tipped 100   mm long) (Ichilcik  &  Austin  1978   ). If doses do not 
need to be precise, it is possible to incorporate compounds 
into the diet or drinking water. 

 Although quail are not specifi cally dealt with, detailed 
information on the procedures involved in the administra-
tion of substances to animals can be found in JWGR 
 (2001a) .   

  Anaesthesia 

 There has been limited research into appropriate anaesthet-
ics for use in quail but knowledge of the principles of avian 
anaesthesia have developed considerably in recent years. 
The report of the Joint Working Group on Refi nement 
(JWGR  2001b ) provides a useful introduction and source of 
information on anaesthesia and analgesia. Currently, inha-
lational anaesthesia is the preferred method for anesthetis-
ing birds in many cases. The gas anaesthetic of choice is 
isofl urane (Carpenter  2000 ) due to its rapid induction, rapid 
recovery and minimal myocardial depressant effects. 
Concentrations have not been set for quail, but the recom-
mended minimum concentration for isofl urane use in birds 

  Table 42.6    Formula for a synthetic basal diet for laboratory 
Japanese quail. This diet is used at the  UBC  Quail Genetic 
Resource Centre for nutrition research projects. 

   Ingredient     Amount (g/kg diet)  

  Soya protein fl our (50% protein)    340  
  Corn starch    400  
  Limestone    50  
  Mineral premix    5  
  Monofos    30  
  Sucrose    20  
  Alphacel    70  
  Vitamin premix    5  
  D - L methionine    4  
  Choline chloride    0.8  
  Tallow    50  
  Vegetable oil    30  

  Laboratory  p rocedures 

  Handling and  c apture 

 Quail chicks are very small and must be handled very 
gently. They should be picked up using only the thumb and 
forefi nger and held in the palm of the hand. When fright-
ened or presented with unfamiliar stimuli, quail frequently 
injure themselves during the expression of escape behav-
iour. Therefore, care should be taken to minimise distur-
bances and staff and visitors should wear clothing with 
colours familiar to the birds. When birds are caught, they 
should be held so that their wings are pinned against the 
body and their legs hang freely. If birds are held by the legs 
or in such a manner that they can fl ap their wings, there is 
a high risk of bone breakage.  

  Physiological  m onitoring 

  Recording of  b ody  t emperature 

 Methods for the measurement of body temperature of 
Japanese quail are similar to those used for domestic chick-
ens. Yousef  et al.   (1966)  studied the temperature of the 

  Table 42.7    Water consumption of domestic Japanese quail at 
different ages. 

   Age (wk)     Water intake  1   
 (ml/day)  

   Water fl ux  2   (g/day)  

   C strain  3       P strain  4    

  1        18.0    21.0  
  2    23.3    23.7    30.7  
  3    26.2    29.7    27.1  
  4    30.0          
  7        40.9    62.1  

    1     Farrell  et al.   (1982) .   
   2     Visser  et al.   (2000) .   
   3    Random bred line (body mass at 7   wk of age   =   184   g).  
   4    Rapid growth line (body mass at 7   wk of age   =   294   g).   
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  Disease 

  Prophylaxis 

 Good hygiene and barrier systems which prevent infection 
from outside sources are the most important aspects of 
prophylaxis in Japanese quail. Good ventilation and hus-
bandry (see earlier in this chapter) are important for the 
prevention of aspergillosis. Fumigation of eggs before incu-
bation may help prevent the transmission of diseases from 
one generation to the next. Vaccination is not widely prac-
tised. With the exception of quail pox vaccine, no vaccines 
have been developed for quail. However, adult (5 week old) 
birds can be vaccinated against Newcastle disease using 
chicken vaccines (Lima  et al.   2004 ). Chicken vaccine against 
avian encephalomyelitis (AE) is also effective in adult quail. 
Many commercially produced feeds contain antibiotics and 
anticoccidials to prevent diseases and coccidiosis. It is gener-
ally advised not to vaccinate quail unless there is a disease 
outbreak in the area.  

  Signs of  d isease 

 The quail is an extremely disease - resistant species. Although 
it is susceptible to the majority of diseases found in gallina-
ceous birds, quail appear to have a much greater resistance 
to these pathogens than do domestic fowl (Farrow  et al.  
 1975 ). Where disease and excessive mortality do occur they 
are frequently a consequence of management failures in 
high - density production fl ocks. Many of the symptoms of 
disease in quail (reduced egg output, morbidity, mortality 
and emaciation) are common to a wide range of infections. 
Furthermore, infected birds do not always present obvious 
clinical symptoms and it is important that specialist help for 
diagnosis, treatment and control be sought if outbreaks of 
disease are suspected.  

  Common  d iseases 

 Japanese quail are susceptible to the majority of diseases 
found in gallinaceous birds. A list of some of these diseases 
is given in Table  42.8 .     

  Abnormal  b ehaviour 

 Feather pecking, cannibalism and head - banging (caused by 
the birds jumping and striking their heads on the cage roof) 
are the most frequently cited behavioural causes of injury in 
Japanese quail (see Gerken  &  Mills  1993 ). Ways to minimise 
these behaviour patterns have been mentioned in previous 
sections of this chapter. Females kept in battery cages show 
pre - laying restlessness similar to that observed in some 
strains of domestic chickens (Gerken  &  Mills  1993 ) and birds 
of both sexes show vacuum dust - bathing behaviour (Gerken 
 1983 ). In deep litter fl oor pens, at higher than recommended 
stocking densities, and when eggs are not collected daily, 
egg eating has been observed in some fl ocks of birds. 
Stereotyped behaviour can be induced experimentally 
(Kostal  et al.   1992 ) but its incidence under other conditions 
is unknown.  

is 0.5 – 3%. Although now not often recommended, injectable 
anesthetics can be used when inhalation anesthesia is una-
vailable (Paul - Murphy and Fialkowshi  2001 ). However, as 
many injectable anesthetics are no longer recommended, a 
veterinarian should be consulted before they are considered. 
Paul - Murphy and Fialkowshi  (2001)  summarise the various 
injectable drugs and dosages that have been used in birds. 
Further valuable information on avian anaesthesia is pro-
vided in Chapter  44  on pigeons and doves.  

  Euthanasia 

 Methods of euthanasia for birds are reviewed in the Report 
of the Joint Working Group on Refi nement (JWGR  2001b ). 
Quail are usually killed by cervical dislocation or lethal 
injection. For a small bird like the quail, cervical dislocation 
is often the preferred method. However, it should be noted 
that unless the brainstem is destroyed in the process, brain 
function may persist for some seconds. A suitable agent for 
lethal injection is sodium pentobarbital. The dose rate for 
intra - coelomic injection is 6   ml/kg body weight of a 6% solu-
tion (Mills  et al.   1999 ). See Chapter  44  for further information 
on euthanasia of birds.   

  Common  w elfare  p roblems 

  Causes of  m ortality 

 The highest rates of mortality are usually seen during the 
fi rst week post - hatching (L ö liger  &  Schubert  1966 ; Zucker 
 et al.   1967 ; Lucotte  1974 ). Careful management (control of 
temperature, pre - heating of husbandry units and avoidance 
of draughts) and correct nutrition are important in reducing 
early mortality. Under proper management, mortality 
should be less than 5%. 

 In adult male birds, traumatic injury is the most frequently 
cited cause of death. Infections of the reproductive organs 
following prolapse of the uterus, or shell gland, are a 
common cause of death in adult females (Ernst  &  Coleman 
 1966 ; L ö liger  &  Schubert  1966 ; Nagarajan  et al.   1991 ; Woodard 
 et al.   1973 ). Woodard  &  Abplanalp  (1971)  estimated that 
approximately 1% of female birds died from injury or pro-
lapse of the shell gland during each week of their study. 
However, such mortality can be reduced or prevented by 
delaying the onset of sexual maturity through manipulation 
of the photoperiod. The authors found that the frequency of 
prolapse varied among different strains. If the female can be 
taken out of egg production (put under a short lighting 
scheme) when prolapse is fi rst observed, and housed indi-
vidually to avoid pecking by other birds, the prolapse can 
generally recover. Prolapses that occur for more than 24   h 
are diffi cult to revert. 

 Other reported causes of mortality in quail include head 
injuries and emaciation and careful measures should be 
taken to avoid these. Emaciation appears to occur for a 
variety of reasons including social competition (L ö liger  &  
Schubert  1966 ; Zucker  et al.   1967 ; Benoff  &  Rice  1980 ; Edens 
 et al.   1983 ) and mechanical diffi culties in reaching drinkers 
and feeders.  
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  Reproductive  p roblems 

 The main reproductive problem observed in quail is pro-
lapse of the shell gland (Woodard  &  Abplanalp  1971 ). The 
condition is most frequently seen in young birds at the start 
of lay. Its incidence is greatly increased if birds are brought 
in lay early by keeping them on long photoperiods (eg, 
16   L   :   8   D) as juveniles.   
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  Biological  o verview 

  Natural  h istory 

 The zebra fi nch is a small passerine from the family  Estrildidae  
(weaver fi nches), a group that is found in the Old World 
tropics and Australasia. All estrildids are similar in structure 
and habits, but vary widely in plumage colour and patterns. 
Within the estrildid fi nches, the zebra fi nch has occasionally 
been placed in the genus  Poephila , but morphological, behav-
ioural and genetic characteristics set it clearly apart from 
 Poephila  (Christidis  1987 ) into its own genus  Taeniopygia , the 
name of which is based on the zebra fi nch ’ s earliest name. 

 The zebra fi nch is abundant and widespread in the wild 
and there are two subspecies. The fi rst of these, the Australian 
zebra fi nch  Taeniopygia guttata castanotis  (Gould 1837), has a 
range that covers most of the continental arid and semi - arid 
zones of Australia only avoiding the cool moist south and 
the tropical far north. The second subspecies, the Lesser 
Sundas zebra fi nch  T. g. guttata  (Vieillot 1817), lives on the 
Lesser Sundas and neighbouring islands north of Australia. 
 T. g. guttata  is smaller, the male having a smaller chest - band 
and less barring on the throat and upper breast compared 
with  T. g. castanotis . Zebra fi nches are sexually dimorphic, 
the males having a more ornate plumage and a redder bill 
than females (Figure  43.1 ).   

 Zebra fi nches inhabit arid open steppes that provide grass 
seeds for food, accessible surface water for drinking and 
scattered bushes and trees for nesting and roosting. They are 
adapted for feeding on a large variety of grass - seeds and 
rely much more on these for food than the other estrildines. 
Zebra fi nches usually take ripened seeds from the ground, 
but also take half - ripe seeds from the heads of standing 
grasses; and this is what they feed their young on almost 
exclusively in the wild. Despite their tropical and subtropi-
cal distribution, zebra fi nches tolerate low temperatures, 
as in the wild they can be exposed to low overnight 
temperatures.  

  Size  r ange and  l ifespan 

 There are clear morphological differences among different 
breeding stocks of zebra fi nches. Among a sample of 18 
captive populations, zebra fi nches in European laboratories 
were found to be the largest (mean body mass: 16.1   g, range 

13.7 – 18.6   g, n   =   10), presumably due to selection for large 
body size by the European aviculturists and Australian 
captive birds were the smallest (mean: 12.1   g, range 11.9 –
 12.4   g, n   =   2) and similar in size to wild birds. North American 
birds were intermediate in size (mean: 14.4   g; range 13.7 –
 15.2   g, n   =   6; information on body mass from Forstmeier  et 
al.   (2007) ). Domesticated females are also skeletally larger, 
but take longer to reach adult skeletal size compared to wild 
birds; no such differences were found for domesticated 
males compared to wild birds (Zann  1996 ). 

 In the wild, there is an initial steep decline in numbers 
between fl edging (day 15 – 20) and nutritional independence 
(day 35) when 68.5% of fl edglings are lost (Zann  1996 ). Zann 
reported high offspring mortality at his fi eld sites with only 
9% of eggs leading to young surviving to breeding age. 
Mature free - living birds have an annual mortality of between 
72 and 96%, but can occasionally live for up to 5 years; and 
there is no difference in the survival rates between males 
and females (Zann  1996 ). In captivity, domesticated males 
typically live about 3 years and females about 2 years, 
although under optimal conditions, the potential lifespan of 
domesticated zebra fi nches is 5 – 7 years (Burley  1985 ; own 
unpublished data); the oldest recorded bird in captivity 
reached 17 years. Among captive, domesticated birds annual 
mortality in females is higher than in males throughout their 
lives (Burley  1985 ).  

  Social  o rganisation 

 The zebra fi nch is a gregarious species forming feeding 
fl ocks of a few hundred individuals when not breeding. 
During breeding, they nest in colonies ranging from just a 
few pairs up to 40 – 50 pairs and territoriality is confi ned to 
the nest itself (Zann  1996 ). Zebra fi nches can form pair 
bonds any time during the year when conditions are favour-
able for breeding and, once paired, develop a strong pair 
bond (Butterfi eld  1970 ). The pair bond is maintained through 
a series of calls that allow them to recognise and locate their 
mate (Zann  1996 ). Mates are selected on the basis of colour 
and song, and patterns of choice are similar in artifi cial 
choice chambers and free - choice aviary situations (Collins 
 &  ten Cate  1996 ; Zann  1996 ). Due to high mortality rates in 
the wild there is frequent formation of new pairs, but even 
when the pair mate has survived birds have never been 
observed to re - pair with their previous mate. No bird has 

The UFAW Handbook on The Care and Management of Laboratory and Other Research Animals: Eighth Edition     Edited by Robert Hubrecht and James Kirkwood
© 2010 the Universities Federation for Animal Welfare. ISBN: 978-1-405-17523-4



The zebra fi nch 675

ductive readiness (large gonad size and high level of circu-
lating gonadotrophins) and more males showed readiness 
to breed than females (Perfi to  et al .  2007 ). Wild zebra fi nches 
in a predictable habitat, where breeding occurs during 
approximately the same months each year, changed repro-
ductive readiness consistently between the breeding and 
non - breeding state. When non - breeding birds from the pre-
dictable environment were taken into the laboratory they 
were able to activate their reproductive axis quickly (Perfi to 
 et al .  2007 ). This suggests that there is constant activation of 
gonads without a refractory period and that they can rapidly 
respond to the presence of favourable breeding conditions. 
Along with this high reproductive readiness or  ‘ hypersexu-
ality ’  goes an early reproductive maturity in young birds; 
birds as young as 62 – 67 days old (median age of birds breed-
ing in the same breeding season in which they hatched: 95 
and 92 days for males and females, respectively) have been 
seen to breed in the wild (Zann  1996 ).  ‘ Hypersexuality ’  dis-
tinguishes zebra fi nches from other small passerines and is 
presumably an adaptation to the unpredictable arid condi-
tions in Australia. However, some aspects of this trait have 
declined in domesticated zebra fi nches, which show slower 
sexual development than wild females; domesticated 
females lay eggs only as early as 90 days old (Sossinka 
 1972a ). 

 Zebra fi nches typically lay a clutch of fi ve white eggs 
(range two to seven eggs) that measure about 1.5    ×    1   cm, 
laying one egg each day in the wild and captivity. Each egg 
takes about 4 days of rapid follicle growth before it is laid 
(Houston  et al.   1995 ). In the wild, parents usually start to 
incubate on the last or penultimate egg so that hatching 
occurs over 24 – 48   h. In captivity, parents start incubation 
much earlier during laying and clutches hatch far more 
asynchronously than in the wild. Both sexes incubate, 
although only the female has a brood patch (Zann  1996 ). 
Incubation takes between 11 and 14 days from the day the 
last egg has been laid. Zebra fi nches are altricial, the chicks 
depending on their parents for food and warmth. Young are 
fed by both sexes, with parents transferring seeds from their 
crop to the chick ’ s crop. Chicks that have not been fed can 
easily be spotted as the crop of fed chicks bulges and seeds 
can be seen through the skin of the crop. Parents may brood 
their young for the fi rst few days, and can feed their chicks 
several times during one nest attention bout; therefore, the 
number of nest visits is a poor measure of parental feeding 
effort.  

  Normal  b ehaviour 

 Males sing a complex courtship song but females do not 
sing. Zann  (1996)  estimates a foraging time of 2 – 4   h and that 
about 4   g of seeds per day is needed for wild zebra fi nches 
to meet their daily requirements. In search of food, indi-
vidual zebra fi nches can range over an area up to at least 
1   km around the nest during breeding and are highly mobile, 
deserting an area when conditions become unfavourable 
(Zann  1996 ). The lack of genetic differentiation of popula-
tions up to 2000   km apart (Forstmeier  et al.   2007 ) supports 
the view that populations can range over such large dis-
tances. Non - breeding zebra fi nches often roost in old breed-

been observed with more than one mate at any one time and 
only the two parents attend the nest (Zann  1996 ). In the wild, 
intraspecifi c brood parasitism is common with 10.9% of off-
spring and 36% of broods usually containing one or more 
parasitic eggs, whereas extra - pair paternity is less common 
with 2.4% of offspring and 8% of broods affected (Birkhead 
 et al.   1990 ) and hence the attending parents may not always 
be the genetic parents of all of young they rear. Thus zebra 
fi nches are socially, but not genetically monogamous.   

  Biological  d ata 

 Nestlings of domesticated zebra fi nches weigh 0.6 – 0.9   g at 
hatching. Over the fi rst 10 days they gain 0.4 – 0.7   g/day in 
body mass and about 1   mm/day in tarsus length (Skagen 
 1988 ; Martins  2004 ), but this varies with sex, size of the adult 
stock birds and food levels (Boag  1987 ). Typical rectal tem-
perature of healthy birds during the day is 41.8    ° C (Conover 
 &  Messmer  1996 ). Haematolological values for wild and 
captive zebra fi nches are given in Ewenson  et al.   (2001) , 
with healthy captive zebra fi nches typically having a 
heterophil:lymphocyte ratio of 0.17. Birkhead  et al .  (2006)  
give a mean haematocrit of 51.2 (standard deviation   =   3.58) 
for male captive zebra fi nches.  

  Reproduction 

 Zebra fi nches are opportunistic breeders that breed when-
ever favourable conditions occur, regardless of time since 
the last breeding event and photoperiodicity (Zann  1996 ). 
This allows them to respond to the unpredictable arrival of 
favourable conditions and to breed rapidly at any time 
of year. The hatching of eggs coincides with the appearance 
of ripening grass seeds (Zann  et al.   1995 ). Wild zebra fi nches 
in unpredictable habitat maintained a high level of repro-

     Figure 43.1     Male and female wild - type zebra fi nches. Females 
have a grey back, whitish undersides and a white cheek patch 
bordered by a black stripe. Males are more ornate with reddish 
brown cheek patches, chestnut brown fl anks with white spots and a 
black and white barred chest. Legs are orange in both sexes, but 
males have a deeper red bill while females ’  bills are more orange. 
 (Photo: G. Law.)   
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tions of the domestication process, which might have arisen 
from differences in sources of wild stock, in climatic condi-
tions and in show standards for size (Zann  1996 ). Researchers 
on zebra fi nches thus do not use a genetically uniform stock 
and it is essential to give information on the origin of birds 
used in every study. 

 There are many colour morphs of zebra fi nches. The wild 
type or grey morph is shown in Figure  43.1 . The most fre-
quently found colour mutant is fawn. This morph was dis-
covered in wild birds in 1927 and formed the breeding stock 
from which many of the other colour morphs were devel-
oped (Zann  1996 ). Aviculturists have bred about 30 main 
morphs mainly for show competitions and most are muta-
tions of all or particular parts of the plumage (for a list of 
morphs see Appendix 1 in Zann  1996 ). In research laborato-
ries mainly wild - type and fawn birds are used. The colour 
mutation fawn is sex - linked and this has been used in the 
past to sex very young offspring (Birkhead  et al .  1989 ; Kilner 
 1998 ). Imprinting studies have shown a strong effect of 
plumage colour on mate choice (eg, Immelmann  et al.   1978 ) 
and this needs to be considered in studies on sexual selec-
tion and mate selection. Ideally, one would want to have 
birds of the same colour morph, but this is diffi cult to 
achieve since most colour mutations are recessive and unex-
pected colour morphs may appear in later generations.  

  Use in  r esearch 

 The zebra fi nch is widely studied by biologists in the labora-
tory and fi eld. It is one of the most popular caged birds in 
the world. It is hardy, easy to keep and one of the most 
readily bred aviary birds. Zebra fi nches are inexpensive to 
buy. They are widely used in research with the number of 
publications steadily increasing each year, reaching over 100 
publications per year in recent years (Figure  43.2 ). Research 
using zebra fi nches focuses mainly on the neural basis of 
song learning, but also sexual selection, development of 
sexual preferences and physiological studies such as endo-
crinology and toxicity testing.   

ing nests or purpose - built nests (Zann  1996 ). As another 
adaptation to their arid and semi - arid habitat, zebra fi nches 
have an unusually slow moult for passerines and females 
moult more slowly than males. Arid conditions in the wild 
and intense breeding activity in captivity slow the moult.  

  Sources and  s upplies 

 Zebra fi nches used in research laboratories are derived from 
 Taeniopygia guttata castanotis  and have been domesticated for 
more than a century. In Europe, zebra fi nches were fre-
quently bred in captivity by the late 1800s, but large numbers 
of zebra fi nches were still being imported from Australia 
until World War I, and in the 1950s further small numbers 
of birds that had been domesticated in Australia were 
imported (Sossinka  1970 ). In 1960, the Australian govern-
ment implemented export bans on all native wildlife. 
Currently, zebra fi nches in research laboratories worldwide 
have presumably been domesticated for more than a century 
without any signifi cant input of wild zebra fi nches and are 
genetically clearly distinct from the wild stock (Forstmeier 
 et al.   2007 ). Domestication has altered a number of behav-
ioural and other traits resulting in larger body size and 
delayed female sexual maturity in domesticated zebra 
fi nches (see earlier in this chapter) as well as in changes to 
the structure of distance calls and duration of song phrases 
(eg, Sossinka  1970 ; Slater  &  Clayton  1991 ; Zann  1996 ). 

 Many research laboratories maintain their own breeding 
stocks derived from larger stocks of aviculturists. Compared 
to wild birds, all captive populations have lost genetic vari-
ability, but all populations still show substantial genetic 
variability at 12 highly polymorphic microsatellite markers, 
suggesting that they were unlikely to have experienced 
severe genetic bottlenecks (Forstmeier  et al.   2007 ). There is 
signifi cant genetic and morphological differentiation among 
captive populations between Australia, Europe and North 
America with further differences between regions, in par-
ticular in Europe (Zann  1996 ; Forstmeier  et al.   2007 ). It is 
clear that there have been regional differences in the direc-
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     Figure 43.2     The number of publications per 
year containing  ‘ zebra fi nch ’  in the title, 
keywords or abstract is steadily increasing 
 (searched on Web of Knowledge 24 October 
2007) .  
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throughout the year provided they have suffi cient protec-
tion from wind and rain such as shrubs and access to an 
indoor area with supplemental heating in winter (JWGR 
 2001 ). 

 There are hardly any data on the effects of enclosure size 
on the welfare of zebra fi nches. In a study involving very 
small numbers, Jacobs  et al .  (1995)  found reduced activity, 
in a number of behaviours, in cages with an area of 0.11   m 2  
compared to cages with an area of 0.22   m 2  (the latter cage 
size is approximately current practice). There is a large 
gap in our understanding of the effects of enclosure size on 
zebra fi nch behaviour and physiology. Nonetheless, several 
organisations have provided guidelines on what they con-
sider best practice for space requirements of groups of 
various sizes (summarised in Table  43.1 ) and these may 
become legally binding in a number of countries.    

  Environmental  p rovisions and  e nrichments 

 Zebra fi nches normally feed on the ground and therefore 
require solid fl ooring. The fl oor can be covered with a paper 
liner or some substrate, such as bark chips, wood shavings, 
hemp core or sand which gives the birds a softer and more 
varied substrate and makes foraging for spilled seeds more 
challenging. Bark chips have the advantage that they main-
tain a hygienic fl oor litter, but do not work well under 
the dry conditions usually encountered in laboratory bird 
rooms. Floor substrate should produce as little dust as 
possible under the conditions usually encountered in bird 
rooms in order to keep dust levels low for the benefi t of the 
birds and of the staff working with the birds. 

 Wild zebra fi nches spend much time perching in trees. 
Perches of a variety of diameters and at different heights 
should therefore be provided. In captivity, they prefer to 
perch high up in the cage and to approach the food by 
moving to progressively closer perches. Care needs to be 
taken not to overcrowd the space with perches that would 
restrict the birds ’  fl ight movements. Furthermore, care 

 The zebra fi nch genome was the second avian genome to 
be sequenced to 6X coverage in 2007, using initially one male 
bird from a North American captive breeding population 
(University of California in Los Angeles, UCLA). The avail-
ability of extensive genomic information is likely to be a 
great catalyst for further studies of the species.  

  General  h usbandry 

 Although zebra fi nches are one of the most commonly used 
experimental bird species, it is surprising that very little 
work has been conducted on their welfare. The following 
account is based on  ‘ good practice ’  advice from a number 
of laboratories and organisations (eg, Joint Working Group 
on Refi nement (JWGR)  2001 ) who have many years of expe-
rience in working with this species. In most cases, however, 
there are no systematic scientifi c studies to evaluate the 
impact of common husbandry practices on the birds ’  welfare. 
Future work into the welfare of captive zebra fi nches is 
needed to refi ne guidelines for their husbandry. 

  Enclosure 

 Enclosures for captive animals need to allow as much 
natural behaviour to be performed as possible (Young  2003 ). 
In the wild, zebra fi nches regularly fl ock in trees and forage 
on the ground and therefore require the space to carry out 
such movements. In the wild, the birds are highly sociable, 
maintaining close contact to each other and hence in captiv-
ity can be maintained at higher densities than many other 
species. The size of the enclosure needs to take these needs 
of the birds into consideration. 

 The size of the enclosure and the layout of the enclosure 
furnishings should be organised to maximise space for 
movement. The size of aviary should be such as to permit 
birds to perform horizontal fl ight and, if space is limited, 
width can be compromised in order to defend suffi cient 
length for free fl ight. Spacing of the perches should be such 
as to encourage the maximum fl ight distances possible, 
while satisfying the need for a comfortable roost. Due to 
their social nature, zebra fi nches can be kept at relatively 
high densities in large fl ight cages or aviaries. For scientifi c 
reasons, it may be necessary to hold birds under standard-
ised conditions in smaller cages either individually or in 
pairs. Although the effect of separation from conspecifi cs on 
isolated zebra fi nches has not been studied, many sources 
recommend minimising the time zebra fi nches are not kept 
with others (eg, JWGR  2001 ). 

 Zebra fi nches can be kept in standard cages with solid 
sides on all but the front. It is recommended that cages 
should be made of an easy - to - clean material to provide a 
hygienic environment for the birds. Cages can be stacked or 
mounted on wall brackets. Zebra fi nches can also be kept in 
aviaries constructed with a frame of steel or treated wood 
and covered with wire mesh of  ≤ 10   mm width or vertical 
bars not more than 12   mm apart. Aviaries can be indoors. 
Zebra fi nches in the wild, however, experience a wide range 
conditions and can be exposed to freezing temperatures 
(Meijer  et al.   1996 ). Thus they can also be kept outdoors 

  Table 43.1    Minimum enclosure dimensions and space allowances 
for zebra fi nches as good practice recommended by the 
 BVA ( AWF )/ FRAME / RSPCA / UFWA  Joint Working Group ( JWGR  
 2001 ) and the European Commission  (2007) . 

        Minimum 
enclosure 
area (m 2 )  

   Minimum 
height (m)  

   Minimum 
number of 
feeders  

  Single bird or 
breeding pair  

  0.5    0.3 – 0.4  1        

  Up to 6 birds    1    1    2  

  7 – 12 birds    1.5    2    2  

  13 – 20 birds    2    2    3  

  Per each 
additional bird 
above 20  

  0.05    2    1 per 6 birds  

    1    BVA(AWF)/FRAME/RSPCA/UFAW joint working group report (JWGR 
 2001 ) recommends a minimum height of 0.3   m whereas the European 
Commission  (2007)  recommends 0.4   m   
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Food can be provided in feeders mounted on the cage wall 
or in petri dishes provided on the ground but the latter 
result in a lot of seed spillage. The daily requirement for 
seed by domesticated zebra fi nches under standard labora-
tory conditions is about 3   g. Seeds should be provided in at 
least two feeders per cage and, if birds are kept in social 
groups, provisioning of several dishes is recommended (see 
Table  43.1 ) to avoid monopolisation of the food by dominant 
birds at the expense of subordinates. To assist the break-
down of seeds in the gizzard it is essential that birds are 
given fi ne oyster shell and other grit, and this should be 
available separate from the seeds, so that the birds can 
control their intake. 

 To balance the diet, zebra fi nches should, once or twice a 
week, be given good - quality greens such as dandelion 
leaves, the darker outer leaves of lettuce, chickweed, spinach, 
watercress or vegetables (eg, grated carrots, cucumbers) and 
fruits (eg, apples, oranges and bananas). Several vegetables 
and fruits may have to be tried to see what appeals to the 
individual fi nches. Greens, vegetables and fruits form an 
important source of dietary carotenoids that positively infl u-
ence the bird ’ s health and affect bill coloration (Blount  et al.  
 2003a ; McGraw  et al .  2003 ). Sprouted seeds should also be 
given to birds to satisfy the need for greens. In order to 
germinate the seeds, normal fi nch mix can be soaked in 
clean water, thoroughly rinsed after 24   h and then soaked in 
water again. After 48   h rinse again, drain thoroughly and 
place on paper towels in a fl at tray in a warm and dark place. 
Depending on temperatures, seeds will sprout in 24 – 36   h 
and sprouting of over 60% indicates that the seeds are rela-
tively fresh. The sprouted seeds can be fed at any stage but 
are best in the fi rst 36   h. Zebra fi nches also like soaked seeds 
(seeds are soaked for a day in clean water and rinsed) and 
live insect prey, such as mealworms or cricket nymphs 
(again one may need to try different live insects to see what 
appeals the individual fi nches). Birds should always also 
have access to some form of calcium as this is an essential 
mineral. A good source of calcium is cuttlefi sh bones, posi-
tioned so that the birds have access to the softer side. These 
have the additional benefi t of helping to keep the birds ’  bill 
in good trim. Other good sources of calcium are crushed sea 
shells or domestic chicken egg shells (it is recommended to 
microwave domestic chicken egg shells for a few minutes to 
kill any bacteria that may pose a health risk) or commer-
cially available calcium supplements can be provided in the 
drinking water. 

 Any potential defi cits in the diet can be corrected with 
supplements. Supplements can be added in liquid form to 
the birds ’  drinking water or in powder form to the grit. 
Because fi nches remove the husk from all seeds before con-
sumption, any food additives on the seed surface are likely 
to be discarded before eating. Protein - rich foods such as 
cooked domestic chicken eggs or commercially available 
protein supplements, live insect prey and greens should be 
provided regularly but in small amounts and in several 
separate dishes to prevent birds overeating protein - rich 
food that can cause diarrhoea. 

 Special attention should be paid to diet during breeding. 
Egg formation is a very demanding process both in nutrients 
and energy requirements. Protein is of paramount impor-
tance in egg formation. Zebra fi nch females use protein 

should be taken not to place perches over food and water 
dishes to prevent fouling. Often doweling rods (ca. 0.5   cm in 
diameter) are provided as perches, but these are not recom-
mended as they are too hard. Sandpaper perch covers 
should not be used as they can abrade the feet and provide 
a route for infection. Softer wood or a variety of natural 
branches (apple, aspen, birch, cactus wood, cherry, elm, 
maple, mountain ash, pear, pine, poplar and willow) are 
good alternative perches. Natural branches in a range of 
diameters (0.5 – 2   cm), which are often less rigid than artifi cial 
perches, allow the muscles of the feet and body involved in 
balance to be properly exercised and help to keep the claws 
in good trim. There are also artifi cial perches that are not of 
a constant diameter and are attached to the cage wall at only 
one side giving them the springiness of a natural branch. 
Perches that sway when the birds land and take off, as well 
as commercially available swings designed for zebra fi nches, 
help mimic the movement of trees in the wild and cause the 
birds to exercise a variety of muscles and use the wings for 
balance. Zebra fi nches like to sit close together and therefore 
perches and swings should be of suffi cient length to allow 
at least two birds to sit on them. Perches need to be replaced, 
or cleaned where possible, possibly every 6 weeks to provide 
a hygienic environment (see Hygiene section). 

 Zebra fi nches will use both sand and water baths, some-
times using the bowl communally. In the authors ’  experi-
ence, baths once a week help to keep their plumage in good 
condition. Baths are usually provided for a few hours per 
day, water should be 0.5 – 1   cm deep and if size allows, a fl at 
stone can be placed in the water bath, to help prevent the 
bath tipping over. Since zebra fi nches are prolifi c nest build-
ers and also build roosting nests outside the breeding season, 
provision of some nest material to non - breeding birds may 
help provide good sensory stimulation. Jacobs  et al .  (1995) , 
using a very small sample size, suggested that simple enrich-
ments such as a larger number of perches, twigs, sand and 
water baths may result in increased frequency of a number 
of behaviours. Zebra fi nches with little opportunity for exer-
cise can become obese (Birkhead  et al .  2006 ). 

 An obvious way to stimulate captive birds is to increase 
foraging time and, like many other animals, they will work 
for food even if it is freely available (contra freeloading). 
Zebra fi nches can be provided with additional sprays of 
 Panicum  millet and these can be placed so that the birds need 
to increase their effort to feed from them. Seed spillage or 
intentional scatter feeding on the ground can encourage 
natural foraging behaviour (JWGR  2001 ). Mixing seeds with 
husks also increases foraging time and effort, but birds pro-
vided with mixtures with the highest husks:seed ratio for 
their entire lifetime had low foraging effi ciencies (effectively 
starving) and produced small and few broods as well as 
having a poor survival (Lemon  &  Barth,  1992 ; Lemon  1993 ), 
therefore extreme caution is needed when applying this 
feeding method.  

  Feeding and  w atering 

 In the wild, zebra fi nches forage on a wide variety of seed 
types and sizes (Zann  1996 ). Captive birds do best on a diet 
of foreign fi nch seed mixes (largely millet and canary seeds). 
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in groups, care should be taken that an excess of nesting sites 
are provided as birds will compete for and actively and 
aggressively defend these. Breeding in several smaller aviar-
ies may be preferable to breeding all together in one large 
aviary to minimise levels of aggression. In breeding popula-
tions, male - biased sex ratios may cause social instabilities 
which could result in more aggressive behaviours, weight 
loss, reduced body condition and poorer immune functions, 
as have been for example observed in other captive fi nches 
(Greives  et al.   2007 ).  

  Identifi cation and  s exing 

 The most common method to individually mark zebra 
fi nches is to use split leg rings. If coloured leg rings are 
required for individual identifi cation it is important to be 
aware that the colour of the rings may have profound effects 
on their social behaviour, mate attractiveness, longevity and 
offspring sex ratio (Burley  et al .  1982 ; Burley  1986, 1988 ; 
Swaddle  &  Cuthill  1994 ; Cuthill  et al.   1997 ); although not all 
studies have confi rmed these effects (see eg, Hunt  et al .  1997 ; 
Rutstein  et al .  2004, 2005 ). In some studies, females preferred 
males with red leg rings and with symmetrical arrange-
ments of multiple colours and disliked males with green leg 
rings and with asymmetrical arrangements of multiple 
colours and the same colour preferences were found for 
captive and recently caught wild females. Males most prefer 
females with black leg rings and least prefer females with 
light - blue colour rings. Zebra fi nches do not appear to dis-
tinguish between un - ringed birds and those with orange leg 
rings. Ring colour also affects intra - sexual dominance inter-
actions with red - ringed males being socially dominant over 
green - ringed males. Hence, it is best to use colours that have 
less impact on the birds ’  behaviour and where different 
colours are unavoidable, to provide a suffi cient number of 
different food sources to avoid dominant birds monopolis-
ing the food ( JWGR  2001 ). 

 The zebra fi nch is sexually dimorphic and from 2 – 3 
months of age the sexes can readily be distinguished on the 
basis of plumage markings (Figure  43.1 ) and the fact that 
only the male sings. In addition, males have a redder 
beak colour, whereas the beak of females is more orange, 
which may help to determine sex in pure white colour 
varieties. Before reaching the mature plumage, the sexes 
may be distinguished by using certain varieties where 
colour inheritance is sex - linked (Birkhead  et al .  1989 ; 
Kilner  1998 ) or by taking a small drop of blood or a growing 
feather to use in a molecular sex determination (Griffi ths 
 et al.   1996 ).  

  Physical  e nvironment 

 Zebra fi nches can withstand a wide range of temperatures 
(but it is important that extremes are avoided). The fl ight 
areas of outdoor aviaries should be protected from wind 
and driving rain in the winter months and suitably shaded 
areas provided for the summer. Hessian sacking or other 
garden centre windbreak materials can be used around 
bird fl ights to provide protection. Various species of dense 

stored in muscle tissue to contribute to egg formation and 
build these stores up over several weeks prior to breeding. 
Females fed  ad libitum  with a protein - enriched diet from 2 
weeks before breeding produced larger eggs, larger clutches 
and had a higher breeding success than birds on a control 
diet (Selman  &  Houston  1996 ). Good sources of protein are 
boiled chicken ’ s eggs or commercial protein supplements. 
Dietary calcium is also important for egg formation. Females 
with  ad libitum  calcium (calcareous grit, cuttlefi sh bone and 
fi ne oyster shell) provided regularly throughout pre - 
breeding and breeding laid eggs with stronger shells com-
pared to females on a calcium - defi cient diet (Reynolds  2001 ). 
Calcium may also be given as a supplement in drinking 
water and the manufacturer ’ s guidelines should be checked 
for proper dosage. Pre - laying females supplemented with 
carotenoids mixed into their drinking water and with caro-
tenoid intakes raised to the upper range of that which their 
normal seed diet provides, formed eggs with higher carote-
noid content in the yolk. This was found to result in higher 
hatching and fl edging success and in more brightly coloured 
males compared to offspring from females on a control diet 
(McGraw  et al.   2005 ). Rearing and conditioning supplements 
and greens and fruits are a good source for additional 
carotenoids. 

 The quality of the rearing diet affects growth and develop-
ment. Compared to nestlings on a diet of mixed seeds with 
 ad libitum  low - protein (7%) commercial conditioning food, 
nestlings on a mixed seed diet enriched with high - protein 
(34%) commercial conditiong food and 1   g of minced hard -
 boiled hen ’ s egg per day per family, grew faster and reached 
larger adult size (Boag  1987 ). Compared to nestlings that 
received 1.5   g of conditioning food per family once a week 
(conditioning food is the main source of dietary antioxi-
dants), during their fi rst 15 days of life, nestlings that 
received daily 1.5   g of conditioning food per family had 
higher plasma levels of antioxidants in adulthood, 
which have benefi cial effects on the birds ’  health, bill colora-
tion and immune functions (Blount  et al.   2003a, 2003b ) and 
had a greater reproductive performance as an adult (Blount 
 et al.   2006 ). 

 Zebra fi nches should have access to clean drinking water 
on a daily basis. Birds would naturally drink from open 
water surfaces on the ground, but they also easily accept 
commercially available drinking bottles. The latter can be 
mounted externally to the cage, which will reduce stress to 
the birds at water changes. When switching from one kind 
of water container to another, both should be provided for 
a while. Although, in captivity, zebra fi nches (providing 
they are healthy) can survive several months without water 
on a diet of dry seed, this can result in severe bill deforma-
tion and poor plumage (Sossinka  1972b ).  

  Social  h ousing 

 Zebra fi nches are gregarious birds during both the breeding 
and the non - breeding season, and therefore can be kept in 
high densities in large aviaries (see Enclosure section). When 
introducing unfamiliar birds, or regrouping birds, the 
groups need to be carefully monitored for social compatibil-
ity, unusual weight loss or signs of pecking. Whilst breeding 



680 The zebra fi nch

potential auditory stressors, helping them feel more settled 
when unexpected sounds occur or introducing auditory 
stimulation, but more research in this area is required 
(reviewed in Patterson - Kane  &  Farnworth  2006 ). If playing 
music in bird rooms it is suggested to use classical or easy 
listening music played not above a conversational level 
(about 60   dB) and only during the birds ’  active periods 
(Patterson - Kane  &  Farnworth  2006 ). The potential positive 
and negative effects of playing music, however, need to be 
carefully monitored when introducing it.  

  Hygiene 

 Hygiene measures in the bird room should take account of 
both birds, and the people working in the facility. Access to 
the unit should be restricted to essential staff and protective 
clothing, masks, footwear/shoe covers and hand - washing 
facilities should be used to create a viable barrier. 

 The accommodation should be cleaned and sanitised 
before each batch of birds arrives, and should be decontami-
nated when all the stock is exchanged. Internal bird fl ights 
and cages should have the substrates regularly changed; the 
length of time between changes will depend on the stocking 
density. Waste substrate and seed from birdcages should, 
where possible, be vacuumed with low - noise vacuum clean-
ers fi tted with high - effi ciency particulate air (HEPA) fi lters, 
which help avoid the displacement of fi ne dust particles into 
the air. Perches should be removed and washed in disinfect-
ant. Perches can then be rinsed in fresh water and left to dry 
before re - use. Cage walls and wire need periodic cleaning. 
All food, water and grit containers should be regularly 
sterilised. Floors and walls of the bird laboratory room 
should be cleaned and disinfected.  

  Health  m onitoring,  q uarantine and 
 b arrier  s ystems 

 Occasionally individuals need to be singly housed in a  ‘ hos-
pital cage ’  because of illness or injury. A  ‘ hospital cage ’  
should contain a heat source that the bird can move towards 
or away from. A good heat source is a 25   W tungsten bulb 
with a temperature of about 24    ° C. Hospital cages can be 
provided within the same room, but if there is concern about 
a contagious disease, the bird needs to be kept in isolation 
with separate air ventilation or appropriate fi lters to protect 
the stock. Hospital cages should provide a good supply of 
food and fresh water in shallow dishes on the fl oor for easier 
access. 

 All staff should be aware of the normal behaviour of zebra 
fi nches and able to recognise when they are ill and need 
attention (see Health section). All birds entering the unit 
should be health screened and should be quarantined for at 
least 28 days before being added to stock (long enough for 
many common diseases to manifest themselves). Quarantine, 
health screening and monitoring protocols should be agreed 
with the attending veterinarian. All deaths must be recorded 
and, where there is a cause of concern,  post - mortem  examina-
tions should be undertaken to identify the cause whenever 
possible.  

shrubs in the outside fl ight areas, avoiding poisonous varie-
ties, have been used to provide zebra fi nches with shelter 
and a secure retreat. Outside the breeding season, zebra 
fi nches are known to protect themselves from lower night 
temperatures by building nests. Birds kept indoors do well 
when the temperature is maintained between 20 and 25    ° C, 
and it may be worth considering a slightly reduced night-
time temperature where the heating system allows. 

 It is unlikely that minor fl uctuations in relative humidity 
levels would stress captive zebra fi nches. Humidity levels 
between 40 and 80% are typically recommended, and colo-
nies have been maintained at ca. 40 – 55% for many years 
without mishap. 

 Most zebra fi nch colonies are kept at cycles of between 
14   h   :   10   h and 12   h   :   12   h of light   :   dark. Provision of shorter 
days a few weeks before breeding may increase the percent-
age of birds breeding (see Perfi to  et al .  2007 ). Lights should 
gradually fade on and off at the start and end of each day 
avoiding sudden changes from dark to light and  vice versa . 
Light levels should be of an appropriate brightness and 
as bird vision works well in light levels suitable for humans, 
around 500   lux should suffi ce. Light levels that are 
constantly low (below 20   lux) can cause the birds to become 
stressed. The visual system of birds differs from that of 
humans in the way that birds perceive light in the UV range 
and in that they have a higher temporal resolution. 
The latter means that captive birds may perceive the fl icker 
emitted from conventional low - frequency fl uorescent 
lights (100   Hz in Europe, 120   Hz in the USA). The fl icker rate 
of the light can affect female mate choice behaviour in 
captive birds, possibly due to non - specifi c stress effects or 
impaired discrimination ability of visual signals (Evans 
 et al.   2006 ). Therefore the type of fl uorescent tubes needs 
to be carefully chosen. High - frequency fl uorescent tubes 
( > 30   kHz) that mimic the daylight spectrum (ie, with 
some UV component) are preferable. It is also worth consid-
ering whether there needs to be an emergency lighting 
system in case of power failures, as birds will not forage in 
the dark. 

 Adequate air circulation is essential to prevent accumula-
tion of dust and gases (eg, carbon dioxide, ammonia); in the 
authors ’  bird rooms there are about 13 – 15 air changes per 
hour. This is for the benefi t of the birds but also the health 
of staff working in these rooms. This should be achieved 
without causing draughts. Bird house ventilation ducts 
should be fi tted with fi lters of a suitable size to remove fi ne 
dust and dander before venting outside. The build - up of 
feathers and dust on ventilation ducts can be remedied by 
regular vacuuming. 

 Birds should not be housed near any equipment that emits 
low frequency vibrations and white noise. Environmental 
white noise can erode the strong pair bond in zebra fi nches, 
with females subjected to this challenge showing no greater 
preference for their chosen male than for strangers; presum-
ably because the noise prevents the female from hearing the 
calls that allow her to recognise and locate her mate (Swaddle 
 &  Page  2006 ). Playback of conspecifi c vocalisation showed 
that it infl uences the breeding schedule and clutch size in 
zebra fi nch colonies presumably through social stimulation 
(Waas  et al.   2005 ). Playing music may be an acceptable 
method for managing the auditory environment by masking 
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the nest box can be fi lled with fl oor substrate to allow the 
bird to sit level with the entrance hole. Provision of nest 
material should stop once the clutch is complete as other-
wise birds may continue to add nest material over the eggs 
and lay another clutch on top ( ‘ sandwich clutches ’ ).   

 The onset of breeding can be promoted by provision of 
soaked seeds, and greens and/or spraying a fi ne mist of 
water over the birds, but these measures are not essential. 
Also, good nutrition will affect the birds ’  breeding behav-
iour (see Feeding and watering section). Usually within a 
week, the nest is fi nished and the females start laying. In 
captivity, around the time when the third egg is laid or even 
earlier, the birds start sitting on the eggs and this onset of 
incubation is earlier than in wild birds, resulting in a larger 
hatching asynchrony than in wild birds. Both sexes help to 
incubate the eggs and keep them covered for close to 100% 
of the time (Gorman  &  Nager  2003 ; Gorman  et al .  2005 ). 
After approximately 2 weeks of incubation, the eggs will 
start to hatch. The newly hatched nestlings are blind and 
only have a few areas of soft down. At hatching a rearing 
food (see Feeding and watering section) should be provided 
together with the regular seed mixture. 

 Like most estrildines, zebra fi nch nestlings are slow devel-
opers and they spend longer in the nest and take longer to 
reach adult weight than other granivorous species, such as 
fringillids and ploceines (Zann  1996 ). Nestling zebra fi nches 
are very hardy and 4 – 5 - day - old chicks can endure periods 
of up to 36   h without food and warmth, presumably entering 
some form of torpor. Nestlings are fed by both parents and 
store seeds in their crop; the crop of newly hatched nestlings 
(day 0) is empty and parents only start feeding the next day. 
First only the right side of the crop is fi lled and only later 
when larger quantities need to be stored, the left side of the 
crop also fi lls. Nestlings start to make soft begging calls from 
the third day onwards, feathers start to break through by 
6 – 7 days and eyes open fully by day 10 – 11. Nestlings can be 
individually marked using non - toxic pens on the skin and 
tufts of down, and marks may need to be renewed regularly. 
From around 8 or 9 days old, nestlings can be ringed with 
leg rings. To avoid birds leaving the nest prematurely, 
regular nest checks should be stopped when the birds are 
about 2 weeks old. When the birds are around 18 days old, 
they will leave the nest for the fi rst time. Around day 35 the 

  Breeding 

 Zebra fi nches breed readily throughout the year in indoor 
aviaries. Captive birds as young as 3 months are physiologi-
cally ready to breed, but for best results they should be at 
least 6 – 9 months old. For best breeding results, birds older 
than 4 years, particularly females, should be avoided. Little 
is known about variation in breeding success in relation to 
the birds ’  age and experience (but see Williams  &  Christians 
 2003 ). Under the relatively constant environmental tempera-
ture of captive breeding facilities, productivity may show 
seasonal variation with day length, more clutches being pro-
duced in summer and autumn (Boruszewska  et al.   2007 ). 

 For best breeding results, young birds should be allowed 
to express mate choice, choosing their own partners from a 
small mixed - sex group. If particular pairings are required, 
most male/female couples in good condition will breed 
when placed in the same cage. Pair bond formation between 
unfamiliar birds can start immediately after introduction 
where the males performs a characteristic courtship dance 
and direct song towards the female and the female carries 
out an acceptance posture (for more details see Zann  1996 ). 
A sure sign of an established pair bond is when the male 
and female sit close to and preen each other. 

 Captive birds need to be provided with suitable nesting 
sites. Different types of nesting sites are available from 
wicker baskets, half coconut shells, to re - usable wooden or 
single - use cardboard nest boxes. Commercially available 
nest boxes typically have linear dimensions of at least 10   cm 
and an entrance hole of at least 4   cm diameter. Nest boxes 
mounted externally to the aviary mesh are convenient since 
the nest can be checked with minimal disturbance to the 
breeding birds. Birds need to be provided with suitable 
nesting material, but not in great excess. Usually the birds 
will start to build a nest almost immediately. Coconut fi bre 
is a good nesting material. On a foundation platform, males 
and females together build an enclosed nest chamber (Figure 
 43.3 ), but when offered nest boxes they often build much 
less complex structures. The inside of the nest chamber is 
lined with some softer material. In captivity, feathers, cotton 
wool, fi ne sisal string or moss can be used. It is important 
that there is no risk of the birds getting their toes caught in 
the nesting material. When using nest boxes, the bottom of 

     Figure 43.3     Zebra fi nches build nests when suitable nest support 
and nest material are available (nest on the left). Similar nests can 
be built inside nest boxes, which might be more suitable for 
outdoor aviaries and, when mounted from the outside, minimise 
disturbance to the breeding birds.  (Photo: R. Nager.)   
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zebra fi nches will work for food, and can learn to respond 
to light and colour cues and to discriminate between 
different songs and sounds. Rewarding zebra fi nches 
after disturbance is an effective and simple way to improve 
their habituation to handling (Collins  et al .  2008 ). Suitable 
rewards are small pieces of fruit, salad and live insect prey. 
Providing cover, eg, by an opaque cloth over part of the 
cage, where birds can take refuge when humans are present, 
however, can lead to increased fearfulness over time (Collins 
 et al .  2008 ).  

  Monitoring  m ethods 

 Body temperature can be recorded using small temperature 
probes ( < 0.5   mm wide) that are carefully inserted into the 
rectum. Blood for haematological, hormonal and biochemi-
cal analyses can be collected from three points: right jugular 
vein, ulnar vein and the medial metatarsal vein. As these are 
all superfi cial veins they can be punctured with a sterile 
needle or lancet and anaesthesia is not necessary. Blood col-
lection should only be carried out by trained and experi-
enced staff. Bleeding can be stopped by pressure from a 
swab. The vein, in particular the jugular vein, may be more 
easily recognisable in a well exercised bird with small fat 
deposits, which would reduce the duration of handling the 
bird. The quantity of blood that can be safely collected from 
healthy individuals is limited to 10% of circulating blood 
volume (which is about 0.1   ml for a 16   g zebra fi nch) and less 
if the same bird is re - sampled in less than 3 – 4 weeks 
(maximum of 1% of circulating blood volume or 0.01   ml for 
a 16   g zebra fi nch per 24   h) (Morton  et al.   1993 ). There are 
non - destructive methods to collect a sample of the crop 
content (Zann  &  Straw  1984 ) and of semen (Pellatt  &  
Birkhead  1994 ).  

  Administration of  s ubstances 

 Some drugs can be mixed with food or drinking water. Since 
zebra fi nches usually remove the husk of the seeds before 
ingesting them it is unlikely that they would ingest any 
drugs on the outside of the seed, unless de - husked seed is 
used. These methods can be useful for administering sub-
stances to a large number of birds, but do not permit accu-
rate control of dosage. Suitably - sized oesophageal tubes can 
be used for individual birds, which allows for more accurate 
dosing. Injections in small passerines like the zebra fi nch are 
diffi cult and hazardous. Subcutaneous and intramuscular 
injections can be given with a 27   G needle and a 1   ml insulin 
syringe, but great caution is necessary. A small amount of 
alcohol with 10% glycerine is normally used to prepare the 
site before injection. When the needle is removed, a dry 
cotton - tipped applicator is placed over the site to apply 
gentle pressure and stop any bleeding.  

  Anaesthesia and  a nalgesia 

 General anaesthesia can be achieved using gaseous or inject-
able anaesthetics. Gaseous anaesthetics have the advantage 

birds will become independent and feed independently, 
although they will continue to beg for a while longer. 
Around this time the bill colour starts to change from black 
to a lighter colour (which will eventually turn orange or red) 
and the post - juvenile moult into the adult plumage begins. 

 For best breeding results, birds should be kept at lower 
densities than in standard holding accommodation, and 
should be maintained in an equal sex ratio and with an 
excess of nest sites provided. When zebra fi nches breed in 
groups, both extra - pair paternity and intra - specifi c brood 
parasitism can occur (Birkhead  et al.   1990 ). Under good con-
ditions, zebra fi nches may breed continuously; but it is best 
not to allow them to produce more than two successive 
broods before a period of non - breeding. At the end of breed-
ing, the nest should be removed. If two successive clutches 
are desired, young need to be removed from the cage when 
independent. If they are left with the parents, they may 
interrupt the next clutch and the parents may chase off the 
young birds and pluck their feathers. If a particular behav-
ioural study, for example on song learning, requires that 
young are raised by females alone, this is possible. In this 
case it is best to delay removing the male until day 5 as there 
is no evidence for memorising the father ’ s song before that 
age, and a reduction of the brood size can be considered 
(Royle  et al.   2002 ). Zebra fi nches can also be raised from the 
egg stage onwards by Bengalese fi nches. Both inter - specifi c 
cross - fostering and female - only rearing will affect the 
behavioural development of the chicks. If pairs fail to feed 
their chicks at fi rst, particularly fi rst - time breeders, the nest-
lings can be helped through that period by some hand 
feeding. 

 It is important to keep detailed records on the breeding 
activity of individual birds and pairs. This prevents breed-
ing between close relatives, allows the elimination of poor 
breeders and effi cient rotation of the stock used in breeding. 
Several pedigree software packages are now available for 
this purpose, such as ZooEasy or LaoTzu ’ s Animal Register.   

  Laboratory  p rocedures 

  Handling 

 If specifi c individuals need to be captured and handled on 
a regular basis, it may be preferable to keep them in small 
cages where they are more easily and rapidly captured. This 
is less stressful to the individual bird as well as for other 
birds in the group. In large cages, a bird net with padded 
edges will be required to catch birds. Switching off the light 
can help to catch the bird more quickly in the dark. Once in 
the hand, birds should be kept with the back inside the palm 
of the hand, its head between the index and second fi nger 
and the wings gently closed against its sides so that the 
bird ’ s chest remains free.  

  Training and  h abituation for  p rocedures 

 Zebra fi nches are believed not to habituate easily to han-
dling and, compared to many other cage birds, they do not 
become very tame and are not as inquisitive. Nonetheless, 
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that dosage is easily changed during the procedure, and 
recovery can be extremely rapid. They require special equip-
ment for precision delivery. The most commonly used 
gaseous anaesthetic for birds is isofl urane. This agent has 
proved safe and extremely useful in many avian species and 
it is the recommended choice for anaesthesia. Ketamine has 
been used as an injectable anaesthetic in birds, but recovery 
is often troublesome, with the bird fl apping and thrashing 
due to involuntary excitement. Hence, ketamine should be 
mixed with an equal volume of xylazine, which has strong 
muscle relaxing as well as weak analgesic properties. The 
reader should refer to specialised textbooks on avian anaes-
thesia (eg, Samour  2000 ) for drug dosages, methods of deliv-
ery and monitoring of anaesthesia.  

  Euthanasia 

 Zebra fi nches can be euthanased by overdose of gaseous or 
injectable anaesthetic. Exposure to a rising concentration of 
carbon dioxide in an enclosed chamber has also been used 
but the humaneness of this method is controversial. Birds 

  Table 43.2    Some infectious diseases of zebra fi nches  

   Disease     Comments  

   Viral   
  Avian pox    Uncommon. Conjunctivitis, blepharitis. Self - limiting but may be fatal. Common in some species. 

Torticollis, depression, weight loss  

  Paramyxovirus    Severe pancreatitis on  post - mortem   

  Papovavirus    Common in some aviaries. Deaths amongst nestlings and young birds, developmental abnormalities, 
beak deformities. Hepatocellular necrosis on histopathology  

   Bacterial   
  Enterobacteriaceae     E. coli  septiceaemia can be a problem in new shipments (stress - related).  Citrobacter, Salmonella  and 

 Yersinia  have also been reported  

  Mycobacteria    Tuberculosis (usually due to atypical  M. avium ) can affect fi nches, but it is not commonly encountered  

   Campylobacter     More common in tropical fi nches such as the Bengalese. Inactivity, yellow droppings and high 
mortality amongst fl edglings. Can be treated with appropriate antibiotics  

   Chlamydophila  (Psittacosis)    Rare. Conjunctivitis, debilitation, diarrhoea. May see hepatomegaly on  post - mortem   

   Pseudomonas     Usually associated with poor hygiene. Foul - smelling diarrhoea  

   Fungal   
  Gastric yeast     Macrorhabdus ornithogaster  (formerly Megabacteria) is commonly found in fi nches. Not too clear 

whether it can be a primary pathogen but it can certainly result in a chronic, debilitating condition. 
Affected birds are fl uffed up, constantly hungry and progressively lose condition  

   Candida     Associated with poor hygiene and unbalanced diets. Crop candidiasis is seen as a distended, 
thickened crop with a white covering of the mucosa. Can also cause diarrhoea and moulting problems  

   Parasitic   
  Protozoans    Various coccidian species can affect fi nches.  Isospora serine  (atoxoplasmosis) causes debilitation, 

diarrhoea and sometimes neurological signs, but is not very common. Other  Isospora  species (causing 
diarrhoea and weight loss) are more frequently encountered. Trichomoniasis causes respiratory 
symptoms, regurgitation and emaciation.  Cochlosoma  is not uncommon in Bengalese fi nches and can 
cause problems in other varieties.  Toxoplasma  can also be found in fi nches  

  Helminths    Both tapeworms and roundworms can be a problem but they are rare in well managed aviaries and 
tend to be associated with the feeding of live food  

  Arthropods     Cnemidocoptes  mites can cause abnormal crusting and deformities on the base of the beak. Air sac 
mites ( Sternostoma tracheacolum ) can cause respiratory signs but are rare in fi nches  

can also be killed by neck dislocation by an experienced 
person but this may not be ideal as evidence from studies 
in poultry indicate that this does not always lead to immedi-
ate loss of brain function. See also Chapter  17 .   

  Common  h ealth and  w elfare  p roblems 

  Health 

 Zebra fi nches can be affected by a range of infectious and 
non - infectious diseases (see Dorrestein  1996 ; Jones  &  Slater 
 1999 ). An ill bird is normally less active than usual, and may 
sit in a corner in a huddled position, fl uffed up, and with 
dull, slit or closed eyes. It is best to place ill birds in a hos-
pital cage (see Health monitoring, quarantine and barrier 
systems section) and to seek prompt veterinary attention. If 
a contagious disease is suspected, ill birds should be imme-
diately isolated. A summary of common infectious diseases 
of the zebra fi nch is given in Table  43.2 . It is important to 
remember that some of these diseases can affect humans and 
due care is essential. Ectoparasites such as feather lice and 
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mites are a potential health problem in bird rooms. They can 
spread quickly and have an adverse effect on the birds ’  
condition. Infected birds should be isolated and treated, and 
the affected bird housing should be isolated and thoroughly 
cleaned with compounds that are safe to use around birds.   

 Bald patches in the plumage could indicate presence of a 
pathogen or be the result of abnormal behaviour (see next 
section). Claws and beaks may overgrow, although they 
should usually be maintained naturally by the inclusion of 
a whole cuttlefi sh bone in the aviary. If claws grow too long 
or the beak overgrows, then the bird should be caught and 
these appendages trimmed with a nail clipper taking care 
not to clip too much. Birds that have been ringed should be 
monitored to ensure that their legs have not outgrown the 
ring, which could result in swelling of the foot, gangrene 
and necrosis. 

 Breeding females can become egg bound. This may occur 
for a variety of reasons (eg, a calcium defi ciency, low envi-
ronmental temperature, fatigue, oversized egg, etc) but the 
result is that the bird is unable to pass the egg through the 
oviduct. Affected females become hunched and fl uffed up 
and immediate veterinary treatment is essential. 

 Readers may refer to Rosskopf and Woerpel  (1996) , Tully 
 et al .  (2000)  or Chitty and Lierz  (2008)  for further information 
on epidemiology, diagnosis, treatment and prevention of 
diseases in birds.  

  Behaviour 

 The most common abnormal behaviour observed in caged 
zebra fi nches is feather pecking resulting in bald patches in 
their plumage. This can be caused by self - harm, by other 
individuals or by environmental conditions. If persistent 
feather peckers are identifi ed they may need to be removed 
from the group. Environmental conditions that could trigger 
feather pecking are overcrowding and a shortage of nest 
materials for breeding birds. 

 Breeding birds can produce  ‘ sandwich clutches ’  (see 
Breeding section) when too much nesting material is pro-
vided for too long. Females may also lay a large number of 
eggs on the cage fl oor and in most cases don ’ t incubate the 
eggs. In both cases, females will have an increased egg 
formation effort, which is costly to the female, without 
any breeding output.   
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  Biological  o verview 

  General  b iology 

 Doves and pigeons make up the family Columbidae within 
the order Columbiformes. While there is no scientifi c dis-
tinction between the terms dove and pigeon, in practice 
 ‘ dove ’  tends to be used for smaller species, such as turtle 
doves and collared doves, and  ‘ pigeon ’  for larger species, 
such as the wood pigeon. There are currently 313 known 
species (Cramp  1986 ) within the order Columbiformes, 
over 300 of which are Columbidae. The majority of these 
species are arboreal. However, they are found within most 
habitats and there are both cliff -  and ground - nesting species. 
Species vary greatly in size and in plumage colour. The 
smallest species measure little more than 150   mm in length, 
while the largest can reach up to 850   mm (Goodwin  1983 ). 
Their diet consists mostly of fruit or seeds, although inver-
tebrates are consumed by some species that otherwise spe-
cialise as fruit or seed eaters. A common feature among 
species is bi - parental care, in which both sexes incubate 
eggs, produce crop milk and provision young. In addition, 
all species drink water by sucking it up without lifting their 
heads. 

 The most commonly used species for research purposes 
is probably the domestic pigeon, and the various varieties 
bred from it (eg, White Carneaux). The rock pigeon ( Columba 
livia ) is thought to be the ancestor of all domestic and feral 
pigeons. The other common species used in research is the 
Barbary dove ( Streptopelia risoria ), also known as the ring-
dove, although Hutchison  (1999)  points out that, in fact, 
this is a domesticated variety of the African collared dove 
( Streptopelia roseogrisea ). There is little sexual dimorphism 
between the sexes (but see below for differences in behav-
iour) and individual pigeons have been recorded as living 
for 30 years (Hutchison,  1999 ). Biological data are provided 
in Table  44.1 .    

  Social  o rganisation 

 Feral pigeons are colonial breeders and forage in fl ocks 
(Cramp  1986 ). Aggressive competition for food and partners 
is often observed where they occur in high densities (Murton 
 et al.   1974 ; Johnston  1992 ). Although the feral (domestic) 
pigeon is socially monogamous, frequent pair copulation 

and intense mate guarding by males suggest a degree of 
sperm competition (Lovell - Mansbridge  1995 ). However, 
when male partners are experimentally removed, females 
showed no tendency to approach other males or to engage 
in extra - pair copulations (Lovell - Mansbridge  &  Birkhead 
 1998 ). Higher levels of aggression from cuckolded males 
may have selected against extra - pair copulations. For 
example, pair bond structure in females paired with aggres-
sive males is poorer, leading to delayed breeding in these 
pairs (Erickson and Zenone  1976 ), which subsequently 
affects reproductive fi tness. Alternatively, Trivers  (1972)  
suggested that one cost of cuckoldry is the withdrawal of 
parental care by the male. In pigeons and doves, where bi -
 parental care is important not only in provisioning young, 
but also in producing crop milk, the cost of extra - pair copu-
lations for the female is potentially high.  

  Reproduction 

 Many aspects of reproductive behaviour and endocrinology 
have been studied in the Barbary dove and the main fi nd-
ings are summarised briefl y here. 

  Courtship and  p air  b onding 

 The male Barbary dove expends considerable time, energy 
and physical resources on its own offspring, participating in 
both the incubation of the eggs and in rearing chicks by 
producing crop milk for feeding the offspring. This resource 
provisioning by the male is mediated by the synchrony of 
breeding behaviour in male – female pairs, since reproduc-
tion is successful only when the male ’ s physical condition is 
synchronised with egg laying. The purpose of courtship 
behaviour, therefore, is to bring about the synchronisation 
of the physical condition of the pair (Lehrman  1965 ; Lovari 
 &  Hutchison  1975 ). 

 Courtship behaviour in the male Barbary dove is charac-
terised by a transition from initial aggressive interactions 
(chasing, bowing and kah - calls) to nest - orientated behav-
iour (nest display and cooing), and changes in hormonal 
states accompany these behaviours. There is a change from 
testosterone - driven aggressive behaviour to oestrogen -
 dependent nest - orientated behaviour as courtship progresses 
(Hutchison  1999 ). Since the male dove has no oestrogen 
circulating in the plasma, testosterone is converted to 
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  Breeds and  s upply 

 Barbary doves have probably been domesticated for centu-
ries and are available as caged birds throughout the world. 
The wild - type African collared dove ( Streptopelia roseogrisea ) 
is slightly smaller than the Barbary dove and is confi ned to 
Northern Africa, south of the Sahara, and western central 
and south western Arabia, occurring in acacia thorn scrub. 
The collared dove ( Streptopelia decaocto ), which has recently 
spread across the north - west of Europe into Britain, is occa-
sionally used as a laboratory bird. It is slightly larger than 
a Barbary dove and with darker coloration. The courtship 
and incubation behaviour are very similar to those of the 
Barbary dove. 

 There are over 200 breeds of domesticated pigeons, and 
within each breed there may be a number of colours and 
markings. In pigeons there are four main colours: red, black, 
blue and brown, and many plumage types: fantails, feath-
ered feet and crests.  ‘ Croppers ’  have the ability to infl ate the 
crop, while  ‘ tumblers and rollers ’  tumble and roll while in 
full fl ight. Because of the genetic variety available, checks 
should be made to ensure that the strain or breed selected 
does not show abnormal behaviour when selecting a strain 
for use in the laboratory. 

 Barbary doves and especially different strains of pigeons 
are available from bird dealers, while a useful source of 
domestic pigeons is pigeon racers. As they are domesticated 
species, there is no need to obtain free - living birds. In fact, 
obtaining pigeons from the wild may import diseases into 
the laboratory.  

  Uses in the  l aboratory 

 The pigeon is the standard avian animal when comparison 
between mammals and other phyla are made in physiology 
and anatomy; it has a similar status to the  ‘ white rat ’  in labo-
ratory studies. Pigeons have been used extensively in visual 
and auditory physiological research (eg, Granda  &  Maxwell 
 1979 ; Erichsen  et al.   1982 ). Particularly important in some of 
these studies is the strong lateralisation of brain function 
that occurs in birds (eg, G ü nt ü rk ü n  et al.   1998 ). The sensory 
basis of mechanisms that allow the domestic (homing) 
pigeon ( Columba livia ) to display the remarkable ability to 
return to its loft from unfamiliar sites has been studied 
extensively over the past 50 years (eg, Papi  1992 ; Bingman 
 1998 ; Wallraff  2001 ). The pigeon is known to use olfaction, 
magnetic fi elds and the position of the sun in the sky for 
long - range homing (Walcott  1996 ). Less well studied are the 
mechanisms behind homing in the birds ’  familiar area. 
Visual landmarks are thought to be important (eg, 
Braithwaite  &  Guilford  1991 ; Wallraff  et al.   1993 ), and how 
the pigeon learns and uses information about landmarks is 
becoming clearer (eg, Biro  et al.   2004 ). The other major labo-
ratory use for pigeons is in experimental psychology in 
studying visual discrimination, cognition and learning. 
Pavlovian and instrumental conditioning tasks in condition-
ing chambers are used extensively with pigeons in experi-
mental psychology (eg, Haselgrove  et al.   2005 ; McGregor 
 et al.   2006 ). In addition, pigeons have been valuable in 
work on toxicology. 

oestrogen by the enzyme aromatase in the preoptic area and 
hypothalamus (Hutchison  1991 ). 

 Hutchison  (1999)  notes that courtship patterns in doves 
and pigeons perform a number of functions, such as identi-
fi cation of sex and reproductive condition of females. The 
initial aggressive courtship by the male consists of chasing, 
with the body horizontal, and a kah - call, and may alternate 
with bowing (in doves) or head nodding (in pigeons). In 
doves, the male will lift his head, infl ate the crop and coo as 
the head is lowered towards the fl oor. The feet are stamped 
between bow – coos. In pigeons, depending on the species, 
the beak can nearly touch the ground or the breast, and in 
some types, crests may be fanned out or the tail fanned. The 
pupil of the eye contracts in both doves and pigeons showing 
the iris. If the male meets another male, the encounter may 
result in wing - boxing. However, if opposite sexes meet, the 
female will alternate between retreating from and approach-
ing the male, and this leads to nesting activity, attempted 
mating and full copulation 1 – 2 days after pairing.  

  Nest  b uilding,  o vulation and  i ncubation 

 Both doves and pigeons build rudimentary nests consisting 
of a few twigs with grass or hay collected by the male and 
placed in the nest by the female. The female Barbary dove 
increases wing - fl ipping (vibration of the wings) when sitting 
on the nest 4 – 5 days before egg laying. This behaviour in 
turn stimulates the male to bring nesting material to the 
female. 

 The time course of the transitions in male courtship 
behaviour has retarding or accelerating effects on the 
female ’ s ovarian development. Persistent aggressive court-
ship patterns by the male are associated with a delay in egg 
laying and nest soliciting in the female. However, provision-
ing of nesting material by the male accelerates the female ’ s 
ovulation. 

 In both pigeons and doves, females lay two eggs. The fi rst 
egg is usually laid in the afternoon, with incubation occur-
ring immediately afterwards. Incubation behaviour is per-
formed by both sexes, although the male usually incubates 
in the mid - afternoon (Hutchison  1999 ). Ovulation involves 
the hormone prolactin, but in the Barbary dove at least, 
progesterone mediates the initiation of incubation behav-
iour and egg - laying in the female. During incubation, prol-
actin levels increase and the milk cells lining the crop begin 
to proliferate to form crop milk in readiness for hatching of 
the young. Young are fed with crop milk within the fi rst 
hour of hatching. The crop milk becomes mixed with seeds 
as the young get older.    

  Table 44.1    Standard biological data (Hutchison  1999 ). 

        Body weight     Body temperature 
 (cloacal)  

   Resting 
respiration 
rate  

  Pigeon    350 – 550   g    40 – 41    ° C 
 (104 – 105.8    ° F)  

  25 – 30/min  

  Dove    130 – 180   g    40 – 41    ° C 
 (104 – 105.8    ° F)  

  40 – 42/min  
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  Outdoor 
 If pigeons and doves are to be housed in an outdoor aviary, 
then consideration must be given to the provision of venti-
lated, but draught - proof, covered shelters. If necessary, a 
supplementary heater may be used. The environmental pro-
visions and enrichments described in the next section outline 
some of the steps that may be taken to further enhance this 
environment.   

  Environmental  p rovision and  e nrichment 

 Nesting facilities, nesting material and perches (allow 20   cm 
per dove, 30   cm per pigeon) are necessary in cages when 
birds are paired and in aviaries. In aviaries, shelving on 
which the birds can display courtship can be provided. 
A fl at tray with clean water for bathing will be used fre-
quently by both sexes. Pigeons also seem to enjoy a shower, 
and a fi ne mist of warm water can be sprayed at individual 
birds with a commercial plant sprayer. If birds are caged 
indoors, it is advisable to use  ‘ daylight ’  strip lighting con-
trolled by a time clock. Fourteen hours of light will induce 
and maintain sexual activity and breeding behaviour. Birds 
housed in cages can benefi t from the provision of toys such 
as bells and mirrors that can be hung from the cage by 
chains.  

  Social  g rouping 

 Doves and pigeons can be maintained as single - sex colonies, 
but usually the sexes are mixed to prevent excessive aggres-
sion. It is advisable to monitor groups closely when fi rst 
acquired to ensure that birds do not bully or injure others. 
If housed in pairs, males should not be caged together as 
they may fi ght.  

  Laboratory  f eeding and  d ietary  r equirements 

 Food can be provided either in open bowls or in hoppers 
attached to the side of the cage or aviary. Since some birds 
consume preferred foods selectively, it is essential that 
food hoppers are replenished each day with fresh food. 
Females can be discouraged from nesting in the food trays 
by providing covered nesting boxes positioned well away 
from the food. Foraging can be encouraged by scattering 
seed upon the fl oor. In addition, hand feeding provides an 
excellent method to habituate the birds to contact with 
humans, which is desirable if the birds are to be handled 
regularly. 

 Domestic pigeons and many doves are omnivourous 
(JWGR  2001a ; Redrobe  2002 ). Consequently, vegetable pro-
teins alone will not provide suffi cient nutrients and amino 
acids for these birds. Thus, a supplement such as turkey 
starter crumbs or chick - rearing meal should be given. Grains 
commonly fed to pigeons are kaffi r corn, maple peas, hemp, 
maize, vetch, millet, wheat, oats and barley. Some green 
food, chick - rearing meal, shell, grit and salt are usually 
given. Kaffi r corn, wheat, maize, millet, fi nely ground oyster 
shells and starter turkey crumbs can be fed to doves. Turkey 
crumbs typically contain vitamins A, D 3  and E supplements, 
ash, methionine, copper(II) sulphate, lasalocid sodium and 
may contain dimetridazole to control protozoal diseases. If 

 Since the 1960s, the endocrine basis of the reproductive 
behaviour of the Barbary dove has been studied. More 
recently neuroendocrine studies have focused on the andro-
gen - metabolising brain enzymes, the aromatase system 
(Hutchison  1991 ) which forms oestrogen in brain neurones. 
Brain aromatase levels providing oestrogen for nesting 
behaviour are high in doves and are regulated by environ-
mental as well as endocrine factors. The male dove has 
provided a model for studying this system. The control of 
prolactin secretion and its role in maintaining incubation 
behaviour and crop milk production is also being exten-
sively studied in the Barbary dove (Lea  &  Sharp  1991 ; 
Horseman  &  Buntin  1995 ). 

 Because the domestic pigeon and the Barbary dove are the 
most commonly used species in the laboratory, the follow-
ing sections on Laboratory management and breeding and 
Common welfare problems will be primarily concerned 
with this species. Where other species are discussed, this 
will be made clear in the text.  

  Laboratory  m anagement and  b reeding 

  General  h usbandry 

  Housing 

  Indoor 
 The European Commission  (2007)  has recently produced 
updated guidelines on minimum standards of housing that 
include the housing of pigeons (see also the revised 
Appendix A to the European Convention for the Protection 
of Vertebrate Animals used for Experimental and other 
Scientifi c Purposes (Council of Europe  2006 ) and Joint 
Working Group on Refi nement (JWGR  2001a )). If pigeons or 
doves are to be housed indoors, it is recommended that both 
the quantity and quality of space provided is suffi cient to 
allow the bird to engage in a range of behaviours including, 
if possible, fl ight. Pigeons housed either individually, or in 
pairs in small cages are often unable to extend their wings 
fully. Such housing, therefore, should not be considered 
appropriate for long - term housing. Wherever possible, 
pigeons and doves should be housed in an aviary large 
enough to permit fl ight. JWGR  (2001a)  recommends pens 
(7   m    ×    3   m    ×    3   m high) or tunnel aviaries (20   m    ×    7   m    ×    3.5   m 
high). If the provision of an aviary is not possible, access to 
a room in which exercise fl ights can be conducted is recom-
mended during the morning and/or late afternoon. There is 
a circadian rhythm in bird activity, with more calling and 
feeding in the morning than the afternoon. Long, narrow 
pens (eg, 2   m    ×    1   m) can also be recommended as these 
permit short fl ights. 

 In laboratory cages, there is a build - up of white  ‘ dust ’  
(keratinised scales) from the feathers and skin of doves and 
pigeons. Cages should be cleaned at least once a week: 
wiping with a damp cloth removes this dust. In addition, it 
is essential to have frequent air changes  –  fans bringing fresh 
air into the laboratory, and extraction fans to clear laborato-
ries of dust. Wolfensohn and Lloyd  (2003)  recommend at 
least 10 air changes per hour, although the UK Home Offi ce 
recommends 15 – 20 (Home Offi ce  1989 ).  
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these criteria can be used with any degree of accuracy, and 
even then, should not be regarded as an entirely accurate 
method of identifi cation. More reliable methods of sexing 
doves and pigeons before the birds are sexually mature 
include DNA sexing by commercial laboratories (using a 
blood sample or tissue from a growing feather), or by visu-
ally examining the gonads by laparotomy under general 
anaesthesia.   

  Transport and  q uarantine 

 Information on the transport of laboratory animals has been 
provided by Laboratory Animal Science Association  (2005) . 
The Live Animals Regulations Manual  (2007/2008)    provides 
comprehensive information concerning international regu-
lations for air transportation of animals, and is available 
from the international air traffi c association website 1 . For 
establishments in the UK, transport of non - human verte-
brates within Europe must comply with regulations set out 
by The Department for Environment, Food and Rural affairs 2  
and the Home Offi ce code of practice (Home Offi ce,  1989 ). 
See also Chapter  13  on transport. 

 Providing there is adequate ventilation, pigeons and 
doves may be transported for short distances in wicker 
baskets or in cardboard boxes. It is not advisable to give 
them water continuously as the plumage may become 
damaged. After a journey of 1 – 2   h birds should be given 
food and water. Upon arrival in the laboratory, it is recom-
mended that incoming birds should be health checked by a 
vet and any treatments and disease control procedures 
necessary should be undertaken (eg, to control internal 
and external parasites).  

  Breeding 

  Condition of  a dults 

 A 14   h light/10   h dark regime induces sexual activity in 
adult male and female doves. If, however, artifi cial light is 
not used to induce sexual activity, it is best to pair doves in 
February or March in northern latitudes. To reduce aggres-
sion in the male, it is advisable to introduce the female to a 
male who has already established a perching and nesting 
site. Doves and pigeons can form pair bonds and mate for 
life, therefore separating breeding pairs may cause distress. 
However, if the birds are kept in an aviary, breeding can be 
unsuccessful due to competition for the females from 
intruder males. Placing pairs in separate cages prevents this 
interference and allows the behaviour of the pair to be moni-
tored. When the birds are sexually active and behaviourally 
compatible, egg - laying should occur about 10 – 12 days after 
pairing. However, if no eggs are laid within 20 days then 
the birds should be paired with different partners. Pigeons 
should be allowed to rest and should not be bred all year 
round. In particular, they should be allowed to moult 
normally in the autumn.  

starter turkey crumbs are not used, vitamin supplements 
should be used. Adult pigeons require approximately 28   g 
of food per day, and pigeons which have only limited exer-
cise should not be fed  ad libitum  otherwise they tend to 
become overweight. Body condition can be monitored by 
regular weighing. 

 Minerals play an important role in bone growth and egg-
shell formation, and are an essential supplement. Calcium 
and phosphorus are required in relatively large quantities 
and can be given as crushed shells, for example crushed 
oyster shell, or as powdered or liquid supplements added 
to the water (although it may be hard to meet daily require-
ments in this way). It is also usual to consider a vitamin 
supplement, as suffi cient vitamins do not occur in cereals 
and legumes. Insoluble grit plays a key role in the digestive 
process of the pigeon and dove as it is stored in the gizzard 
and used to grind and break down seeds and other fi brous 
matter before chemical digestion.  

  Water 

 Fresh water should be provided daily. To prevent the birds 
fouling the water, the containers should either be covered 
or, if the birds are housed in a cage, the container should be 
mounted on the outside of the cage. Some birds do not drink 
when fi rst caged individually. This problem can be avoided 
by provided the water in see - through reservoirs. Birds 
which still refrain from drinking can be encouraged to do 
so by gently immersing their beaks in the water.  

  Identifi cation and  s exing 

 Individual birds can be identifi ed for life if ringed at fl edg-
ing with numbered and/or coloured, split plastic rings. 
Although the males of some strains of pigeon have distinc-
tive colouring (eg, red chequers, mealies and silvers, which 
show black fl ecking), in general, the plumage of the male 
and female pigeon or dove will have the same form through-
out the lifespan of the bird, making sexing a diffi cult task. 
In the domestic pigeon, the eyes of the young male are more 
widely spaced than in the female. In adults the male may be 
more heavily built than the female and the head rounder 
with larger wattles and ceres than the female who will tend 
to have a slighter build and a fl atter head. 

 Hutchison  (1999)  suggests that domestic pigeons can also 
be sexed by their behaviour. Males strut, bob up and down 
and emit a double  ‘ coo ’ , while females emit only a single 
coo. In addition, males turn 360    °  circles, fan out their tails 
and drag them along the fl oor whilst courting a female. At 
about a year old, once doves and pigeons are sexually 
mature, the sex of the birds can be determined using obser-
vations of courtship behaviour. Each bird is placed in a cage 
with a known sexually active male. If the unsexed bird is 
female, it will retreat from the sexually active male and, 
usually after 5 minutes, the known sexually active male will 
display nest soliciting and the female will approach the 
male. If the unsexed bird is a male, aggressive courtship 
behaviour (chasing, bowing, pecking, kah - calls and wing -
 boxing) will be displayed. However, it is important to note 
that identifi cation of sex by either observation of behaviour 
or external anatomy requires considerable experience before 

  1       http://www.iata.org  
  2       http://www.defra.gov.uk  
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  Reproductive  p roblems 

 Egg binding may be caused by calcium defi ciency, infection 
or malformation of the oviduct, or soft - shelled or broken 
eggs. Egg binding can be very serious and signs may include 
depression, droopy wings, abdominal straining and weak-
ness or paralysis of one or both legs. A hard swelling can 
usually be felt in the lower abdomen. A lukewarm bath may 
help the egg pass. Soft - shelled eggs are almost always due 
to a defi ciency of calcium in the diet. During breeding, 
pigeons and doves have a particularly high requirement for 
calcium, which should be freely available. Females that 
continually lay soft - shelled eggs should not be used for 
breeding.    

  Laboratory  p rocedures 

  Handling 

 Pigeons and doves can easily lose feathers if they are 
improperly handled. To avoid this, quickly grasp the bird 
from behind around its body and wings (Figure  44.1 a). An 
inexperienced handler may have to use both hands used at 
fi rst, but with practice, an adult pigeon or dove can be both 
caught and held with one hand, leaving the other hand free 
to open wings, check feather condition, etc (Figure  44.1 b). 
Avoid pointing the cloaca towards the person, as the bird 
may choose to defecate, particularly if it is not habituated to 
humans. Pigeons housed in an aviary or in large groups can 
be caught with a net, and dimming the lights can ease 
capture. However, if the birds are accustomed to hand 
feeding, pigeons and doves will fl y to the hand. A number 
of pigeons can be transported a short distance (such as 

  Nesting and  i ncubation 

 When birds are paired, nesting material (straw and twigs), 
as well as earthenware nesting bowls or papier mach é  nest 
pans, should be provided. Filling the nesting bowl with sand 
or newspaper prevents cracking of the eggs. The male sits 
for shorter periods, usually in the afternoon. Earthenware 
pans should be disinfected between broods.  

  Hatching 

 Hatching occurs 14 days after the beginning of the incubation 
period, in the dove. In pigeons, hatching occurs after 17 or 18 
days of incubating. If pairs are compatible, about three to four 
broods are produced on normal day length during the repro-
ductive season, which is until the end of September in north-
ern latitudes. Maintained on artifi cial light, pairs will produce 
young at about 2 - monthly intervals for 1 – 2 years.  

  The  y oung 

 Squabs are incapable of locomotion and do not leave the 
nest for the fi rst 8 – 10 days. Both the male and female produce 
crop milk to feed the young for approximately 10 – 12 days 
after hatching. The crop milk, as mentioned earlier, becomes 
mixed with seeds as the young get older. The parents then 
continue to feed the squabs grain, until fl edging occurs at 
between 21 and 24 days. Young birds should not be allowed 
to breed until they are at least 36 weeks old. Squabs must 
be able to grip the substrate with their feet to prevent 
 ‘ splayleg ’ . Birds that hatch with splayed legs, or develop 
them, will never walk, and must be humanely killed. It is 
usual to leave the parents with the young for the fi rst month. 
The young birds are then ringed and caged.  

(a)

(b)

      Figure 44.1      (a) An experimenter handling an adult pigeon, using two hands. (b) Holding a smaller bird, giving the handler more freedom.  
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   •      Oral administration. Solid or liquid oral preparations 
are best administered in the drinking water or in the 
feed. However, oral gavage may be necessary for unpal-
atable substances, or under conditions in which a 
precise dose is necessary. Take care to avoid the trachea 
when inserting a tube or substance into the oesophagus. 
The trachea in the pigeon is located behind the tongue 
and should be identifi ed before carrying out the proce-
dure. Catheters to be inserted into the oesophagus 
should be lubricated to avoid damage to either the 
oesophagus or the pharynx. This procedure requires 
two people, and fi rm but gentle restraint of the bird. 
Sharman  et al.   (2001)  recommend a maximum oral 
dosing volume of 10   ml/kg.  

   •      Subcutaneous injection. The most common site for sub-
cutaneous injection is under the loose skin in the back 
of the neck. The maximum dose is 2 – 5   ml/kg (Sharman 
 et al.   2001 ).  

   •      Intravenous injection. Frequently used sites include the 
ulna, right jugular and medial metatarsal veins. One 
should aim to use the smallest gauge needle possible 
for injecting pigeons and doves intravenously. Sharman 
 et al.   (2001)  recommend that the injected volume be no 
more than 5   ml/kg. It is essential to ensure that the bird 
is adequately restrained.  

   •      Intramuscular injection. Intramuscular injections can be 
given into the pectoral muscles. Pigeons possess a renal 
system that can move the blood fl ow from the lower 
extremities to the central circulation. Injection into the 
thigh muscle, therefore, is not recommended as drugs 
may be eliminated quickly by the kidneys. Intramuscular 
injections are painful and can affect mobility. They can 
also result in death of living tissue (necrosis), it is there-
fore preferable to administer substances subcutane-
ously, wherever possible. Intramuscular administration 
of large volumes should be divided between different 
injection sites, and the total dose should not exceed 
0.05   ml/kg (Sharman  et al.   2001 ). Care must be exercised 
so as to not inject into blood vessels. This can be 
achieved by refraining from inserting the needle too 
deeply and, prior to depressing the plunger, withdraw-
ing it slightly to check for signs of blood.  

   •      Intraperitoneal injection. Substances should not nor-
mally be administered to pigeons or doves by intraperi-
toneal injection as the substance can easily enter the air 
sacs and disrupt their function.    

 Further guidance and recommendations of the administra-
tion of substances to birds can be found in Harrison and 
Harrison  (1986) ; Richie  et al.   (1994) ; Sharman  et al.   (2001) ; 
JWGR  (2001b) .  

  Anaesthesia and  a nalgesia 

  Anaesthesia 

 The inhalant anaesthetic, isofl urane, has become the pre-
ferred agent for both short and long anaesthesia due to its 
reliability and the rapid recovery from its effects. Prior to 
anaesthesia, the pigeon must be fasted for 6 – 8   h to empty 
its crop and minimise regurgitation. Ophthalmic ointment 

between an aviary/holding room and a nearby laboratory) 
at the same time by gently placing them head fi rst into indi-
vidual measuring jugs. The pigeon will typically remain in 
the jug without attempting to escape.    

  Behavioural  t raining 

 Pigeons are frequently used in experiments designed to 
investigate the psychology of learning and memory. Usually, 
they are housed individually or in pairs before tests in con-
ditioning chambers in which visual or (less frequently) audi-
tory stimuli are presented to the bird, along with food 
reward. Prior to the tests the animal is caught, placed in 
either an cloth bag, or plastic jug for weighing before being 
placed into a dark, or dimly illuminated chamber. Before 
training begins, there is usually a period during which the 
bird settles. 

 A less stressful procedure for housing, weighing and 
testing pigeons in the laboratory has been described by 
Huber  (1994) . The pigeons are, in this case, housed in 
outdoor aviaries with perches, a pigeon loft for nesting and 
hatching eggs, water, but no food. They enter the experi-
mental chamber directly from the outdoor aviary through 
connecting channels to obtain food. After an acclimatisation 
phase of several days, the birds enter the channels daily. The 
animals are weighed automatically on a scale in the fl oor at 
the rear of the chamber.  

  Recording  b ody  t emperature 

 Temperature may be taken by inserting, to a depth of not 
more than 2   cm, a cloacal thermometer, or thermister into 
the cloaca. The average body temperature of the dove and 
pigeon is 40 – 41    ° C (Hutchison  1999 ).  

  Collection of  b lood  s ample 

 In adult birds, blood samples may be collected from the 
brachial vein, which runs parallel to the external aspect of 
the humerus, on the underside of the wing. Puncture imme-
diately above the elbow joint is not recommended, as hae-
mostasis can be diffi cult to achieve at this site. Application 
of pressure with the thumb at the proximal humerus can 
help to raise the vein, making it clearly visible. Once the 
route of the vein is located, feathers can be parted by lightly 
wiping the injection area with cotton wool soaked in surgi-
cal spirit. The blood volume in birds in general is approxi-
mately 7   ml/100   g body weight. For a single sample, 
0.5   ml/100   g of body weight can be drawn safely (see also 
JWGR  1993 ).  

  Administration of  s ubstances 

 As with the collection of blood, it is not necessary to pluck 
the feathers when administering substances by injection. 
Lightly wiping the injection site with surgical spirit and 
parting the feathers will provide suffi cient access to the skin. 
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  Euthanasia 

 Injectable agents such as sodium pentobarbital can be 
administered intravenously into the medial metatarsal vein 
to bring about death (150   mg/kg). Injection may also be 
given intrahepatically, with the injection site under the 
sternum along the ventral midline. However, intracoelomic 
injection should be avoided because the crysallisation of 
barbiturate drugs may cause pain and distress to the animal. 
Cousquer and Parsons  (2007)  provide excellent details on 
locating the medial metatarsal vein and other advice on 
euthanasia. 

 Exposure to carbon dioxide is widely used for the eutha-
nasia of mammals, but its applicability to birds remains 
controversial as exposure to the gas can result in distress in 
some animals (JWGR  2001a ), and there are other satisfactory 
alternatives (see 2006 report by the Animal Procedures 
Committee 3 ). The authors ’  observations, however, suggest 
that a rising concentration of carbon dioxide introduced into 
an induction chamber does not result in any noticeable aver-
sive response in the pigeon. Whichever method is used, 
death must be confi rmed with dislocation of the neck.   

  Common  w elfare  p roblems 

  Health and  d isease 

  Prevention of  d isease 

 In outdoor aviaries or lofts, primary prophylaxis may be 
aided if wild birds such as sparrows, pigeons and wild 
doves are prevented from entering or perching on top of 
aviaries. When contact with wild birds is limited, doves and 
pigeons are usually free of infectious disease, particularly if 
they are sourced from a reputable supplier. Transmission of 
endoparasites occurs where there is poor hygiene, over-
crowding and warm, moist conditions. Therefore, as 
secondary prophylactic measures, keep drinking water 
clean and remove faeces weekly, so as to break the life cycles 
of these parasites.  

  Health  m onitoring and  s igns of  d isease 

 Hygiene is of prime importance since infections can spread 
rapidly from one bird to another. Clinical signs of disease 
are not always obvious. One useful method of monitoring 
the health of birds is to keep regular records of the weights 
of individual birds. Birds may initially be examined in the 
cage or on a perch. Redrobe  (2002)  lists criteria for monitor-
ing health in the perching bird: can it perch?; are its feathers 
ruffl ed?; is it alert and responsive?; is its respiration normal?; 
is there feather loss, or a change in quality of feathers, beak 
and nails?; is the bird standing with equal weight on both 
legs and are the wings held at equal lengths? The authors 
would also recommend observation for changes in faeces. 
Abnormalities in any of these factors may indicate problems 
with the bird ’ s health. 

should be applied to the eyes to prevent the drying of the 
corneas. 

 Induction of anaesthesia can be achieved with either a face 
mask, or an induction chamber at 4% isofl urane, and 1 – 2   l/
min fl ow. Once induction has occurred, anaesthesia should 
be maintained using endotracheal intubation if the bird is 
over 100   g (Redrobe,  2002 ; Wolfensohn  &  Lloyd,  2003 ). 
Redrobe  (2002)  recommends fl ushing with oxygen every 5 
minutes to prevent hypercapnia. Air exchange is very effi -
cient in birds, and the depth of anaesthesia can change 
rapidly when using gas inhalants. However, maintenance 
anaesthesia may be set initially at 2 – 3% isofl urane and 1 – 2   l/
min fl ow. Responses should be monitored to maintain a 
light to medium depth of anaesthesia, and concentration of 
isofl urane adjusted accordingly. The relationships between 
responsivity and the depth of anaesthesia were reported by 
Abou - Madi  (2001) , and a selection of these are shown in 
Table  44.2 . Birds lose heat rapidly during anaesthesia and a 
heated blanket may not provide suffi cient thermal support 
to prevent a decrease in body temperature. A heat lamp may 
be employed during surgery, but care must be taken not to 
overheat the bird. Body temperature should be monitored 
with a rectal thermometer.   

 Wolfensohn and Lloyd  (2003)  state the importance of 
fl ushing with oxygen at the end of anaesthesia to prevent 
reabsorption of anaesthetic. Warmth and subcutaneous 
fl uids should be provided during recovery from anaesthe-
sia. The wings can be controlled during recovery by wrap-
ping the bird in a towel, taking care not to restrict breathing. 
The bird should be monitored during recovery in a dark, or 
dimly lit, quiet area. A smooth recovery can be produced by 
administering analgesics immediately after surgery, but 
they can also be administered preoperatively for a smoother 
induction. Indications of pain in birds can include agitation 
and restlessness, loss of weight, appetite and variations in 
the preening of a painful site. Opioids (eg, butorphanol, 
1 – 4   mg/kg subcutaneously) and non - steroidal anti - 
infl ammatory drugs (eg, carprofen, 5   mg/kg, or meloxicam, 
0.2   mg/kg) can be administered as analgesics.   

  Table 44.2    Levels of anaesthesia (after Abou - Madi,  2001 ). 

   Response     Light anaesthesia     Medium 
anaesthesia  

   Deep 
anaesthesia  

  Voluntary 
blinking  

  Slow or absent    Slow or 
absent  

  Absent  

  Muscle 
relaxation  

  Moderate – good    Good    Absent  

  Breathing 
pattern  

  Rapid and deep    Slow, deep, 
regular  

  Slow, 
shallow  

  Palpebral 
refl ex  a    

  Present or slow    Slow, 
intermittent  

  Absent  

  Pedal 
refl ex  b    

  Present or slow    Slow, 
intermittent  

  Absent  

    a    The palpebral refl ex can be elicited by running the fi nger along the 
eyelashes.  
   b    The pedal refl ex can be elicited by squeezing the toes between the 
thumb and forefi nger.   

  3       http://www.apc.gov.uk/reference/schedule-1-report.pdf  
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  2.     Roundworms ( Ascaridia columbae ) and hairworms 
( Capillaria columbae  and  C. longicollis ) may infect the 
duodenum and upper part of the small intestine.  A. 
columbae  average about 2 – 6   cm in length and 1   mm in 
thickness, and reproducing worms are generally detect-
able by visible ova in the faeces. In severe infections the 
gut wall may be thinned and transparent, and may 
occasionally rupture.  Capillaria  species. are smaller, at 
around 2.5   cm in length and much more slender than  A. 
columbae . Ova in the faeces may only be detected with 
microscopy. In both infections, birds are likely to lose 
weight chronically, develop diarrhoea and suffer a 
general loss of condition. For  A. columbae , Hutchison 
 (1999)  recommends treatment with piperazine citrate 
dissolved in the drinking water at a dosage rate of 
2   g/l given for 2 – 3 days, with administration of liquid 
paraffi n to facilitate elimination of the worms. However, 
piperazine is considered an older treatment and worms 
may now be resistant to its effects. It is more common 
to treat both worm infections with levamisole hydro-
chloride or fenbendazole at 20   mg/kg of bodyweight. 
Walker 6 , however, points out the negative side effects 
of these treatments, such as vomiting and loss of condi-
tion, and recommends avermectins such as moxidectin 
at 10   mg/l of drinking water.  

  3.     Coccidia are a widespread and important group of pro-
tozoa, causing the problematic coccidiosis condition in 
poultry, sheep, dogs, cattle and rabbits. Coccidiosis is 
most commonly caused by parasites of the genus 
 Eimeria . Species in this genus are unusual in having a 
high degree of host - specifi ty. In pigeons  Eimeria lab-
beana  and  E. columbarum  are most common, and affect 
pigeons at 3 – 4 months of age most severely. Many birds 
have a low level of the disease, but affected birds have 
a greenish diarrhoea, and become emaciated and 
stunted. Diagnosis is through the number of oocysts 
present in the faeces and is necessary to distinguish the 
symptoms from those of salmonellosis, trichomoniasis, 
worm infestation and gut infection. Treat with sodium 
sulphadimidine, 15   ml of the solution in 4.5   l of drinking 
water. This should be given in the place of the normal 
drinking water for 5 consecutive days.     

  Ectoparasites 
 Ectoparasites, such as ticks, mites and lice may result in 
feather loss, anaemia, and the stunted growth of squabs. 
Therefore affected birds should be inspected for the causal 
organisms. 

 Some species of lice such as the long feather louse, 
 Columbicola columbae , and coccyx louse,  Campanulotes biden-
tatus , are common and may cause irritation and damage to 
the feathers, but feed only from feather dust after attaching 
themselves to the feather shaft. Very small feather mites 
such as  Falculifer rostratis  may cause irritation if present in 
large numbers. If anaemia accompanies skin irritation then 
the red mite,  Dermanyssus gallinae , may be suspected. It 
should be noted that these mites do not breed on the birds 

 Feeding is a good time for health monitoring. If hand 
feeding, the opportunity may be taken to inspect the feath-
ers which, in a healthy bird, should feel silky to the touch. 
Redrobe ( 2002  p. 171) lists common clinical conditions that 
may be detected when the animal is being handled. 

 Later signs of illness include the bird remaining in a mori-
bund state on the perch or fl oor of the aviary, crouched with 
feathers fl uffed out and head down. Birds in this state will 
not respond to a loud noise such as clapped hands. 

 More specifi c information on the diseases most likely to 
occur in captive pigeons and doves, their diagnosis, and 
appropriate treatments follows (Davis  et al.   1971 ; Keymer 
 1991 ). A particularly good source of information on disease 
and pathologies in pigeons is Cousquer and Parsons  (2007) . 
Other sources include Nepote  (1999) , Redrobe  (2002) , 
Rupiper  (1998a, 1998b)  and Tudor  (1991) . 

  Endoparasitic  i nfections 
 The following may occur in pigeons: 

  1.      Trichomonas gallinae  is a fl agellated protozoan which 
causes  ‘ canker ’ ,  ‘ diphtheria ’  or , particularly in falconry, 
 ‘ frounce ’ . The domestic pigeon is considered the 
primary host of  T. gallinae , although it also occurs natu-
rally in a wide variety of species. Infection is spread 
from parents to squabs during feeding, and through 
contamination of the drinking water. There are thought 
to be more than 20 strains of  T. gallinae , varying in viru-
lence, which infect domestic pigeons. The immune 
response associated with the disease includes yellow 
round lesions on the epithelium of the mouth, oesopha-
gus and crop, with accompanying diarrhoea and loss of 
appetite (Hutchison  1999 ). However, as Frank 4  points 
out, with breeders and racers at least, the widespread 
use of antibiotics in the 1970s and 1980s led to the near 
eradication of those strains that produce these symp-
toms. In addition, milder strains of  T. gallinae  are 
thought to enhance immunity against more virulent 
strains, making detection of the presence of  T. gallinae  
by presence of symptoms more diffi cult. However, in 
the most virulent strain (Jones ’  Barn) death occurs in 
almost 96% of infected non - immune birds, through the 
necrosis of liver and other internal organs 5 . Therefore, 
if infection is suspected treatment is necessary. Infection 
may be confi rmed by a swab taken from the crop lining 
and the contents inspected under magnifi cation. 
Hutchison  (1999)  recommends treatment with dimetri-
dazole 500   mg/l in the drinking water for 7 days. 
However, others have questioned the effi cacy of 
nitroimidazole class drugs in eradicating  T. gallinae  
from pigeons (eg, Munoz  et al.   1998 ), while others have 
called for higher doses for nitroimidazoles for effective 
treatment (Franssen  &  Lumeij  1992 ). Cousquer and 
Parsons  (2007)  point out that carnidazole (Spartrix: 
Harkers) is the only licenced nitroimidazole available 
in the UK. Administer 10   mg tablets for 5 days.  

  4      Frank, K.H.  (2005)    Canker!  http://www.albertaclassic.net/
trichomonas/trichomonas.php  

  5      Chalmers, G.  (2005)    Canker revisited.  http://www.albertaclassic.
net/trichomonas/trichomonas.php  

  6      Walker, C.  (2005, Sept, 14)    Parasitic control.  http://www.
auspigeonco.com.au/Articles/Parasite_control.html  
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through faeces. The currently favoured treatment is dox-
ycycline or a chlortetracycline - medicated feed. If antibi-
otics are not available, or ineffective, the birds should be 
killed and a thorough disinfection of the aviary and 
cages should be carried out before restocking.  

  3.     Newcastle disease is rare in pigeons. However, there is 
a strain which occurs in pigeons called avian paramyxo-
virus type 1 (APMV - 1). According to Wallis  (1983)  the 
pigeon strain of APMV - 1 causes green watery diar-
rhoea, clearly audible upper respiratory sounds and 
some sneezing. This may be followed by lack of coor-
dination, twitching and paralysis of the legs. In the UK, 
occurrences of APMV - 1 and Newcastle disease must be 
reported, under the Animal Health Act  (1981) , to a local 
DEFRA offi ce. Amendments to the Act in 2002 and 
under the Avian Infl uenza and Newcastle Disease 
(England and Wales) Order  (2003)    8  extended previous 
powers to protect the public from outbreaks of 
Newcastle disease in poultry. There is no treatment. 
Inactivated and live vaccines are now freely available 
for use under veterinary supervision, although only 
healthy pigeons should be vaccinated.  

  4.     Pigeon pox or so - called diphtheria is common espe-
cially in young birds. The incubation period is usually 
1 week. Squabs are infected by their parents. Mosquitoes 
and other blood - sucking parasites may also play a role 
in transmission. Therefore prevention may be facili-
tated by a clean cage or aviary. Swellings develop on 
unfeathered areas of the body, particularly around the 
eyes, beak and legs. Affected birds lose weight and a 
few young birds may die following spread of the virus 
to the mouth and throat. Removal of scabs or swellings 
is not recommended because this is likely to spread 
infection by releasing viral particles. An infected pigeon 
is not dangerous to humans. Pigeon pox may occur in 
doves. There is no treatment, and with care, birds will 
recover. Vaccination is recommended in previously 
infected populations.  

  5.     Avian infl uenza has received high media coverage 
since the zoonotic nature of the deadly H5N1 strain was 
discovered in Hong Kong in 1997. On that occasion six 
people died from contact with infected chickens. 
However, it has been widely reported that should the 
H5N1 strain mutate to allow transmission between 
humans then a pandemic, killing millions, would be 
likely (Webster  &  Walker  2003 ). H5N1 is only one strain 
of many that vary in their pathogenicity. Low patho-
genic avian infl uenza (AI) infection does not always 
produce clinical symptoms. However, in the UK, AI is 
a notifi able disease under the Animal Health Act  (1981)  
and associated amendments, and must be reported to a 
local DEFRA Animal Health Offi ce if suspected. In 
birds, clinical signs include respiratory illness, swollen 
head and loss of appetite. In poultry, high pathogenic 
AI causes multiple organ failure, rapid death within 
48   h, and is spread through a population very quickly. 
The disease is spread though contact or faeces, and is 
not airborne. However, there is little evidence that 
pigeons are a major factor in the spread of the disease. 

but in cracks and crevices from which they emerge at night. 
Moxidectin, used for worm infestations, has the advantage 
of killing any blood - sucking mite. The cage or aviary should 
be sprayed at the same time as treatment to the bird. 
Bromocyclen in the form of a dusting powder may be used 
as a general treatment for most lice and mites. An alternative 
is a synthetic pyrethroid such as permethrin, sprayed 
directly on to the bird at 10 – 20   ml/l of water.  

  Bacterial and  v iral  d iseases 
 Below is a non - exhaustive list of diseases that may occur in 
pigeons. Cousquer and Parsons  (2007)  and Redrobe  (2002)  
discuss a wider range of less common diseases. 

  1.     Salmonellosis, also known as paratyphoid, is usually 
caused by  Salmonella typhimurium  and is the most 
common bacterial infection of pigeons. The organisms 
can be transmitted in the faeces, crop milk or infected 
eggs. Clinical signs of infection are extremely variable. 
Young pigeons often show stunted growth, are under-
weight and listless, and are affected by diarrhoea. 
Affected adults may lose weight and develop diarrhoea 
and swelling of the joints. Swelling and necrosis of 
the inner eye, known as panophthalmitis, may occur. 
Isolation and identifi cation of the  Salmonella  micro -
 organisms, usually from faeces or blood, is the only 
certain means of identifying presence of the disease. In 
the UK positive tests for  Salmonella  must be reported, 
under the Animal Health Act  (1981)  7 , to a local Veterinary 
Laboratories Agency (VLA) laboratory in England and 
Wales and to the local Divisional Veterinary Manager in 
Scotland. Because  Salmonella  is a zoonosis, the risk of 
a pigeon infecting humans should not be underesti-
mated and strict hygiene measures are essential in 
handling infected birds. Hutchison  (1999)  notes that 
treatment is unlikely to be satisfactory, since a propor-
tion of birds in a loft are likely to remain carriers after 
treatment, with the result that the disease may fl are up 
again. She does, however, recommend chlortetracycline 
in the drinking water, made up fresh each day, at 120   mg 
or more per litre, for 5 – 7 days. However, more recent 
advice from Cousquer and Parsons  (2007)  recommends 
that the most severely affected birds be culled and the 
remainder treated with an antimicrobial, to be deter-
mined by culture and sensitivity tests, for 10 – 14 days.  

  2.      Chlamydophila psittaci , formerly known as  Chlamydia psit-
taci , is an intracellular bacterium that causes ornithosis 
in pigeons and respiratory psittacosis in humans. In 
pigeons it can be associated with other diseases such as 
trichomoniasis, pox and herpes virus infections. 
Symptoms in birds include diarrhoea, weight loss and 
egg infection, and may only appear if the animals are 
under stress. Humans that have come into contact with 
infected birds may show infl uenza - like symptoms that 
may indicate psittacosis, which may develop into pneu-
monia. Therefore if human and pigeon symptoms coin-
cide ornithosis may be suspected. Infection is spread 
through inhalation or ingestion of nasal discharges or 

  7       http://www.opsi.gov.uk/RevisedStatutes/Acts/ukpga/1981/
cukpga_19810022_en_1    8       http://www.opsi.gov.uk/si/si2003/20031734.htm  
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Perkins and Swayne  (2002)  showed that pigeons were 
resistant to the Hong Kong strain that killed poultry 
and waterfowl so readily (but see Klopfl eisch  et al.  
 (2006)  for evidence of artifi cial H5N1 inoculation effects 
in pigeons). In addition, with low pathogenic AI, 
pigeons are not thought to shed viruses post - inocula-
tion (Panigrahy  et al.   1996 ). However, AI has a 
high mutation rate, and the situation for pigeons may 
change very quickly. The best recommendation is to 
keep laboratory pigeons under cover and out of contact 
with wild birds.      

  Vitamin  d efi ciency 

 Vitamin A defi ciency may occur in caged doves and pigeons, 
especially young birds kept on a defi cient diet with no 
green food or yellow seeds such as maize that contain caro-
tene, the precursor of vitamin A. Symptoms include 
 ‘ rattling ’  respiratory sounds, resulting from degeneration of 
mucous membranes in the mouth, and eye infections. 
Affected birds will lose weight and may move in an unco-
ordinated way. Birds should be given an oral preparation of 
vitamin A.    

  Risks to  h umans 

  Health and  h ygiene 

 Handlers should wear appropriate protective clothing at all 
times, to avoid potential health risks from handling birds. 
The authors recommend the use of disposable examination 
gloves and a face mask as a minimum. Cuts and grazes 
should be covered, and hands and arms washed thoroughly 
with disinfectant after handling.  

  Sources of  a llergens for  b ird  h andlers 
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hypersensitivity pneumonitis caused by inhalation of 
antigens of pigeon (or dove) origin. It is characterised 
by a diffuse infl ammation of the lower respiratory tract. 
T - lymphocytes recognise a wide range of proteins from 
pigeons and can induce T - cell proliferation. It has also been 
found that feather mites are a source of allergens for pigeon 
handlers, with allergic rhinitis being the most common 
reaction. Dry skin may also occur.   
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   Biological  o verview 

  General  b iology 

 The European starling ( Sturnus vulgaris  L.), henceforth the 
starling, is a medium - sized song - bird with a length of about 
20   cm, belonging to the family Sturnidae, sub - order Oscines, 
order Passeriformes. Starlings are native to most of temper-
ate Europe and western Asia. Northeastern populations 
migrate in autumn, with some birds over - wintering in 
Iberia and Africa. Starlings were introduced to Australia 
(late 1800s), New Zealand (1862), North America (1891) and 
South Africa (1890); the species is currently estimated to 
inhabit 30% of the earth ’ s land area, excluding Antarctica 
(Feare  1984 ).  

  Use in  r esearch 

  Benefi ts 

 Starlings are a readily available and robust species, settling 
fast in captivity and usually remaining in good health. Their 
gregarious nature allows group housing at relatively high 
densities, and they have simple dietary requirements. For 
many experimental purposes starlings are an ideal size, 
being large enough to handle easily, but small enough to 
allow natural behaviour such as fl ight in captivity (eg, 
Witter  et al.   1994 ). Being naturally inquisitive, starlings are 
easy to train on operant tasks using autoshaping procedures 
(eg, Bateson  &  Kacelnik  1995 ). Starlings can readily be 
brought into breeding condition by manipulation of day 
length, and will both sing and court in captivity (eg, 
Heimovics  &  Riters  2006 ; Meaden  1979 ). However, they are 
hard to breed in captivity.  

  Types of  r esearch 

 Due to the range of benefi ts outlined above, starlings are 
currently among the most popular passerine bird species 
used in laboratory - based biological research (Asher  &  
Bateson  2008 ). They were fi rst used for studies on avian 
infectious diseases over 25 years ago (Cooper  &  Needham 
 1981 ; Cooper  1987 ), and are currently a widely used model 
species in many areas of behavioural research including 
foraging decisions, mate choice and social learning (eg, 
Fernandez - Juricic  et al.   2004 ). Starlings have been useful 

subjects for the neurobiology of both hearing and song 
learning/production (eg, Langemann  &  Klump  2001 ). They 
have also been important for understanding the environ-
mental (photoperiod and temperature) control of breeding 
and moult and endocrine control of reproduction and the 
stress response (eg, Dawson  2001 ; Nephew  &  Romero  2003 ). 
Visual and auditory discrimination testing have been per-
formed on starlings (eg, Swaddle  &  Ruff  2004 ) and studies 
of fl ight mechanisms and aerodynamics (eg, Ward  et al.  
 2004 ). The widespread use of starlings in laboratory experi-
ments has led to a recent increase in research on the labora-
tory welfare of this species (eg, Maddocks S.A.  et al.   2002 ; 
Matheson  et al.   2008 ).   

  Size  r ange and  l ifespan 

 Basic biometric data for free - living British starlings are 
shown in Table  45.1 . It is important to realise that the mass 
of individual birds will vary depending on time of day (a 
bird can lose 10   g on a long winter night (Tait  1973 )), season 
(birds can be as much as 15   g heavier in winter than summer), 
current diet (birds eating more plant food will have a longer 
gut (Al - Joborae  1979 )), and cage size (birds will lose fl ight 
muscle in smaller cages). In studies where control of weight 
is important, birds should be weighed at the same time of 
day (preferably before it is light in the morning when the 
gut is empty), and baseline weights should be established 
immediately prior to the start of a study (eg, Barnett  et al.  
 2007 ).   

 Free - living adult starlings (ie, at least 1 year of age) have 
an average annual survival rate of around 45%, with most 
birds dying during the annual breeding season. However, 
survival should be much higher in captivity where birds are 
protected from starvation, hypothermia, predation and 
certain diseases. Maximum recorded longevities for free -
 living birds vary between 15 years 3 months (North America) 
and 21 years (Germany)  (Klimkiewicz  2007 ).  

  Social  o rganisation 

 Starlings do not have a strong social structure, but are gre-
garious throughout the year, tending to form larger and 
denser feeding fl ocks in winter. They form communal roosts 
in winter that can comprise up to one million birds. 
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  Table 45.1    Biometric data for free - living   British starlings  (British 
Trust for Ornithology  2005 ) . Cells show: mean    ±    sd (range). 

   Variable     Male     Female     Juvenile  

  Wing 
length 
(mm)  

  132.6    ±    3.1    129.5    ±    3.3    130.2    ±    4.2  
  (135 – 137)    (132 – 135)    (122 – 136)  

  Mass (g)    86.95    ±    9.97    82.50    ±    9.27    81.83    ±    7.59  
  (76.00 – 100.0)    (72.00 – 95.00)    (70.00 – 95.00)  

  Table 45.2    Reproductive data for starlings. 

   Variable     Mean    ±    sd     Range  

  Clutch size (number of eggs)    4.60    ±    0.94    2 – 9  

  Incubation (days)    12.38    ±    1.61    10 – 16  

  Fledging (days)    20.50    ±    3.25    15 – 26  

     Figure 45.1     Distinctive probing behaviour of a starling. From 
left to right the bird searches for indication of a prey item; 
lowers its head pushing its closed bill into the soil; it opens its 
bill to create a hole whilst rotating its eyes forwards; then 
raises its head to complete the movement.  Reproduced from 
 The Starling  by Feare, Christopher  (1984) , by permission of 
Oxford University Press ( www.oup.com ).   

Dominance hierarchies are established in captive fl ocks, 
with males dominant to females and adults to juveniles. 
Birds may jockey to defend preferred perching positions or 
feeding sites, and fi ghting involving grappling with feet and 
bill stabbing can occasionally occur. During the breeding 
season birds will defend a territory immediately around the 
nest site with males chasing away other males up to 10   m 
from the nest. Both monogamous and polygamous mating 
systems have been reported. Pair bonding does not occur 
until the weeks immediately before laying. Both sexes feed 
the young.  

  Reproduction 

 Starlings are cavity nesters and are usually colonial breeders 
with nests as little as 1   m apart. Females breed at 1 year of 
age, males not till 2 years. In England, fi rst clutches are initi-
ated between early April and late May (Joys  &  Crick  2004 ). 
Eggs are pale blue or white - spotted and 30   mm    ×    21   mm and 
7   g (BTO Nest Record Scheme data). They hatch asynchro-
nously, with the last egg hatching up to 24   h after others. 
Basic reproductive data are shown in Table  45.2 . Chicks 
grow fast, reaching their adult weight within two weeks of 
hatching.   

 Starlings go through a complete moult once each year, 
following breeding, with juveniles moulting their distinct 
grey – brown, spotless, plumage at the same time. New feath-
ers are tipped with white or buff giving a spotted appear-

ance that is less apparent by the following breeding season 
as the pale feather tips wear off.  

  Normal  b ehaviour 

 Starlings are opportunistic and adaptable foragers, but 
forage predominantly on the ground in open areas of short 
grass. They are adapted for terrestrial foraging with power-
ful legs for walking and a strong, pointed bill for probing 
into the substrate to locate soil invertebrates. Probing behav-
iour involves the bird pushing its closed bill into the soil, 
opening its bill to create a hole whilst rotating its eyes for-
wards to gain binocular vision of the contents of the hole 
(Figure  45.1 ). Hawking of fl ying insects has also been 
observed. Starlings often feed up to 20 miles from their 
winter roost sites, and have relatively long and pointed 
wings adapted for fast fl ight across open country. Starlings 
can be tame and approachable in gardens, but are generally 
more wary in rural areas.   

 Starlings are highly vocal, with both sexes singing, except 
in the breeding season when only the males sing. They have 
a complex song, incorporating mimicry, and are open - ended 
learners extending their repertoire throughout life.  

  Sources 

 The vast majority of starlings used in laboratory research are 
caught from the wild either as adults or juveniles (Asher  &  
Bateson  2008 ). The advantage of juveniles is that they are 
easier to catch and may adapt to captivity better. However, 
they also typically have higher parasite loads, and are more 
prone to developing symptoms of avian pox following 
capture. A number of methods can be used to catch star-
lings. Walk - in traps and funnel traps can be very successful, 
especially if live decoy birds are used. However, the ethical 
and legal considerations of the latter strategy need to be 
carefully considered. Mist nets and baited spring - loaded 
whoosh nets have also been used successfully. Adult birds 
can easily be captured roosting in nest boxes prior to the 
start of the breeding season. 

 Hand raising chicks is extremely time - consuming, but can 
be achieved successfully provided chicks are at least 4 days 
old at the time they are taken from the nest. Hand raising 
chicks of less than 4 days is reported to be unsuccessful. 

 Captive breeding is generally unsuccessful (but see 
Meaden  1979 ). Starlings will attempt to breed if housed in 
mixed - sex aviaries with nest boxes. However, the chicks 
usually die soon after hatching due to the lack of availability 
of appropriate food. A possible solution to this problem is 



The European starling 699

ticularly when birds are singly housed, perches should be 
fi xed because birds seem more fearful of moving items in 
this environment. Perches of varying thicknesses and tex-
tures (natural branches are ideal) will help maintain healthy 
claws and feet and provide a variety of substrates for 
bill - wiping (Witter  &  Cuthill  1992 ). Perches should not be 
located directly over food and water dishes to avoid fouling 
and possible spread of pathogens. 

 Bathing is probably important for feather maintenance 
(Brilot  et al.   2009 ) and appears to be a strong behavioural 
need in this species. Starlings will attempt to bathe in their 
drinking water unless suitable baths are provided. Trays of 
bathing water at least 20   cm in diameter and not more than 
3   cm deep should be provided, and will need to be replaced 
daily due to fouling. 

 Nest boxes should not be provided in mixed - sex aviaries 
because they are likely to provoke aggressive nest defence 
and may encourage unsuccessful breeding attempts.  

  Environmental  e nrichment 

 Provision of environmental enrichment reduces the inci-
dence of behavioural stereotypies in starlings, and may be 
more important in determining the welfare of caged star-
lings than cage size  per se  (Asher  2007 ; Bateson  &  Matheson 
 2007 ). Starlings will choose to work for food by searching 
for it in a substrate such as sand even if the same food is 
freely available (Inglis  &  Ferguson  1986 ; Bean  et al.   1999 ). 
This contra - freeloading behaviour may suggest a behav-
ioural need to perform natural foraging techniques (Kacelnik 
 1987 ), which can be met in captivity by providing a substrate 
for starlings to probe. Ideally the entire fl oor of the enclosure 
should be covered with a substrate such as bark chippings, 
but if this is not possible, trays of bark chips or turf should 
be provided that are large enough not to allow aggressive 
defence by a single bird (Gill  1995 ; Gill  et al.   1995 ). 

 Protective foliage cover in the form of evergreen trees or 
branches is likely to reduce perceived predation risk in star-
lings and may be important in reducing anxiety (Lazarus  &  
Symonds  1992 ) and encouraging birds to use other available 
enrichment.  

  Feeding/ w atering 

 Starlings are omnivores eating both animal (predominantly 
insects and their larvae, but also other non - insect inverte-
brates) and plant material (soft fruits in autumn and seeds 
and cereals in autumn and winter) at all times of year. In 
captivity starlings can be kept indefi nitely on commercial 
poultry or game bird starter crumbs or dry cat or dog food, 
provided the protein content is at least 30%. This diet should 
be provided  ad libitum  and can be supplemented with live 
invertebrates (eg, mealworms) and low - sucrose fruit such as 
apple pieces, cherries and grapes; the Sturnidae are unable 
to digest sucrose (Avery  et al.   1995 ). Live insect prey can be 
placed in the probing substrate to encourage natural forag-
ing behaviour. Insoluble grit does not appear to be required 
by starlings. 

 Drinking water should be available at all times, and 
should be changed at least once a day. Use of gravity dis-
pensers for both food and water will help to reduce fouling. 

to use a large portable aviary that can be moved around 
natural pasture during the night so that a constant supply 
of fresh invertebrates is always available to the birds.  

  Conservation  s tatus 

 The International Union for the Conservation of Nature and 
Natural Resources places the starling in the category of 
Least Concern. However, the number of starlings has fallen 
rapidly in the UK since the early 1980s (Robinson  et al.   2005 ) 
leading to upgrading of the species ’  UK conservation listing 
to Red ( > 50% population decline). Starlings are rated as 
SPEC category 3 (declining) in Europe. In the UK, starlings 
are protected under the Wildlife and Countryside Act 1981, 
which makes it illegal to intentionally kill, injure or take a 
starling, or to take, damage or destroy an active nest or its 
contents. In England, a licence is required from Natural 
England to catch and hold starlings. In the USA, starlings 
are not protected under American wildlife conservation 
laws due to their status as both an introduced species and 
an agricultural pest.   

  Laboratory  m anagement 

  General  h usbandry 

  Enclosures 

 Captive starlings are successfully kept in a wide variety of 
enclosures of different sizes and shapes. Where possible, 
group housing in large, outdoor aviaries is always prefera-
ble. Advantages include reduced feather damage, greater 
space and lower maintenance, but individuals are less easy 
to inspect and capture. Where birds have to be kept in 
smaller cages, a minimum space requirement of 1   m 3  for a 
singly housed bird was recommended by the Joint Working 
Group on Refi nement (JWGR  2001b ). However, this latter 
volume was not chosen on the basis of any scientifi c evi-
dence, and represents a much larger cage than the median 
of 0.42   m 3  revealed by a review of current practice with this 
species (Asher  &  Bateson  2008 ). Within the volume range of 
0.14 – 1.00   m 3  measurements of stereotypic behaviour pat-
terns show that the environmental enrichment present in a 
cage may be more important in determining starling welfare 
than cage volume (Asher  2007 ). Thus, while larger cages are 
preferable if all else is equal, there is currently little evidence 
to suggest that welfare of birds is signifi cantly greater in 
cages of 1.00   m 3  volume than in smaller cages down to 
0.14   m 3 . At all volumes, long - shaped cages that allow for 
fl ight are preferable to squarer cages or taller cages (Asher 
 et al.   2009 ).  

  Environmental  p rovisions 

 Cages should be equipped with adequate perches for all 
birds so as to reduce competition (Boogert  et al.   2006 ). Plenty 
of high perches should be provided because birds will tend 
to spend most of their time on the highest perch available. 
In aviaries it is advantageous to have some moving perches 
since this will help maintain agility. In smaller cages, par-
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98% can be correctly classifi ed based on iris colour alone 
(Smith  et al.   2005a ).     

  Physical  e nvironment 

  Temperature and  h umidity 
 Starlings can withstand a wide range of temperatures and 
humidity as evidenced by their geographic distribution, and 
will thrive in outdoor aviaries (in the UK climate) provided 
that some shelter is available. Inside it is typical to maintain 
laboratory temperatures at 14 – 20 ° C; however, deviations 
from this range are unlikely to cause problems. Ambient 
temperature is known to affect foraging decisions (Bateson 
 2002 ) and fat storage (Cuthill  et al.   2000 ).  

  Photoperiod 
 Photoperiod is extremely important in starlings because, 
like other temperate - zone species, they use the shape of the 
annual change in day length to control the time of breeding 
and moult (Dawson  2007 ). The short days of winter render 
birds photosensitive such that when days lengthen, the neu-
roendocrine changes leading to gonadal maturation and 
breeding are stimulated. Starlings held on 11   L   :   13   D will 
retain mature gonads indefi nitely. Prolonged exposure ( > 30 
days) to long days results in a photorefactory phase, gonadal 
regression and fi nally moult. In starlings held on 13   L   :   11   D 
the gonads will remain regressed indefi nitely and birds will 
never come into breeding condition. Moult duration can be 
reduced from 119 days for birds held on constant long days 
of 18   L   :   6   D to 92 days by gradually reducing day length by 
1   h/week from 18   L   :   6   D to 12   L   :   12   D; however this accelera-
tion is bought at the expense of reduced fi nal feather quality 
(Dawson  2004 ). Following a period of long days, photosen-
sitivity in starlings can be reinstated by a period of 25 – 35 
days of 8   L   :   16   D (Goldsmith  &  Nicholls  1984 ). 

 For birds housed indoors, either the daily transition 
between light and dark should be gradual in order to allow 

An adequate number of feeders and water bottles should be 
provided to reduce aggressive interactions.  

  Social  h ousing 

 Captive starlings prefer to be in proximity to conspecifi cs 
(Vasquez  &  Kacelnik  2000 ), and can be housed at relatively 
high densities as long as adequate roosting perches and food 
dishes are provided so that all birds can use these simultane-
ously (Boogert  et al.   2006 ). Groups of 4 – 12 birds are recom-
mended. It is better to keep several birds together in a larger 
cage, even if this is at a reduced space per bird. 

 It is feasible to house starlings individually for experimen-
tal purposes; however, if possible auditory and visual 
contact with other birds should be maintained.  

  Identifi cation and  s exing 

  Individual  i dentifi cation 
 Starlings can be individually identifi ed with leg rings 
(bands) of either plastic or aluminium. Ring size  ‘ C ’  (diam-
eter 4.3   mm, weight 0.14   g) is usually appropriate for a star-
ling. Split plastic rings are fi tted with the tool provided with 
them, whereas metal rings will require specialist ringing 
pliers (Redfern  &  Clark  2001 ). Rings should be large enough 
to move freely on the starling ’ s leg but not too large to fall 
over its foot. Rings are available printed with numbers and 
also in a range of colours to aid identifi cation of birds 
without the need for catching. Up to two rings can be accom-
modated on each leg if a large range of colour combinations 
is required.  

  Sexing 
 Starlings are sexually dimorphic and can be accurately 
sexed from external features alone (see Table  45.3 ). Juveniles 
can be more diffi cult to sex based on plumage; however, 

  Table 45.3    Sexually dimorphic features in starlings. 

   Variable     Male     Female     Accuracy in juveniles?  *    

  Colour of base of bill    Grey – blue    Salmon pink    100%, but only in the breeding 
season (when males have 
yellow bills)  

  Lightness of iris colour 
relative to dark chocolate 
brown pupil  

  Either dim ring, visible with 
careful observation or so dark 
as to be indistinguishable from 
pupil  

  Either much lighter with a highly 
distinct ring or lighter with a clear 
ring  

  98% classifi ed correctly using 
this feature alone  

  Throat and chest feather 
length  

  Mostly long and thin    Range from 50% long and thin, 50% 
short and wide to mostly short and 
wide  

  93 – 94%  

  Throat and chest feather 
tip shape  

  Range from 50% round, 50% 
V - shaped to mostly V - shaped  

  Mostly rounded    81 – 89%  

  Mass    Heavier:  ≥ 78   g    Lighter:  < 78   g    70 – 72%  

  Tarsus length    Longer:  ≥ 29.3   mm    Shorter:  < 29.3   mm    65 - 67%  

  Speckling (density of pale 
feather tips)  

  Fewer to no spots    More spots    Not a useful trait in juveniles  

    *     Figures are taken from an analysis in Smith  et al.   (2005a) .    
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  Health  m onitoring and  q uarantine 

  Quarantine 

 Recently acquired starlings should be kept isolated from 
existing laboratory stock for at least 2 weeks to establish as 
far as is possible that birds are free from infectious diseases 
and to allow screening for zoonoses and treatment for para-
sites (see later in this chapter).  

  Bill and  c law  t rimming 

 Starlings ’  claws and bills are adapted for walking and 
probing in soil and can become overgrown in captivity 
where they are not naturally abraded. Provision of rough 
wooden or sandpaper - covered perches can help (Cuthill 
 et al.   1992 ), but usually birds will need to be caught and their 
bills and claws trimmed with nail clippers every few months. 
Overgrowth of the upper mandible will result in feeding 
and preening problems. It is important to check regularly 
that leg rings have not become too tight (see also Dietary 
related health problems).    

  Laboratory  p rocedures 

  Handling 

 Capture by hand is possible in smaller cages. Since birds will 
not fl y in the dark it is often easier to turn off the room lights 
and use a small torch to locate birds. In larger cages or 
outdoor aviaries a net (with padded edges) will be neces-
sary. Birds will usually fl y towards the light, and an indoor 
aviary can easily be emptied by turning off the lights and 
allowing the birds to fl y into an adjacent lit room. Starlings 
can be trained to enter a small transport cage by reinforcing 
this behaviour with a preferred treat such as mealworms. 
Cotton drawstring bags are ideal for transporting starlings 
short distances. A recommended procedure for holding a 
starling is shown in Figure  45.2 .    

  Training  p rocedures 

 Captive starlings can rapidly be habituated to familiar 
humans if human visits are associated with benefi cial con-

birds to fi nd a roosting site for the night, or a dim nightlight 
should be provided.  

  Quality of  l ight 
 The frequency at which a fl ickering light source is perceived 
as continuous is believed to be higher in birds than in 
humans ( > 100   Hz vs. 50 – 60   Hz), leading to concern that star-
lings may be able to perceive the fl icker from conventional 
low - frequency fl uorescent lights (100   Hz in Europe and 
120   Hz in the USA) and cathode ray tube monitors. In prefer-
ence tests, starlings prefer high - frequency ( > 30   kHz) over 
low - frequency (100   Hz) lighting, indicating that they can 
detect a difference (Greenwood  et al.   2004 ). Myoclonus 
is induced in starlings exposed to fl uorescent lighting 
and cathode ray tube monitors fl ickering below 150   Hz 
(Smith  et al.   2005b ). Birds are less active and have higher 
basal corticosterone levels under low frequency lighting, 
suggesting that they may fi nd it more stressful (Smith  et al.  
 2005c ). Starlings also show changes in mate choice in 
low -  and high - frequency lighting, becoming less consistent 
in the preferences in low - frequency conditions (Evans  et al.  
 2006 ). It is therefore recommended that, if natural light is 
not available, rooms are lit with high - frequency fl uorescent 
lights. 

 Most birds, including starlings, have an additional retinal 
cone type tuned to UV wavelengths meaning that if they are 
housed in laboratories without UV light they may be 
deprived of visual information usually available to them in 
the outside world. There is some evidence to suggest that 
starlings may prefer a light environment containing UV 
(Greenwood  et al.   2002 ), and that being housed in a UV -
 defi cient light environment causes higher basal corticoster-
one levels and changes in behaviour (Maddocks A.A.  et al.  
 2002 ). It is therefore recommended that starlings are housed 
in rooms with full - spectrum lighting.    

  Hygiene 

 The main disadvantage of starlings as an experimental 
animal is the large quantities of droppings (faeces and 
urates) they produce. The fl oor covering will need to be 
replaced daily in smaller cages, but in larger aviaries less 
frequent cleaning will be necessary. Cleaning can be stress-
ful for birds, particularly those in cages, but stress can be 
reduced if husbandry is conducted as quietly as possible, 
ideally by a familiar person, at a similar time each day (Rich 
 &  Romero  2005 ). It may also help if birds are provided with 
cover in which they can hide. 

 Starlings can carry human pathogens and there is there-
fore a potential risk of infection from their droppings. 
However, a recent analysis on bacteria present in free - living 
starling droppings showed that most did not belong to the 
specifi c types most often found in humans. The authors 
concluded that starlings are unlikely to present a major 
source of infection for humans (Gautsch  et al.   2000 ). 
Nevertheless, appropriate precautions should be taken by 
humans working with this species. Some laboratories rou-
tinely screen incoming starlings for common pathogens 
including  Salmonella ,  Yersinia  and coccidia.  

     Figure 45.2     A recommended way to hold a starling: the bird ’ s 
head is held between the index and middle fi nger with its back in 
the palm of the hand. The ring fi nger, little fi nger and thumb rest 
across the bird ’ s closed wings to prevent them from fl apping.  
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60 - minute period (with no subsequent resampling) without 
problems.   

  Administration of  s ubstances 

 For general principles and summaries for specifi c protocols 
see JWGR  (2001a) . The easiest injection site on a starling 
is the pectoral muscle (the largest muscle in the body), but 
care should be taken, especially if repeated injections are 
required, because damage to this muscle can cause impair-
ment of fl ight (Cooper  1983 ). For substances that can be 
administered by mouth, feeding birds injected mealworms 
should be considered as a low - stress approach (eg, Barnett 
 et al.   2007 ).  

  Anaesthesia 

 Starlings can be successfully anaesthetised for up to 2 – 3   h 
with inhalation agents. Isofl uorane, for example, is used at 
5% for induction and 1.5 – 2.5% for maintenance (eg, Bee  &  
Klump  2004 ). Injectable agents can also be used (Cooper 
 1987 ).  

  Euthanasia 

 Alternatives to euthanasia should be considered where 
possible. It is common practice (and indeed sometimes a 
requirement of licensing bodies such as Natural England) to 
release wild - caught starlings following research that does 
not involve any invasive procedures. Ideally, birds should 
be given a period (eg, 2 weeks) in a large aviary to build - up 
and exercise their fl ight muscles prior to release either near 
the site of original capture, or at another location frequented 
by wild starlings. 

 For general principles of euthanasia, see Chapter  17  and 
Close  et al.   (1996) . A summary of methods of euthanasia 
appropriate specifi cally for birds is provided by Close  et al.  
 (1997) . A range of different procedures is used for euthanas-
ing starlings, the most common being cervical dislocation 
and concussion by striking the head on a hard surface fol-
lowed by cervical dislocation. The latter methods have the 
advantage of being quick but require confi dence on the part 
of the handler. Overdose of anaesthetic (eg, pentobarbital 
injected intraperitoneally) is also possible.   

  Common  w elfare  p roblems 

  Health 

 This chapter is not the appropriate place to present a full 
review of all the health problems that can occur in starlings, 
and for more information readers should consult an avian 
veterinary text (eg, Altman  et al.   1997 ; Ritchie  et al.   1997 ; 
Rupley  1997 ). The internet is also a source of useful sites 
aimed at pet owners containing health advice specifi c to 
starlings. Here we present the most common health prob-
lems reported in a questionnaire sent to researchers in both 

sequences such as provision of mealworms or water baths. 
It is not unusual for well habituated birds to take meal-
worms directly from humans. However, if birds are to be 
released to the wild, consideration should be given as to the 
possible adverse consequences of extensive habituation to 
humans. 

 Starlings can be easily trained to perform responses 
including hopping on perches, fl ying through mazes, 
probing holes through paper, going through push - doors, 
pecking lids off wells/dishes, and pecking illuminated 
keys or touchscreens. Pecking illuminated keys for food 
reward can be trained using standard auto - shaping proce-
dures (for details see Bateson and Kacelnik  1995 ). Other 
behaviour patterns such as hopping between perches or 
using their feet to remove the stopper from a food container 
will need to be trained by gradual shaping with positive 
reinforcement. 

 Birds will learn to work for preferred treats such as meal-
worms without prior food deprivation. However, if birds 
are being reinforced with their normal diet it may be neces-
sary to restrict their food intake, either by removing  ad 
libitum  food a few hours prior to the training session, or by 
feeding a restricted daily ration. If the latter approach is 
adopted, it is important to monitor birds by daily weighing 
(eg, Barnett  et al.   2007 ). Birds maintained at 90 – 95% of their 
free - feeding mass will typically work well in operant experi-
ments, and greater weight reduction is not recommended 
in this species. Given the possible temporal variation in 
free - feeding mass (see earlier), new baselines will always 
need to be established immediately prior to the start of an 
experiment.  

  Monitoring  m ethods 

  Weighing 

 Birds can be weighed either by catching and placing in a 
cloth bag or clear plastic cone, or by training birds to come 
to a balance in their cage for mealworms. The balance can 
either be connected to a computer or read directly (a video 
camera or binoculars can be used for this in the case of shy 
birds).  

  Removal of  b lood 

 For a general review of procedures for removal of blood 
from laboratory birds (specifi cally chickens) see JWGR 
 (1993) . Recommended procedures for removal of blood 
from chickens should be extrapolated to starlings with 
extreme caution due to the large size difference between the 
species. Ideally, advice should be sought from researchers 
with fi rst - hand experience with either starlings or another 
similarly sized bird species. In starlings, small blood samples 
(of the order of 0.05 – 0.1ml) are most easily taken from the 
alar (ie, wing or brachial) vein. Use of the jugular vein is not 
recommended due to the risks of accidentally puncturing 
the nearby carotid artery. Use of alcohol for site preparation 
is not recommended, because it causes cooling, and the 
consequent vasoconstriction can make the alar vein hard 
to locate. Up to four 0.1   ml samples have been taken in a 
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(Feare  1984 ), and captive starlings rarely have disease prob-
lems if husbandry is good. However, the species is host to 
a wide range of parasites with infection rates in free - living 
birds being higher in juveniles than adults and peaking in 
the summer, and it is good practice to treat incoming birds 
for endo and ectoparasites. 

 Ectoparasites include feather lice, ticks and mites. These 
can be vectors of disease in addition to producing clinical 
signs of anaemia, feather loss and skin lesions. Ectoparasites 
can be treated with ivermectin applied topically to the back 
of the neck. Starlings are recorded hosts of many endopara-
sites including nematodes, trematodes, cestodes and acan-
thocephalans. The gapeworm ( Syngamus trachea ) is a long 
red nematode that attaches to the trachea of birds. The 
worms cause bleeding in the throat and can block the 
trachea. Starlings infected with gapeworm can often be 
heard coughing. Nematode worms in starlings can be 
treated with the following drugs: fenbendazole (by addition 
to feed), fl ubendazole (by addition to feed), ivermectin (by 
mouth) and levamisole (by addition to drinking water). 

 Avian pox is a viral disease that produces wart - like lesions 
on the bird ’ s head, particularly around the eyes and the base 
of the bill. Badly affected birds may need to be euthanased, 
but most usually recover without treatment. It is common 
for birds to develop the disease shortly after capture from 
the wild. Juvenile starlings seem particularly susceptible to 
pox, but survivors appear to become immune, and captive 
adults rarely develop the disease. 

 Aspergillosis is a common fungal infection of starlings 
causing clinical signs ranging from mild debility to sudden 
death. It is usually secondary to immunosuppression from 
chronic stress or other primary diseases, and can also occur 
in the presence of high concentrations of the fungus in the 
environment. Clinical diagnosis of aspergillosis is diffi cult 
and prognosis is poor.   

  Behavioural 

 The most frequently reported abnormal behaviour pattern 
exhibited by caged starlings is the somersaulting or fl ipping 
stereotypy (although incidences of stereotypy are relatively 
low compared with other captive birds). This appears to be 
most common in birds housed in small barren cages, and 
can be reduced by adding enrichment to the cage or return-
ing victims to a larger aviary. 

 Aggression and persistent harassment can occasionally 
become a problem in some group - housed birds. This will 
sometimes result in feather loss. In such cases birds should 
be carefully monitored and separated if necessary. 

 Polydypsia leading to watery diarrhoea occasionally 
occurs in captive starlings. This can be caused by birds 
trained on operant schedules erroneously associating their 
own drinking with reinforcement with food. Removing the 
bird from the operant schedule and adding oat fl akes to the 
diet may help. 

 Feather damage, including complete loss of the tail, is 
common in birds housed in wire mesh cages. Although this 
is unsightly, it is unlikely to be a welfare problem unless 
birds are about to be released, in which case it could affect 
fl ight performance.   

Europe and North America with extensive experience 
keeping starlings in the laboratory. 

  Dietary  r elated  h ealth  p roblems 

 Hyperkeratosis characterised by raised overgrown scales on 
feet and legs, overgrown beak and nails and poor feather 
condition is common in captive starlings (Figure  45.3 ). 
In extreme cases scales can grow over the leg rings. 
Hyperkeratosis appears to be caused by diets that are too 
low in protein, as is the case for some poultry foods and 
softbill diets designed for fruit - eating Mynahs. It is impor-
tant to check the protein content of the basic diet used for 
starlings (see Feeding/watering section for details).   

 Haemochromatosis, also known as iron storage disease, is 
a cause of mortality in some of the Sturnidae when they are 
kept in captivity, and could be related to dietary factors 
infl uencing the bioavailability of iron (Sheppard  &  Dierenfeld 
 2002 ). Cause of death appears to be heart failure or liver 
disease. Recent feeding experiments with European star-
lings suggest that a diet containing 34 – 125   ppm of iron is 
optimal for preventing accumulation of iron in the liver. 
Alternatively, adding a phytate (inositol), tannic acid, or 
both to readily available food stuffs may be a practical alter-
native to feeding low - iron diets (Olsen  et al.   2006 ). However, 
despite the evidence that European starlings will accumu-
late iron in their organs, there is no evidence that birds fed 
long - term on the basic diets recommended earlier in the 
chapter commonly develop iron storage disease. Therefore, 
the authors conclude that concerns about haemochromato-
sis in European starlings are probably exaggerated.  

  Parasites and  i nfectious  d iseases 

 Parasites and infectious diseases are not thought to be a 
major cause of mortality in free - living starling populations 

     Figure 45.3     A laboratory starling with hyperkeratosis. Note the 
poor feather condition and specifi cally the heavy, overgrown bill 
and thickened scaley legs.  
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     Further  r eading 

  Asher and Bateson  (2008)  provide a recent review of current 
practice in laboratory husbandry of European starlings. 
Feare  (1984)  is the best general source on the biology of 
European starlings although is mainly focused on free - liv-
ing birds. Meaden  (1979)  provides details of captive care and 
breeding of many European bird species including the star-
ling, and Perrins  (1994)  is a good review of general biologi-
cal information, especially geographical distributions and 
song.   
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  Introduction 

 I am grateful to my friend and former teacher, Dr Roger 
Avery, for permitting me to base some of this chapter on 
his original, excellent, text in the previous edition of the 
Handbook. 

 There are four orders and approximately 7000 extant 
species of reptiles (class Reptilia). The majority of these are 
lizards and snakes (order Squamata). There are more than 
40 species in the order Chelonia that can be regarded as ter-
restrial; these are called  ‘ tortoises ’  in Europe, Australasia 
and elsewhere but in North America they are usually 
referred to as  ‘ turtles ’ , a term which there encompasses also 
marine and freshwater aquatic chelonians, but in the UK 
(and elsewhere) refers only to the marine species. There are 
just over 20 species of crocodiles, alligators, caimans and 
their allies (order Crocodylia), and two species of lizard - like 
tuataras (order Rhynchocephalia), neither of which is dealt 
with in this chapter. 

 Much has been published in recent years, in various lan-
guages, concerning the husbandry and captive care of rep-
tiles. This is critically relevant to laboratory management. 
General information about the biology, restraint and treat-
ment of reptiles can be found in various texts. For instance, 
useful, succinct, summaries for lizards are provided 
by Schumacher  (2003) , for snakes by Mitchell  (2003)  and 
for chelonians by Raphael  (2003) . This chapter does not 
attempt to provide details of the husbandry of individual 
species. Instead, this chapter outlines and explains the 
general biological principles underlying successful reptile 
husbandry. 

 Many of the requirements of reptiles, and the husbandry 
techniques appropriate for successfully maintaining them in 
captivity, are signifi cantly different from those of mammals 
or birds. With a few exceptions (see, eg, Thorogood  &  
Whimster  1979 ; Wisniewski  1992 ), relatively little has been 
published specifi cally on the laboratory management of ter-
restrial reptiles: therefore it is often necessary (and wise) to 
extrapolate from the experiences of those who successfully 
keep and breed these species in private collections or in 
zoos. While some of the accounts tend to be anecdotal, 
others are based on sound observation and study  –  see, eg, 
Divers  (1995) , Frye  (1993) , Harling ( 1993, 1994 ), Langerwerf 
( 1990, 1991 ), Rose  (1992) , Sheriff  (1988) , Sweeney  (1993)  and 
Townson  (1994).   

  Biological  o verview 

  Anatomy 

 Reptiles are vertebrate animals that show considerable vari-
ation in morphology, especially modifi cations to limbs, ver-
tebral column and pectoral and pelvic girdles (Davis  1981 ). 
There are snakes with vestiges of hindlimbs and lizards that 
are leg - less; an example of the latter are members of the 
family Amphisbaenidae (Schumacher  2003 ). Some indica-
tion of the complexity of structures in the cephalic region of 
squamate reptiles (snakes and lizards) is given in Figure 
 46.1 . The integument of all reptiles is particularly important 
in terms of biology and health and is therefore discussed in 
detail in the next section.    

  The  i ntegument 

 In almost all reptile species the outer layer of the skin, the 
epidermis, is thickened (see Figure  46.1 ) and highly kerat-
inised to form plate - like scales (Figures  46.2  and  46.3 ), which 
in places overlap one another (imbrication) (Cooper  2006 ). 
The surface of the epidermis is lost periodically, a process 
known as ecdysis or sloughing, and is replaced by growth 
of new cells from deeper layers. In snakes, the entire skin is 
shed, usually in one piece, including the keratinous  ‘ specta-
cle ’ , which covers the eye. Changes in the spectacle, charac-
terised by an opacity or translucency, are a sign that 
sloughing is imminent. In lizards the skin is lost in small 
portions and the process takes place more or less simultane-
ously over the entire surface of the body. In other reptiles 
shedding tends to be piecemeal.   

 Sloughing (shedding) is an important physiological event 
(Maderson  1965 ). When reptiles are kept in laboratories it is 
important that detailed records of sloughing are maintained 
as a change in frequency, or a failure of/diffi culty in shed-
ding (dysecdysis), may indicate ill - health. It is good practice 
to retain shed skins, in a sealed plastic bag, so that they can 
be examined in the laboratory as part of routine health mon-
itoring (see section on health) (Figure  46.4 ).   

 The  ‘ shell ’  of terrestrial chelonians consists in most cases 
of bone, sometimes cartilage, that is covered with connective 
tissue and highly keratinised stratifi ed squamous epithe-
lium. It is well innervated and sensitive to trauma and 
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710 Terrestrial reptiles

painful stimuli. The care of, and veterinary attention to, 
chelonians can be very specialised (McArthur  et al.   2004a ).  

  Ectothermy and  b ehavioural  t hermoregulation 

 Reptiles are ectothermic animals and, apart from rare excep-
tions, such as brooding pythons, cannot control their body 
temperature by internal means. This can have profound 
effects on their health and welfare, especially in captivity 
where environmental features are usually dictated by the 
keeper of the animal. The amount of heat produced by rep-
tiles is small and because they have no insulation (hair or 
feathers) it can be rapidly lost. Without some external source 
of heat, the body temperature of a reptile will approximate 
to its immediate surroundings. Many species of reptiles 
adjust their behaviour to take advantage of external heat 
sources, usually either direct sunlight or sun - warmed sub-
strates such as rocks, sand or (less frequently) water (Figure 
 46.5 ). Typically, a reptile will lie in the sun ( ‘ basking ’ ) until 
its body temperature rises to a threshold level ( ‘ upper ther-
moregulatory set point ’ ) at which metabolic rate is optimal 
and it will begin to perform other kinds of behaviour such 

     Figure 46.1     Head of a monitor lizard ( Varanus  sp.), illustrating the 
detailed scalation. The animal has a clear, shiny, eye, usually 
indicative of health.  

     Figure 46.2     A low - power scanning electron microscope view of 
the skin of a skink, showing the overlapping scales.  

     Figure 46.4     A sloughed (shed) skin from a boa constrictor. Regular 
and complete sloughing is usually a sign of good health in snakes. 
Under laboratory conditions the sloughing cycle should be 
monitored and shed skins carefully preserved, in sealed plastic 
bags, so that they can be examined for parasites and evidence of 
disease.  (Photo: Richard Spence.)   

     Figure 46.3     Line drawing of  Lacota viridis  head (drawn courtesy of 
the Edward Elkan Memorial Collection).  

as searching for food, courtship and mating and defensive 
aggression (Schieffelin  &  Queiroz  1991 ). 

 Basking often involves distinct postures, such as fl atten-
ing and positioning the body so that the maximum surface 
area is exposed to solar radiation. When the animal stops 
basking, these postures are no longer maintained. If it 
remains in the sun, it may nevertheless drop in temperature 
because the rate of heat gain has been reduced. If it moves 
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minimum thermometers are the basic tools but digital ther-
mography is increasingly being used (Fleming  et al .  2003 ). 
Thermostats are an important item in any reptile house and 
should be pulse - proportional so as to regulate energy fl ow 
to the heat source.  

  Behavioural  i nteractions 

 Many species of reptile are territorial, and when group 
housed they may form dominance hierarchies. In nature, 
animals with low status can usually fl ee to alternative loca-
tions. This option is not available in a small cage, and low -
 status individuals may be subject to chronic stress (see later) 
and sustain physical injury. They may be excluded from 
basking, feeding or retreat sites, and as a consequence fail 
to thrive. It follows that great care must be exercised if 
potentially territorial reptiles are kept together in cages. 
There are, however, measures that can be taken to reduce 
agonistic interactions. Enriching the environment by increas-
ing complexity and installing refugia (see later) can ensure 
that individuals encounter one another less frequently, and 
may actually reduce territory size in some species, eg  Anolis 
aeneus  (Eason  &  Stamps  1991 ). Providing multiple basking 
and feeding sites and non - communal retreats may also mini-
mise aggression.  

  Special  s enses 

 Most reptiles other than snakes have colour vision and some 
can sense the near ultraviolet (UV) (Fleishman  et al .  1993 )  . 
All chelonians and many lizards have a parietal eye (pineal 
organ) situated at the top of the head which is connected to 
the pineal organ. This has a lens and a retina, but because it 
lies beneath the scales, cannot form an image. It responds to 
the wavelength and intensity of light and seems to be con-
cerned with rhythmic behaviour, seasonal reproductive 
cycles and thermoregulation.   

 All terrestrial reptiles can respond to vibrations (an 
important consideration in the positioning of cages as prox-
imity to electrical and other equipment may have adverse 
effects), and many can hear. Few reptiles vocalise, an excep-
tion being some species of gecko. Even the sounds made by 
copulating tortoises may serve as communication (Galeotti 
 et al .  2005 ). 

 There are other aspects of reptile senses that differ from 
those in mammals. Direct olfaction is not well developed, but 
lizards and snakes have forked tongues, the tips of which can 
be inserted into the paired organs of Jacobson at the top of the 
palate. This provides a kind of  ‘ touch – smell ’  sense, and 
enables the animals to obtain detailed information about the 
immediate environment and to make extensive use of com-
munication by pheromones. Such communication is often 
important in mediating social behaviour (Mason  1992 ; 
Alberts  et al .  1994a ) and physiology (Alberts  et al .  1994b ). The 
 ‘ touch – smell ’  sense may also enable reptiles to detect the 
presence of other species, including potential predators and 
possible prey. Discrimination using this sense can be subtle. 
Many snakes can use chemical cues to follow the  ‘ trails ’  of 
prey, and this is particularly important for those venomous 

into the shade, for example while feeding, it will cool. In 
both cases a second threshold temperature ( ‘ lower ther-
moregulatory set point ’ ) will be reached, and the animal will 
seek sunlight and resume basking. In small lizards, the rates 
of heat loss and heat gain are rapid, and as they move from 
sun to shade and back again, they are often called  ‘ shuttling 
heliotherms ’ . This method of maintaining a relatively high 
body temperature by basking to gain heat (and in very hot 
environments, actively seeking to cool by spending long 
periods in the shade or panting) is termed  ‘ behavioural ther-
moregulation ’ . It is a major key to understanding many 
aspects of reptile biology, including how best to provide 
suitable conditions in captivity. 

 The actual threshold temperatures (Firth  &  Turner  1982 ) 
vary from species to species, and sometimes amongst indi-
viduals of the same species, depending upon various factors 
(Huey  1982 ). The mean temperatures recorded in active 
animals (mean activity temperature (MAT); Pough  &  Gans 
 1982 ) will thus fl uctuate. More than 500 species of reptiles for 
which MATs or similar thermoregulatory data are available 
were listed in Avery  (1982) , Meek and Avery  (1988)  and 
Peterson  et al.   (1993) . Another term used by herpetologists is 
 ‘ preferred optimum temperature zone ’  (POTZ) or  ‘ preferred 
optimum temperature range ’  (POTR) and published data are 
available on the POTZ for numerous species of reptile, some 
of which may be kept in laboratories (Rossi  2006 ). 

 It is important under laboratory conditions to ensure that 
the temperature of different areas in the reptile ’ s environ-
ment is properly monitored and recorded. Maximum and 

     Figure 46.5     A mixed group of leopard ( Testudo pardalis ) and 
hinge - back ( Kinixys belliana ) tortoises in an outdoor pen. This sort 
of management is popular in the tropics because it is inexpensive 
and provides natural sunlight (note how the tortoises are 
thermoregulating in the sunlit area). It offers environmental 
enrichment but may predispose animals to damage and predation.  
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 ‘ live - bearing ’  but the word  ‘ ovoviviparous ’  is sometimes 
also used. 

 Fertilisation, in reptiles, is internal, and may follow elabo-
rate courtship behaviour (Hernandez - Divers  2001 ). Male 
lizards and snakes have two intromittent organs, the hemi-
penes: chelonians have one hemipenis (phallus). 

 Some species of reptiles are sexually dimorphic, showing 
distinct colour, markings, size or anatomical features 
such as the presence of femoral pores in certain lizards 
(Schumacher  2003 ). 

 Distinguishing the sex of monomorphic species or (of 
almost all) juvenile reptiles, can be diffi cult but various 
methods can be used (Denardo  2006a ). In snakes scale 
counts often help (male snakes usually have a longer tail, 
with more subcaudal scales, than do females) and even a 
sloughed skin can be used to determine this (Cooper  &  
Cooper  2007 ) (Figure  46.4 ). 

  ‘ Cloacal probing ’ , using a slender, blunt object of suitable 
size, is the most frequently employed technique for the 
sexing of snakes and the larger lizards. If the probe cannot be 
advanced when gently directed caudally from the cloaca, the 
animal is female. In males the probe will enter a sulcus which 
contains an invaginated hemipenis (Frye  1991 ). Probing is 
used routinely by herpetologists but the technique needs to 
be properly learned if damage to animals is to be prevented. 
Probing is often taught using a freshly dead reptile. 

 As discussed in more detail in the section on reproduc-
tion, sex determination in some species, such as sea turtles, 
is temperature-dependent (Ewert  et al .  1994 ), and this has 
to be borne in mind when incubating eggs under laboratory 
conditions. Egg - laying female reptiles usually bury their 
eggs in soil or sand, or lay them in crevices in rock or bark. 
Eggs of most species are oval or round in shape and are 
surrounded by a shell, which may be hard as a result of 
impregnation with calcium salts, or soft and leathery. In 
nature the site at which the eggs are laid is important. 
Protection from predators is necessary but the temperature 
will affect the rate of development and, in some species, the 
sex of the offspring. Relative humidity is also relevant. If it 
is too low, the eggs will dehydrate; if too high, they will 
drown or become infected by fungi or bacteria.   

  Laboratory  m anagement 

  General 

 Reptiles are adept at escaping from cages and enclosures. 
Many species climb or burrow and, by fl attening their 
bodies, can squeeze through small holes or cracks. 

 The Council of Europe has provided recommendations 
for minimum housing standards for reptiles used in research 
(Council of Europe  2006 ). Some reptiles can be kept satisfac-
torily in large aquaria, wooden cages with a glass panel 
or open - topped wooden or fi breglass containers. Certain 
species appear to require such cages to be only very simply 
furnished in order to thrive  –  a  ‘  clinical habitat  ’  (Varga  2004 ) 
that lends itself well to laboratory research. Others need 
more specialised accommodation, and may thrive better if 
the internal construction and  ‘ furnishing ’  of the cage bear 
some relationship to their normal environment  –  a  ‘  natural-

species that track envenomated victims until they die  –  so -
 called  ‘ strike - induced chemosensory searching ’ . Pythons 
and some other snakes have small pits on the side of the head 
that are sensitive to infrared radiation, and enable them to 
sense the presence of warm - blooded prey. 

 UV radiation can be important in social behaviour 
(Fleishman  et al .  1993 ). There is evidence, for example, that 
secretions from the femoral glands of some desert iguanas 
selectively absorb longwave UV radiation; deposits from 
these glands left in the environment will be very obvious to 
another individual (Alberts  1989 ; Alberts  et al .  1994a ). Chin 
glands in certain chelonians may play a similar role (Alberts 
 et al.   1994b ).  

  Size and  l ifespan 

 Adult reptiles range in size from lizards that measure 40   mm 
or less in length and weigh less than 1   g, to snakes that are 
more than 9   m in length (eg,  Python reticulatus ,  Eunectes 
murinus ). The largest lizards ( Varanus komodoensis ) reach 3   m 
in length, and have a body mass of up to 160   kg. 

 In general, smaller reptiles live for shorter periods than 
do larger ones. Small lizards characteristically have a 
maximum longevity of 10 years; larger lizards may live for 
more than 30 years. Pythons and boas can also live for more 
than three decades, but the potential longevity of most other 
snakes is not known. Small species of tortoise have a life -
 expectancy of 20 years; larger species more than 100. Reptiles 
are likely to survive longer in captivity than they would in 
the wild.  

  Hibernation and  a estivation 

 Some species of reptile hibernate, others will undergo 
periods of aestivation when environmental conditions are 
hot, dry and adverse. 

 The physiology of hibernation (brumation) is complex 
and some examples draw attention to the remarkable resil-
ience of certain reptile species to hypoxia (Jackson  2002 ). 

 There is much published advice on how best to prepare 
reptiles, mainly tortoises, for hibernation (see, eg, McArthur 
 et al .  2004a ). Under laboratory conditions, however, these 
and other species are usually kept awake during the cold 
months and not allowed to hibernate (see, eg, Arbour  et al.  
 2007 ), apparently without any adverse effects on health and 
welfare.  

  Sex  d etermination and  r eproduction 

 Most reptile species (all chelonians and crocodilians, most 
lizards and some snakes) lay eggs. Some lizards and certain 
snakes, particularly but not exclusively those that inhabit 
cold climates (eg the European common lizard,  Lacerta vivi-
para)  or high altitudes where incubation of eggs may be 
retarded (eg certain Central African chameleons) produce 
live young. In such taxa the eggs are retained in the oviducts 
until the young are ready for independent existence. Reptiles 
that produce live young are usually termed  ‘ viviparous ’  or 
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are relatively easy to obtain, maintain and breed. Most of 
them and certain others can be obtained as captive - bred 
animals. A very few species of captive - bred terrestrial reptile 
are produced commercially specifi cally for research pur-
poses  –   Anolis carolinensis , for example. Other species that 
are not listed are regularly bred in captivity as part of con-
servation projects or for the pet trade.   

 Whenever possible, reptiles for research should be cap-
tive - bred and obtained from reliable sources. On occasion, 
however, animals need to be taken from the wild  –  either 
because they are not available as captive - bred specimens or 
because the research is specifi cally concerned with free - liv-
ing reptiles  –  for example, reintroduction or translocation 
conservation projects. 

 It is essential to adhere to relevant legislation. Even 
common and widespread species of reptile may be covered 
by national laws, requiring (for example) a licence to take 
them from the wild or to retain them in captivity. Special 
legislation may apply to venomous snakes and lizards. 
International regulations may also be relevant, in particular 
the Convention on the International Trade in Endangered 
Species of Wild Fauna and Flora (CITES). Many species are 
covered by this Convention which controls  ‘ trade ’  (move-
ment) of live and dead organisms and their derivatives, 
including blood samples and tissues for DNA analysis 
(Cooper  et al.   2006 ). 

 Reptiles and other ectothermic vertebrates have played a 
signifi cant part in scientifi c research. Cooper  (1977)  reviewed 
the role of such species and stressed that they can serve as 
useful models for studies on the origin and aetiology of 
human diseases. 

 Some indication of the value of terrestrial reptiles in 
research is given in Table  46.1 . Lizards have been exten-
sively used in studies of biological rhythms and seasonal 
cycles (Underwood  1992 ), control mechanisms for reproduc-
tive cycles and comparative endocrinology (Moore  &  
Lindsey  1992 ), neuroethology (Crews  &  Gans  1992 ), regen-
eration processes (Bellairs  &  Bryant  1985 ), brain chemistry, 
neuropeptide neurotransmitters (Reiner  1992 ), evolutionary 
aspects of exercise physiology (Garland  1994 ) and growth 
and longevity (Roitberg  &  Smirina  2006 ). 

 Vipers, mambas and cobras are frequently kept in labora-
tories for the production of venom, or to study the patho-
logical effects of such toxins. The pit organs of some vipers 
and pythons have been widely studied. 

 Tortoises have been used in studies of sensory physiol-
ogy, leading to a better understanding of pain in these 
animals (Rosenberg  1972 ) and contributing to the develop-
ment of what would appear to be more humane methods 
for euthanasia (Cooper  et al.   1984 ; UFAW/World Society 
for the Protection of Animals (WSPA)  1989 , WSPA  1994 ). 
Tortoises are popular subjects for research on  Salmonella  and 
other bacterial pathogens (eg, Arbour  et al.   2007 ). 

 In many parts of the world lizards, snakes and tortoises 
are kept in laboratories for teaching students and for simple, 
non - invasive, studies on nutrition, growth or reproduction. 
All such animals deserve the highest level of care. An impor-
tant prerequisite is an understanding of the natural history 
and biology of the species. For some there may be extensive 
published information  –   Iguana iguana , for example (Jacobson 
 2003 ). For others, data may be sparse or largely anecdotal.  

istic habitat  ’  (Varga  2004 ). Thus, sand - burrowing lizards (eg, 
C halcides ocellatus ) remain in far better condition if they have 
sand in which to burrow, as do arboreal species when pro-
vided with branches on which they can climb, for example 
most  Anolis  lizards. Species that are  ‘ sit - and - wait ’  predators 
(eg, many species of snakes and geckos), and herbivorous 
reptiles, usually need little space. Some species, such as most 
lizards in the families Lacertidae and Teiidae, will be 
restricted by smaller cages. In these, they often spend much 
of their time trying to get out, possibly suggesting that a 
motivation to range is being thwarted. This has been linked 
with poor welfare in mammals (Clubb  &  Mason  2003 ). The 
immediate action should be to provide such species with 
more space but it is important to realise that, in contrast to 
the situation in other taxa, scientifi c data on the signifi cance 
of escape - like behaviour in reptiles is sadly lacking.  

  Handling and  r estraint 

 Competent handling and restraint are as important for rep-
tiles as they are for other species of laboratory animals. 
Training of staff is highly desirable and in some countries, 
such as the UK, may be mandatory before appropriate 
licences are issued. Inexperienced research workers can 
learn much from herpetologists. 

 Smaller lizards and snakes can usually be rested, or 
restrained gently, on the hand for routine inspection or 
movement from one cage to another. Many species of snake 
will support themselves if allowed to move from hand to 
hand. When restraint of snakes and lizards is necessary, they 
should be grasped fi rmly behind the head while supporting 
the body. Support is particularly important for snakes and 
legless lizards which become damaged or stressed if they 
are allowed to  ‘ dangle ’ . Guidance on handling venomous 
snakes is provided in Locke  (2008) . Care must be taken with 
lizards to ensure that the tail is not grasped or pinned, since 
certain species can spontaneously shed it (autotomy) 
(Bellairs  &  Bryant  1985 ). Some geckos are particularly 
fragile; they not only shed their tails extremely readily but 
their skin is only loosely attached, so that it easily tears away 
from the underlying tissue. 

 Large lizards, such as iguanas and monitors, have a pow-
erful, possibly toxic (see later), bite and can also infl ict 
damage with their tail and claws. It is a wise precaution to 
use leather gloves when handling them. 

 Chelonians can usually be handled by grasping the  ‘ shell ’  
(carapace and plastron) and land tortoises, in contrast to 
many species of terrapin and turtle, rarely bite. Restraint of 
tortoises in order to carry out procedures is less easy. It may 
be possible to grasp the animal ’ s head but sometimes light 
anaesthesia is required to facilitate this and other investiga-
tive techniques. 

 Training and habituation of captive reptiles can facilitate 
handling and thereby minimise stress to both animal and 
personnel.  

  Species  u sed in the  l aboratory 

 Reptiles of various species are kept in laboratories. Table 
 46.1  lists some that are used widely for research, and which 
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 Care must be taken that laboratory cages do not become too 
hot. There must be areas that are suffi ciently cool to enable 
the reptiles to lose heat as well as to gain it. This can often be 
achieved by placing the bulb(s) at one end of the cage. The 
heat should not be switched on for too long; 8 – 10   h per day is 
ideal for most species. The longer there is heat provided, the 
more protracted the period for which the reptile maintains its 
activity temperature and the greater its metabolic expendi-
ture. Various papers, mainly relating to studies on captive 
and free - living European common lizards ( Lacerta vivipara ), 
describe research that is relevant to the care of this and pos-
sibly other species under laboratory conditions (Avery  1984, 
1994 ). Avery  (1984)  has suggested that relatively short daily 
exposure to radiant heat minimises the risk of respiratory 
disease caused by the bacterium  Aeromonas , whilst Guillette 
 et al.   (1995)    postulated that the daily period for which radiant 
heat is available may affect the immune system. 

 The air temperature when the heating bulb is switched off 
may be allowed to vary: this corresponds to the situation in 
all but the most stable of tropical climates. There is often a 
tendency to keep the background temperature too high and 
this may be deleterious for species from desert or montane 
environments, where high solar radiation during the day 
can be followed by cool nights. Successful captive hus-
bandry and breeding in environments in which tempera-
tures were carefully controlled and monitored was reported 
in relation to the Malagasy panther chameleon,  Chamaeleo 

  Temperature and  t hermoregulation 

 Many nocturnal geckos and lizards and snakes from the leaf 
litter or lower levels of tropical rain forests do not routinely 
thermoregulate. Ideally, they require air temperatures that 
equate with their natural environments. However, during 
the day some species warm themselves by (for example) 
pressing themselves on to the warm rock under which they 
live and then use the heat obtained to help sustain them at 
night. Most species of reptile do, however, need to ther-
moregulate and this can be accommodated under laboratory 
conditions by providing a diversity of substrate tempera-
tures, using heating pads, lamps or other sources of surface 
warmth. The provision of radiant heat from a small tungsten 
bulb enables many species to bask in the light and heat, 
treating it as though it is natural sunshine. Sources of heat 
that produce only infrared radiation, such as ceramic bulbs, 
are usually, but not necessarily, less suitable as they do not 
provide light, which many basking reptiles use as a cue to 
prompt thermoregulation. Larger incubator bulbs that give 
out yellow light are suitable for bigger reptiles (but not those 
which emit visible light mostly in the red part of the spec-
trum). The bulb should be positioned so that the animal can 
approach close enough to be able to warm fairly readily, but 
not so near that it will burn (Mader  2006a ) either from the 
infrared radiation itself or from a substrate that has been 
heated by the radiation. 

  Table 46.1    Some terrestrial reptile species that are frequently kept in laboratories. 

   Scientifi c name     Common English name     Studies for which the species is commonly 
used  

   Reference  

   Lizards               
   Anolis carolinensis     American anole    A wide range of physiological topics, 

especially neuroethology and colour change  
  Harling  (1994)   

   Chalcides ocellatus     Eyed or ocellated skink    A wide range of physiological topics    Wisniewski  (1992)   

   Chamaeleo  spp.    Chameleons    Colour change, sensorimotor coordination of 
eyes and tongue  

  Townson  (1994)   

   Eublepharis macularius     Leopard gecko    Skin grafts, temperature - dependent sex 
determination  

  Thorogood  &  Whimster 
 (1979) , Wisniewski  (1992)   

   Gekko gecko     Tokay gecko    Eye and brain    Wisniewski  (1992)   

   Iguana iguana     Common or green iguana    Metabolism and physiology    Frye  (1993) , Divers  (1995)   

   Podarcis muralis  and 
 P. sicula  (and other 
small lacertid lizards)  

  European wall lizards    Neurotransmitters, physiology of endogenous 
rhythms, endocrinology  

  Langerwerf  (1990; 1991 ), 
Harling  (1993)  Townson 
 (1994)   

   Pogona  spp.    Bearded dragons    Endocrinology    Sheriff  (1988)   

   Tiliqua  spp.    Blue - tongued skinks    A wide range of physiological topics    Rose  (1992) , Townson  (1994)   

   Snakes               
   Elaphe  spp.    Corn and rat snakes    A wide range of physiological topics    Bartlett  (1993)   

   Lampropeltis  spp.    King snakes    A wide range of physiological topics    Edwards  (1991)   

   Thamnophis  spp.    Garter snakes    Various; especially muscle physiology, 
reproductive endocrinology, physiology of 
hibernation  

  Sweeny (1993)  

   Tortoises               
   Terrapene carolina     Carolina box turtle    Sensory physiology      

   Testudo graeca  and 
 T. hermanni   

  European tortoises    Physiology of the pineal and associated 
organs  

  Jackson  (1991) , British 
Chelonia Group (undated)    
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rious, even to desert species, as these spend much of their 
natural lives in humid burrows. The relative humidity in 
rooms housing reptiles, or in individual cages, can be 
increased in many ways. Spraying the inside of cages with 
water from a mist nozzle is effective but, unless it is auto-
mated, can be labour - intensive. One very simple measure is 
to furnish cages with living plants, transpiration will then 
add water to the local atmosphere. High humidity zones can 
be created within the cage by the use of  ‘ humidity boxes ’ , 
usually made of plastic (Rossi  2006 ). On a larger scale, 
dripper systems and waterfalls can be used. 

 Various diseases of the skin, scales, the shell in tortoises, 
and the respiratory system, may be induced or exacerbated 
by too high or too low humidity (Cooper  2006 ). In the case 
of the latter, Gram - negative bacteria such as  Aeromonas  and 
 Pseudomonas  and certain fungi are likely to multiply exces-
sively under damp conditions (Frye  1991 ). 

 Limited data are available on the humidity requirements 
of reptiles: much of the available information is based upon 
observational and anecdotal evidence. This is another fi eld 
which would benefi t from input from those who work with 
reptiles in the laboratory.  

  Ventilation and  a ir  c hanges 

 Optimum ventilation for laboratory reptiles can be diffi cult 
to achieve. Too little ventilation results in inadequate diffu-
sion of oxygen into, and carbon dioxide out of, a cage and can 
also increase humidity, leading to condensation. Too much 
ventilation, on the other hand, can make it diffi cult to control 
the temperature and keep the relative humidity high. The 
optimum ventilation for a particular cage design must some-
times be determined by trial and error; there is increasingly 
a tendency to specify the number of air changes in order to 
conform with research protocols and, ostensibly, to promote 
health and welfare. These are not necessarily the most appro-
priate for a given species (Cooper  &  Williams  1995 ).  

  Environmental  e nrichment 

 Many species of terrestrial reptiles can be kept successfully 
in relatively plain cages; provided that the space is adequate 
for reasonable movement, such containment seems to satisfy 
their behavioural requirements although there is an absence 
of research in this area. As discussed earlier, however, some 
species thrive better in cages or enclosures that mimic the 
natural environment (Figure  46.5 ). The welfare of the reptile 
is likely to be enhanced if accommodation is appropriate to 
the species (Varga  2004 ). 

 There are many species of reptile that clearly benefi t from 
environmental enrichment. When, for example, small 
European lacertid lizards are kept in plain unfurnished 
cages, they tend to spend long periods motionless, often 
basking at length beneath the bulb that is provided for ther-
moregulation. Creating an area of spatial diversity, even 
simply by adding a number of wooden blocks, results in a 
dramatic change in behaviour. The lizards then bask for 
only relatively short periods, interspersing this with periods 
of movement (presumably looking for food) amongst the 

pardalis  (Ferguson  1994 ). Similar data are required for other 
species and those who keep reptiles under laboratory condi-
tions are in a particularly strong position to carry out the 
necessary studies.  

  Light 

 Light appears to be less important to reptiles than is heat. In 
general, natural light (in which the greatest energy is in the 
blue part of the spectrum) usually results in better survival, 
growth and reproduction than does artifi cial light (which 
usually peaks in the yellow), although the reasons for this 
are not fully understood (Gehrmann  2006 ). There is some 
evidence that the duration of the daily photoperiod may be 
an important factor, controlling reproductive cycles in many 
species (Avery  1994 ), and this must be taken into account by 
those wishing to breed reptiles in captivity.  

  Ultraviolet  r adiation 

 The importance of UV radiation for many species of reptiles 
has already been emphasised. When exposure to natural 
sunshine is not practicable, artifi cial UV radiation must be 
supplied. A wide range of fl uorescent tubes that will provide 
this are available commercially. While both middle (UV - b) 
(290 – 320   nm) and long (UV - a) (315 – 400   nm) wavelength UV 
appear to be important to reptiles, it is the former that is of 
prime importance in converting vitamin D; UV - a is believed 
to be more of value in encouraging recognition of food and 
mates (Rossi  2006 ). It remains true, however, that despite 
many reports of UV radiation resulting in improved repro-
duction in captive reptiles (mainly lizards), most studies 
remain empirical (Gehrmann  1994 ). 

 There are several important considerations when using 
UV sources: 

  1.     UV emission from fl uorescent tubes usually decreases 
with time; the tubes have a relatively short useful 
life.  

  2.     Exposure must be direct: normal glass blocks UV 
radiation.  

  3.     The intensity of UV radiation declines rapidly, so the 
tubes must be close to the animals.  

  4.     Broad - spectrum tubes (designed to mimic daylight or 
sunlight) are of limited usefulness.  

  5.     Tubes designed to improve plant growth (which have 
peak emission in the blue part of the spectrum) usually 
emit little UV radiation.  

  6.     Fluorescent and mercury vapour sunlamps, sometimes 
used for tanning in humans, emit a wide range of UV 
wavelengths, but may damage the retinae or skin of 
both reptiles and laboratory personnel. They are best 
avoided.     

  Relative  h umidity 

 Laboratory environments often have drier air than the 
microhabitats of free - living reptiles. This may prove delete-
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build - up of parasites or other pathogens. This can be particu-
larly important where infections might compromise research. 
Hygiene is also important to reduce the risk of spread of 
zoonotic infections. However, there are indications that 
cage - cleaning for certain reptiles should not be too frequent. 
Some of the chemicals in faeces can act as pheromones and 
may be used for communication. Some snakes, for example, 
thrive less well in clean cages than in cages containing some 
faeces and leaving a small amount of faecal material in a cage 
every time it is cleaned reduces the incidence of escape 
behaviour (Chiszar  et al .  1980 ). In contrast, certain species of 
gecko avoid contact with their own faeces, probably to mim-
imise exposure to parasites (Brown  et al.   1998 ). 

 Disinfection of cages should be preceded by through 
cleaning. The choice of a disinfectant is important. Some can 
be toxic, especially to small reptiles. Disinfectants have dif-
ferent modes of action (Slomka - McFarland  2006 ). Under 
circumstances where quality disinfectants are unavailable or 
prohibitively expensive, hot water is an easy and cheap 
alternative, preferably followed by drying in the sun or in a 
hot - air oven. 

 There is evidence for some mammalian species that irreg-
ular husbandry can be a stressor. While there are few equiv-
alent unequivocal data for reptiles, consideration should be 
given to regular cleaning routines.  

  Diet and  f eeding 

 Reptiles as a class eat a variety of foods though many species 
have narrow food preferences. Lizards are predominantly 
carnivorous (a few species are herbivorous), and snakes are 
almost entirely carnivorous. Chelonians vary: as a general 
rule, terrestrial species (land tortoises) are primarily vege-
tarian while freshwater aquatic species (terrapins) are car-
nivorous. Calvert  (2004)  provides a useful and succinct 
review of the nutrition of captive reptiles. 

 Reptiles have relatively low metabolic rates and high net 
food - conversion effi ciencies. Over - feeding is often as much 
of a problem as under - feeding, and can lead to a range of 
pathological conditions (see later). Small and medium - sized 
lizards, and most chelonians, need feeding daily. Large 
lizards and many snakes should be fed less frequently: some 
large snakes probably feed in nature less than once per week 
or once per month. The essential requirements are a regime 
and diet that will ensure the maintenance of bodyweight in 
non - breeding adults, and normal growth by juveniles. Many 
reptiles cease feeding spontaneously from time to time, 
especially just prior to skin - shedding. 

 Many insectivorous and carnivorous reptiles feed only on 
items that are moving. Live vertebrates should not be used 
as food unless there is no alternative (see later) and even 
invertebrates should be used in a way that is sensitive to the 
fact that they too are living animals. There are many methods 
to simulate the movement of non - living prey: these include 
placing them in a Petri dish on an automatic shaker, or 
employing tongs to shake the prey, or dragging the food 
item around the vivarium so as to create a scent trail for the 
snake/lizard to follow. 

 Some snakes refuse to feed in captivity. They can be force -
 fed (Cooper  &  Jackson  1981 ), often now referred to as 

blocks, behaviour that is much closer to that seen in the fi eld 
(Avery  1994 ).  

  Training and  h abituation 

 Training and habituation of reptiles is possible to a limited 
degree. It may facilitate procedures and reduce risks to staff. 
For example, lizards can be taught to feed at the same loca-
tion each day. Snakes can learn by association and some 
species, eg, iguanas, recognise cause and effect relation-
ships. Habituation has been studied in some reptiles (Xavier 
 et al.   2006 ) but needs further research. 

 The importance of  ‘ good stockmanship ’  cannot be over -
 emphasised. Those who tend captive reptiles, especially 
technicians, should exhibit an empathy with their charges 
and, preferably, have personal experience of herpetology.  

  Refugia ( h iding  p laces) 

 Most species of reptiles, like almost all metazoan animals, 
have periods of the day when they are active. When they 
are not active, they seek some kind of refuge  –  in burrows, 
under rocks or in crevices, high in trees, or amongst dense 
vegetation (many terrestrial chelonians). Failure to provide 
a refuge for captive reptiles may be stressful (Hernandez -
 Divers  2001 ). The problem appears never to have been sys-
tematically investigated. 

 In contrast to physiological measures of stress, which 
have received some preliminary study (Guillette  et al.   1995 ; 
Kreger  &  Mench  1993 ), there is as yet no totally reliable 
behavioural means of defi ning or measuring stress in the 
diverse species of reptile (Greenberg  1995 ; Warwick  et al.  
 1995 ). Captive reptiles should always be provided with a 
refuge that mimics places where they would hide in nature. 
Given a choice, snakes prefer an opaque refuge to one with 
transparent walls, although the latter are more convenient 
from the standpoint of the reptile - keeper (Chiszar  et al.  
 1987 ). It is best not to disturb individuals in the refuge 
except in extreme necessity. For similar reasons, as a general 
rule, it is preferable not to alter the internal arrangements of 
a cage once an individual has become familiar with it, espe-
cially under laboratory conditions where standardisation of 
procedures is so important. This is because many reptiles 
learn the immediate topography of their enclosure and can 
become stressed when it alters (Chiszar  et al.   1995 ). On the 
other hand, many herpetologists and veterinarians would 
argue that a novel environment can encourage chemosen-
sory behaviour and thereby promote welfare. The relation-
ships between refugia and other elements of cage design are 
important. Small lacertids such as European wall lizards 
( Podarcis muralis) , for example, behave more naturally if one 
or more of the refuges is placed near to their basking places 
(Avery, unpublished observations).  

  Hygiene 

 It is usually a basic tenet of captive management of animals 
that cages should be cleaned regularly in order to minimise 
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need dietary supplementation: the only possible exceptions 
are those kept in large, open outdoor enclosures, with expo-
sure to natural sunlight and a varied diet. In some studies 
and locations (eg, the tropics) it may be acceptable to allow 
the reptiles to eat insects that have fl own into the enclosure 
from outside. 

 Many reptiles are susceptible in captivity to mineral defi -
ciencies or imbalances. These may result from a faulty diet 
(Calvert  2004 ) or from insuffi cient exposure to appropriate 
ultraviolet radiation. There are four main reasons why prob-
lems associated with calcium arise so commonly: 

  1.     Inadequate calcium in the diet.  
  2.     Calcium: phosphorus ratio is too low.  
  3.     A dietary defi ciency of vitamin D 3 .  
  4.     Inadequate exposure to UV radiation, which in many 

species is necessary for dermal synthesis of cholecalcif-
erol, the metabolic precursor of vitamin D. It is 
important to note that it is UV - b light in the range 
290 – 320   nm, that is of prime importance in converting 
vitamin D. The amount of UV - b that is available to 
the reptile can be measured using an appropriate 
meter.    

 The value of natural (solar) lighting must not be overlooked. 
In many reptile collections in the tropics, including some 
used for research purposes, sunlight is the only source of 
UVB - b and the animals appear to fare very well. 

 Mineral defi ciencies or imbalances can give rise to osteo-
dystrophic disorders (Frye  1991 ), referred to by Mader 
 (2006b)  as the  ‘  metabolic bone diseases ’  . These are character-
ised by a range of skeletal lesions, fi brous osteodystrophy 
(Figure  46.6 ), impaired locomotion and, in chelonians, 
abnormalities of the carapace. Problems of mineral imbal-
ances may also occur in larger reptiles fed on day - old chicks 
or rodents, especially when neonatal rodent pups ( ‘ pinkies ’ ) 
are used.   

 ‘ assisted feeding ’ , but it is preferable to try to coax them to 
feed spontaneously fi rst. One technique, often successful 
with pythons and boas, is to condition them always to feed 
in the same place, which may be marked with scent of 
potential prey from time to time to reinforce the association. 
Other ruses include hiding the food in a tube or another 
unexpected location. 

 Most authorities concur that the diets of captive reptiles 
should be as varied as possible, as this helps to reduce nutri-
tional disorders that are so commonly encountered in cap-
tivity (Frye  1991, 1994, 1996 ; Calvert  2004 ). This injunction 
applies to herbivorous as well as insectivorous or carnivo-
rous species. Because tortoises, iguanas and other herbivo-
rous reptiles feed with apparent relish on soft leaves and 
fruits, it is sometimes not appreciated that their diets in 
nature are usually very varied, and often include insects, 
molluscs and other invertebrates which may be swallowed 
deliberately or accidentally and usefully contribute to the 
animal ’ s nutrient intake. 

 Insectivorous reptiles will often take only living prey. 
Invertebrates can be purchased from dealers who breed the 
animals for the pet trade or propagated within the labora-
tory animal facility. It is important to ensure that such 
animals are from a reliable source and health checks on them 
may be advisable as they can be a source of infection, includ-
ing iridoviruses that can affect both invertebrates and rep-
tiles (Marschang  et al.   2005 ). 

 The most commonly used cricket is  Acheta domestica , but 
species that do not stridulate are increasingly becoming 
available and are often preferable in animal houses. 
Crickets that are not eaten within a few hours should 
be removed as they are nocturnal and are likely to nibble 
the appendages of lizards if allowed to remain in the cage 
and increase the risk of autoinfection with parasites. There 
may also be an ethical issue as far as the crickets are 
concerned. 

 Mealworms and are larvae of the beetle  Tenebrio molitor  
are easy to breed, although other species are increasingly 
becoming available, including  ‘ giant mealworms ’  which are 
suitable for larger species of reptiles. They should not form 
a major part of the diet of the diet of any reptiles, however, 
because they contain far too high a concentration of phos-
phorus ions relative to calcium ions. Sooner or later, reptiles 
fed a diet of mealworms succumb to disorders caused by 
mineral imbalance (Frye  1991, 1996 ). Many reptile keepers 
 ‘ preload ’  or  ‘ gutload ’  mealworms and other invertebrates 
with calcium, and sometimes other minerals, vitamins and 
plant material, by adjusting their diet immediately prior to 
using them as food. Finke  et al.   (2005)  evaluated four dry 
commercial gut - loading products for improving the calcium 
content of crickets. 

 Invertebrate prey can also be dusted externally with min-
erals to increase dietary intake but care must be taken to 
ensure that the invertebrate is ingested quickly as some 
species, especially crickets, quickly groom and remove the 
dust. 

 An increasingly large range of dietary supplements is 
available commercially, some formulated specifi cally for 
reptiles. They all contain vitamin D and calcium; some are 
very fi nely ground, so that the particles adhere readily to 
the cuticle of invertebrate prey. Almost all captive reptiles 

     Figure 46.6     A green iguana ( Iguana iguana ) with metabolic bone 
disease. The swelling of the lower jaw is a sign of fi brous 
osteodystrophy. A balanced diet will usually prevent the 
development of this condition under laboratory conditions.  
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 2007 ). It has long been recognised that many individual 
reptiles can be identifi ed by a combination of their size, 
colour, pattern and, in certain lizards, the state of the tail 
(since this may have been broken off in the past, and be at 
various stages of regrowth). It is possible to build up data-
bases of sets of pictures of individuals  –  eg, of the plastral 
markings of tortoises. 

 When individual reptiles cannot be recognised visually, it 
may be necessary to mark them. Methods for snakes were 
reviewed by Lang  (1992) . Clipping ventral scales is simple 
and effective, but the animal must usually be handled in 
order to see the marks. Implanted transponder tags, com-
monly termed microchips, are routinely used in zoos and in 
the pet trade in many countries and may be a legal require-
ment for certain species as part of enforcing legislation  –  eg, 
for tortoises that are traded in the European Union under 
EC Regulations 338/97  &  865/2006 (Cooper  &  Cooper  2007 ). 
Transponders hare also regularly used in fi eld studies 
(Germano  &  Williams  1993 ). There are correct and incorrect 
methods of implanting microchips, most dictated by factors 
such as practicability and welfare, some by legal regulations. 
A useful review insofar as reptiles are concerned is to be 
found at the website of the British Veterinary Zoological 
Society 1 .  

  Welfare and  w elfare  a ssessment 

 As a general rule, the application of the Five Freedoms will 
do much to promote the welfare of captive reptiles (Rayment -
 Dyble  2004 ). As with all species that are kept in the labora-
tory, the assessment of welfare of reptiles is of great 
importance. Over 20 years ago, guidelines for the recognition 
of pain, distress and discomfort in laboratory mammals 
were fi rst formulated in the UK (Morton  &  Griffi ths 
 1985 ). Little comparable advice appears to have been devised 
for laboratory reptiles, although very general criteria/guide-

 Various vitamin defi ciencies are recognised or suspected 
in captive reptiles. Hypovitaminosis A was the fi rst to be 
properly described and documented. In chelonians it can 
produce characteristic ocular lesions. Other effects may 
include retarded healing of wounds and predisposition to 
infectious diseases (Cooper  et al.   1980 ). Studies have been 
carried out on the vitamin A requirements of some species 
 –  chameleons, for example (Abate  et al.   2003 ). 

 It is not only a defi ciency of vitamin A that can cause 
disease in captive reptiles. Hypervitaminosis A may result 
from excessive administration resulting in skin lesions 
(Cooper  2006 ). 

 In nature, most vertebrate prey is taken alive. The ques-
tion of whether it is acceptable to feed living mammalian or 
avian prey to snakes and large lizards in captivity raises 
important ethical and sometimes legal issues. Many large 
reptiles will feed on dead animals; others quickly learn to 
do so. It is the animal that persistently refuses to feed on 
anything but living prey which creates a dilemma. Some 
authorities take the view that feeding living prey may be 
acceptable as a last resort (if the predator would otherwise 
starve to death) but that the prey animal should be removed 
from the cage immediately if the predator takes no interest 
in it, in the interests of both predator and prey. There are 
also legal considerations; however, in the UK, for example, 
the offering of live prey is not,  per se , illegal but may provide 
grounds for a criminal action. 

 How much to feed laboratory reptiles is an important 
consideration (see earlier). Condition scores play a crucial 
part in monitoring nutritional status (see later). 

 Underfeeding will result in weight loss,  ‘ poverty lines ’  
and weakness. However, such fi ndings can also be the result 
of providing an adequate but unsuitable diet, or because a 
reptile is unwell and unable to feed, or is unwilling to do so 
on account of stressors, including territorial or other aggres-
sion. Too low an ambient temperature or other adverse envi-
ronmental factors may also be a cause of decreased feeding 
behaviour and food intake. 

 Over - feeding of captive reptiles can result in a range of 
pathological changes, including hepatic lipidosis (Divers  &  
Cooper  2000 ). Some information on food intake of captive 
snakes in relation to body weight is provided by Kirkwood 
and Gili  (1994) . 

 Laboratory reptiles should always be provided with 
water. Dehydration can rapidly prove fatal in reptiles, 
in part because it leads to renal damage and the develop-
ment of visceral gout (Figure  46.7 ). Some species will use 
water for bathing as well as for drinking. Snakes 
may immerse themselves in water when sloughing is 
imminent. How water is presented is important. Some 
lizards and chelonians will drown if they fall into a water 
container from which they are unable to escape. Chameleons 
will not usually drink from a waterbowl: they should be 
provided with water in the form of drops on foliage, using 
a spray.    

  Recognition and  m arking 

 The marking for identifi cation of captive reptiles is impor-
tant both for scientifi c and legal reasons (Cooper  &  Cooper 

     Figure 46.7      Post - mortem  appearance of a Jamaican boa ( Epicrates 
subfl avus ). The kidneys are white as a result of deposition of urates 
(visceral gout), possibly because of dehydration.  

  1       http://bvzs.org.uk  
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  Role of  t emperature 

 All reptile species have an optimum temperature for incuba-
tion of their eggs. This is usually lower than the mean activ-
ity temperatures maintained by adults. Eggs incubated at 
temperatures that lie outside the optimum have lower levels 
of hatching success, and may be associated with develop-
mental abnormalities (see later). 

 There are many species of reptiles in which the sex of an 
embryo depends not on sex chromosomes but on the tem-
perature during the early stages of incubation (Table  46.2 ). 
Three general patterns are seen (Lance  1994 ): 

  1.     Higher temperatures produce males, lower tempera-
tures produce females; this applies in many species of 
lizards and in alligators.  

  2.     The opposite effect: higher temperatures produce 
females, lower temperatures produce males eg, in many 
chelonians.  

  3.     Intermediate temperatures produce males, higher and 
lower temperatures produce females. This occurs in the 
leopard gecko ( Eublepharis macularius ), the snapping 
turtle ( Chelydra serpentina ) and some crocodiles.      

 In most of the species that show temperature - dependent sex 
determination (TSD), the transition from production of one 
sex to production of the other takes place within a compara-
tively narrow range of temperatures (intersexes are rare). In 
American alligators ( Alligator mississippiensis ), however, 
intermediate temperatures result in the production of a 
mixture of males and females. The actual temperatures that 
are important for producing changes in the sex ratio vary 
from species to species, and sometimes geographically 
within a species. Fluctuating temperatures may produce dif-
ferent results from constant temperatures. Table  46.2  lists 
lizard species shown to exhibit TSD. Because of the com-

lines for recognising pain, distress and discomfort have been 
developed by WSPA  (1994)  and Warwick  et al.   (1995) . 

 Some reptile behaviour is considered to be associated 
with stressors and stress (Hernandez - Divers  2001 ). 
Stereotypy, for example, is well recognised in captive rep-
tiles: it has received little scientifi c attention in these species 
in contrast to the situation in domesticated mammals and 
birds (Mason  &  Rushen  2006 ). 

 There are limited data on the physiological effects of han-
dling and restraining some species of reptile (eg, Kreger  &  
Mench  1993 ). Chelonians readily defaecate when handled or 
contained and, indeed, these  ‘ stress faeces ’  (Josseaume  2002 ) 
are used in some research studies. 

 A useful review of current thinking concerning stress in 
reptiles can be found in Denardo  (2006b) , and Hernandez -
 Divers  (2001 ) provided a very useful introduction to reptile 
ethology, including examples of normal and abnormal 
behaviour patterns. Interactions between stress and other 
aspects of reptile metabolism were discussed by Guillette 
 et al.   (1995) . 

 In summary, there is an urgent need for more research on 
the welfare of reptiles and the formulation of protocols to 
aid research workers, animal technicians and laboratory 
animal veterinarians.   

  Reproduction 

  General  c onsiderations 

 Breeding reptiles in captivity demands care and attention to 
detail, and is usually time-consuming (Wright  2004 ). Many 
species require either a natural seasonal regime of tempera-
ture and photoperiod (and occasionally also rainfall), or 
artifi cial regimes that mimic seasonality (Chiszar  et al .  1994 ). 
Most temperate species require the  ‘ priming ’  effects of cool -
 induced hibernation or quiescence in order to promote 
breeding, eg,  Lacerta vivipara  (Gavaud  1991 ). Social behav-
iour often has a modulating effect on the development 
of reproductive condition, for example in  Anolis  lizards. 
Successful reproduction may depend on the correct social 
context (Hernandez - Divers  2001 ). In the leopard gecko 
( Eublepharis macularius ), for example, females will lay only 
if sexually mature males are present. In the American anole 
( Anolis carolinensis ) courtship displays by males facilitate 
ovarian growth in females, whereas aggressive interactions, 
which may occur if more than one male is present, may 
inhibit ovarian development (Crews  et al .  1994 ). 

 Most reptiles are oviparous. Under laboratory conditions 
the eggs should be removed immediately after laying, 
because they need a carefully controlled environment for 
successful development. In addition, the hatchlings may be 
eaten by the adults. Gecko eggs, however, should not be 
removed, because they are laid in such a way that they 
adhere to hard surfaces such as rocks or the walls of a cage. 
They can be protected by taping a small plastic container 
over them until they hatch. Temperature, substrate, sub-
strate moisture and relative humidity of the surrounding 
atmosphere are particularly important. Unlike the eggs of 
birds, reptile eggs should not be moved or turned during 
incubation.  

  Table 46.2    Lizards, terrestrial chelonians and crocodilians that 
have unequivocally been shown to have temperature - dependent 
sex determination (TSD). There are many other species which are 
likely to have TSD. Most reptile species have not been studied in 
suffi cient detail to know whether their sex determination is genetic, 
environmental or temperature - dependent. The data in this table are 
mostly from Ewert  et al.   (1994) , Lang and Andrews  (1994)  and Viets 
 et al.   (1994) . 

  Lizards     Agama agama, A. caucasia   
   Dipsosaurus dorsalis   
   Eublepharis macularius   
   Gekko japonicus   
   Hemitheconyx caudicinctus   
   Tarentola boettgeri   
   Phelsuma madagascariensis   

  Chelonians (terrestrial species)     Testudo graeca, T. hermanni   
   Terrapene ornata   

  Crocodilians     Alligator mississipiensis, A. sinensis   
   Caiman crocodilus   
   Crocodylus palustris, C. johnstoni, 

C. moreletti, C. niloticus, C. 
porosus, C. siamensis   

   Gavialis gangeticus   
   Paleosuchus trigonatus   
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of laboratory animal science, there is a need to maintain the 
reptiles ’  status by having effi cient barrier systems, with 
rules to which all staff adhere. 

 An essential aspect of monitoring the health and, to a 
certain extent, the welfare of captive reptiles is the 
assessment of body condition. This is not always easy or 
straightforward; for example, some reptiles go through 
normal, cyclical, periods of fat deposition or loss. Essentially, 
however, body condition scoring (BCS) implies that labora-
tory reptiles are weighed and measured on a regular basis. 
How these data are processed may depend on the species: 
formulae are available for Mediterranean tortoises (eg, 
Jackson  1991 ; Hailey  2000 ; Willemser  &  Hailey  2002 ). 

 Newer books do not necessarily supersede older works. 
Often the latter contain sound, basic information which can 
be of great value to research workers and animal techni-
cians. Scientifi c literature about reptile diseases goes back to 
the seminal work of Reichenbach - Klinke and Elkan  (1965) : 
although now over 40 years old, their book remains a useful 
guide to some aspects, especially parasite identifi cation. 
More recent publications that provide up - to - date informa-
tion on medical and surgical treatment include Frye  (1991)  
and Mader  (2006c) . It is important to remember that not all 
relevant texts are in English. For example, excellent sources 
of information on lizards, snakes and tortoises are the rele-
vant chapters in the German work  Krankheiten der Heimtier  
(Gabrisch  &  Zwart  2005 ).  

  The  e ffects of  c aptivity on  h ealth 

 Captivity imposes physical, behavioural and physiological 
constraints on reptiles. Confi nement in a relatively small 
space, often in close contact with others of the same species, 
can precipitate infectious or non - infectious disease and com-
promise welfare (Arena  &  Warwick  1995 ). This is an impor-
tant ethical, often legal, consideration when reptiles are kept 
in laboratories. Examples of health problems that are due to, 
or exacerbated by, captivity are given later, under Non -
 infectious diseases.  

  The  i nfl uence of  t emperature on  h ealth 

 The immune responses of reptiles, both humoral (produc-
tion of antibodies) and cellular, are temperature-dependent 
and therefore less effective at lower temperatures (Guillette 
 et al .  1995 ). Some species respond to bacterial (and perhaps 
other) infections, or the introduction of bacterial pyrogens, 
by spontaneously seeking higher body temperatures the so -
 called  ‘  behavioural fever  ’  (Ramos  et al .  1993 ). For these reasons, 
many authorities suggest that sick reptiles undergoing treat-
ment should be kept warm or assisted in doing so by provid-
ing a temperature gradient and given the opportunity to 
maintain high body temperatures by basking for longer 
periods than usual (Frye  1991 ). 

 As mentioned elsewhere, adverse or fl uctuating tempera-
tures can affect the survival and health of neonatal reptiles. 
An increased prevalence of developmental abnormalities 
may be indicative of such a situation (Figure  46.8 ).    

plexity of responses, no attempt has been made to provide 
crucial temperatures. The implications of TSD for the 
breeding of those reptile species in which it occurs are 
profound; in management programmes for sea turtles, 
sexing by endoscopy is increasingly being used to ensure 
an even mix of sexes when juvenile animals are returned to 
the sea.  

  Substrate 

 The eggs of many reptiles may be incubated on damp tissue 
paper,  Sphagnum  moss, peat, sand, polystyrene foam or 
other substrates. The medium most frequently used, 
however, is vermiculite. Made primarily for insulating 
buildings, vermiculite is cheap, relatively non - toxic and 
absorbent; it contains suffi cient air - fi lled spaces among the 
granules that diffusion of air can readily take place. Whatever 
medium is employed, it should be used only once. There has 
been much discussion about the extent to which eggs should 
be buried in the substrate. Packard and Phillips  (1994)  rec-
ommended that eggs of species with fl exible shells should 
be half - buried; those with rigid shells should be placed in 
small depressions at the surface of the medium.   

  Health and  d iseases 

 The aim in captivity is to provide reptiles with good welfare, 
of which physical health is a vital component. Under labora-
tory conditions it is particularly important to establish 
health profi les for the animals so as to help ensure consist-
ency of research results, to detect early signs of disease and 
to promote welfare (see later). The diagnosis and treatment 
of reptile diseases are primarily the remit of the veterinarian, 
preferably one with experience of reptile medicine and 
surgery (Frye  1994 ). A useful table of differential diagnoses 
is to be found in an Appendix to the BSAVA Manual of 
Reptiles (Girling  &  Raiti  2004 ). The animal technician and 
research worker, who are familiar with the behaviour and 
natural history of the species, have an important part to play 
in health monitoring. 

  Health  m onitoring 

 Health monitoring involves the regular and routine investi-
gation of live reptiles,  post - mortem  examination of any 
animals that die or have to be culled, and laboratory studies 
on samples from live reptiles, dead reptiles and their envi-
ronment. Relatively little has been published on the health 
monitoring of laboratory reptiles but methods used for 
lizards, snakes, chelonians and other species in zoological 
collections and conservation programmes (Woodford  2001 ) 
can be usefully adapted. Cooper  (1989)  wrote a paper spe-
cifi c to laboratory reptiles and amphibians. 

 The exclusion of infectious disease is facilitated by the use 
of quarantine, whereby incoming reptiles are kept sepa-
rately prior to their introduction to the colony. During this 
period the animals should be screened for pathogens and, if 
possible, health monitored. Subsequently, as in other fi elds 
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     Figure 46.8     A developmental abnormality, an undershot jaw and 
hydrocephalus, in a captive - bred king snake ( Lampropeltis  sp.). 
Such anomalies can have a genetic aetiology, often associated with 
inbreeding, or follow temperature fl uctuations during incubation.  

     Figure 46.9     Chronic damage to the rostrum of a water dragon 
( Physignathus  sp.) due to repeated rubbing on the glass sides of 
its cage.  

  Non -  i nfectious  d iseases 

 Reptiles kept in the laboratory are particularly prone to non -
 infectious disease, largely because they are confi ned in cap-
tivity and therefore more likely to encounter physical insults. 
The latter include trauma (physical damage to rostrum 
(Figure  46.9 ) or limbs, often associated with cage design or 
insensitive management), electrocution (from poorly main-
tained electrical circuits), burns (from proximity to badly 
positioned bulbs or heaters) and drowning (deep water con-
tainers from which lizards and chelonians, is particular, 
cannot escape). Non - infectious insults can readily lead 
to infectious disease  –  for example, a wound may become 
infected with bacteria.   

 One of the most common problems in captive reptiles is 
damage to the rostrum, caused by the animals colliding with 
the walls of the cage or enclosure, especially when they are 
trying to escape (a behaviour that can develop into a stere-
otypy). Attempts to reduce the incidence of such lesions 
include giving individuals as large a cage as is practicable, 

providing refugia (see above) and avoiding disturbance and 
stress whenever possible. Painting or otherwise marking 
vertical glass surfaces so that they are opaque can also 
sometimes reduce the incidence of collisions. Some materi-
als are particularly damaging, eg, wire mesh, which should 
be screened with protective partitions made from 
other materials. Treatment is by cleaning the wound (Frye 
 1991 ) followed by standard medication and prevention of 
further trauma. Burns, usually caused by an animal being 
able to get to close to the hot surface of a bulb or heating 
pad, can also be treated (Mader  2006a ). In lizards and snakes, 
that shed their skins regularly, the area of the burn can 
become a site of incomplete ecdysis and a focus for 
infection. 

 Chelonians in captivity often have overgrowth of the 
highly keratinised edges to the mouth, because the diet is 
softer then that in the wild. Treatment is by burring the beak 
back to normal anatomy, and prevention by ensuring that 
the diet is as varied as possible and contains harder material, 
such as fi brous plants. Overgrowth of the claws, also caused 
by insuffi cient abrasion, may occur in chelonians and large 
lizards. 

 Snakes in captivity often fail to slough properly (dysecdy-
sis  –  see earlier). There can be many reasons for this, includ-
ing poor health, malnutrition, dehydration and endocrine 
imbalances caused by failure to provide the correct photo-
thermal stimuli that cue seasonal cycles of reproduction and 
activity (Avery  1994 ). A dysecdytic snake can be helped to 
shed by soaking for about an hour in warm water. 

 Other non - infectious diseases include poisoning, genetic/
congenital/developmental abnormalities and metabolic 
dosorders associated with old age and/or dietary imbal-
ances. Poisoning can result from overdosage of medical 
agents, prolonged exposure to toxins (eg, insecticidal prepa-
rations) or ingestion of toxic material in the food (Fitzgerald 
 &  Vera  2006 ). Developmental abnormalities may be present 
at birth (congenital) or appear later in life. They may or may 
not have an underlying genetic basis. Environmental factors 
may play a part in producing some abnormalities, especially 
during incubation of eggs. All such anomalies should be 
investigated and documented and specimens retained for 
study (Bellairs  1981 ; Cooper  et al.   1998 ).  
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disease (Cambre  et al.   1980 ; Onderka  &  Finlayson  1985 ; Gene 
 &  Loeschner  2002 ). 

 Many other bacteria may cause disease in captive reptiles 
(Cooper  1999 ) including  Neisseria  species, especially  N. 
iguanae  (Plowman  et al.   1987 ; Barrett  et al.   1994 ) and 
 Mycobacterium  species (Soldati  et al.   2004 ). 

 Any breach in the skin may permit the ingress of bacteria 
which can then cause a localised infection, such as an abscess 
or cellulitis, possibly followed by bacteraemia and septicae-
mia, often with fatal results (Cooper  1999 ). 

 Most bacterial diseases may be treated with standard anti-
biotics following sensitivity testing and appropriate pallia-
tion (Rees Davies  &  Klingenberg  2004 ; Carpenter  2005 ; 
Mader  2006c ). Reliable pharmacokinetic data are available 
on a number of antibacterial agents such as enrofl oxacin 
(Young  et al.   1997 ). 

 The eggs of reptiles may be infected with and may spread 
bacterial and other diseases. The  post - mortem  examination of 
reptile eggs was detailed by Cooper  (2004) .  

  Fungi 

 Austwick and Keymer  (1981)  provided a useful earlier 
review of mycotic infections of reptiles. Reports in recent 
years include those by Nichols  et al.   (1999) , Bertelsen  et al.  
 (2005)  and Par é  and Sigler  (2006) . Fungal infections 
appear to be less prevalent in terrestrial reptiles than in 
aquatic species but the pattern is not straightforward, par-
ticularly as  ‘ new ’  organisms, such as the  Chrysosporium  
anamorph of  Nannizziopis vriesii  (CANV), become recog-
nised as important emerging pathogens of reptiles (Par é   &  
Sigler  2006 ). 

 Mycotic infections need to be diagnosed early, using a 
variety of clinical and laboratory techniques (Cooper  2006 ), 
as they are often diffi cult to treat successfully (Frye  1991 ).  

  Viruses 

 The importance of viral infections in reptiles began to be 
appreciated over 25 years ago (Clark  &  Lunger  1981 ). Since 
then great advances have been made, with a range of viruses 
recognised as causes of disease, in various parts of the world 
(Gravendyck  et al.   1998 ; Marschang  et al.   2002 ). A number 
of these are potentially important in the laboratory mainte-
nance of terrestrial reptiles: 

   •      paramyxoviruses, primarily in snakes but also in lizards 
(Jacobson  et al.   2001 );  

   •      herpesviruses, in lizards, snakes and chelonians 
(Jacobson  2007 );  

   •      eastern equine encephalitis virus (EEEV) (Essbauer  &  
Ahne  2001 ; Hernandez - Divers  2006 );  

   •      adenoviruses in lizards (Wellehan  et al.   2004 ; Julian  &  
Durham  1982 );  

   •      poxviruses (or pox - like viruses) in lizards and other 
reptiles (Stauber  &  Gogolewski  1990 ; Jacobson  &  
Telford  1990 ; Gal  et al.   2003 );  

   •      ranaviruses in tortoises, occasionally lizards and snakes 
(Essbauer  &  Ahne  2001 ; Just  et al.   2001 );  

   •      erythrocytic viruses ( ‘ pirhemocyton ’  or  ‘ toddia ’ ) in 
various reptiles (Paperna  &  Dematos  1993 );  

  Infectious  d iseases 

 Many infectious agents can cause morbidity (ill - health) or 
mortality (death) in captive reptiles. While some organisms 
appear to be frank pathogens, many others are opportunists 
that take advance of an injured or immunocompromised 
animal. Host – parasite relations are still poorly understood 
in reptiles but knowledge of these is often the key to the 
prevention or control of infectious disease. Experimental 
work on reptiles is yielding useful information about infl am-
matory and other responses in reptiles (Tucunduva  et al.  
 2001 ). 

  Bacteria 

 Numerous pathological conditions in captive reptiles are 
caused by bacteria, especially Gram - negative species such 
as  Aeromonas  and  Pseudomonas  (Cooper  &  Jackson  1981 ). 
Pneumonia, often coupled with a septicaemia, is one such 
example. Necrotic stomatitis ( ‘ mouth rot ’ ) is another; it is 
not a single disease entity, but a syndrome that may be 
caused by a wide range of bacteria (Cooper  &  Sainsbury 
 1994 ). Necrotic dermatitis ( ‘ scale rot ’ ) shows a similar 
pattern, as does  ‘ shell rot ’  in chelonians.  ‘ Blister disease ’  of 
snakes and lizards, characterised by fl uid - fi lled vesicles on 
the skin, is often a result of a non - infectious factor, adverse 
humidity: the lesions can quickly become secondarily 
infected by bacteria. 

 Subcutaneous abscesses are often seen in lizards 
and snakes and are usually due to bacteria (Figure  46.10 ). 
The pus of reptiles is semisolid, often laid down over several 
weeks in concentric layers, and needs to be removed 
surgically.   

  Salmonella  is of particular importance under laboratory 
conditions because of the zoonotic risk (see later). The genus 
consists of over 2400 serotypes, a number of which (some 
termed  ‘ Arizona ’   –   S. enterica arizonae ) may be isolated from 
captive reptiles, including those kept for research purposes, 
and may cause pathological lesions and clinical signs of 

     Figure 46.10     A subcutaneous abscess in the hindlimb of a green 
iguana. The pus in such a case is likely to be semi - solid and needs 
to be removed surgically. This is a male animal and the row of 
femoral pores is very apparent.  
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especially in the laboratory, as they require the appropriate 
intermediate host as part of their life cycle. The same is true 
of pentastomids which, although worm - like in appearance, 
are in fact highly modifi ed arthropods. The life cycles of 
pentastomids are complex, and, depending on the species 
of parasite, a reptile may be a defi nitive or an intermediate 
host. Most infections of reptiles with pentastomes are 
asymptomatic (Greiner  &  Mader  2006 ). 

 In comparison, many species of nematodes have direct life 
cycles and these worms can increase rapidly under suitable 
conditions. A range of clinical signs and pathological lesions 
may be seen in infected reptiles. Treatment of the affected 
animal must be coupled with hygiene and other measures 
in order to prevent re - infection. Parasitic worms are readily 
treated with various anthelmintics but care must always be 
taken as adverse sequelae sometimes result. Ivermectin can 
be toxic to chelonians (Frye  1991 ) and should be employed 
with appropriate caution in all reptile species. Treatment 
during quarantine, coupled with microscopical examination 
of faeces, will help to limit and control nematode infesta-
tions in laboratory reptiles.  

  Ticks and  m ites 

 Ticks and other ectoparasites of reptiles can be pathogenic 
in their own right, causing local or systemic disease, or they 
may transmit other organisms (Burridge  2001 ). Ticks (Figure 
 46.11 ) can be removed with forceps, but care must be taken 
that the mouthparts do not remain because they may become 
a focus for infection with bacteria and other pathogens. 
Certain acaricides, such as permethrins, are effective in 
control but, as with all treatment under laboratory condi-
tions, may be contra - indicated in reptiles that are part of an 
experimental procedure.   

 Mites, especially the  ‘ snake mite ’ ,  Ophionyssus natricis , can 
be the cause of ill - health or death in laboratory reptiles. 
Parasitic mites feed on blood, and can transmit viruses, spi-
rochaetes, rickettsiae, bacteria and protozoa. The parasites 
and their eggs can survive in crevices in the environment 
for long periods. 

   •      papillomaviruses, mainly in lizards (Cooper  et al.   1982 ; 
Raynaud  &  Adrian  1976 );  

   •      reoviruses of various reptiles (Gravendyck  et al.   1998   ; 
Drury  et al.   2002 );  

   •      Iridoviruses, possibly acquired from invertebrate prey 
(Marschang  et al.   2005 ).    

 Captive reptiles can be screened serologically for certain 
viruses  –  for example, ophidian paramyxovirus (OPMV) 
and herpesviruses of chelonians (Mader  2006c ). These and 
other tests, such as polymerase chain reaction (PCR), should 
be considered an important part of excluding infectious 
disease from laboratory colonies of snakes, lizards and 
chelonians. 

 Stomatitis associated with virus infections in tortoises 
have been successfully treated but the general rule in labora-
tory animal work should be to exclude such pathogens by 
obtaining reptiles from  ‘ clean ’  captive - bred sources and by 
quarantining and screening incoming stock. The serological 
testing of snakes for evidence of paramyxovirus infection 
and PCR testing of chelonians for herpesviruses are two 
such examples.  

  Protozoa 

 Keymer  (1981)  provided an excellent review of protozoa of 
reptiles and Barnard and Upton  (1994)  produced a practical 
 ‘  veterinary guide  ’  to many of these species. It should be noted 
that some intestinal protozoa are benefi cial  –  for example, 
ciliates that aid digestion in tortoises and large herbivorous 
lizards (Troyer  1982 ). 

 Haematozoa (blood - borne protozoa) are not uncommonly 
seen in terrestrial reptiles, both in wild (free - living) and 
captive animals. Their classifi cation remains uncertain, as 
does the understanding of their signifi cance (Davies  &  
Johnston  2000 ). Their presence in blood smears should be 
noted during routine health monitoring. Smears should be 
examined on two occasions, at least 14 days apart, during 
any quarantine period. 

  Entamoeba invadens  has a direct life cycle, with cysts being 
passed in faeces. Meerovitch ( 1958, 1961 ) elucidated the life 
stages of this protozoon. She concluded that the parasite is 
usually a commensal in chelonians, where it ingests plant 
polysaccharides. In snakes  E. invadens  proves pathogenic 
because they are carnivorous and, in the absence of plant 
ingesta, the  Entamoeba  obtains its polysaccharide require-
ments from intestinal mucosal secretions, rendering the gut 
wall susceptible to invasion. It follows that, in laboratories, 
herbivorous and carnivorous/omnivorous reptiles should 
not be kept together and strict hygiene must be practised 
when moving from one reptile species to another. 

 The coccidian parasite  Cryptosporidium  is increasingly a 
problem in reptile collections  –  eg, in leopard geckos 
(Deming  et al.   2008 )  –  and is diffi cult to treat. It can be 
zoonotic (McArthur  et al.   2004b ).  

  Helminths and  p entastomids 

 All of the major groups of parasitic worms are found in 
reptiles. Tapeworms (Cestoda) and fl ukes (Trematoda) are 
not usually a major problem in captive reptile husbandry, 

     Figure 46.11     Cloacal region of a monitor lizard, showing the 
presence of tightly - attached  Amblyomma  ticks.  
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remove a sample of blood that is more than 1% of the body 
weight of the animal. The author ’ s personal guideline for 
repeat bleeding is to restrict the volume to 0.7% (ie 7   ml of 
blood per kilogram body weight) and to take this amount 
from the reptile no more frequently than once a week.  

  Reference  v alues 

 Reference values for blood parameters are available for 
some species (see, for example, Mader  2006c ). These usually 
include both haematological and biochemical fi gures. There 
is a need to expand these databases and those scientists and 
laboratory animal veterinarians who need to take blood 
samples from reptiles for other purposes should, whenever 
possible, prepare smears and carry out haematological and 
biochemical analyses. Such information is not just of scien-
tifi c importance: it can also enhance health monitoring and 
assist in the assessment of welfare. 

 Laboratory investigation of samples taken from reptiles 
are covered by a number of authors for example, bacteriol-
ogy by Cooper  (1999) , haematology and cytology by 
Campbell and Ellis  (2007)  and haematology alone by 
Diethelm and Stein  (2006) .   

  Methods of  t reatment 

 Terrestrial reptiles may need to be treated with medicinal 
agents either as part of an experiment or for health reasons. 
Supportive care is always important and useful information 
is to be found in texts directed at veterinary nurses/techni-
cians (Cooper  et al.   2003 ; McBride  &  Hernandez – Divers 
 2004 ; Mitchell  2004 ). Emergency and critical care have been 
covered by a number of authors, eg, of chelonians by Norton 
 (2005) . Techniques for dosing and injection procedures 
are described in various publications (eg, Rees Davies  &  
Klingenberg  2004 ). The dose and the frequency of adminis-
tration of some agents may need to be based on allometric 
scaling (Mayer  et al.   2006 ).  

  Telemetry 

 Telemetry is a well established procedure in fi eld studies on 
reptiles and both invasive and non - invasive techniques for 
attaching a transmitter can be adapted to laboratory research 
(eg, Ferrell  et al.   2005 ).  

  Surgical  p rocedures 

 Both experimental and therapeutic surgery may be carried 
out on laboratory reptiles. These do not differ signifi cantly 
from those employed in veterinary practice (Hernandez -
 Divers  2004a ). Under laboratory conditions it is particularly 
important to minimise invasive techniques. Endoscopy, for 
example, can be used very successfully in reptiles and often 
reduces the need to perform traumatic, painful or stressful 
procedures (Brearley  et al.   1991 ; Hernandez - Divers  2004a, 
2004b ).  

 Small and medium - sized reptiles can be treated for 
mites by isolating them for 24   h in a small cage with a strip 
of, for example, dichlorvos (Vapona) or trichlorfon, placed 
out of reach of the animal. However, care must be taken 
to avoid over - exposure and resultant toxicity, usually 
characterised by nervous signs. Alternatively, fi pronil wipes 
can be used or ivermectin can be administered topically or 
by injection. Large reptiles can be treated with proprietary 
(dog and cat) fl ea sprays (Frye  1991 ) Under laboratory 
conditions, where the use of drugs that have a systemic 
effect may be contra - indicated, mites can be killed by paint-
ing the reptile with vegetable oil, which is then blotted 
off (Espinosa  et al.   1998 ) or trapped with sticky tape and 
removed. 

 Routine treatment and quarantine of incoming animals 
will help to prevent the introduction of mites to a laboratory 
animal facility. Scrupulous attention to hygiene is then 
necessary to prevent treated animals from becoming 
re - infected.    

  Health and  physiological  m onitoring  

 Standard veterinary procedures for reptiles are applicable 
to those that are kept for research. Imaging is practicable 
using radiography, ultrasonography, magnetic resonance 
imaging (MRI) and computed tomography (CT) scanning 
(Anderson  et al.   2000 ; Raiti  2004 ). 

  Collection of  s amples and 
 l aboratory  i nvestigations 

 Samples may need to be taken from reptiles for research 
purposes, for health monitoring or for diagnostic purposes. 
Samples can be of many types. Some, such as faeces, can be 
collected without handling the reptile, while others, such as 
blood, will necessitate invasive techniques. The most appro-
priate methods will depend on many factors, including the 
temperament, size and anatomy of the reptile. Veterinary 
texts provide useful guidance (see, for example, Hernandez -
 Divers  et al.   2004a ). 

 Blood sampling can be an important part of research 
procedures involving reptiles. It is also a useful adjunct to 
health monitoring. Specifi c papers relating to laboratory 
work are available  –  eg, on blood sampling of lizards (Brown 
 2007 )  –  while other texts refer more to pet, zoo and wild 
animals. Sampling sites depend upon the species and the 
requirements but include withdrawing blood from a vein 
(jugular, caudal/coccygeal, brachial, abdominal or subcara-
pacial), heart orbital sinus or via a toe - nail clip. An excellent 
review of methods, with clear photographs, is to be found 
in Hernandez - Divers  (2006 ). However, in order to perfect 
techniques specifi c training is necessary, preferably under 
the supervision of an experienced veterinarian. 

 The amount of blood and frequency of sampling are 
important considerations in experimental work where 
regular bleeding may be part of the research protocol. In 
some countries, quantity and frequency may be stipulated 
in regulations designed to promote welfare. Where this is 
not the case, a general rule is not, on any one occasion, to 
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 A number of species of snake and two species of lizard 
have traditionally been considered venomous. However, 
recent research (Fry  et al.   2006 ) on monitor lizards and igua-
nids indicates that other species have saliva which may 
cause tissue damage (in addition to infection) if the animal 
bites. It is important, therefore, to be aware of the identity 
of any snake or lizard that is to be kept in the laboratory. If 
in doubt, advice should be sought and full precautions put 
into place. 

 Details of techniques for keeping and handling venomous 
squamates are not included here: useful guidelines are pro-
vided by Boyer  et al.   (2003) , Boyer  (2004)  and Whitaker and 
Gold  (2006) . These animals should be managed only by 
trained personnel and a proper risk assessment carried out. 
Venomous species should be handled with appropriate 
equipment, such as tongs or a snake - hook (Locke  2008 ). In 
order to restrain venomous snakes for radiography or injec-
tion, they may be induced to enter a rigid transparent plastic 
tube (Mader  2006c ; Locke  2008 ), of a diameter equivalent to 
that of the snake. Once the snake is inside, the ends can be 
closed with bungs. For injection, tubes have small holes 
drilled at appropriate points so that a needle can be inserted. 
This technique should not be used for narrow - bodied ven-
omous species such as kraits or mambas, as these may 
succeed in turning around within the tube.  

  Risk  a ssessment 

 In any work involving laboratory reptiles it is important 
to carry out a risk assessment. There are fi ve important 
steps: 

  1.     identify the hazards (anything that may cause harm, 
such as the animals themselves, chemicals or 
electricity);  

  2.     decide who might be harmed and how;  
  3.     evaluate the risks (the chance, high or low, that some-

body could be harmed and state what precautions are 
to be taken);  

  4.     record the fi ndings and implement them;  
  5.     review the above and update as necessary.    

 More information may be found on the (UK) Health and 
Safety Executive website.  

  Other  l egal  c onsiderations 

 The importance of adhering to relevant legislation when 
keeping reptiles was emphasised earlier. In many countries 
reptiles are covered by laws that regulate the use of animals 
in research. Other statutes may also be relevant, including 
those concerning conservation of endangered species, 
welfare, dangerous wild animals and zoonoses (Cooper  et 
al.   2006 ). Where there is no legislation controlling the main-
tenance and use of terrestrial reptiles for research, it is wise 
to use and follow established codes of practice. Sometimes 
specifi c guidelines are available for example, those pro-
duced for fi eld research on reptiles in Canada (Canadian 
Council on Animal Care (CCAC)  2003 ) and the USA (ASIH/
HL/SSAR  1987 ); if this is not the case or the guidelines are 

  Anaesthesia and  a nalgesia 

 Anaesthestic methods for reptiles have advanced dramati-
cally in recent years and much has been published in both 
books and journals (Redrobe  2004 ; Mosley  2005 ). Awareness 
of the susceptibility of reptiles to painful stimuli has 
prompted studies on analgesia (Greenacre  et al.   2005 ). This 
information is of great relevance to the use of reptiles in 
research where procedures may be performed that may 
cause pain.  

  Euthanasia 

 Laboratory reptiles may need to be killed at the end of an 
experiment, or on welfare grounds because of injury, disease, 
or old age. Some nations may have local regulations regard-
ing acceptable techniques. Euthanasia of terrestrial reptiles 
presents special problems (UFAW/WSPA  1989 ; Cooper 
 2004 ), on account of the low metabolic rates of many and 
the ability of some species to tolerate hypoxia for long 
periods (Jackson  2002 ). Useful resum é s of methods of eutha-
nasia for reptiles are given by WSPA  (1994) , British 
Veterinary Zoological Society (BVZS) ( 2003 ), Baier  (2006)  
and Reilly  (2001) . 

 Decapitation and cervical dislocation are no longer stand-
ard methods, because of concerns that the animal may con-
tinue to be aware of painful stimuli for a period after the 
process. Nevertheless, in the UK, Schedule I of the Animals 
(Scientifi c Procedures) Act 1986 continues to permit the use 
of decapitation so long as it is followed immediately by 
physical destruction of the brain. Freezing is also no longer 
advocated by most authorities, again on welfare grounds. 
The exception is dropping small reptiles (of 1   cm maximum 
diameter) into liquid nitrogen (BVZS  2003 ). Other methods 
that are now considered unacceptable (BVZS  2003 ) include 
drowning, overdose of anaesthetic agents by certain routes 
and use of neuromuscular blockers. 

 The currently preferred techniques, where practicable, are 
an overdose of either an appropriate volatile agent, such as 
isofl urane, or of a barbiturate given by injection (Cooper 
 2004 ).  

  Zoonoses and  o ther  h ealth  h azards 

 Any laboratory animal can present a hazard to those who 
work with or tend it. The dangers may be infectious, physi-
cal or toxic. Pathogenic bacteria that may be transmitted 
from reptiles to humans include  Salmonella ,  Leptospira , 
 Mycobacterium  and  Cryptosporidium  (Frye  1991 ; Johnson -
 Delaney  2006 ).  Salmonella  is always considered a particular 
hazard, although it is not easy to quantify the dangers, 
partly because so many serotypes or strains may be involved 
(Burnham  et al.   1998 ). 

 Under laboratory conditions it is important to draw - up 
proper risk assessments (see next section). A useful summary 
of precautions, including reference to the BVZS Guidelines, 
was provided by Redrobe  (2002) . Handling animals using 
appropriate techniques (see Handling and restraint) will 
lessen the likelihood of physical injury. 
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to most of the species of terrestrial chelonians likely to be 
found in captivity. These are obtainable from the British 
Chelonian Group 2 . 
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Herpetology ,  Copeia  (American Society of Ichthyologists 
and Herpetologists),  Herpetological Review  (American 
Society of Ichthyologists and Herpetologists) and   Journal 
of Herpetological Medicine and Surgery  (Association of 
Amphibian and Reptilian Veterinarians (ARAV)). 

 There are numerous websites that provide advice on the 
care of reptiles in captivity. Some but not all of the informa-
tion given is sound. A useful list of reference sources for 
reptile clinicians, albeit with a strong North American slant, 
was given by Barten  (2006) . Some websites refer to legisla-
tion that affects the keeping and use of reptiles: see Cooper 
 et al.   (2006) .    
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   Biological  o verview 

  General  b iology 

 Aquatic reptiles include representatives from all the major 
orders of reptiles. Most of the truly aquatic squamates 
(snakes and lizards) are highly venomous snakes of the 
family Elapidae and are not suitable for laboratory use, so 
their maintenance will not be considered further in this 
chapter. Many other squamates are at least partially aquatic 
but their husbandry does not differ, at least in the laboratory 
context, from other more terrestrial taxa so their husbandry 
is considered elsewhere in this volume. Crocodilians and 
testudines comprise the bulk of the aquatic reptiles, but the 
former are generally unsuitable for laboratory usage, when 
adult, due to their great size and the risks they present to 
those handling and servicing them. 

 There are 22 extant species of crocodilians (crocodiles, 
alligators and caimans) found throughout the tropical, and 
in some subtropical, areas of the globe. The best current 
sources of information on crocodilian biology are the 
Crocodilian Specialist Group website 1  and its subsequent 
links; also see Trutnau and Sommerlad  (2006)  and Ross 
 (1989) . The species are all rather similar externally, and 
details of their laboratory maintenance are similarly uniform. 

 Aquatic testudines are found throughout the temperate 
and tropical marine and freshwater habitats of the world. 
Marine turtles are large and highly specialised, belonging to 
two families. They are not suitable for laboratory usage and 
are therefore not discussed further in this chapter. Further 
information on facilities and life support issues relating to 
aquatic species in general have been provided in Chapters 
 1  and  4  of Poole  (1999) . 

 Freshwater turtles (henceforth referred to as terrapins) 
comprise nine families and approximately 209 species 
(Iverson  1992 ) within two suborders (Cryptodira and 
Pleurodira) of the order, Testudines. New species are still 
occasionally described (eg, see Cann  &  Legler  1994 ; McCord 
 &  Pritchard  2002 ). Within the constraints of the basic testu-
dine body plan, terrapins show a huge range of morphologi-
cal variation, from highly adapted, strictly aquatic forms 
with  ‘ soft ’  shells, such as the Fly River turtle ( Carettochelys 
insculpta ), through to secondarily terrestrial species such as 
the eastern box turtle ( Terrapene carolina ). Some specialisa-

tions are quite bizarre, such as the worm - like tongue lure of 
the alligator snapper ( Macroclemmys temmincki ) or the leaf -
 like appendages on the neck and body of the matamata 
( Chelus fi mbriatus ).  

  Size  r ange and  l ifespan 

 Some crocodilians can grow to 7   m or more. Only the very 
smallest juveniles under 1   m in length can be maintained 
satisfactorily in the laboratory. Terrapins vary enormously 
in size. The largest species is probably the giant Asiatic soft 
shell ( Chitra indica ), which may reach up to 1.8   m in carapace 
length, and weigh perhaps 200   kg or more. By contrast, 
Reeve ’ s terrapin ( Chinemys reevesi ) reaches only 12   cm and a 
weight of 150   g. 

 Little is known of the lifespan of terrapins or crocodilians, 
but, in view of their ectothermy and relatively slow growth 
rates, it is likely that many species live up to 70 years or 
more, once an individual has achieved the critical size where 
it is relatively invulnerable to predation. Most species either 
lay one large clutch of relatively small eggs per annum or 
several smaller clutches of larger ones, but, in both cases, the 
majority of hatchlings probably die within their fi rst year of 
life, mostly as a result of predation.  

  Social  o rganisation 

 Social behaviour in most terrapins is poorly understood, but 
ranges from the apparently solitary snappers (Chelydridae) 
to the highly social sliders (Emydidae), though whether 
these animals are truly social is something of a moot point 
as they may simply be gathering at a scarce resource such 
as a suitable basking site. 

 Some species are exclusively aquatic, emerging from 
water only to lay eggs or to move between ephemeral water 
bodies. Examples of these species include softshells 
(Trionychidae): the Fly River turtle ( Carettochelys insculpta ), 
the matamata ( Chelus fi mbriatus ) and snappers, Chelydridae. 
Many more species are partially aquatic, spending a good 
deal of their time, at least during the day, basking out of the 
water on rocks, logs or stream banks. Most of the emydid 
terrapins, including the sliders and cooters ( Trachemys  spp. 
and  Pseudemys  spp.) fall into this category, along with kinos-
ternids and many chelids. A fi nal category includes those   1       http://www.fl mnh.ufl .edu/cnhc/  
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(Bagatto  &  Henry  1999 ), heat exchanges during diving 
(Glidewell  et al.   1981 ), heart rate during diving (Belkin  1964 ) 
and radionuclide uptake (Peters  &  Brisbin  1996 ; Bickham  et 
al.   1988 ; Hinton  et al.   1992 ). In addition, more broad - based 
studies have included environmental sex determination 
(Yntema  1981 ; Georges  &  McInnes  1998 ), the effects of incu-
bation temperature (Pina  et al.   2007 ), behavioural studies 
(Cloudsley - Thompson  1982 ) and the construction of heating 
and cooling curves (Spray  &  May  1972 ).  

  Laboratory  m anagement and  b reeding 

  General  h usbandry 

 The great variety of terrapin form and function means that 
for every  ‘ rule ’  given in an account of how to maintain them 
in captivity, it will be usually possible to fi nd a species or 
individual that is the exception. However, for laboratory 
purposes, a relatively limited subset of species, mostly 
emydids, are likely to be used, so it is probable that the fol-
lowing account will cover most species likely to be encoun-
tered. If in doubt, refer to the specialised literature contained 
in such journals as  Sauria ,  The Vivarium ,  Bulletin of the British 
Herpetological Society  and  Salamandra ; see also Highfi eld 
 (1996) . Recent recommendations can be found in European 
Commission  (2007) . 

  Housing 

 The geographical origin of the taxon in question will deter-
mine whether the species is kept indoors or outdoors. 
However, many species from subtropical areas, such as the 
southern USA, are perfectly capable of withstanding colder 
weather if kept outdoors further north. They can, therefore, 
be kept in small ponds, lakes or reservoirs, but extreme care 
should be taken to ensure that escape is not possible. 
Accidentally introduced terrapins can cause damage to 
native invertebrate, fi sh and amphibian faunas. When kept 
outdoors, terrapins require access only to deep, unfrozen 
water in winter, in order to hibernate satisfactorily. Some 
species, eg, box turtles ( Terrapene  spp.) may not, normally, 
hibernate in water and will need to be provided with soft 
soil or leaf litter into which they can burrow. Those species 
that do not normally hibernate will need to be maintained 
indoors during winter. 

 The pond or lake should be surrounded by a solid wall or 
fence, which will act as a partial sun - trap, thus creating a 
more suitable microclimate by allowing the terrapins to bask 
and regulate their own body temperatures. Terrapins can 
climb, to a certain extent, so wire mesh barriers should 
exceed 60   cm in height and should be sloped inwards to 
form an overhang. Approximately 30 – 50% of the enclosure 
should be land area and the water depth should shelve 
gently to allow the animals to emerge easily. The land area 
should include areas of soil, sand or peat (or a mixture) to 
a depth of 20 – 30   cm, to allow the females to lay eggs when 
the substrate temperature is high enough. 

 In most laboratories, terrapins will be maintained indoors 
and, for ease of maintenance, vivarium conditions should be 
as simple as possible without compromising animal welfare. 

species that have deserted the water and live exclusively on 
land. The American box turtles ( Terrapene  spp.) are the best 
known examples, though there are probably several Asian 
species, mostly in the genus  Cuora , that have similar life-
styles but which are very poorly known. 

 Bonin  et al.   (2006)  provides the most comprehensive 
modern review of recent testudines, and should be con-
sulted for a description and brief notes on the biology of 
particular species. Other important works include those by 
Pritchard  (1979)  and Harless and Morlock  (1979) . 

 All crocodilians are strictly aquatic, except when basking 
or nesting. Males are usually territorial and may hold 
harems in the breeding season. Juvenile crocodilians are not 
territorial and can usually be kept at high density.   

  Sources of  s upply ( c onservation  s tatus) 

 One hundred and forty species of Testudines (66% of the 
total) are currently listed as threatened with extinction 
(International Union for Conservation of Nature and Natural 
Resources (IUCN)  2007 ) and many are very poorly known 
biologically. However, some species are amongst the best 
known and most familiar of all reptiles, for example, the 
red - eared slider ( Trachemys scripta elegans ). 

 Relations between humans and testudines have been pre-
dominantly disastrous for the reptiles. The decline in turtle 
and terrapin populations over the last two decades has been 
shocking, mirroring the decline and extinction of many tor-
toise species a century before. Many species are threatened 
by direct consumption for food or medicinal purposes, or 
the taking of eggs, for example, the giant arrau ( Podocnemis 
expansa ) in South America or tuntong ( Batagur baska ) in Asia. 
More insidious threats to terrapins are habitat destruction, 
pollution, the diversion of rivers and lakes and incidental 
by catch by fi sheries. Many species have naturally small 
ranges (such as the western swamp terrapin, ( Pseudemydura 
umbrina ) in Australia) and are vulnerable to even minor 
habitat alteration, because of their narrow ecological niches. 

 For laboratory purposes, the most commonly used species 
is the red - eared slider, which is bred commercially in the 
United States for sale to the pet trade. Juvenile specimens 
are still available from pet stores but not as widely as was 
once the case. Occasionally, juvenile softshells (Trionychidae) 
turn up in shipments of tropical fi sh, but most species of 
terrapin are not available commercially. 

 Ten of the 23 species of crocodilian are listed as threatened 
(IUCN  2007 ) but a number of species, for example, the 
American alligator ( Alligator mississippiensis ) are now farmed 
for their hides or meat, and are readily available 
commercially.  

  Uses in the  l aboratory 

 Because of their relatively expensive (though not complex) 
requirements in captivity, and the lack of biological informa-
tion available, terrapins and crocodilians are not widely 
used experimentally. Studies that have been undertaken 
include those on heart rate (Bethea  1972 ), gut passage time 
(Parmenter  1981 ), respiratory rate (Jackson  1971 ), gas uptake 
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     Figure 47.1     Vivaria for rearing juvenile terrapins. The 
construction is wood covered with fi breglass. Note 
multiple hiding places and moveable spotlights.  

(a)

(b)

(c)

(d)

     Figure 47.2     Cross - section of suggested enclosure for terrapins: 
(a) heat lamp; (b) ramp; (c) water level; (d) drainage valve.  

Vivaria can be constructed of glass, metal, plastic or fi bre-
glass, the main consideration being that the surface should 
be smooth, easily sterilised and waterproof. They should be 
of an appropriate size, a  ‘ rule of thumb ’  being that the water 
area should be at least three times as long, in all dimensions, 
as the largest inhabitant, and should be suffi cient to hold all 
the vivarium occupants in the water at the same time, with 
space for them to move freely. Likewise, the land area 
should be large enough for all the vivarium occupants to be 
out of the water at the same time (Figure  47.1 ).   

 Water depth should not be uniform but should enable the 
terrapins to immerse themselves completely, and most 
species will make use of water depths that allow them to 
swim freely. Juveniles especially need some access to deep 
water in order to learn to regulate their buoyancy properly. 
Many species are most comfortable lying on the fl oor of the 
vivarium, with their necks extended to the water surface 
and their eyes protruding out of the water. Comfort and 
security are also enhanced if the substrate at the bottom of 
the tank is dark in colour enhancing crypsis. 

 Land   :   water ratios in vivaria are usually in the region of 
30   :   70. The terrapins should be provided with metal or 
wooden rungs to assist emergence from the water onto the 
land (Figure  47.2 ). In the wild, many terrapins prefer to 
emerge on to rocks or branches completely surrounded by 
water in order to facilitate escape from predators.   

 Maintenance of juvenile crocodilians is very similar to 
that of terrapins, although allowance must be made for the 
extra size of the animals and the consequent need to main-
tain only like - sized animals together. Crocodilians are also 
agile climbers so vivaria should have a suitable lid.  

  Environmental  p rovisions 

 Most crocodilians and terrapins require a background tem-
perature in the region of 22 – 27    ° C during the day. At this 
temperature, they will be active and some feeding will 
occur. They should also be given access to a basking source 
positioned over the land area of their vivarium. Traditionally 
an infrared bulb of an appropriate wattage has been used, 
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occur when animals of the same sex are housed together 
during the breeding season. 

 Hatchling crocodilians can be maintained in small vivaria 
in groups but, with adequate feeding, growth occurs rapidly, 
and it will become necessary to  ‘ thin ’  the group in all but 
the largest vivaria. Crocodile farms maintain high stocking 
densities (up to 4000 crocodilians in an enclosure measuring 
18   m    ×    90   m metres (Ross  et al.   1989 ).  

  Identifi cation and  s exing 

 Terrapins are quite easy to identify individually. Many of 
them have variable markings on their plastral scutes, which 
can be photographed or even photocopied to provide a 
semi - permanent record. These markings change with age so 
regular updating of the photograph or photocopy may be 
required. Temporary numbering can be applied to the cara-
pace using non - toxic paint, marker pens, nail varnish or 
even typing correction fl uid. 

 More permanent marking can be achieved using notches 
fi led into the marginal scutes of the carapace. Care needs to 
be taken not to fi le too deeply and thereby damage the 
underlying bony plate. A typical scute code is shown in 
Figure  47.3  (Swingland  1978 ; Honegger  1979 ; Plummer 
 1979 ). Microchip transponders can also be used and the 
usual place of insertion in both crocodilians and testudines 
is subcutaneously in the left inguinal region at the base of 
the hindlimb. Crocodilians are usually identifi able visually 
but can be marked with notches in tail scutes or with a small 
tag placed in the webbing between the toes.   

 Distinguishing between the sexes of most species of ter-
rapins is normally fairly straightforward. In many species, 
there is a sexual dimorphism in size  –  females usually, 
though not exclusively, being larger. In males, the tail is 
often longer than in the female, sometimes up to twice the 
length. The tails also differ in shape, being tapered and long 

but bulbs that also emit high levels of ultraviolet - b (UV - b) 
radiation as well as heat are preferred. This should provide 
a temperature of approximately 35    ° C at its warmest point. 
The temperature gradient thus created will allow the animals 
to maintain their own preferred body temperatures and will 
improve feeding rates. For those species that do not nor-
mally emerge from water to bask, such as softshells 
(Trionychidae), the water should be heated to about 26    ° C. 
This can be done using thermostatically controlled aquar-
ium heaters that are well protected from the animals. 

 Many temperate species hibernate during the winter but 
this does not appear to be obligatory for normal physiologi-
cal functions in many of those species. Where hibernation is 
allowed or desired, it should be done at a temperature of 
about 5    ° C, either under water or in damp leaf litter. Some 
species are capable of surviving lower temperatures, even 
below freezing (Storey  et al.   1993 ) but this is neither normal 
nor recommended. Temperature fl uctuations and desicca-
tion should be avoided. 

 As with most diurnal animals, crocodilians and terrapins 
are affected by both the quantity (photoperiod and inten-
sity) and quality (wavelength) of light. Natural daylight is 
the preferred source of light, though if this is fi ltered through 
glass, a source of UV light should also be provided (see 
section on disease). If UV tubes are used they need to be 
suspended 15 – 20   cm above the land area of the vivarium 
(see also Chapter  46 ), which is impractical for crocodilians 
hence the preference for high UV - b emitting bulbs described 
earlier; in any case, these produce higher levels of UV - b with 
consequent benefi t for the animals ’  vitamin D3 metabolism. 
A wide variety of UV light sources is available (Gehrmann 
 1987 ; Baines  et al.   2005 ). Photoperiod and temperature are 
the major cues for the initiation of reproduction in temper-
ate - region species, but both they and tropical species can be 
kept perfectly well using 12   :   12   h day   :   night ratio. If repro-
duction is desired, some fl uctuation in photoperiod may be 
required. 

 Over the last decade, captive animal husbandry has made 
great strides in the provision of enriched environments for 
mammals and birds. Less work has been carried out on 
reptiles and there is a perception that they are more limited 
behaviourally and therefore less  ‘ in need ’  of enrichment. 
This is unlikely to be completely true as many reptiles have 
been shown to have complex behavioural repertoires. 
Nevertheless, given that many reptiles, including terrapins 
and crocodilians, are solitary,  ‘ sit and wait ’  predators it is 
unlikely that elaborate enrichment devices are either neces-
sary or effective. If the physical environment is hygienic and 
complex (in terms of hiding and basking places), the correct 
social groupings are applied and the diet is diverse and 
behaviourally stimulating it is unlikely that any further 
enrichment is required.  

  Social  g rouping 

 Most terrapins are aggressive to conspecifi cs to some degree. 
In softshell and snapping turtles, the level of aggression is 
usually such that maintenance of more than one animal per 
vivarium becomes problematic. Most emydids, kinosternids 
and chelids are more amenable and can be kept in groups. 
However, where adult animals are concerned, fi ghting may 
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     Figure 47.3     Diagram of chelonian carapace, showing 
suggested method of marking for identifi cation. Right - hand 
marginal scutes are numbered 1 – 9 (units). Left - hand 
marginal scutes are numbered 10 – 90 (tens). This example 
shows notching at (a) and (b), indicating no. 34.  



Aquatic reptiles 735

salmonellosis in humans have purportedly been traced back 
to terrapins kept as pets (Arvy  1998 ). Therefore, normal 
hygiene precautions should be performed after handling. 
The use of gloves, when cleaning out, is possibly advanta-
geous in this regard. 

 When reptiles are fed correctly and kept in a low - stress 
environment, medical problems are rare; most problems are 
ultimately related to poor environment, diet or stress.  

  Transport 

 Sympathetic and sensitive methods of transportation should 
be used. Most species of terrapin, and all crocodilians, can 
be transported in strong, ventilated, wooden boxes with a 
suitable lining of moisture - retaining material such as hay, 
moss or foam padding for insulation and to cushion against 
shocks. There is a suggestion in the literature (International 
Air Transport Association (IATA)  2007 ) that those species, 
such as softshells, that risk desiccation when out of water 
for long periods, can be transported the same way, but with 
a thin layer of petroleum jelly applied to the shell, if the 
journey is not longer than 4 – 6   h, but this technique does not 
appear to be widely used. For longer journeys, some sort of 
supplemental watering may be required. Small softshells 
can be transported in plastic bags in the same way as tropi-
cal fi sh. Care should be taken to ensure that tropical species 
are not subjected to temperatures below 10    ° C. This may 
preclude shipment at certain times of the year. Care should 
also be taken to ensure that crates are not left in direct sun-
shine or exposed to temperatures over 30    ° C for long periods. 
A suitable design for a crate for air freight can be found in 
the IATA Live Animal Regulations  (2007) .  

  Breeding 

 Reproduction in crocodilians is diverse and fascinating, 
involving complex social behaviours, environmental sex 
determination and parental care. However, as it is not part 
of laboratory maintenance, it will not be discussed here. 

 Some species of terrapin breed readily in captivity; 
others have never been bred. It is unwise to extrapolate 
directly between species, and what works for one species 
may not work for another. Nevertheless, some general 
trends are apparent. Like most reptiles, the timing of repro-
duction is controlled by a combination of temperature, pho-
toperiod and humidity, the details of which depend on the 
local environment to which each species, or population, is 
adapted. 

  Mating  s ystems 

 Some species exhibit quite elaborate courtship behaviour 
(eg, the red - eared slider,  Trachemys scripta elegans ) before 
mating (Gibbons  1990 ) but, in others, brute force appears to 
be used to subdue the female. Biting and butting, or 
ramming, are the primary means by which this is achieved. 
Vivaria in which breeding terrapins are held should be large 
enough to allow full expression of this behaviour (proper 
courtship in  T. scripta , for example, cannot occur if the water 

in the male and short and somewhat triangular in the female. 
However, without some experience and lacking animals for 
comparative purposes, this technique can be confusing. In 
box terrapins, it can be impossible if the individuals con-
cerned shut the posterior plastral hinge! In some species, 
there is minor variation in the degree of concavity of the 
plastron, eg,  Terrapene coahuila  (personal observation), but 
this is rarely as pronounced as it is in some tortoise species. 
Finally, some species show other sexually dimorphic traits, 
such as the presence of long nails on the forelimbs in male 
 Trachemys scripta  (Gibbons  &  Lovich  1990 ) which are used 
in courtship, or differences in colour between the sexes, as 
in  Batagur baska  (Pritchard  1979 ). 

 Sexing crocodilians is very diffi cult with animals of less 
than 1   m in length. For older animals, physical examination 
of the cloaca (using a fi nger) to detect the male ’ s penis, is an 
accurate technique but requires training and experience.  

  Physical  e nvironment and  h ygiene 

 The water area should include some furnishings, such as 
pipes, slates on bricks and half fl ower pots, under which the 
animals can hide. The vivarium should either have a drain 
or be of easy access with a siphon. The main constraint on 
good management of terrapins in particular is water hygiene. 
They are messy feeders and the vivarium may need cleaning 
after every feed. This can rapidly become an onerous and 
time - consuming task if the keeping system is poorly 
designed. Generally, the fl oor of the vivarium should be 
kept free of substrate but, for some softshells, the provision 
of fi ne gravel allows them to bury themselves, which is more 
natural behaviour. The presence of gravel affects the ease of 
cleaning and, in those circumstances, consideration should 
be given to providing permanent, aquarium - type fi ltration. 
For details of appropriate fi ltration, see Poole  (1999)  and 
specialist aquarium publications. 

 When permanent fi ltration systems are not being used 
water changes should occur as often as necessary to main-
tain hygiene. The vivarium will need to be stripped down 
completely at regular intervals. It should be scrubbed with 
a proprietary cleanser such as F10 (Health and Hygiene Pty, 
South Africa) to kill any pathogens and to remove algal 
build - up. The disinfectant should be removed by thorough 
rinsing. Very frequent water changes may result in cooler 
water temperatures than are desirable for some species, if 
the water input is directly from the mains supply without 
some sort of pre - warming, which is why fi ltration systems 
are preferable. It should also be noted that mains water can 
be variable in quality.   

  Health  m onitoring 

 It is highly likely that newly acquired terrapins and crocodil-
ians will be carrying parasites and potentially harmful bac-
teria in their guts, so they should be subjected to the usual 
faecal bacteriology and parasitology screening before being 
mixed with animals already on site. Wild - caught animals, 
in particular, should also be screened for external parasites 
such as ticks, which can be removed manually. Many rep-
tiles carry  Salmonella  spp. asymptomatically and cases of 
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example,  Terrapene coahuila  takes a mean of 46.3 days (Cerda 
 &  Waugh  1992 ) at 29 – 31.5    ° C.  

  Early  d evelopment 

 After pipping, the infant should be left in the incubation 
chamber until the yolk sac has been completely absorbed. 
This may take 1 – 3 days, during which time the hatchling 
will bury into the substrate and be invisible. Once the yolk 
sac has been absorbed, the infant can be transferred to a 
rearing vivarium. This should be similar to the adults ’  vivar-
ium, but with smaller water depths suffi cient to allow the 
infant to right itself, should it fall on its back, but not too 
deep that it may risk drowning, and there should be ample 
provision of hiding places. 

 Management of juvenile terrapins is similar to that of 
adults. Similar diets are used for both, though foodstuffs 
must be more fi nely chopped. Weight and length should be 
monitored at regular intervals, at least monthly, and any 
specimens that are lagging behind the rest should be iso-
lated and given individual attention. It is inadvisable to 
leave juveniles in the same vivarium as adults, as predation 
may occur.   

  Feeding 

  Natural and  l aboratory  d iets 

 Correct nutritional regimes for terrapins are still a matter of 
some controversy. Little experimental work has been carried 
out on the topic, and much of the literature is based on 
hearsay and/or personal experience, rather than scientifi c 
investigation (but see Stancel  et al.   1998 ; McRoberts  &  
Hopkins  1998 ). 

 The majority of terrapins are predatory animals to some 
degree. Some species are specialised, such as the big - headed 
terrapin ( Platysternon megacephalum ) and have not fared par-
ticularly well in captivity, while others, such as sliders 
( Trachemys  spp.), have an extremely catholic diet. Some 
exhibit a form of ontogenetic dietary shift, usually becoming 
more herbivorous with age (Clark  &  Gibbons  1969 ). For the 
majority of species, there is little information on diet in the 
wild. 

 Box  47.1  lists dietary items that have been used to feed 
terrapins. The list is not exhaustive; there are certainly others 
that have been used subject to local availability. Wild ter-
rapins will feed on almost any animal (alive or dead) that 
they can overpower, often attacking in groups and develop-
ing a feeding frenzy. This is one advantage of keeping ter-
rapins in groups, as this behaviour often stimulates reluctant 
feeders. Terrapins are unsophisticated predators, biting 
hard and then ripping prey with the forelimbs. This is one 
reason why they are messy feeders. Another is due to the 
rapid disintegration of food items that are not patent, for 
example, some gelatine - based mixtures, proprietary dog 
foods, etc.   

 The author ’ s particular preference is to use whole animal 
carcases, usually rodents, fi sh and chicks. The former 
are available in a large range of sizes, from tiny pinkies to 
large, adult rats, and provide bone and roughage though 

is too shallow) and should allow the female to be able to 
gain respite from the attentions of the male. Sex ratios of 
parity, or slightly female - biased, should be used. If too many 
males are present, they may spend too much time fi ghting 
between themselves or harass the female to the point where 
they cause her physical harm. However, apparently brutal 
behaviour leading to obvious injuries appears to be normal 
in many species, and the females recover.  

  Nesting 

 Terrapins may be quite secretive when nesting. Oviposition 
may occur at night in many species and is usually com-
pleted, at least in small ( < 1   kg) species, within 1   h. It is 
often preceded by much restless pacing by the female, 
apparently looking for a suitable site. She will often choose 
the warmest part of an enclosure, perhaps directly under a 
spotlight, but will often dig trial holes and then not lay. 
Eggs scattered on the surface of the vivarium or laid in the 
water are usually an indication that the nesting facilities 
provided are inadequate in some way. It is rarely apparent 
exactly how the nesting area is defi cient! A nesting area of 
damp sand, peat, or a mixture of the two, with a depth of 
up to 30   cm, and a substrate temperature of 25    ° C or more 
should be provided. Excavation occurs with the hind feet in 
most species, an exception being the highly endangered 
Australian chelid,  Pseudemydura umbrina , which uses its 
forelimbs. 

 In emydids, oviposition usually occurs about 60 days after 
mating, but the pattern is less clear in other families. Clutch 
sizes vary from a single, large egg in many chelids and 
pelomedusids, to more than 100 in  Podocnemis expansa . There 
is a positive correlation between body size and clutch size. 
Eggs may be spherical or almost cylindrical in shape, and 
are normally brittle - shelled. 

 In situations where terrapins are maintained outdoors, 
careful searching may be necessary to fi nd all nests. 
Eggs should be removed from the nesting area as soon as 
possible after laying. They should be set in a moistened 
medium, such as peat or vermiculite, with about two thirds 
of the egg buried. If peat is used, the medium should be 
moist, but not wet, to the touch. Conventional wisdom has 
it that the eggs should not be turned or rotated, as this may 
damage the embryo, but this may be unnecessary (Gad 
 1988 ). The eggs should be incubated at a temperature 
between 28 and 32    ° C. In some species, the sex of the hatch-
ling is determined by the temperature at which the egg is 
incubated (Yntema  &  Mrosovsky  1979 ; Vogt  &  Bull  1982 ): 
30    ° C produces both males and females, but, at higher tem-
peratures, predominantly females are produced, while more 
males occur at lower temperatures. There is speculation that 
laying females may deliberately select nest sites at a particu-
lar temperature, in order to produce either males or females. 
However, other species, eg,  Elusor macrurus , do not show 
temperature - dependent sex determination (Georges  &  
McInnes  1998 ). 

 Emydid eggs usually take 60 – 90 days to hatch, depending 
upon the incubation temperature and possibly other factors, 
as yet unknown. Eggs laid by species from other families 
may take longer, possibly including a period of embryonic 
diapause. Some take signifi cantly shorter periods; for 
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where it is technically legal it is a dubious practice 
ethically.    

  Laboratory  p rocedures 

  Handling 

 It is advisable to be cautious when handling terrapins. Some 
are completely docile, withdrawing into their shell until 
handling ceases. Others are highly irritable, administering 
painful bites frequently and rapidly, whilst struggling vig-
orously. In general, the handler should always be aware of 
the orientation of the animal and the head should always be 
pointed away from the handler. Some pleurodires have 
enormously long necks and are capable of reaching almost 
round to their rear feet, eg,  Chelodina oblonga , so care must 
be taken to keep fi ngers well out of the way. 

 Small cryptodire terrapins can be safely picked up by 
holding the sides of the carapace from above, the legs and 
neck being too short to reach the fi ngers. Larger specimens 
need to be held from behind to avoid the head and fore-
limbs. However, it should be borne in mind that the hind-
limbs are also powerful and can cause loss of grip, as well 
as scratching the handler. With softshells, the problem is 
exacerbated because of the slippery carapace, in which case, 
a damp cloth may be useful. Some terrapins are too heavy 
and aggressive to be handled by a single person. Terrapins 
should never be held far above a substrate as they do wriggle 
or bite without warning, and there is a risk of their being 
dropped and injured. As a general rule handling should be 
kept to a minimum and the animals should not be unneces-
sarily inverted as this is stressful. 

 Handling crocodilians is not to be undertaken lightly. 
Even hatchlings can give painful bites, and animals over 1   m 
in length should always be regarded as dangerous. Small 
(less than 0.5   m) specimens can be seized from behind (never 
laterally), grasping the back of the head and then using the 
other hand to hold the pelvis at the base of the tail. Once 
held the mouth should be taped shut to remove the bite risk. 
For details of how to capture larger specimens, see Wise 
 (1994) .  

  Physiological  m onitoring 

 Chelonians and crocodilians are ectotherms, so relatively 
little information about the physiological status of the 
animal can be gained from monitoring the body tempera-
ture. Critical thermal maxima for most species occur in the 
region of 34 – 38    ° C. Information about body temperatures is 
obtained by insertion of a thermal probe into the cloaca, but 
this is not safely possible in hatchling or small juvenile 
specimens. 

 Obtaining blood samples is relatively straightforward. 
Most crocodilians and chelonians have venous sinuses in the 
post - occipital region, from which blood can be obtained 
using an appropriately sized needle (Bennett  1986 ). The 
jugular vein is another potential site if the terrapin can be 
induced to protrude its neck from the shell, and the caudal 
vein can be productive in larger specimens. In very small 

they are often high in both fat and protein so should not be 
relied upon exclusively. Most terrapins will also avidly 
pursue live insects, which can also be used to stimulate 
reluctant feeders. A most important aspect of feeding is to 
provide variety, as this has great behavioural and nutri-
tional benefi t. 

 Some keepers place vitamin or mineral supplements on 
food before feeding but, as most terrapins can, or will, feed 
only in water, the benefi ts of this practice are dubious. A 
varied diet of whole animals will provide the majority of the 
vitamin and mineral needs for most species of terrapin. As 
with most reptiles, calcium metabolism is of critical impor-
tance to health, and an extra calcium supplement to most 
terrapins is diced or fl aked cuttlebone, placed in water. 

 For those species that are herbivorous a diet of green 
vegetables, with high calcium content, such as dandelions, 
chicory, endive, pak choi and watercress, should be offered 
with the occasional  ‘ treat ’  fruit such as mango, apple, pear 
etc. 

 Crocodilians are exclusively carnivorous. Most species 
that are suitable for laboratory use will feed very well on 
laboratory rodents, day - old chicks, or whole freshwater fi sh 
and all their nutritional needs will be catered for. Dietary 
 ‘ treats ’ , such as live insects, can be offered occasionally, for 
behavioural enrichment. Feeding of live vertebrates, such as 
fi sh or frogs, although it may have some benefi ts, is not 
essential and is illegal in some areas of the world. Even 

  Box 47.1    Foodstuffs used to feed terrapins 

     Lean meat (diced); chopped liver:  
 Useful as  ‘ treats ’  but poor Ca   :   P ratio precludes regular 

use. Patency is improved by cooking. Liver is particu-
larly messy 

  Rodents, chicks (whole or chopped):  
 Excellent, palatable food. Good Ca   :   P ratio. Fairly patent; 

chicks can be messy if the internal yolk sac is large 
  Insects (giant mealworms, mealworms, crickets, locusts, 

waxmoth larvae):  
 Good  ‘ treat ’  value, especially when fed live. Poor Ca   :   P 

ratio but good roughage content 
  Molluscs and crustaceans (prawns, crab meat, snails, 

mussels):  
 Fairly palatable; poor Ca   :   P ratio unless the shells are 

included; useful  ‘ treats ’ . Expensive 
  Other animal foodstuffs (dry dog food, earthworms, 

tinned fi sh):  
 Fairly palatable; poor patency (fi sh) or low Ca   :   P ratio 

(worms) preclude frequent use 
  Plants (lettuce, grated vegetables, water plants):  
 Good Ca   :   P ratios; fairly palatable; good roughage. Can 

be offered  ad libitum  
  Other foodstuffs mentioned in the literature but not 

used by the author:  
 Herrings, sprats, hard - boiled egg, trout pellets, tinned 

cat and dog food, cockles, lobster meat, squid, 
tubifex, mosquito larvae, mackerel, commercial terra-
pin diet  
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levels of heat and UV light are not suffi cient to treat the 
condition then veterinary assistance will be required. 
Improvements in the quality of available diets have meant 
that terrapin diseases that caused diffi culties in the past are 
no longer such a problem. 

 Vitamin A defi ciency (hypovitaminosis A) is probably the 
most common illness observed in terrapins. It is often found 
in juveniles after the age of about 6 months. The most 
obvious manifestation is a swelling of the tissues around the 
eyes and the airways. 

 Hyperkeratinosis is also sometimes visible. It is a result of 
inadequate diet, usually the persistent feeding of red meat. 
It is fairly easily treated, using multivitamin drops admin-
istered orally, and by the addition of supplemental items to 
the diet, such as earthworms, fi sh and fresh aquatic vegeta-
tion. In the past, some veterinarians have over - reacted to 
this condition and initiated regular injections of vitamin A 
as a prophylactic. This should not be necessary if the diet is 
adequate. 

 Vitamin B defi ciency occurs due to the destructive activity 
of the enzyme thiaminase, which occurs in frozen fi sh and 
molluscs. Chronic nervous system abnormalities can occur, 
such as nervous tremors, postural abnormalities and blind-
ness. They are easily treated with an injection of thiamin 
hydrochloride. 

 Metabolic bone disorders caused by imbalances in the 
calcium content of the diet are very common and can lead 
to spectacular shell deformities, which are untreatable 
(Stancel  et al.   1998 ). The imbalances in the calcium content 
may be a function of poor calcium levels in the diet but can 
also be caused by a poor calcium   :   phosphorus ratio. The 
feeding of large quantities of red meat or insects is a typical 
cause. Correct calcium   :   phosphorus ratios are in the range 
of 1   :   1 to 2   :   1. Whole neonate mice are a good source of 
dietary calcium (Barten  1988 ). Even if adequate calcium   :   phos-
phorus ratios are present in the diet, it is possible that meta-
bolic bone disease may still occur, as vitamin D 3  is required 
by reptiles in order to metabolise calcium. They can manu-
facture vitamin D 3  endogenously if given suffi cient expo-
sure to a source of UV radiation at about 290 – 310   nm 
wavelength. Natural sunlight has this in abundance, but 
terrapins maintained indoors will require an artifi cial source. 

 As a rule, most terrapins are tough, adaptable creatures 
that cope well with captive management conditions. Those 
species that are exceptions should not be considered for 
laboratory use.  

  Reproductive  p roblems 

 The most common reproductive complication is egg reten-
tion (dystocia). The cause of this is often behavioural, 
perhaps an inability to fi nd or identify a suitable nesting site. 
Signs include lethargy, reluctance to walk and unsteadiness 
on the hindlimbs. It is diffi cult to identify, as it can only be 
confi rmed by X - ray, and can be life - threatening. If 
warm water enemas and lubrication fail to work, the alter-
natives are injection with oxytocin (2 – 10   mg/kg) (Hoggard 
 2000 ), following a course of calcium borogluconate injec-
tions (10   mg/kg) (Highfi eld  1996 ) or surgical removal (Frye 
 1991 ).        

chelonians, direct cardiopuncture, via a plastral suture, may 
be the only practical way of obtaining blood (Frye  1991 ) 
though this is not without risk to the animal so should only 
be used as a last resort. 

 Urine may be ejected spontaneously on handling, but oth-
erwise may be obtained by placing the terrapin in a dry, 
plastic tank, and waiting.  

  Administration of  m edicines and  e uthanasia 

 Most bacteria that are pathogenic to reptiles are gram - neg-
atives such as  Pseudomonas  sp. or  Aeromonas  sp. These are 
usually secondary infections to some other illness or injury 
and can be treated using antibiotics, but care must be taken 
to ensure that supportive therapy, such as rehydration and 
adequate ambient temperatures (30 – 32    ° C), are also in place. 
Comparatively few antibiotics have been tested in reptiles 
and some are known to have nephrotoxic effects. Therefore, 
injection sites should always be in the anterior part of the 
body, intramuscularly or subcutaneously in the forelimbs. 
The venous sinuses behind the cranium are also potential 
sites. Dose rates of 2.5 – 10   mg/kg for gentamicin are given 
in Frye  (1991) , which also contains a very full discussion of 
antibiotic therapy in general. 

 Terrapins and crocodilians can be anaesthetised using 
standard, injectable anaesthetic drugs such as ketamine 
hydrochloride, propofol or saffan. Volant, inhalant drugs 
such as isofl urane cannot safely be used to induce anaesthe-
sia but can maintain it provided that this is supported by 
suitable ventilation. This should only be done under veteri-
nary supervision. Hypothermia should not be used for 
anaesthetic purposes as there is no evidence that this reduces 
the animal ’ s sensitivity to pain, merely its ability to move 
away from it. 

 Terrapins and crocodilians are tough animals that can be 
diffi cult to kill in the laboratory context. Insertion into a 
freezing environment, or the use of volant anaesthetics such 
as chloroform have been used in the past, but these are now 
regarded as either ineffective or potentially painful. The 
only method of euthanasia now considered acceptable is 
injection with an overdose of an anaesthetic agent such as 
pentobarbital followed by pithing to ensure destruction of 
the brain (Baier  2006 ).   

  Common  w elfare  p roblems 

  Disease 

 General veterinary medicine for reptiles is discussed in 
Mader  (2006)  and much detailed information on testudines 
is in McArthur  et al.   (2004) . The main constraint on terrapin 
welfare is adequate water hygiene, as discussed previously. 
Most other problems are related to inadequate nutrition, 
lighting or physical environment. For example, necrotic der-
matitis ( ‘ shell rot ’ ) can occur and is often traceable to some 
sort of inadequate husbandry. It is usually treatable with an 
appropriate antibiotic. Respiratory diseases, potentially 
leading to pneumonia, are not uncommon, particularly in 
terrapins, and can be diffi cult to treat. If access to adequate 
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  Biological  o verview 

 Amphibians occupy a curious place in the perceptions of 
many biologists. They are often regarded as a  ‘ minor group ’ , 
intermediate between fi sh that are successful in water and 
the reptiles, birds and mammals that overcame the con-
straints of life on land; they are considered to represent a 
tentative experiment in the conquest of land, condemned to 
an unsatisfactory dependence on damp conditions for sur-
vival. In fact, amphibians are highly successful in particular 
environments with approximately the same number of 
species as mammals. Many of the specialisations assumed 
characteristic of higher tetrapod vertebrates are found to be 
well developed in amphibians (Tinsley  1995 ). Thus, the 
immune system has been shown, in an intensively studied 
anuran such as  Xenopus laevis , to have virtually all the com-
ponents found in mammals. Other adaptations of amphib-
ians are unique amongst tetrapod vertebrates. 

 Amphibians are abundant locally, especially in the tropics 
but also elsewhere. A visitor from another planet arriving 
in the Sonoran desert of North America on the fi rst night of 
the summer rains could be misled into concluding that 
anurans are the dominant form of vertebrate life in areas 
that, by day, seem largely uninhabited. On nights when 
spawning occurs there may be hundreds of toads of half a 
dozen different species in newly formed ephemeral ponds 
only a few metres in diameter. Indeed, it is during periods 
of breeding  –  in water  –  that the abundance of amphibians 
resident in the surrounding area becomes apparent. 

 Amphibians are exceptional amongst vertebrates in using 
the skin as a respiratory surface (in addition, in most species, 
to the lungs and buccal cavity). This has profound implica-
tions for many aspects of biology. The skin is a delicate layer 
that, typically, is kept moist for respiration by extensive 
mucus secretion; it is highly permeable and well supplied 
with blood vessels. Amphibians are able to absorb water 
rapidly through the skin. The kidneys cannot concentrate 
urine to conserve water. Nitrogenous wastes are eliminated 
primarily as urea (or ammonia in some amphibians) in very 
dilute urine. Together, these features prevent measures to 
restrict water loss. Most amphibians lose water by continu-
ous evaporation from the skin and this confi nes them to 
relatively moist environments. The urinary bladder serves 
as an important water store: this water can be resorbed into 
the body during dehydration (a process impossible in higher 
tetrapods). 

 Amphibians are ectothermic, with body temperature 
dependent on the external environment, but they can regu-
late temperature both behaviourally and by evaporative 
cooling. At very low temperatures, amphibians enter a state 
of torpor: they seek refuges, their metabolic rate slows, and 
all physiological requirements are reduced. For small 
animals in a cool temperate climate, ectothermy may be a 
distinct advantage: metabolic needs correspond with food 
availability. In winter, hibernating amphibians do not need 
to eat until favourable conditions (and prey) return. By con-
trast, many small mammals need to eat more when cold to 
maintain constant body temperature even when food is 
scarce. 

 All amphibians are carnivorous as juveniles and adults but 
the larval (tadpole) stage has a wide range of food types 
including vegetation, microscopic particles and aquatic prey. 
The diet of post - metamorphic amphibians is primarily com-
posed of small invertebrates but may include young of the 
same or other amphibian species. With few exceptions, prey 
capture occurs on land involving terrestrial and aerial 
targets. Vision is the predominant sense for most species. It 
is used to detect prey, with movement triggering a feeding 
response. Prey size appears to be the main determinant of 
food intake  –  usually anything that can be taken into the 
mouth and swallowed. There is typically no overlap in food 
types (and hence competition) between the tadpole (in water) 
and the metamorphosed juveniles and adults (on land). 

 There is much variation in the abilities of amphibians to 
tolerate dry conditions but almost all return to water to 
breed. Amphibians (especially anurans) have entirely differ-
ent juvenile and adult forms. The tadpole is essentially fi sh -
 like, and transforms into a tetrapod juvenile that is usually 
adapted for life on land. This process of metamorphosis is 
unique amongst vertebrates: the juvenile stage is redesigned 
and reconstructed out of the components that made up the 
larva. 

 Amphibians evolved from fi sh ancestors in the late 
Devonian period. The radiation that followed in the 
Carboniferous, Permian and Triassic led to an abundance of 
species and a worldwide distribution. However, all these 
lines became extinct and fossils of present - day amphibians, 
the Lissamphibia, appear fi rst in the Triassic but then diver-
sify in the Jurassic. Curiously, there is no overlap in the fossil 
record between the extinct groups that represent  ‘ The Age 
of the Amphibians ’  and the ancestors of modern extant taxa. 
Timescales are impressive: the fi rst amphibians evolved 
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  Factors  a ffecting the  u se of  a mphibians in 
the  l aboratory 

 In contrast to many  ‘ lab animals ’ , amphibians are often 
caught in the wild as adults before maintenance in the labo-
ratory; these animals are accustomed to natural environ-
mental conditions and have specifi c behaviours, especially 
predator avoidance, that infl uence their responses to labora-
tory regimens. 

 Amphibians are typically secretive animals, generally dis-
persed and more - or - less solitary in natural habitats and 
often encountered in large numbers only when breeding. 
Most species are nocturnal and their activity is strongly 
infl uenced by temperature and moisture availability. Not 
surprisingly, transfer to laboratory conditions may result in 
signifi cant stress. 

 Many factors affecting the welfare of wild animals brought 
into the laboratory relate to their state and experience in the 
wild prior to capture. Season of the year is particularly 
important with respect to the physiology of amphibians 
beginning laboratory maintenance. In temperate regions, 
amphibians (especially frogs, species of  Rana ) caught during 
reproduction in spring may not have fed signifi cantly for 
many months (since before hibernation). Typically, these 
animals have survived on stored fat reserves designed to 
meet reduced metabolic needs during hibernation at low 
temperatures. Following this, reserves may be near to 
exhaustion. In the wild, feeding may be relatively intensive 
post - breeding as temperatures rise in late spring/summer. 
Prey intake serves to restore physiological condition, includ-
ing lipid reserves, and to prepare the gonads (in late 
summer/autumn) for the following year ’ s reproduction. 
Laboratory maintenance that does not allow for this energy 
intake and increased metabolism may leave amphibians in 
a progressively weakening condition, ultimately so that they 
are unfi t to be used in research. Thus, following collection 
in spring, frogs may be kept alive for several months at low 
temperatures with little or no food intake, but their stamina 
may be limited, especially if brought to higher temperatures 
for laboratory investigations. 

 Seasonal conditions in the natural habitat may strongly 
infl uence  ‘ fi tness for purpose ’  of wild - caught amphibians 
used for egg production ( Xenopus , for instance). Thus,  X. 
laevis  at the Cape, South Africa (the origin of most laboratory 
supplies) breeds from early spring to mid/late summer, 
typically September to February. Females may spawn up to 
three times during this period, so a proportion of adults 
brought into laboratories worldwide for oocyte  ‘ harvesting ’  
may have gravid ovaries fully prepared for ovulation whilst 
others may have depleted ovaries following recent natural 
spawning. These animals may be accustomed to natural 
water temperatures close to those typically experienced in 
laboratories (ie, around 20    ° C). On the other hand, adult  X. 
laevis  collected during April – July (late autumn/winter at the 
Cape) may be taken from water at low temperatures (around 
10    ° C), unprepared for immediate spawning, and transfer to 
laboratory temperatures may represent a shock. These 
natural seasonal cycles may explain part of the variation in 
physiological state of  X. laevis  when employed in laboratory 
research immediately after importation. This variation is 
avoided when  X. laevis  is maintained under appropriate 

380 – 360 million years ago (mya) and were abundant for 
around 120 million years. Subsequent to the extinction of 
these groups, the morphology of the oldest anuran fossils 
was already equivalent to that of modern representatives: 
thus, the pipids (the family to which  Xenopus  belongs) have 
fossils in the Cretaceous (125   mya) very similar to present 
species. However, the major diversifi cation of anurans is 
relatively recent with genera such as  Bufo  appearing in the 
Paleocene (60   mya) and  Rana  in the Eocene (50   mya). 
Remarkably, this evolution is roughly contemporaneous 
with that of the mammals. 

 There are three orders of Lissamphibians. Apoda (alterna-
tively called Caecilia or Gymnophiona) comprise about 170 
species. Urodela (alternatively called Caudata)  –  newts and 
salamanders  –  comprise about 540 species. Anura (or 
Salientia or Batrachia)  –  frogs and toads  –  have about 5200 
species (Stuart  et al.   2008 ). They are easily distinguished: 
apodans have no limbs or limb girdles and are worm - like, 
burrowing in tropical soils; urodeles have a long tail and 
their limbs are more or less of equal length; anurans have a 
very short vertebral column, no tail, and hindlimbs are typi-
cally longer than the forelimbs, adapted for jumping. 

 Over the past 20 years, there have been reports of declin-
ing amphibian populations. Comprehensive data have been 
compiled documenting both their diversity and threats to 
their survival (Stuart  et al .  2008 ). At least 43% of all species 
are declining in population numbers and about one third 
(32%) of the world ’ s species are classifi ed as threatened. At 
least 34 species have become extinct since their recognition 
scientifi cally, nine since 1980, but over 100 others have 
uncertain status. Data on the causes of decline show that 
habitat loss represents the greatest threat, followed by pol-
lution. Current concerns about disease focus on the chytrid 
fungus  Batrachochytrium dendrobatidis , considered responsi-
ble for dramatic population declines in many regions world-
wide. The survey also shows that many species are declining 
for unknown reasons and this increases concerns that 
amphibians may be sensitive indicators of wider fundamen-
tal changes affecting biodiversity.  

  Uses in the  l aboratory 

 Biologists have long recognised that amphibians offer 
important advantages for laboratory investigation. Major 
advances in fundamental knowledge of physiology and bio-
chemistry were fi rst made with studies on amphibians, and 
subsequently these animals were used in research fi elds 
including embryology and endocrinology, genetics and 
immunology. For the past 30 years, one species  –   Xenopus 
laevis   –  has become one of the most intensively used of all 
 ‘ laboratory animals ’  (alongside the mouse and chick) in 
developmental, cell and molecular biology (Gurdon  1996 ). 

 Reproduction is exceptional amongst tetrapod vertebrates 
in that mating of one male and female anuran may generate 
several thousand offspring that are siblings of one another. 
This is an advantage for laboratory studies that require rep-
licate groups of animals with limited (brother/sister) genetic 
variability: such replication is impossible with the typically 
small clutch sizes of higher tetrapods including birds and 
mammals. 
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ians so that they can retain near - normal activity and physi-
ological condition. 

 The approach of this chapter is, fi rst, to use three examples 
to show how information on natural habitat conditions of 
an amphibian species can be linked to the design of 
maintenance procedures and, second, to discuss a range of 
techniques enabling the reader to make informed judge-
ments according to his/her specifi c requirements. The suc-
cessive editions of the UFAW Handbooks include 
detailed accounts of management approaches for amphibi-
ans, including comprehensive directions for urodeles. 
However, the anuran genus most widely used in laboratory 
research worldwide  –   Xenopus  –   has had relatively brief 
coverage so far in the UFAW Handbooks. So, this chapter 
ends with a special focus on this  ‘ model organism ’ . The 
recommendations are based on the author ’ s 40 years of 
experience of laboratory and fi eld research involving 
 Xenopus  species and many of the suggestions refl ect per-
sonal practice. 

 Alongside this, the author has also selected  Rana  species 
to illustrate the husbandry of anurans from a mesic environ-
ment (ie, damp terrestrial conditions) and, as an extreme 
contrast, the challenge of laboratory maintenance of a desert 
specialist,  Scaphiopus couchii . The intention here is to show 
that,  ‘ starting from scratch ’ , it is possible to use knowledge 
of physiology and ecology  ‘ in the wild ’  to design effective 
procedures for laboratory maintenance. 

 The best assurance of optimum care is to have laboratory 
personnel with a natural sympathy for living amphibians, 
able to recognise the behaviour patterns and other indicators 
that refl ect good health and absence of stress. They should 
also possess a thorough knowledge of the  ‘ natural history ’  
of the species. 

 The following guidelines relate to anuran species that 
illustrate a range of needs for laboratory management. For 
urodeles that have general requirements related to those of 
mesic anurans, readers are referred to earlier editions of the 
UFAW Handbook (for instance, Verhoeff de Fremery  et al.  
 1987 ; Halliday  1999 ).  

  Husbandry of  a nurans from  m esic  
e nvironments,  Rana   s pp. 

  Ecological and  p hysiological  c onsiderations 

 Species of  Rana  are typically adapted for life in habitats 
where vegetation provides cover, relatively high humidity, 
protection from major temperature changes and conceal-
ment from predators. Populations are often established 
near water bodies and a common escape response by a frog 
on land is to jump into water. While feeding is generally 
terrestrial, frogs may rehydrate in water. Most activity is 
nocturnal, corresponding with greatest availability of 
invertebrate prey, decreased water loss by dehydration 
and reduced exposure to predators. Frogs are often 
observed to carry relatively large populations of parasites. 
For wild - caught animals maintained in the laboratory, 
these parasites may have implications for health 
(affecting use in research) and for disease transmission to 
other individuals.  

laboratory conditions (especially regarding temperature 
and food supply) for a period (at least 1 but preferably 2 
months) after importation and before laboratory use. On the 
other hand, the use of lab - raised  X. laevis  in research elimi-
nates these problems altogether. 

 Workers concerned with the maintenance of amphibians 
are familiar with instances where animals die suddenly or 
after a period of deterioration where it seems that  ‘ nothing 
can be done ’  to alleviate ill - health. As a result, infectious 
diseases are much feared. The perception of vulnerability is 
enhanced by the fact that amphibians live naturally in damp, 
dark conditions favouring microbial growth and have a deli-
cate, naked skin that seems to offer poor protection against 
pathogens. However, amphibians have occupied the equiv-
alents of their present niches for over 100 million years, 
through periods of enormous environmental change  –  
including the catastrophes linked with the extinction of 
the dinosaurs. Hence, we might anticipate profound and 
very successful specialisations. The delicate skin is equipped 
with glands that secrete over 50 different chemicals, many 
with protective functions including antibiotic action. 
Understanding the factors infl uencing the health of amphib-
ians requires recognition of responses to unfavourable con-
ditions, the effects of stress and the circumstances that can 
lead to infection and disease.   

  Approaches to  l aboratory  m aintenance 

 One approach to the maintenance of amphibians in the labo-
ratory is to provide environmental conditions closely match-
ing those of natural habitats. With information on the 
ecology of a particular species, it is usually feasible to 
provide an aquarium or terrarium in which major habitat 
characteristics  –  including appropriate substrate, water 
supply, temperature, humidity, illumination, vegetation 
and cover  –  are reproduced at a scale suffi cient to 
ensure well - being. Where there are specialist needs, for 
instance maintenance of rare species requiring critical envi-
ronmental conditions, this approach may require the 
resources typically employed in zoos and conservation 
centres. For large - scale maintenance, simplifi ed systems are 
often employed that are designed to achieve a cost - effective 
balance between numbers of animals maintained and the 
requirements for technician time, environmental control and 
feeding. For these, the aim is to provide essential needs in a 
 ‘ minimalist ’  environment, without attempting to simulate 
natural habitat conditions. The major problem for amphib-
ian maintenance is that, in most cases, there are no univer-
sally accepted methods for optimum husbandry. In 
particular, there have been few quantitative experimental 
studies producing data enabling laboratory  ‘ users ’  to 
compare outcomes. Recommendations are often anecdotal 
and refl ect the personal preferences of laboratory staff. 
Whilst experience often provides the best guide (in the 
absence of controlled experimental data) to high welfare 
standards, recent surveys of laboratory protocols reveal 
wide disparity in maintenance practices, including some 
that would be judged intuitively as inappropriate (Major  &  
Wassersug  1998 ). There is a clear need for specifi c guidelines 
that will improve the care of laboratory - maintained amphib-
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laboratory procedures can be devised even for species with 
highly specialised environmental requirements; but, a 
detailed knowledge of ecology and physiology is essential 
to understand these needs. Second, laboratory conditions 
may be required that diverge signifi cantly from those expe-
rienced naturally: the design of procedures may require an 
innovative approach to achieve appropriate circumstances 
for feeding, growth and optimum welfare. While this case 
study represents a relatively extreme example of anuran 
lifestyle, the experience of laboratory management is equally 
useful for other anuran species. 

  Scaphiopus couchii  is abundant in the deserts of the south-
western USA and northern Mexico. It might be expected that 
amphibians would be excluded from such areas of extreme 
aridity because of their limitations for terrestrial life includ-
ing highly permeable skin, inability to concentrate excretory 
products, and the need for breeding and early development 
to occur in water. However, in most hot deserts, there are 
periodic weather patterns that, often very briefl y, provide 
conditions favourable for life. The key for survival by many 
desert organisms includes a fast response to these favoura-
ble conditions and a life style geared to rapid growth, repro-
duction and accumulation of reserves enabling survival 
through the next period of hostile conditions (Tinsley  1999 ). 
 Scaphiopus couchii  escapes the most arid conditions for over 
10 months each year by burrowing up to a metre below the 
desert surface. During this long period, the toads do not feed 
and rely on stored energy reserves for survival at low meta-
bolic rate. Activity is prompted by heavy rainfall, which 
typically occurs in July and August in the Sonoran Desert. 
Spadefoot toads emerge immediately at the onset of torren-
tial rain, triggered not by moisture but by the low frequency 
vibrations of rainfall on the soil surface. They breed on the 
fi rst night when there is suffi cient water to create temporary 
ponds. Typically, spawning is restricted to a single night 
each year (during darkness, 21.00   h to 04.00   h) but, if there 
are subsequent heavy rains, spawning may be repeated on 
two or three further nights. After this, activity is directed 
towards intensive feeding, but this occurs only on nights 
when the soil surface is reasonably moist, after rain. In 
southeast Arizona,  S. couchii  probably has a maximum of 20 
nights each year when conditions are suitable for foraging. 
In between these, the toads bury themselves in shallow 
burrows to avoid the desert heat. In late August, conditions 
become dry again and, from late September onwards, rela-
tively cold. Spadefoot toads excavate deep burrows for 
hibernation where they are buffered from the major tem-
perature and moisture extremes at the surface. Digging is a 
backwards  ‘ shuffl e ’  using the thickened protuberances on 
the feet  –  the  ‘ spades ’  of their common name. The process 
does not produce a tunnel; instead, the soil collapses in on 
the burrowing toad, which remains completely surrounded 
by soil during dormancy. 

 To meet spadefoot toads ’  needs in the laboratory, it is 
essential to understand the nature of their environmental 
constraints and specialisations. The skin of  S. couchii  is one 
of its major adaptations. This is delicate and permeable and 
might be thought to be the wrong covering for any desert 
animal. However,  S. couchii  is able to use its skin to take up 
moisture from the soil when buried beneath the surface. As 
moisture levels decline, the skin is able to absorb water 

  Laboratory  m aintenance 

 It is diffi cult to envisage effective and humane husbandry 
procedures other than the simulation, as far as possible, of 
semi - natural conditions. Most attempts at  ‘ minimalist ’  
accommodation are associated with signifi cant stress and 
deterioration in condition. There should be no place in 
current laboratory practices for approaches intended simply 
to keep amphibians ‘alive’ until their intended use in 
research. Thus, it was formerly not unusual for frogs, caught 
after hibernation when stored reserves are low, to be kept 
at low temperature without feeding (or with little food 
intake). Where this approach was accompanied by continu-
ous low - level mortality, it provided clear indication both of 
the inappropriateness of conditions and of the likelihood of 
poor performance of surviving animals in subsequent exper-
imental procedures. 

 Some husbandry handbooks recommend a solid substrate 
(glass, plastic, metal, ceramic tiles) and a continuous fl ow of 
water, designed to wash away faecal material. These condi-
tions are optimal for observation, but not for the well - being 
of the amphibian. Provision of live prey (crickets, meal-
worms etc) is diffi cult when these may become trapped in 
water and die. Light levels are often too high and frogs tend 
to huddle together creating a risk of skin damage from uri-
nation. Even when given refuges, frogs rarely show natural 
behaviour patterns. Laboratory aquarium design and size 
must avoid circumstances where the natural startle response 
 –  to jump  –  will result in collision with tank walls etc. 

 Appropriate maintenance conditions need to be relatively 
large scale, with a choice between areas with water and 
 ‘ land ’  which has numerous refuges, vegetation, and a sub-
strate of damp soil or seedling compost. Contamination of 
the soil with faeces (and hence microbial pathogens and 
parasite infective stages) may be addressed by removing the 
surface layer and replacing it with fresh sterilised soil, prob-
ably at weekly intervals. As with other amphibians that 
naturally seek concealment, provision of secluded refuges 
as part of optimum maintenance may confl ict with the needs 
(and legal requirement) for daily inspection to check 
well - being. 

 Parasites requiring intermediate hosts such as snails and 
arthropods are not normally transmitted during laboratory 
maintenance, so burdens of trematodes (commonly in the 
lungs and alimentary tract) will not increase. However, the 
lung nematode  Rhabdias bufonis  has a direct life cycle with 
infective larvae passed in faeces and re - invading by skin 
penetration. This and other nematodes infecting the intes-
tine and rectum may increase during laboratory mainte-
nance. Smyth and Smyth  (1980)  provide a comprehensive 
account of parasites infecting frogs.   

  Husbandry of an  a nuran from an  a rid 
 e nvironment,  Scaphiopus  c ouchii  

  Ecological and  p hysiological  c onsiderations 

 The example chosen for this section, the spadefoot toad 
 Scaphiopus couchii , illustrates important principles regarding 
the laboratory maintenance of amphibians. First, successful 
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(induced by reducing temperatures) toads burrow to greater 
depths. Hibernating toads can be maintained singly in 
plastic tubes (10   cm diameter sections of water pipe) contain-
ing soil 25 – 30   cm deep. The base can be sealed with a lid that 
is perforated to allow diffusion of moisture. If groups of 
tubes are stored vertically in a soil - fi lled tank, the surround-
ing soil provides insulation and can be watered at intervals 
so that moisture rises up inside the tubes. The tops of the 
tubes should be covered to prevent excessive moisture loss 
but fi nely perforated to allow air circulation. 

 Attempts to feed  S. couchii  during the  ‘ activity ’  period by 
simulating semi - natural conditions are not successful. If 
groups of toads are maintained in tanks of soil on a 12   h 
light: 12   h dark photoperiod, and prey items (crickets, meal-
worms etc) are added during darkness, most toads remain 
buried and do not feed. Meanwhile, the prey animals seek 
refuge and become inaccessible. Entirely unnatural proce-
dures work well in ensuring good food intake. Toads should 
be gently removed from the soil and transferred singly into 
plastic aquaria (approx 40   cm    ×    25   cm basal area) with secure 
lids, a pre - weighed quantity of prey organisms added, and 
left undisturbed in dim light.  Scaphiopus couchii  quickly 
adapts to this unnatural regime and begins prey capture 
immediately, feeding to satiation generally within an hour. 
After this, toads should be rinsed with clean water to remove 
urine that might burn the delicate skin and then returned to 
soil into which they promptly burrow until the next meal. 
The feeding periods provide the opportunity to check soil 
moisture and to re - mix it prior to return to the tube or tank. 
At the end of a  ‘ feeding season ’  (perhaps 15 – 20 meals), the 
soil should be replaced with fresh sterile compost to exclude 
risks of infection from faecal material produced between 
meals. 

 Procedures involving individual maintenance and feeding 
allow detailed records of food intake (with prey items that 
remain after feeding weighed and subtracted from the 
weight initially offered), body weight increase, etc. 
Experiments reported by Tocque  et al.   (1995)  showed that 
body weight increased in proportion to weight of food 
ingested over a  ‘ feeding season ’  of 6 – 8 weeks (more than 
would occur in the wild). This relationship remained 
whether the toads were fed once or four times a week. 
Weight increase was greater at 20 – 24    ° C than at 31 – 33    ° C, 
presumably because a greater proportion of the energy 
intake was used in maintaining higher metabolic rate at 
higher temperatures. In these experiments, adult toads 
given 24 meals could eat a total weight of food equivalent 
to twice their own body weight and could increase in weight 
by around 100%. The nutritional quality of food signifi cantly 
infl uences body weight gain and fat body accumulation: 
toads amassed very large fat reserves (up to 14% of their 
body weight) when fed with lipid - rich mealworms com-
pared with those fed crickets (fat bodies up to 10% toad 
body weight). However, whilst ensuring energetic needs for 
hibernation, a lipid - rich diet does not enable good growth 
(in terms of protein deposition and bone formation). For 
this, crickets should be fed on a high - protein diet to boost 
nutrient value and dusted with mineral and vitamin supple-
ments. In the wild, these nutrients would presumably be 
supplied by the wide diversity of prey organisms (and their 
gut contents) (Figure  48.1 ).   

against an increasing concentration gradient, assisted by 
accumulation in the tissues of nitrogenous wastes as urea 
which increases osmotic potential.  Scaphiopus couchii  does 
not produce a cocoon to isolate itself from the environment 
as do some other arid - adapted anurans: the skin remains in 
intimate contact with the soil. Paradoxically, the toads 
cannot control water infl ux through the skin and if they are 
maintained in soil which is too wet they become water-
logged and die. The urinary bladder serves as a major water 
store: the weight of dilute urine in the bladder may amount 
to 50% of a toad ’ s total body weight. 

 Although daytime temperatures on the desert surface 
exceed 50    ° C in summer, average temperature at a depth of 
5   cm (the level of shallow burrows) is around 35    ° C, drop-
ping to around 22    ° C at night. On damp nights when  S. 
couchii  emerges to feed, surface temperatures vary from 18 
to 24    ° C. During the period of hibernation, surface tempera-
tures fall below freezing and there may be snow; at the 
depth of the deep burrows, soil temperatures show reduced 
extremes but are still below 15    ° C for 6 – 7 months each year, 
and below 10    ° C for 3 – 5 months (Tocque  &  Tinsley  1991 ). 

 These desert conditions severely restrict the period each 
year during which  S. couchii  can obtain nutrients for growth, 
for storage of reserves to sustain hibernation and for pro-
duction of gonadal products for breeding in the following 
year. Studies on feeding ecology show that  S. couchii  may be 
so effi cient that it can, exceptionally, survive for 1 year on a 
single meal (albeit one equal to 55% of the toad ’ s body 
weight and consisting of lipid - rich termites). Field data of 
Tocque  et al.   (1995)  recorded that opportunities for such an 
energy - rich diet are limited to the start of the activity season; 
much of total prey intake comprises hard - bodied inverte-
brates (especially beetles, ants, crickets and spiders) that 
have lower calorifi c values but may provide other essential 
nutrients.  

  Laboratory  m aintenance 

 With these ecological and physiological characteristics,  S. 
couchii  requires a carefully designed laboratory maintenance 
system. Animals can be kept successfully on a semi - natural 
temperature cycle: 25    ° C during the period of active feeding, 
growth and storage of reserves, followed by simulated dor-
mancy during which temperatures reduce gradually to 15 
and 10    ° C, and then rise again towards the next activity 
period. Soil composition is important:  S. couchii  remain in 
good condition in a loose friable soil consisting of sterilised 
loam, peat and sand in the ratio 7   :   3   :   2 (this may be obtained 
as a commercial potting compost in some countries). The 
soil should be kept moist when the animals are active; 
optimum water content is best achieved by mixing water a 
little at a time into the soil using the hands. The degree of 
wetness should not result in soil sticking to the hands. This 
mixing process provides aeration and prevents growth of 
moulds. Horticultural seedling composts with a high degree 
of organic material (including peat) may become too spongy 
and wet for the sensitive water uptake mechanism of the 
toad ’ s skin. 

 During the laboratory  ‘ activity ’  period,  S. couchii  will 
burrow to a depth of 10 – 15   cm, but at the start of hibernation 
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 Maintenance regimens such as this require changes to the 
normal health inspection requirements. If  S. couchii  are dis-
turbed regularly to confi rm health during hibernation, they 
will die because of the repeated switching between low and 
high metabolic rate and associated consumption of reserves.   

  Husbandry of an  a nuran from an  a quatic 
 e nvironment,  Xenopus  

  Ecological and  p hysiological  c onsiderations 

  Xenopus  species occur in most kinds of water bodies in sub -
 Saharan Africa, especially still waters of swamps, ponds and 
streams. They are strongly associated with man - made habi-

 These fi ndings confi rm the exceptional capacity of  S. 
couchii  to convert energy intake into growth, and to accumu-
late reserves for hibernation. In laboratory maintenance, the 
ability to measure food intake and body weight increase 
provides assurance that animals will then survive a period 
of starvation, at low temperatures, matching the 9 – 10 month 
dormancy in the desert. 

 At the end of this long dormancy,  S. couchii  can be roused 
by simulating natural events: the drumming of heavy rain-
fall. If an electric motor (fan heater or hair dryer) is placed 
on the soil surface, the vibrations transmitted through the 
soil will prompt emergence. In one instance in the author ’ s 
laboratory, animals that had been dormant for 9 months, 
buried in 30   cm of soil, reached the surface in 7 minutes after 
initiation of vibrations. 
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     Figure 48.1     Body growth (weight increase) of 
 Scaphiopus couchii  in alternative laboratory regimens, 
with varying food intake, frequency and quality. Toad 
weight change (shown in relation to original weight for 
each individual), (a) after 16 meals in 51 days at 20    ° C; 
(b) 6 or 24 meals in 42 days at 24    ° C (ie, toads fed 
once or 4 times per week: 6 meals were equivalent to 
 < 100% of toad weight); (c) 28 meals in 56 days at 
25    ° C with crickets (solid diamonds), mealworms (open 
squares) or woodlice (solid triangles). Adapted from 
Tocque  et al .  (1995) , which provides full details of 
relationships.  Data from these procedures, modifi ed for 
different amphibian species, are valuable for assessing 
the effectiveness of laboratory protocols for maintaining 
body condition and growth.   
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 &  McCoid  1996 ). The current list of locations includes 
Europe (UK, France, Portugal, Italy), North America (many 
areas but most abundantly in California), South America 
(Chile), Ascension Island, Indonesia and Japan. Many of the 
localities have a Mediterranean climate equivalent to that at 
the Cape, but the diversity of habitat conditions confi rms the 
adaptability of  X. laevis . This adaptability has contributed to 
its success as a  ‘ model organism ’  in laboratory research. 

  Xenopus laevis  is normally very robust with the potential 
to survive more than 20 years in the laboratory. Animals in 
the laboratory are protected from many natural mortality 
factors, but successive recaptures of individually marked  X. 
laevis  in an introduced population in Wales show that they 
can also live 20 years in the wild (Tinsley  et al .  1996  and 
subsequent unpublished records). Long - term laboratory 
experience has shown that  Xenopus  species can spawn suc-
cessfully after 15 years of laboratory maintenance. 

  Xenopus  is unusual in feeding underwater and, in contrast 
to most terrestrial - feeding amphibians,  Xenopus  may feed 
communally on larger prey items. Prey is located by sight, 
odour and by vibrations detected by the lateral line sense 
organs; this correlates with the preference for still water. The 
diet may include carrion and contrasts with the situation for 
most amphibians where, if there is no movement, a potential 
food item is not recognised. Both tadpoles and post - meta-
morphs of  Xenopus  feed in the same environment but there is 
no overlap in diet since the tadpoles are fi lter - feeders. 
However, post - metamorphic  Xenopus  may feed on tadpoles. 
This habit allows very effi cient exploitation of energy sources, 
especially in newly formed habitats where food chains are not 
well established: the tadpoles feed on phytoplankton which 
gains energy directly from sunlight, and the adults trap this 
source of nutrients by cannibalism on the typically very large 
tadpole populations.  Xenopus  species communicate by spe-
cialised vocalisations, maintain territories underwater and 
have dominant/subordinate hierarchy; they are capable of 
complex learning and long - term memory (Elepfandt  1996a, 
1996b ). Above all, they are cryptic and nocturnal. 

  X. laevis  exported from South Africa for laboratory 
research are caught as adults, after at least 3 years (probably 
up to 10 years) in natural habitats. The conditions to which 
they are transferred are often totally at variance with their 
previous experience. Nocturnal animals accustomed to the 
security of cloudy water are likely to experience stress in 
high - density populations in clear, shallow water, illumi-
nated from all sides (and even below), with frequent distur-
bance and a lack of refuges.  

  Laboratory  m aintenance 

  Aquarium  c onditions 

 Laboratory environmental conditions refl ecting the pre-
ferred habitats of  Xenopus  in the wild can be provided by a 
dark - sided aquarium with light coming primarily from 
above, water depth at least 50   cm, a partial surface covering, 
refuges and still water without appreciable circulation or 
disturbance. 

 This combination of features can be achieved with aquaria 
with thick glass walls and a substrate of rounded gravel 
( ‘ pea gravel ’ ) in which sections of drain pipes or plant pots 

tats including dams, fl ooded pits, ditches and wells. They 
tend to be less common, or absent, from rivers or lakes 
especially those with well established fi sh communities. In 
general,  Xenopus  species prefer cloudy water and areas of 
vegetation where they are hidden from aerial predators once 
below the surface. Information on ecology, including habitat 
conditions and water chemistry, is reviewed by Tinsley  et al.  
 (1996) . 

 There are currently 18 species of  Xenopus  (together with a 
series of other distinct forms not yet named) (see Evans 
 et al .  2008 ). These are of major genetic and evolutionary 
interest because they form a polyploid series with two 
species groups: one with chromosome numbers of 20 and 40 
(generally given a separate genus name,  Silurana ), and the 
other with 36, 72 and 108 chromosomes ( Xenopus ).  Xenopus  
(or  Silurana )  tropicalis  has increasing application in labora-
tory research as the only diploid species (2   n   =   20); all others 
with higher ploidy levels evolved through allopolyploidisa-
tion  –  genome duplication associated with hybridisation 
between species (Evans  2008 ). 

 There are broad distinctions between the species on the 
basis of geographical distribution and habitat type, but it is 
diffi cult to determine niche separation at a fi ne scale: in 
some areas up to four different species can be found in the 
same ponds. However, the two species most commonly 
employed in laboratory research,  laevis  and  tropicalis , are 
ecologically distinct.  Xenopus laevis  is a generalist savannah 
species occurring in a wide range of habitats from the Cape, 
South Africa, to Sudan, but typically occupying relatively 
cooler areas in each region. A succession of subspecies cor-
responds generally with latitudinal zones within this range. 
Most laboratory research has been based on  X. laevis laevis  
from South Africa but even within this subspecies there is 
evidence of signifi cant evolutionary divergence. The form 
occurring in the winter rainfall area of the western Cape is 
distinct from that in the summer rainfall area further north 
(Measey  &  Channing  2003 ). Fortunately, this should not 
cause confusion for existing research fi ndings because 
worldwide export of  X. laevis  has been from populations 
around the Cape. 1  

  Xenopus  (or  Silurana )  tropicalis  is strictly limited to lowland 
tropical forest in West Africa, from Nigeria to Senegal. It is 
not found outside the canopy of tropical forest (indeed, in 
areas when the forest margin is cut back,  X. tropicalis  also 
contracts its distribution). This suggests a strict requirement 
for shade, but perhaps also a requirement for relative uni-
formity of conditions including temperature (where ponds 
are not exposed to fl uctuations in sunshine). Water tempera-
ture in natural habitats is typically around 25    ° C (Tinsley 
 et al.   1996 ). These species characteristics provide an impor-
tant guide for laboratory welfare. 

  X. laevis  has been released into the wild and has estab-
lished self - maintaining populations outside Africa (Tinsley 

  1       Note: Xenopus  is variously described in the literature as a frog or a 
toad but these popular terms do not have strict scientifi c relevance and 
 Xenopus  is actually distant from both  ‘ divisions ’ . Although the use of a 
genus name alone is not accepted scientifi cally, the name  Xenopus  will 
be used as an informal designation in this account for the species of 
 Xenopus  and  Silurana.  
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capacity of their lungs so that they can  ‘ hang ’  from the 
surface without effort. In the wild,  X. laevis  rarely occurs in 
shallow water: greater depths are preferred probably 
because of increased protection from predation. It has long 
been established (Alexander  &  Bellerby  1938 ; Bellerby  &  
Hogben  1938 ) that shallow water and overcrowding lead to 
ovary regression. In the laboratory, deep water increases the 
three - dimensional structure of the aquarium habitat and, in 
conjunction with plants and other enrichment, allows 
greater subdivision of the space for groups of  Xenopus . On 
this basis, water depth of at least 30   cm, preferably 50   cm, is 
recommended. (In the author ’ s view, the recent European 
recommendations (Council of Europe  2006 , European 
Commission  2007 ) in which minimum water depth is 
approximately the same as snout – vent length is too low.)  

  Population  d ensity 

 For animals taken from the wild, it seems intuitive that the 
lowest practicable density (consistent with laboratory con-
straints) should be advisable. Recommendations in the lit-
erature based on volume of water per animal need to take 
account of associated parameters. If  X. laevis  is maintained 
at low density in a clear featureless tank, individuals will 
tend to huddle in a group, furthest from direct light or 
external movement, and may actually experience the effects 
of high density. Environmental enrichment creating subdi-
vision of the habitat has an important infl uence on density. 
Water volume/animal must also take account of water 
quality, and hence frequency of water changes and type of 
diet. 

 Some guidelines in the literature omit consideration of 
body size (but presumably relate specifi cally to fully grown 
adults). Recommendations on the volume of water to be 
provided per animal vary (see Reed  2005a ). As a general 
guide, 2   l/animal is too restrictive for adult  X. laevis , while 
12   l/animal (as recommended by the Council of Europe 
 (2006)  and European Commission  (2007) ) may be impracti-
cal for large - scale maintenance. Very fast growth rates of 
juvenile  X. laevis  (with sexual maturity in less than 10 
months post - metamorphosis) can be achieved at relatively 
high density (1.5 – 2   l/animal at 40 – 50   mm snout – vent length) 
if feeding is intensive. This outcome may not necessarily 
indicate good conditions; instead, it may parallel the fast 
growth characteristics of intensively reared animals in agri-
culture and aquaculture.  

  Tank  d esign 

 Tanks with darkened sides and a black base provide condi-
tions resembling those in natural habitats but inspection of 
animals is diffi cult.  Xenopus  in thick glass - walled aquaria do 
not appear to react to minor movements lateral to the tank. 
Tank materials that are smooth and impervious include 
various plastics, glass and stainless steel, but moulded con-
structions with rounded junctions between the tank sides 
and base are easier to clean than the angular joins between 
glass sheets.  ‘ Food grade ’  plastics avoid risks of leaching of 
toxic chemicals. Surfaces should never be cleaned with abra-
sive materials: the roughened surface may be more easily 
colonised by micro - organisms. 

are partially embedded as refuges. A  ‘ three - dimensional ’  
environment can be created with leafy plants (plastic foliage 
is easier to  ‘ maintain ’  at low light levels and to wash/steri-
lise). An appropriate water surface covering can be pro-
vided by natural growth of duckweed ( Lemna  spp.) where 
there is good illumination, including daylight, or by fl oating 
synthetic material cut to resemble lily pads.  ‘ Furnished ’  
aquaria of this type can provide relatively stable environ-
ments if the bottom gravel supports a culture of bacteria that 
de - nitrify metabolic and digestive wastes. To maintain equi-
librium in water quality, it is essential that the animals are 
not over - fed (avoiding breakdown of uneaten food in the 
gravel). This form of management works well with  ‘ chunky ’  
food items (ox - heart, meal worms etc) that are ingested 
intact, without creating debris during  ‘ capture ’ . It is imprac-
tical with reconstituted, pellet - type food which disintegrates 
if not eaten quickly. Food input requires judgment (ideally 
direct observation to note the amount of food that will be 
eaten within 30 – 60 minutes). Animals fed to satiation with 
a single meal each week will maintain optimum physiologi-
cal condition (with good gonad and fat body development). 
The complexity of setting up  ‘ semi - natural ’  habitats such as 
this is off - set by ease of maintenance: the frequency of water 
changes can be judged visually by noting water clarity and 
the build - up of anoxic sediment in the gravel. With good 
management, water changes may be at 4 – 6 - month intervals 
(shorter intervals if algal blooms occur in response to sun-
light). Water changes require the removal of animals to tem-
porary holding tanks whilst the aquarium is emptied 
completely and cleaned. The gravel should be thoroughly 
washed and re - introduced together with a small quantity of 
the original sediment from which the population of de - nitri-
fying bacteria can re - establish. Under these semi - natural 
conditions, animals appear not to be disturbed by move-
ments adjacent to the tank and they can easily be checked 
for health and well - being. This approach works well for 
small populations of rare species, especially those sensitive 
to disturbance. 

 Whilst these aquarium conditions attempt to achieve 
optimum welfare by simulating natural habitat conditions, 
the systems found in some laboratories represent a marked 
contrast. In some cases,  X. laevis  are maintained in transpar-
ent aquaria that allow entry of light from all directions 
(including above and below), a featureless substrate without 
refuges, and water depth less than 10   cm. Under these condi-
tions,  Xenopus  may locate themselves in a  ‘ heap ’ , resulting 
from their attempts to hide underneath each other. The 
rationale for such systems is that animals can be seen easily, 
aquaria can be kept clean, and feeding and water changing 
can be effi cient. However, environmental design promoting 
optimum physiological condition of  Xenopus  requires careful 
evaluation.  

  Water  d epth 

 When undisturbed,  Xenopus  spend long periods at the water 
surface, with nostrils exposed to the air. This has been taken 
to suggest that maximum water depth should allow animals 
to stand on the tank bottom and reach the surface  ‘ in 
comfort ’ ; but the assumption is probably anthropocentric. 
Animals adjust their buoyancy in deep water with the air 
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successful breeding. Experience from the author ’ s labora-
tory shows that  X. laevis  can adapt to long - term maintenance 
(up to 2 years) at 10 and 15    ° C and can be maintained for 
more limited periods at 5    ° C. Although spawning appears to 
be optimal at around 20    ° C,  X. laevis  can spawn in water at 
15    ° C and the tadpoles can develop to metamorphosis at this 
temperature that is low relative to conditions in South 
Africa. 

 It is clear that  X. laevis  can adapt to a wide range of tem-
peratures, but this is not refl ected simply in increased or 
decreased activity and metabolic rate. There is evidence of 
behavioural, physiological and immunological changes that 
represent acclimation to extremes of temperature. Thus, 
locomotor performance of  X. laevis  acclimated to low tem-
perature is signifi cantly greater at low temperatures than 
that of animals acclimated to high temperature (Wilson 
 et al .  2000 ). Haematological profi les change in relation both 
to oxygen - carrying capacity of the blood and to the mecha-
nisms of immune defence. All aspects of laboratory mainte-
nance must take account of profoundly altered physiological 
characteristics at different temperatures. The functioning of 
the immune response of  Xenopus  (as in other ectotherm ver-
tebrates) is temperature dependent (Robert  &  Ohta  2009 ). At 
temperatures below about 18    ° C,  X. laevis  are progressively 
immunosuppressed, so special care is necessary to prevent 
infection. At low temperatures (including 10    ° C),  X. laevis  are 
relatively quiescent and will not tolerate the frequent distur-
bance typically associated with water changes. (Thus, long -
 term maintenance is best achieved with stable aquarium 
systems including a gravel substrate where water changes 
are necessary only at several month intervals.) Food supply 
should be proportional to temperature, corresponding with 
respective metabolic needs.  Xenopus laevis  may remain in 
good condition in long - term maintenance at 25    ° C but they 
require increased food supply to fuel higher metabolic rate 
and more frequent water changes to remove waste 
products. 

 Laboratory maintenance at different temperatures must 
also take account of rate of change. Thermal acclimation 
requires time for physiological changes to occur. Green  et al.  
 (2003)  attributed deaths of  X. laevis  in a laboratory colony to 
thermal shock following direct transfer from 16 to 23    ° C. 
However, there are no established data for rates of change 
that are tolerated. Changes of about 5    ° C over 2 – 5 days 
would accord with conditions experienced naturally; but, 
for greater changes, animals should be allowed time to accli-
mate at intermediate temperatures. Animals should not be 
transferred directly from a tank of water at one temperature 
to another at higher or lower temperature: they should be 
moved in water at their original temperature to new condi-
tions where this water then warms or cools gradually. 
Alternatively, with thermostatically controlled heater/
chiller units, settings should be changed by only about 2    ° C 
per day. Jackson and Tinsley  (1998)  transferred  X. laevis  
through a thermocline from 20    ° C to 6    ° C, leaving animals 
for about 2 weeks between each 2    ° C change. 2  

  Xenopus  are adept at exploiting any opportunity to escape. 
They can jump at least their own body length above the 
water surface, so tanks should have secure, well fi tting lids. 
However, animals should not be able to reach the lid as this 
can cause nasal trauma; so tank design should allow for 
height of walls at least 20   cm above the water surface. Solid 
lids should have air holes. However, in large scale establish-
ments, such tank design has major implications for space 
needs. Laboratories equipped with semi - automated systems 
typically fi nd that adult animals maintain excellent condi-
tion with water depth 15   cm, density 3   l/animal, and lids 
only 5   cm above the surface. The key factor may relate to 
origin:  X. laevis  raised from metamorphosis in such systems 
adapt well and show no signs of stress; animals caught as 
adults from the wild are more likely to fi nd such restrictions 
stressful.  

  Environmental  e nrichment 

 Provision of refuges within the aquarium environment sim-
ulates habitat conditions in the natural environment. Various 
studies (eg, Brown  &  Nixon  2004 ) have shown that, when 
given a choice of secluded or exposed areas, laboratory -
 maintained  X. laevis  prefer cover. This may be provided by 
sections of plastic pipe (including water pipes around 
100   mm diameter), plastic aquarium foliage etc. It might be 
expected that this should reduce stress. However, in tanks 
with appropriate refuges,  X. laevis  remain much more sensi-
tive to disturbance and are startled more easily than animals 
maintained without cover. Hilken  et al.   (1995)  recorded 
poorer growth in  X. laevis  given shelter compared with those 
without; this was attributed to greater shyness. There are 
potential problems where provision of refuges confl icts with 
the need for periodic inspection to ensure well - being. There 
is also the possibility of increased stress created by competi-
tion within groups of  X. laevis  over utilisation of refuges. 
The provision of refuges requires further research and 
evaluation.  

  Temperature 

 Information on the ecology of  X. laevis  is necessary to appre-
ciate the thermal limits of this  ‘ laboratory amphibian ’ . At the 
Cape, South Africa,  X. laevis  experiences a Mediterranean 
climate with temperatures below 10    ° C in winter and above 
25    ° C in summer. Records from the various introduced pop-
ulations in the northern hemisphere show a tolerance of 
wider extremes. In the eastern USA, animals overwinter 
beneath the ice of frozen ponds; in Arizona,  X. laevis  occurs 
in ponds whose summer temperatures reach 30    ° C (close to 
the thermal maximum). In addition to longer - term seasonal 
variations in temperature,  Xenopus  naturally experience 
short - term fl uctuations determined by habitat conditions 
including thermal differences between pond areas exposed 
to sun and in deep shade. Temperature records in ponds 
inhabited by introduced  X. laevis  in the UK show an annual 
cycle between 4 and 24    ° C, and short - term changes (espe-
cially in spring and autumn) of up to 8    ° C over 5 days. In 
these UK populations,  X. laevis  typically experience tem-
peratures below 10    ° C for over 6 months (October to March), 
but they still show fast growth rates, excellent condition and 

  2      Note: Reed  (2005a)  was in error in stating that a 2 – 5    ° C temperature 
change could cause thermal shock and mortality. The reference mis -
 cited (actually Green  et al .  2003 ) gave this fi nding for other amphibian 
species, not for  X. laevis.  
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food item, the violent struggles and kicking with the claws 
are potentially damaging. Pieces of food (eg, cubes of meat) 
should be small enough to be swallowed quickly, avoiding 
simultaneous  ‘ capture ’  by other individuals. In practice,  X. 
laevis  become conditioned to a regular feeding routine and 
all individuals respond together when food is given, so a 
 ‘ frenzy ’  does not improve intake. 

 Different authorities advocate feeding  X. laevis  at a variety 
of frequencies. Young post - metamorphs certainly require 
frequent feeding: their gut size may limit food intake per 
meal and signifi cant gaps between meals may affect growth. 
Fast - growing juveniles benefi t from two to three feeds per 
week and fastest development to maturity can be achieved 
with daily feeding. However, fully grown adults can main-
tain excellent condition and develop ripe ovaries with a 
single meal per week. The key to this regimen is that all 
animals in a tank should be fed to satiation avoiding com-
petitive effects that might induce differences in growth rate 
and size. Satiation can be achieved by providing a suffi cient 
quantity of food so that some always remains uneaten at the 
end of a session. Otherwise there can be no assurance that 
some individuals are not under - fed (or unfed). In relatively 
large - scale maintenance, a meal appropriate to each popula-
tion can be added to the aquarium, which is then inspected 
about an hour later; if all food has been eaten, more can be 
added until just a few items remain. This slight excess can 
be removed (with a net) at the end of the day, avoiding 
fouling of the water. This process of matching food supply 
to need is more diffi cult with a pellet - type diet where 
uneaten food disintegrates relatively quickly and an excess 
leads to greater water fouling.  

  Water  c hanges 

 Mains tap water intended as drinking water should meet the 
maintenance needs of  X. laevis , but supply pipes must not 
contaminate the water with metals such as copper and lead: 
heavy metal contamination can have serious effects on 
oocyte quality. Water must be dechlorinated (most simply 
by allowing it to stand for 12 – 24   h) but where water supplies 
are treated with chloramines these can be removed 
with commercial aquarium agents containing sodium 
thiosulphate. 

 For  X. laevis  maintained in  ‘ fi ll - and dump ’  systems, there 
are two alternative approaches to the feeding/water change 
sequence. Where animals are fed once weekly and the water 
is also changed once per week, some lab regimens advocate 
feeding on the day before the water change. Alternatively, 
the water change may be carried out fi rst and the animals 
are then fed (usually immediately afterwards). In the fi rst 
case, maximum water pollution in the weekly cycle occurs 
on the day after feeding: a combination of accumulated 
waste from the previous week (including faeces) and debris 
from the recent feeding process, including fragments of 
uneaten food. All this is removed and the animals begin the 
next week with clean water, which becomes progressively 
more contaminated until the next feed/water change. In the 
second case, maximum pollution (lowest water quality) 
occurs in the period preceding feeding but ingestion of food 
takes place in clean water. The start of the inter - change week 

 As with other aspects of  Xenopus  biology, approaches to 
management of laboratory temperatures should take account 
of other stressors related to maintenance. Thus, transfer 
between temperatures may have no ill - effects for animals in 
good physiological condition in a stress - free environment, 
but may precipitate illness in animals maintained in subop-
timal conditions. 

 It is generally accepted that optimum temperature condi-
tions for  X. laevis  fall within 18 – 22    ° C. Hilken  et al .  (1995)  
found no signifi cant differences in growth of  X. laevis  main-
tained at 19, 22 or 24    ° C. The immune system is most effec-
tive above 20    ° C. Recommendations in the literature for 
maintenance at lower temperatures than these (including 15 
or 16    ° C) may lead to risks of pathogenic infection. 
Researchers primarily interested in egg production should 
note that spawning in the Cape, S. Africa is triggered by 
temperatures at or over 20    ° C (although oocytes may have 
developed at lower temperatures in the period preceding 
spawning). The fi eld and laboratory evidence reported here 
confi rms that  X. laevis  will adapt to temperatures through-
out the range 15 – 25    ° C, but on either side of the central band 
of about 19 – 22    ° C animals will be more vulnerable to co -
 occurring stress.   

  Diet and  f eeding  f requency 

 While there is much debate in publications about optimal 
environmental conditions for maintaining  Xenopus  species, 
there is relatively little discussion about diets. Although 
some laboratories advocate specifi c preferences, a range of 
alternative diets appears to satisfy nutritional requirements. 
A  ‘ scientifi c ’  approach suggests the advantages of commer-
cially formulated composite diets (including regulated 
quantities of proteins, fats, carbohydrates, minerals, trace 
elements, etc). Certainly,  X. laevis  will grow rapidly on high -
 protein diets and reach sexual maturity in only about 8 
months post - hatching. Although it is counterintuitive, the 
author has maintained  X. laevis  for over 15 years exclusively 
on bovine muscle (ox heart), without vitamin or other sup-
plements. In vertebrate taxa, such diets often lead to bone 
disease due to lack of calcium but no nutritional defi ciencies 
were evident in the  X. laevis , and females spawned prolifi -
cally when aged 12 – 15 years. Other diets are reviewed by 
Reed  (2005a) . Live food such as  Tubifex  carries risks of infec-
tion while the gut contents of prey such as earthworms 
produce signifi cant water contamination. 

 Some accounts of  X. laevis  maintenance protocols put 
emphasis on the presumed benefi ts of a so - called  ‘ feeding 
frenzy ’ . Certainly, animals that are stimulated to feed simul-
taneously avoid the outcome where some that are slow to 
react may miss a meal. This seems to accord with circum-
stances in nature where one or a few individuals fi nding 
food may trigger searching behaviour by others in the vicin-
ity. A  ‘ frenzy ’  can be advantageous in the wild when  Xenopus  
encounter a food source, including carrion, that is too big 
for an individual to ingest alone. A group of  Xenopus  can 
quickly shred a large food item by repeated scratching with 
the sharp hindfoot claws. However, the author is not con-
vinced that this behaviour is an advantage in the laboratory. 
When two or more individuals attempt to ingest the same 
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between uses. Most pathogens affecting  X. laevis  do not 
survive complete drying: there are no resistant stages (but 
the capillarid skin nematode is an exception). So, tanks, 
aquaria, holding containers, nets, cloths, etc should be dried 
thoroughly between uses (with aquaria propped upside-
down to drain completely). Containers (including 
plastic aquaria) must not be stacked with moisture trapped 
inside. 

 Increasingly, laboratories that keep  Xenopus  are adopting 
automated or semi - automated systems in which racks of 
aquaria are maintained with recirculating water, controlled 
for water chemistry, temperature and other parameters. 
Purpose - built systems provide a standardised design that 
removes many of the uncertainties considered in the previ-
ous sections and achieves greater uniformity in conditions 
without the cyclical changes in water quality inherent in 
static,  ‘ fi ll - and - dump ’  regimens (Figure  48.2 ). With these 
systems, some laboratories employ every - day feeding with 
pellet - type diets and achieve fast growth rates (equivalent 
to those in  ‘ intensive rearing ’  in agricultural production).   

 Recirculation and continuous fl ow systems that are little 
modifi ed from those designed for tropical fi sh may have 
racks of relatively small translucent tanks in which animals 

may then have debris resulting from feeding but faecal 
material does not begin to accumulate for several days. The 
advantage of this latter sequence is that food intake avoids 
re - ingestion of faeces, shed skin and other debris with the 
meal. Both approaches appear to work well and good - qual-
ity oocytes may be obtained from females. One disadvan-
tage of the fi rst  ‘ feed - then - change ’  sequence is that animals 
experience the major disturbance of the water change on the 
day after feeding and this may provoke regurgitation. If the 
change is delayed by a further day or two, the animals 
remain in poor - quality water for longer. In practice,  X. laevis  
readily become conditioned to the change - then - feed 
sequence: with repetition, they begin to search for food as 
soon as they are transferred to clean water. This means that 
the meal is eaten more effi ciently and there is less debris. It 
has the further advantage that animals are undisturbed (for 
a week) after food intake and digestion does not experience 
the disruption inherent in water changes. 

 Feeding with commercial formulations (pellets) leads to 
more rapid deterioration in water quality (especially from 
disintegration of uneaten pellets), so more frequent water 
changes may be necessary. 

 Water change procedures must ensure that animals are 
transferred to water at the same temperature. The smoothest 
changes are achieved by direct transfer of animals from one 
tank to a duplicate, limiting disturbance to the moment of 
transfer. For a series of tank changes, the just - vacated tank 
can then be cleaned out, refi lled and used to receive the 
animals from the next tank to be changed, and so on. This 
minimises disturbance but incurs the risk that any infection 
established in one tank is transferred between groups. An 
alternative approach is to transfer animals from their aquar-
ium to a temporary  ‘ holding ’  tank; the original container is 
washed, re - fi lled and the same animals are returned to it. 
Animals and tanks always remain together, but this method 
increases the disturbance to the animals during temporary 
holding and successive transfers. 

 At no point in the transfer process should animals be left 
in very shallow water or, even worse, be left in their original 
tank whilst the old water is drained out and new water 
poured in. Rapid decrease in water depth (equivalent to 
disappearance of the natural habitat), and temporary expo-
sure of animals out of water is highly stressful. 

 Transfer of animals may be by net but this should have a 
mesh size suffi cient to prevent carrying over debris from 
dirty to clean water. Animals should not be transferred in 
groups in a net such that they fall on top of each other. For 
experienced laboratory workers, it is often most effi cient and 
least disruptive to transfer animals gently by hand. Using 
naked hands (without plastic gloves) provides a check on 
the condition of each animal: roughening of  Xenopus  skin 
and decrease in slipperiness (reduced mucus secretion) give 
early warning of poor health (see later in this chapter). 

 To reduce risks of infection, tanks should be washed 
between water changes and the sides and bottom wiped; 
this also removes growths of algae. Rinsing with clean water 
before refi lling will wash away parasite eggs (if natural 
infections are present). Basic maintenance protocols associ-
ated with water changes etc should incorporate rigorous 
commonsense hygiene measures. Nets, cleaning cloths etc 
should be washed thoroughly (ideally with hot water) 

     Figure 48.2     Example of purpose - designed, automated aquarium 
housing for laboratory - maintained  Xenopus  species, providing 
comprehensive environmental control including temperature, pH, 
conductivity, and regulating water quality with continuous 
circulation and fi ltration. In this design, each tank contains 27   l of 
water (depth 12   cm) and is intended for up to nine adult  X. laevis ; 
10% of the water is replaced each day and passed through 
biological, mechanical and charcoal fi lters before UV sterilisation. 
Racks of tanks may be self - contained (upper image) or joined 
together in series with a central water treatment and environmental 
control unit (lower image).  Photographs courtesy of Techniplast, 
Italy.   



752 Amphibians, with special reference to Xenopus

 Tadpoles may be fed a range of diets including fi nely 
powdered plant material (nettle powder, algae), commercial 
fi sh food, fi nely ground pellets intended for post - 
metamorphic  X. laevis , and milk (which produces a droplet 
suspension of appropriate size for fi ltration). Feeding fre-
quency should allow the suspension to be cleared between 
meals. The amount of food required increases with develop-
ment; material that settles to the tank bottom can support 
an infusorial culture that adds to the food supply. Large 
aquaria may become relatively stable with water changes 
needed at intervals of a few weeks but, with intensive 
feeding, once - weekly changes may be required. Water 
quality can be maintained with gentle aeration but  X. laevis  
tadpoles also breathe air, visiting the surface about every 30 
minutes in normoxic water. A study of factors affecting 
growth and developmental rates of  X. laevis  tadpoles 
(Warren  2008 ) found no signifi cant differences in growth 
rates in populations maintained in a range of different labo-
ratory conditions. Parameters measured included feeding 
frequency, aquarium design and materials, water surface 
cover and even population densities (within the range cited 
by many laboratories). These fi ndings emphasise that the 
adaptability of  X. laevis , well known for the adults, also 
includes the tadpoles.   

  Laboratory  p rocedures 

  Handling 

 The slippery skin of  X. laevis  makes capture by predators  –  
and handling by laboratory workers  –  diffi cult. The power-
ful hindlimbs and sharp claws may deter inexperienced 
handlers. Practice is required so that attempts to pick up 
animals are neither too tentative nor too rough. The hand 
should be positioned palm down above the animal so that 
its head is facing the handler ’ s wrist. The index fi nger should 
be moved between the animal ’ s hindlimbs and fl exed 
forward beneath its abdomen. Then the thumb and remain-
ing fi ngers can be closed around the animal ’ s fl anks. The 
animal can then be lifted above the water surface with its 
body held gently but fi rmly against the palm of the hand 
and its legs hanging between thumb and forefi nger on one 
side and forefi nger and middle fi nger on the other. In this 
position, the animal is unable to bring its hindlimbs forward 
to push itself away or scratch the handler. In routine main-
tenance,  X. laevis  becomes accustomed to this procedure 
(and so do the handlers), so that animals can be transferred 
between adjacent containers in a few seconds, without 
struggling. 

 Small individuals may be more agile and it is often better 
to catch these with two hands enclosing the animal in the 
cupped palms and avoiding gaps between the fi ngers 
through which it may squeeze.  Xenopus  should not be held 
in a position where, if they do escape from the hands, they 
may fall to the fl oor. For further manipulation, animals 
should be held immediately above an uncluttered bench 
surface where escape would not cause injury. Temporary 
immobilisation is best achieved by holding the animal in soft 
paper towelling: the dampness of the animal after removal 
from water prevents skin abrasion and the soft paper 

are exposed to all - round light. Such conditions are likely to 
be stressful. Improvements include  ‘ smoked ’  plastic tanks 
with opaque bases. The choice between manual or auto-
mated husbandry systems has more to do with costs (includ-
ing installation and servicing), technician workload, space 
and other resources, than the condition of the animals.  

  Reproduction,  r earing of  t adpoles 

 One of the major advantages of  Xenopus  for laboratory 
research derives from the ease with which these amphibians 
can be bred in captivity at any time of year. In the wild, age 
at sexual maturity is generally 2 years for males and 3 years 
for females; but, with intensive growth in the laboratory,  X. 
laevis  can reach maturity at about 6 months post - metamor-
phosis (Tinsley  &  Kobel  1996 ). Males in mating condition 
develop black nuptial gloves on the inner surface of the 
arms to help grip the female; in receptive females, the cloacal 
labia become pink. Acoustic communication is well devel-
oped in the  Xenopus  species and males and females have a 
repertoire of vocalisations based on clicks. The male adver-
tisement call is a continuous trilling made by the larynx 
without any visible movement. Amplexus is inguinal 
(around the waist). Egg production in the laboratory under 
hormonal stimulation typically results in deposition of eggs 
 en masse  on the bottom of an aquarium tank. Under natural 
conditions, eggs are released singly or in small groups 
during slow swimming by the mating pair, and the eggs are 
stuck to vegetation and vertical surfaces: eggs are not depos-
ited on the pond bottom where they would encounter anoxic 
conditions. 

 Under optimum conditions, spawning can occur sponta-
neously in the laboratory at around 20 – 22    ° C, but it is usually 
induced by injection of human chorionic gonadotrophin 
(hCG). Females should have been well fed for several weeks 
and should be plump and pear shaped, refl ecting an enlarged 
ovary. Males should have nuptial gloves (these can be 
induced by isolating the male for a week before spawning). 
Typically, two injections are given 48   h apart: a primer to 
bring animals into mating condition and a fi nal dose to 
stimulate spawning. Male and female are kept separate after 
the primer and put together after the fi nal injection. Doses 
are related to body size but, for adult  X. laevis , the primer 
may be 50   IU for males and 100   IU for females, and fi nal 
doses 100   IU and 300   IU respectively. The aquarium tank in 
which spawning occurs should be fi tted with a false plat-
form of plastic (not wire) netting through which eggs can 
settle avoiding risk of being eaten by the parents. 

 To avoid damage to spawn, the adults should be removed 
from the tank and eggs left  in situ  until they hatch. Larvae 
break free after about 48   h (at 22    ° C) and attach to a vertical 
surface until remaining yolk is absorbed. The tadpoles are 
fi lter - feeders, sieving microscopic particles from the 
water whilst hovering head - down at an angle of 45    °  with 
the tip of the tail fl icking continuously. In the wild, tadpoles 
of  X. laevis  form large schools, all orientated in the same 
direction and swimming in unison. Under these natural con-
ditions, body length (head to tail tip) typically exceeds 
90   mm, but in the laboratory maximum body size is consid-
erably less. 
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  Identifi cation and  m arking  t echniques 

 Individual identifi cation of amphibians may be valuable in 
laboratory maintenance to follow growth rates, breeding 
history etc under specifi c husbandry regimens. Older estab-
lished techniques that include removal of combinations of 
digits are no longer acceptable and, in  Xenopus , cut toes 
re - grow. 

 In laboratory populations, with limited numbers of indi-
viduals, photographs of skin patterns provide an effective, 
although sometimes laborious, means of individual recogni-
tion. However, with large populations in the wild, the 
unknown extent of pattern variation may make this imprac-
tical. Use of other methods, including applications of dyes 
and other distinguishing marks (summarised by Halliday 
 (1999) ), depends on the skin of the species. In many amphib-
ians, the skin is too delicate to tolerate dye injection. 

  Xenopus laevis  is unusual in having a relatively tough skin 
and marks applied to the white ventral belly skin are easy 
to see. The author ’ s fi eld studies based on populations of 
several thousand individuals have confi rmed the effective-
ness of several methods and the lack of ill - effects when 
employed carefully. Introduction of dye (typically alcian 
blue) with a pressure injector (a  ‘ panjet ’ ) produces discrete 
spots that have remained visible for over 20 years (in very 
long - lived  X. laevis ). Freeze - branding using metal numbers 
and digits produces dark, easily - read fi gures on the white 
belly skin that are permanent (over 15 years in marked 
natural populations) and have never been found to 
cause skin damage or infection. In the UK, this procedure 
requires a Home Offi ce licence. Currently, introduction of 
PIT tags (passive integrated transponders) beneath the skin 
does not require a licence. The cylindrical tags (approxi-
mately 5   mm long, 1   mm diameter) produce a unique 
signal that can be read with a portable scanner. However, 
the process of insertion seems questionable on welfare 
grounds. The needle injectors work effectively on the thick 
skin and subcutaneous muscle of mammalian species where 
the point of insertion in elastic tissues closes as the 
needle is withdrawn. However, in amphibians, including  X. 
laevis  that has relatively inelastic skin, the perforation can 
remain open producing a risk of infection and sometimes 
loss of the tag. 

 A recent development that exploits the natural distinction 
between dorsal pigment patterns and avoids the labour -
 intensive comparison of photographs involves digital 
imaging and machine vision techniques (Figure  48.3 ).    

  Safety  c onsiderations 

 There are no records of transfer of infection from  Xenopus  
species to humans (although extra caution is needed in cases 
of antibiotic - resistant bacteria). Commonsense hygiene 
measures should be adopted when handling  Xenopus  and 
aquarium water. Hand creams that might irritate amphibian 
skin should not be used. Some workers use gloves but these 
reduce sensitivity in handling: information on the animal ’ s 
condition from its skin texture is missed. Latex and nitrile 
gloves cause high mortality in amphibian tadpoles includ-

towelling facilitates appropriate grip. Instructions in some 
laboratory manuals to handle  X. laevis  with a rough cloth 
are best avoided: restraint relying on a rough surface may 
risk skin damage, and a cloth used for a succession of 
animals becomes slime - covered and could transfer infection. 
Paper towelling can be discarded after a single use.  

  Administration of  s ubstances 

 For injection (for instance, with hormones to stimulate 
spawning),  X. laevis  can be held securely by the extended 
hindlimbs if these are gripped together in soft paper towel-
ling just posterior to the pelvis. There must be no possibility 
that one or both legs can be brought forward, allowing the 
animal to push itself out of the restraint. The abdomen and 
anterior of the animal can then be rested on the bench 
surface (on damp paper towel) with the hindlimbs immobi-
lised within a  ‘ wrapping ’  of paper towelling. In this posi-
tion, an injection can be given without risk of movement that 
could lead to injury. Gonadotrophic and other hormones are 
typically introduced into the dorsal lymph sac; fl uid in this 
large subdermal space is quickly transported into the general 
circulation and hence around the body. Injection directly 
through the skin of the back can lead to leakage so it is more 
effi cient to introduce the hypodermic needle very superfi -
cially (almost horizontally) through the skin of the dorsal 
thigh and then forwards through the septum that separates 
the lymph spaces of upper leg and back. Injected fl uid can 
then be expelled into the dorsal lymph sac with reduced 
risks both of loss through the perforation and of entry of 
potential infections. The needle should meet only very fi ne 
superfi cial capillaries so the procedure should not produce 
bleeding or bruising.  

  Monitoring 

 For measurement of weight and length (to record growth 
rates and other indices of condition), it is least stressful to 
weigh animals in a container of water on a top pan balance. 
Measurement of body length (typically the distance from the 
tip of the nose to the cloaca: snout – vent length) in  X. laevis  
is prone to errors created by the sliding pelvis. The forward -
 directed iliac processes of the pelvic girdle articulate with 
the sacral vertebrae by means of a sliding joint (resembling 
the sliding seat of some rowing boats). This adaptation, ena-
bling the animal to shorten or lengthen its spine by up to 
15%, is effective in rapid escape movements and also bur-
rowing in mud. Accurate snout – vent length data require 
 Xenopus  to be measured in a relaxed  ‘ standard ’  position 
(without the legs being contracted up to the body, reducing 
length, nor extended too fully, increasing length). With prac-
tice, this can be done in a few seconds with animals trans-
ferred quickly from water to damp paper towel on a fl at 
surface. A fl exible transparent ruler is most effi cient; calli-
pers should be avoided because of the risk of injury if the 
animal moves suddenly. It is diffi cult to reduce variation 
between successive measurements of the same individual to 
 < 2   mm but, even with this error, valuable data on growth 
and condition can be compiled.  
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minutes. The effects spread to others in the same tank. If 
recognised quickly, the symptoms can be prevented by 
transferring affected animals to clean water and gently 
removing the glutinous secretion with a succession of 
pieces of paper towelling. Production of the exudates stops 
when animals are calmed and they can recover in a series of 
changes of clean water; but all containers, surfaces etc 
must be thoroughly washed to remove chemical traces 
that might affect other  Xenopus  or handlers. This extreme 
defence reaction (equivalent to a  ‘ last resort ’ ) may be 
encountered in  X. laevis  recently caught in the wild, but it is 
rare in animals habituated to laboratory conditions. Most 
disastrously, it may occur during transport if animals are 
crowded and/or subjected to unfavourable conditions (see 
Transport section).  

ing  X. laevis  and unwashed vinyl gloves are also toxic 
(Cashins  et al .  2008 ). There is currently no evidence for nega-
tive effects on juveniles or adults but the lethality in tadpoles 
suggests the need for caution. 

 Skin secretions of the  Xenopus  species (like those of many 
amphibians) are toxic. Workers handling  X. laevis  must 
avoid transfer of mucus to their eyes (if irritated, eyes 
should be washed with copious amounts of water). Animals 
stressed by rough handling may discharge a milky exudate 
from the body surface. This is highly toxic, intended to deter 
predators, and has an acrid odour. The secretions coalesce 
to form glutinous strands that are diffi cult to remove from 
surfaces to which they stick. This secretion is toxic to the 
animals themselves:  X. laevis  that acquire a covering of thick 
white secretion, develop paralysis and die within about 10 

     Figure 48.3     Illustration of an approach for individual identifi cation of  Xenopus  based on dorsal pigment patterns. Images are analysed in two 
ways. First, by using edge detection techniques to count the number of transitions from light to dark in eight separate regions of the dorsal 
surface, representing texture. Second, by analysing the variety of hues in the skin pigmentation; hue is examined at 110   000 distinct points 
over the back of the animal and allocated to one of 90 bands covering the visible spectrum. The histograms show the counts within the hue 
bands which are converted to a single hexadecimal digit to create a 90 - character hue profi le.  (Images and explanation courtesy of Professor 
Matt Guille, European  Xenopus  Resource Centre, University of Portsmouth, UK.)   
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ideal. Travel should be at a time of day avoiding high tem-
peratures (including exposure to sunshine through vehicle 
windows); air conditioning may be advisable. 

 Some suppliers expect mortalities during transport; 
however, there should be no deaths if animals are in good 
condition and appropriately packed and transported.  

  Quarantine 

 Reports of outbreaks of severe disease (including that caused 
by the nematode  Pseudocapillaroides xenopodis , see Parasites 
section) in animals maintained in laboratories for over a year 
without symptoms, indicate the need for extended quaran-
tine periods. In practice, maintenance of  X. laevis  in separate 
tanks provides some restriction on spread of infection. 
Nevertheless, animals newly imported from the wild should 
be kept in separate accommodation (with separate nets, 
cleaning equipment etc) for at least several months.  

  Welfare  i ssues 

  Health and  d isease 

 In response to unfavourable conditions or poor health,  X. 
laevis  may adopt a  ‘ hunched ’  posture with fore -  and hind-
limbs held close to the body and the head depressed. Skin 
texture is an important indicator of well - being: it should 
have a glossy appearance and slippery feel (refl ecting effec-
tive mucus production), but in ill - health may feel relatively 
rough and  ‘ dry ’ . In healthy animals, the process of moulting 
involves separation of large sheets of outer keratinised skin 
which are typically pushed into the mouth with the fore-
limbs and eaten. When animals are unhealthy or stressed, 
the outer skin is shed into the water in small fragments. In 
chronic ill - health, there may be pinpoint haemorrhages 
visible on the white skin of the belly and legs. 

 The older literature provides detailed accounts of a range 
of pathological conditions affecting  Xenopus  including 
degenerative diseases, neoplasms and microbial infections 
(described from a medical perspective by Dr Edward Elkan 
and others). These conditions are rare and tend to illustrate 
three related principles (Tinsley  1995 ). First,  X. laevis  may 
carry a range of pathogens without the development of 
disease until there is a physiological check, caused by mal-
nutrition, temperature change or other environmental stress; 
until this point, the condition may apparently be controlled 
and it becomes overtly pathogenic only following the addi-
tional precipitating factor. Second, once disease has become 
established, pathogenesis may develop to an extreme degree 
before  X. laevis  exhibits obvious ill - effects. Commonly, in 
tuberculosis of the lungs, liver or gut, a considerable part of 
the organ may become non - functional before illness and 
death occur. Reichenbach - Klinke and Elkan  (1965)  observed 
that such  ‘  crippling injuries and disease would have killed warm -
 blooded animals at a much earlier stage  ’ . Third, in the over-
crowded conditions of laboratory maintenance, one animal 
may develop severe disease (tuberculosis, for instance) and 
die, whilst others in the same aquarium remain unaffected. 
These observations suggest that immune defences are nor-
mally highly effective in the control of microbial disease. 

  Anaesthesia 

 MS222 (tricaine methane sulphonate) is the most effective 
anaesthetic, administered by immersion of the animal in a 
0.05 – 0.10% solution. MS222 forms an acidic solution in 
water and should be buffered to pH7 with sodium bicarbo-
nate. Adult  X. laevis  left in MS222 for about 10 minutes after 
loss of refl exes will take 20 – 30 minutes to recover when 
transferred to clean, preferably fl owing, water (but times 
vary with factors including body size and temperature). 
During anaesthesia and recovery, animals should be 
propped with nostrils above the water surface and, if out of 
water, should be kept wet with damp tissue.  

  Euthanasia 

 Amongst several alternative methods (Reed  2005a, 2005b ), 
an overdose of MS222 (generally 2 – 3   g/litre of water, buff-
ered to ph7) is most effective and humane. After uncon-
sciousness, time to death is variable (commonly more than 
1   h);  X. laevis  anaesthetised for less than this time should be 
double - pithed to ensure destruction of brain and spinal cord 
tissue. Where perfusion might wash out MS222, barbiturate 
overdose (injected into the dorsal lymph sac) may be 
recommended.  

  Transport 

 Problems that may affect  Xenopus  during transport include 
exposure to unfavourable environmental conditions (espe-
cially heat, poor water quality, restricted access to air); stress 
from overcrowding; and physical damage from movement 
within containers. It is essential that containers are not 
exposed to sun during transport. Animals should not be fed 
for 3 – 4 days prior to travelling to reduce fouling of the 
water. 

  Xenopus laevis  are sometimes transported over long and 
short distances with minimal water in insulated boxes 
packed with damp moss or sponge. The lightness of the 
packaging reduces cost but the method increases the risk of 
stress or injury. Although  X. laevis  will tolerate emersion 
from water in a damp environment, they continue to excrete 
ammonia that can cause severe skin burns. Without water, 
the animals are also more vulnerable to temperature fl uctua-
tions and to injury from erratic movements of the 
container. 

 It is better to transport  Xenopus  in clean water deep 
enough to cover all individuals. Addition of sterile sponge 
reduces waves and provides a more stable covering for sub-
merged animals. Polystyrene boxes that are waterproof 
(sometimes lined with polythene sheeting) provide insula-
tion; it is essential that air holes cannot become blocked. In 
relatively shallow boxes,  Xenopus  may jump and hit their 
heads, incurring injuries ( ‘ red nose ’  symptoms) and subse-
quent bacterial infection. 

 For transport over shorter distances between laboratories, 
typically by road where there may be reduced constraints 
on weight and volume, it is best to house animals in rela-
tively deep water (around 30   cm) in a tall container (where 
the lid is above jumping height): securely covered bins are 
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damage but in  X. laevis  this appears normally to be relatively 
minor. Current evidence is that, both in the wild and in 
laboratory populations, a few percent of  X. laevis  show 
detectable infection and this may be related to immune 
status (infl uenced by factors such as temperature and stress). 
Major concerns are not for the health of  X. laevis  but for the 
risk of spread to other susceptible amphibian species, 
including the possibility of environmental contamination 
via drainage water.  

  Parasites 

  Xenopus  species carry a richer assemblage of parasites than 
most other anurans  –  over 25 genera from seven invertebrate 
groups infecting almost every organ of the body. This spec-
trum appears to refl ect a dual origin: some of the parasites 
are characteristic of those found in anurans, refl ecting a 
common evolutionary origin, and some are related to those 
typical of fi sh, refl ecting an ecological origin through shared 
diet, habitats etc. Almost all are strictly host - specifi c to 
 Xenopus  so they do not normally represent a hazard to other 
amphibians. References to studies on these parasites are 
listed in Tinsley  (1995, 1996)  (for earlier work) and Jackson 
 &  Tinsley  (2001)  (for later accounts) (Figure  48.4 ).   

 Workers in  Xenopus  laboratories may encounter worms 
passed into the water from recently imported wild - caught 
 X. laevis , but their signifi cance requires evaluation. For para-
sites with indirect life cycles that require specifi c intermedi-
ate hosts, there are generally no risks of transmission in the 
laboratory. These parasites, present at the time of capture, 
gradually decline and are not replaced. Thus, although 
potentially worrying to non - specialists, occasional expul-
sion of gut parasites, including tapeworms ( Cephalochlamys 
namaquensis ), nematodes ( Camallanus  and  Batrachocamallanus  
species) and several species of digenean fl ukes, has little 
importance for health and welfare. Parasites with indirect 
life cycles employing  Xenopus  species as an intermediate 
host may occur in large numbers, including  Tylodelphylus 
xenopodis  in the pericardium and echinostome metacercariae 
in the eyelids. Pathological effects are rare (reviewed by 
Tinsley  1996 ). However, all these worms may represent a 
confounding factor if present in  Xenopus  used in controlled 
experiments (for instance, on growth rates or physiological 
characteristics). 

 Those parasites that have direct life cycles (with only a 
single host species in the life cycle) have the potential to 
increase in laboratory conditions and need precautions. One 
helminth parasite of  X. laevis , the nematode  Pseudocapillaroides 
xenopodis , is notorious for lethal pathogenic effects in labora-
tory populations. Affected animals develop roughened skin, 
become anorexic, emaciated and die. The worms burrow 
throughout the epidermis causing severe damage. Parasite 
reproduction involves deposition of embryonated eggs 
within the epidermal tunnels, so infective larvae hatch 
already in their fi nal habitat leading to a progressive increase 
in worm burdens. Host - to - host transfer is assumed to occur 
by skin penetration, through existing abrasions or intact 
skin. However, the circumstances leading to epidemics in 
laboratory populations are not clear - cut. Reports in the lit-
erature describe outbreaks in  X. laevis  that had been imported 
from South Africa more than a year before the appearance 

 In contrast to these chronic conditions, a variety of micro-
bial pathogens may cause acute disease leading rapidly to 
high mortality, including severe generalised sepsis attribut-
able to haemolytic bacteria, particularly  Aeromonas hydrophila . 
Little is known of the infl uence of these infections in wild 
 Xenopus  populations: virtually all experience derives from 
lethal outbreaks under the unnatural conditions of labora-
tory maintenance. 

 The concerns of export authorities about spread of disease, 
and of receiving laboratories about introduction of infec-
tions, now result in routine treatment for infection in wild -
 caught  X. laevis . Whilst the principle is commendable, the 
effectiveness is currently uncertain. For parasitic worms, the 
optimum drugs and dosages are generally not known and 
imported  X. laevis  may still arrive at their destinations with 
parasitic infections. For bacterial infections, there is the 
major concern that uncontrolled antibiotic use may select for 
resistance leading to the export of pathogenic infections that 
cannot be controlled in the receiving laboratory. Personal 
experience of this includes a consignment of over 400  X. 
laevis  from the Cape that showed symptoms on arrival in the 
UK of pathogenic  Aeromonas hydrophila  infection. The bacte-
rial strain had resistance to some of the most important 
antibiotic groups  –  the beta lactams (penicillins), quinolones 
(oxolinic acid, ciprofl oxacin and enrofl oxacin), potentiated 
sulphonamides (co - trimoxazole) and the tetracyclines. 
Despite control and treatment efforts over a period of 6 
months, all animals died or were culled. The unsuccessful 
control of this infection suggests that outbreaks of such 
severity are best managed by early culling, not least to 
prevent spread to established populations within laborato-
ries. Many laboratories have experience of other devastating 
epidemics (including the skin nematode  Pseudocapillaroides 
xenopodis ), indicating the need for careful attention to the 
disease risks of laboratory maintenance of  Xenopus . Wider 
implications include the potential for international spread 
of antibiotic resistant bacteria and establishment of exotic 
infections in waterways in distant countries. 

 For relatively minor skin infections and abrasions, the 
strong immune defences of  Xenopus  are often the best means 
of recovery. Affected animals should be transferred to clean 
water at frequent intervals (preferably daily), so that skin 
healing is not hampered by elevated ammonia or bacterial 
populations, and animals should be maintained in isolation, 
free of disturbance. Feeding may be minimal and should be 
restricted to food taken immediately by the animal, with 
uneaten food removed to prevent chemical and bacterial 
contamination of the water. In cases where this natural 
recovery is effective, the improvement is visible over a few 
days to 1 week, with progressive reduction in areas of 
damaged skin. If there is deterioration, antibiotic treatment 
may be required (under direction from a vet). If there is 
severe pathology and visible distress, recovery is often 
unlikely and euthanasia may be necessary to reduce suffer-
ing. Strict hygiene is essential to prevent pathogen spread 
to other groups of  Xenopus  (especially with nets, tanks and 
tank - cleaning materials): sterilisation of containers in bleach 
should be followed by repeated rinsing in clean water which 
is left to stand for at least 24   h. 

  Xenopus laevis  is naturally infected by a chytrid fungus, 
 Batrachochytrium dendrobatidis.  Infection leads to epidermal 
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     Figure 48.4     Selected parasites of  Xenopus laevis.  (a)  Xenopacarus africanus  (acarine mite; nasal and eustachian passages). Reproduction 
occurs within the host and heavy infections may accumulate in laboratory  Xenopus  populations. Larval stages are white; digestion of host 
blood produces black pigmentation as the mites develop. (b)  Protopolystoma xenopodis  (monogenean platyhelminth; urinary bladder and 
kidneys): blood - feeding fl ukes with a direct life cycle; eggs are released with urine, a swimming larva hatches and invades the host via the 
cloaca. Infections can transmit in laboratory maintenance if sediment is allowed to accumulate in aquaria (see text). (c)  Gyrdicotylus 
gallieni  (monogenean platyhelminth; membranes of the oral cavity). An offspring develops to maturity within the uterus of the parent worm 
and may, in turn, contain a further developing embryo  in utero  before its birth. This method of reproduction, with progeny emerging 
directly at the site of infection, produces rapid increase in parasite numbers; host - to - host transfer of worms occurs by contact. (d) 
 Cephalochlamys namaquensis  (tapeworm, intestine): infections can be detected when mature segments are passed in the water; arrowhead -
 shaped scolices may also be expelled as a result of host stress or hormone treatment. Worms present in wild - caught  Xenopus  are gradually 
lost in laboratory maintenance and are not replaced. (e) Several species of camallanid nematodes attach by a chitinized buccal capsule 
to the wall of the oesophagus, stomach and intestine. As in the tapeworm (d), the life cycle requires a copepod intermediate host and 
transmission does not normally occur in laboratory maintenance. (f)  Marsupiobdella africana  (leech; external skin): this species is unique 
amongst leeches in brooding up to 50 offspring in a ventral pouch; when developed, the young emerge through a mid - ventral pore and 
attach to  Xenopus , feeding on blood from epidermal capillaries. (g)  Oligolecithus elianae  (digenean platyhelminth; intestine). This and three 
other species of digeneans occurring in the gut (stomach, intestine, gall bladder and rectum respectively) all have complex life cycles with 
a snail intermediate host; they do not transmit in laboratory populations of  Xenopus.  (h)  Tylodelphylus xenopodis  (digenean platyhelminth; 
pericardial cavity): larvae may be detected only at host dissection; worms released from the pericardial membranes sometimes occur on the 
surface of the ovaries. Infections result from skin penetration by larvae from snail intermediate hosts in natural habitats, so there is no 
laboratory transmission. Related trematodes, all requiring transfer to a predator of  Xenopus  to complete their life cycles, occur in the body 
cavity, lateral line system and eyelids. The pathogenic nematode,  Pseudocapillaroides xenopodis , is not shown. Fine thread - like worms may 
be found in teased fragments of skin examined as fresh, wet preparations under the microscope. Eggs hatch within epidermal tunnels 
created by adult worms; parasite burdens accumulate within individual hosts and transmit by contamination. Anthelmintic treatment and 
strict hygiene are necessary for control (see text).  For references to parasite infections, see text. All scale bars   =   250    μ m.   
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responsible for continual low - level pathology including dis-
ruption of kidney tissue, blood - feeding and stimulation of 
infl ammatory and other anti - parasitic responses. As with 
the other parasites, the presence of  P. xenopodis  could repre-
sent a confounding factor in controlled experiments. 

 The risk of pathogenic disease is increased by the hus-
bandry procedure of partial water changes. Where routine 
maintenance involves removal of half or even three quarters 
of the old water in an aquarium tank and replacement with 
clean water, the layer of sediment may allow parasite eggs 
to complete development, hatch and reinfect the occupants 
of the tank. It is essential, with  ‘ fi ll and dump ’  maintenance, 
that the aquarium tanks are emptied, rinsed and refi lled 
with a complete change of clean water. At around 20    ° C, 
weekly water changes prevent transmission of  Protopolystoma 
xenopodis  but infrequent water changes risk auto - infection. 
Therefore, wild - caught  X. laevis  potentially still carrying 
their natural parasite infection, should not be maintained in 
tanks with a gravel or sand substrate where parasite eggs 
may accumulate. 

 Thus, there is direct and indirect evidence for low - level 
infections of all the important pathogens of  X. laevis , includ-
ing  Aeromonas  and other bacterial infections, chytrid fungus, 
the skin - infecting nematode and the monogeneans, in most 
groups of wild - caught imported animals but that infections 
are kept in check by highly effective immune responses. The 
potential exists for severe disease but only when immunity 
is compromised by stress and other factors. Overt pathology 
is rare but sporadic infections may be important in labora-
tory research as a confounding factor in controlled experi-
ments. This highlights two general principles: fi rst, the 
importance of ensuring optimum conditions that eliminate 
stress; and second, the desirability of employing purpose -
 bred, laboratory - reared animals for most research use, 
rather than  Xenopus  caught in the wild.  

  Behavioural  c onsiderations 

 Semi - natural conditions are recommended for small - scale 
maintenance of  Xenopus  species caught in the wild and 
required for breeding, especially rare species. However, this 
approach is impractical for large - scale laboratory mainte-
nance of  Xenopus . Semi - natural conditions require careful 
management (to regulate food input, monitor water quality 
etc). They are also less suitable for achieving fast growth 
rates by juveniles for which it is better to provide an excess 
of food with more frequent feeding and, hence, water 
changes. 

 There have been many attempts to produce a  ‘ compro-
mise ’  between simulation of natural habitat conditions and 
sterile  ‘ battery farm ’  systems. In general, these have been 
guided by a commonsense, intuitive approach that recog-
nises the need for adequate space, water depth, refuges etc 
for reduction in stress, whilst achieving ease of feeding and 
water changes together with reduction in labour (time and 
cost). The literature includes a range of experimental 
approaches that attempt to quantify the benefi ts of specifi c 
maintenance regimens assessed by growth rates, ovary con-
dition, etc. However, it is still diffi cult to fi nd a consensus 
supported by experimental data. Frustratingly, attempts to 
compare different environmental parameters have often not 
found signifi cant differences in the animals. Three aspects 

of symptoms. So, wild - caught laboratory populations may 
harbour individuals carrying pre - existing low - level, asymp-
tomatic infection. There is evidence for the role of a thymus -
 dependent immune response in protecting against 
development of disease; overt symptoms may follow factors 
that cause immunosuppression, such as reduction in water 
temperature (Tinsley  1995 ). Once infection becomes appar-
ent, no spontaneous cures occur. However, the infection can 
be treated with anthelmintic drugs, including thiabendazole 
and ivermectins (either by injection or addition to aquarium 
water). The infective eggs are highly resistant and can be 
transferred between aquaria on nets and, possibly, the hands 
of laboratory workers. In parallel with control of infection 
in the host, it is essential to eliminate all potential sources of 
re - infection by disinfection of equipment, aquaria and asso-
ciated surfaces with bleach (followed by thorough rinsing to 
eliminate traces of chemicals). 

 Occasionally,  X. laevis  are imported with infections of the 
leech,  Marsupiobdella africana . Wounds produced by blood -
 feeding may become a site for bacterial infection, but the 
leeches are easily removed with a dilute salt bath. There are 
also two monogeneans ( Protopolystoma xenopodis  and 
 Gyrdicotylus gallieni ) and an acarine mite ( Xenopacarus africa-
nus ) that have direct life cycles with the potential for multi-
plication during laboratory maintenance. However, for all 
three there is direct or indirect evidence that primary infec-
tion leads to an immune response that eliminates the para-
sites (Tinsley  1996 ). In laboratory colonies where different 
populations of  X. laevis  are maintained separately from one 
another, infection would eventually die out after a period 
refl ecting the lifespan of the original infection: around 4 
months for  G. gallieni  but over 2 years for  P. xenopodis . 
However, if new imports of  X. laevis  or successive genera-
tions of laboratory - produced animals are mixed with previ-
ously established populations in the laboratory, the na ï ve 
individuals will provide susceptible reservoirs for infection 
that could persist for long periods. 

 Transmission by  G. gallieni  and  X. africanus  involves trans-
fer of established parasites from host to host  –  by reattach-
ment of parasites dislodged into the water or by direct 
contact between hosts. However,  Protopolystoma xenopodis , 
in the urinary bladder, produces eggs that pass out with the 
urine, develop for about 3 weeks in the sediment, and hatch 
to release a swimming ciliated larva that invades the next 
host via the cloaca. Juvenile worms develop in the kidneys 
for 2 – 3 months before migrating to the bladder, maturing, 
and beginning egg production. This life cycle is easily con-
trolled in the laboratory when parasite eggs are removed 
during routine water changes or by continuous infl ow/
outfl ow of water. Detailed studies on  P. xenopodis  show that 
burdens in the urinary bladder and kidneys are very strictly 
regulated (reviewed by Tinsley  2005 ). Despite continuous 
transmission in the wild, the numbers of worms present at 
sexual maturity is low (mean  < 2 adult parasites per host). 
So, although these parasites feed on blood, there is strict 
limitation on the extent of blood loss. However, juvenile 
infections in the host kidneys are potentially more serious. 
A major part of the host response occurs in the kidneys (a 
highly immunogenic site in amphibians), but repeated inva-
sion by infective stages may produce a continuous ‘rolling’ 
population of parasites. Even though these may be killed 
within about 1 month post - infection, they are nevertheless 
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(especially where populations are threatened by human 
activities), physiological condition is often poor (especially 
because of inappropriate maintenance or holding facilities) 
and large - scale use can no longer be justifi ed. This conclu-
sion is inescapable on the grounds of conservation, ethics, 
welfare and cost, but use of amphibians may be additionally 
unjustifi ed on scientifi c grounds where the reliability of 
results may be compromised by poor condition or stamina. 

 However, laboratory use of  Xenopus laevis  differs in 
important respects. Populations in the areas of supply are 
abundant; animals occur in huge numbers in man - made 
habitats. There are no major conservation concerns. It is 
ironic that this species which is exploited for scientifi c needs 
is, at the same time, favoured by human activities especially 
the creation of water supplies for agricultural and domestic 
use. The export of  X. laevis  from South Africa, principally 
the Cape, has been very successful in meeting a major 
research need. Research based on the  Xenopus  species con-
tinues to contribute to major advances in biomedical and 
fundamental science. 

 However, there are growing concerns about wider aspects 
of laboratory use based on wild - caught animals. In the case 
of  X. laevis , it is anomalous that very demanding research 
should be based on animals that have spent their lives in the 
natural environment, prior to being caught and transported 
to the artifi cial conditions of a laboratory. These animals 
exhibit unavoidable variation refl ecting their experience of 
seasonal changes in environmental conditions, food supply 
and stress over several years. They will have been exposed 
to natural parasite and microbial infections and, despite 
attempted treatment, often reach laboratories still carrying 
transmissible infections. There is now a greater concern that 
 X. laevis  established in introduced populations outside Africa 
are becoming part of the international trade. Currently, this 
is the case for populations that were introduced in Chile in 
the 1970s and are now exported to laboratories elsewhere in 
the world. Transport of these creates a risk of worldwide 
transfer of additional pathogenic infection from a continent 
where  X. laevis  is not native. All these considerations suggest 
that it is an anachronism that wild - caught animals should be 
employed in modern laboratory research. 

 It is likely that a series of separate pressures  –  relating to 
cost, welfare, legal regulations and disease risks  –  will 
combine to replace wild - caught  Xenopus  species. However, 
 Xenopus  will continue to be a very important model system 
for advancing understanding in molecular, cell and devel-
opmental biology and use is almost certain to expand in the 
future. It is appropriate that this should increasingly be 
based on laboratory - raised animals. This shift in practice 
will also reduce concerns about stress, especially the inevi-
table problems associated with transfer of animals adapted 
to natural conditions to the artifi cial restrictions of labora-
tory maintenance.  
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may be important. First, there is typically very marked vari-
ation in growth and condition of animals in experimental 
trials (eg, Hilken  et al .  1995 ). Recent studies (Tinsley in prep) 
have shown large differences in growth rates, maturation 
time, etc between different sibships of  X. laevis  maintained 
under the same conditions. So, it is possible that genetic 
effects may have confounded some published trials. Second, 
 X. laevis  is highly adaptable, even to regimens that are 
apparently inferior. In these situations, general health 
(including growth rate) may be indistinguishable from that 
of animals in more favourable conditions but ill - effects may 
be subtle, perhaps affecting the quality of oocytes. Third, 
animals provided with conditions that exclude all (or almost 
all) stressors may suffer extreme stress when they are dis-
turbed for routine maintenance. As a result, these animals 
may show suboptimal attributes determined by brief but 
signifi cant stress even though the investigator designed 
their maintenance to be  ‘ optimal ’ . 

 As an illustration of potential confounding effects of hus-
bandry,  X. laevis  in open tanks seem not to adapt to over-
head movements (including shadows). This response 
corresponds with the direction of major risk in the wild from 
aerial predators. Indeed, when housed in tanks with lids the 
animals typically show great alarm when a tank lid is lifted 
for visual inspection and this is made worse if there are 
vibrations when the lid is lowered. The stress created by 
periodic overhead disturbance may outweigh the benefi ts of 
intended  ‘ optimum ’  conditions operating for the majority of 
each day. 

 Hence efforts to provide conditions intended to reduce 
stress by simulating natural conditions may actually result 
in greater overall effects of stress. This dilemma is illustrated 
when we consider the alternative sources of laboratory 
populations of  Xenopus . In the case of wild - caught adults, 
attempts to provide aquarium conditions resembling those 
in natural habitats refl ect a recognition that these animals 
will have spent at least 3 years  ‘ in nature ’  with behavioural 
patterns adapted to stresses including predator avoidance. 
Features such as refuges may inhibit adaptation to labora-
tory conditions. Where laboratory - maintained  X. laevis  have 
been raised in captivity throughout life, their experience 
relates to these artifi cial conditions. For these animals, 
refuges that increase sensitivity to periodic disturbance may 
be unnecessary as long as other aspects of aquarium design 
(for instance, freedom from overhead movements) remove 
overall stress. 

 This discussion points to the conclusion that, for the most 
demanding research needs, especially in molecular, cell and 
developmental biology, the use of wild - caught animals gen-
erates behavioural and welfare problems for laboratory 
maintenance that are best avoided by the use of purpose -
 bred populations.    

  Concluding  r emarks 

 The use of amphibians as a major  ‘ laboratory animal ’ , in 
research and teaching, was formerly motivated by the belief 
that amphibians (especially frog populations) are an abun-
dant, easily caught, relatively inexpensive source of live 
vertebrate material for practical exercises. However, in most 
cases now, large - scale capture of frogs is not sustainable 
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  Introduction 

 The central theme of this chapter is the diversity of fi sh. An 
understanding of the nature of this diversity, and its impli-
cations for the needs of different species in captivity, will 
help care staff and researchers to be better equipped to care 
for and conduct experiments with fi sh. In a single chapter it 
is not possible to provide detailed advice on the husbandry 
of all species that might be used in research. Instead, we will 
provide detailed information for some of the more common 
species including, rainbow trout ( Oncorhynchus mykiss ), 
Atlantic salmon ( Salmo salar ) and zebrafi sh ( Danio rerio ). 
Other examples will be used, including Atlantic cod ( Gadus 
morhua ) and the guppy ( Poecilia reticulata ) where these 
species illustrate diversity. 

  What  i s a  fi  sh? 

 Fish inhabit a vast range of habitats and ecological niches. 
From the smallest vertebrate  Paedocypris progenetica  which 
matures at less than 8   mm (Kottelat  et al .  2006 ) to one of the 
largest, the whale shark ( Rhincodon typus) , reaching lengths 
of over 12   m (Colman  1997 ). It has been estimated that 
almost half of all known vertebrates are fi sh. There are 
around 28   000 extant species of fi sh; the majority ( > 96%) are 
the bony fi shes (Osteichthyes), with the cartilaginous sharks 
and rays (Chondrichthyes) representing less than 4% and 
the jawless lampreys and hagfi sh (Agnatha) less than 1% 
(Potts  1999a ; Nelson  2006 ). The term teleost is frequently 
used when referring to bony fi sh, this is a common form of 
the infraclass Teleostei within the class Actinopterygii (ray 
fi nned fi shes) subclass Neopterygii. Cyclostome is another 
term used, which, although not a formal classifi cation, is 
commonly used to refer to the lamprays and hagfi sh. The 
class Pisces is no longer used since any clade containing fi sh 
also contains tetrapods. A reasonable defi nition of fi sh 
would be aquatic vertebrates that rely, at least in part, on 
gills for respiration in the adult form. 

 In addition to species diversity fi sh can also be highly 
adaptable, even within sibling groups. They have the capac-
ity to exhibit various behavioural, anatomical and physio-
logical adaptations to environmental cues. Many of the fi xed 
characteristics of mammals and birds are more fl exible in 
fi sh; not even gender is genetically determined in some 
species of fi sh, with individuals changing from functional 

males to females sequentially or in response to their social 
or physical environment.   

  Fish  w elfare 

 The study of fi sh welfare is still in its infancy. Experiments 
that have allowed us to understand the basic coping mecha-
nisms or explore preferences in terrestrial animals have not 
yet been replicated in fi sh. This would seem to pose an 
insurmountable challenge when attempting to provide 
guidance on the care and welfare of fi sh. However, the thriv-
ing aquaculture industry, which relies on healthy and pro-
ductive fi sh and the wealth of high - quality science conducted 
using live fi sh, testifi es to the ability of fi sh keepers to take 
care of fi sh despite this lack of scientifi c information. This 
chapter will attempt to provide a basic understanding of the 
care of fi sh kept for experimental purposes but can in no 
way replace familiarity with the fi sh under your care. 
Provision of training for personnel taking care of fi sh is 
essential as are appropriate resources, health and contin-
gency plans. More detailed descriptions can be found in 
other texts such as the previous edition of this handbook 
(Potts  et al .  1999 ). 

 Although there is an ongoing scientifi c debate regarding 
the ability of fi sh to suffer pain (eg, Rose  2002, 2007 ; Sneddon 
 et al .  2003 ; Chandroo  et al .  2004a, 2004b ; Braithwaite  &  
Boulcott  2007 ), various national legislation, regulation and 
guidelines (Canadian Council on Animal Care  2005 ; Home 
Offi ce  2006 ; Council of Europe  2006 ) provide protection for 
fi sh used for experimental or other scientifi c purposes. In 
Europe, for example, fi sh are protected from the time that 
they are capable of independent feeding on the assumption 
that they are capable of experiencing pain, suffering and 
distress (European Directive 86/609 implemented within 
the UK by The Animals (Scientifi c Procedures) Act 1986). 
Therefore the capacity of fi sh to suffer will not be discussed 
further here. 

 The subject of fi sh welfare is discussed by Huntingford 
 et al .  (2006) , in a book on the subject edited by the late 
Edward Branson  (2008)  and in a dedicated special edition of 
Diseases of Aquatic Organisms which is open access 1 .  

  1        http://www.int-res.com/abstracts/dao/v75/n2/  
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ers, producing a large number of small ova requiring a long 
larval period (eg, Atlantic cod), through to live - bearing fi sh, 
in which a relatively small number of eggs are fertilised and 
develop within the female and are released as fry capable of 
independent feeding (eg, guppies). 

 Reproduction in fi sh might occur during specifi c spawn-
ing seasons (eg, rainbow trout), or throughout the year (eg, 
captive - reared zebrafi sh). Environmental signals play an 
important role in cueing both the seasonal and daily timing 
of reproduction. Photoperiod is one of the most important 
environmental signals infl uencing reproduction (Bromage 
 et al .  1991 ) but other variables may also be of importance, 
eg, temperature (Gillet  &  Dubois  2007 ). 

 Under some culture conditions, maturation and repro-
duction may be considered benefi cial, for example to main-
tain a specifi c strain of fi sh. However, maturation can lead 
to traits that may be considered undesirable in laboratory 
systems. In many species, maturation leads to changes in 
behaviour and, most notably, increased aggression. Male 
Siamese fi ghting fi sh ( Betta splendens ) will fi ght to the death 
when reproductively mature, and so should be housed 
singly. Maturation may also be considered detrimental as it 
may be linked to a decrease in immunocompetence and an 
increase in susceptibility to pathogens (Suzuki  et al.   1997 ; 
Skarstein  et al .  2001 ). Maturation often also results in a 
reduction in growth as energy is diverted into gonadal 
development (eg, Lester  et al.   2004 ). 

 Where maturation is detrimental it may be appropriate to 
use sterile fi sh. The production of triploid fi sh, which have 
three sets of chromosomes instead of two, is one of the most 
practical ways of producing sterile fi sh (reviewed by Piferrer 
 et al .  2009 ). Triploids are typically produced using a thermal, 
pressure or chemical shock applied to embryos during a 
specifi c stage in early development. While the use of sterile 
triploid fi sh might protect against the negative effects of 
sexual reproduction, there is currently a lack of information 
regarding the physiology of triploids. Therefore, it may not 
always be appropriate to extrapolate from results obtained 
with triploids to diploid populations. 

 To illustrate the diversity, we now describe the fi sh life 
history strategies of four species reared in captivity. Of 
these, three lay eggs: a tropical freshwater species (ie, 
zebrafi sh), a temperate freshwater species (ie, rainbow trout) 
and a temperate marine species (ie, Atlantic cod); the fourth 
is a tropical fresh -  to brackish water live bearer (ie, the 
guppy). 

  Zebrafi sh ( Danio  r erio ) 

 The zebrafi sh is one of the most widely used models of 
vertebrate development (Spence  et al .  2008 ) and it is com-
monly used in genetic and toxicological studies (Home 
Offi ce  2006 ). It is a small, omnivorous cyprinid (rarely 
exceeding 40   mm in length). In the wild, it inhabits slow -
 moving water bodies in the south - eastern Himalayan region. 
Breeding in captivity can occur all year round, although in 
the wild it is more seasonal, possibly linked to changes in 
food availability (Spence  et al .  2006 ). Zebrafi sh mature at 
between 3 and 4 months of age and they are then able 
to reproduce every 2 – 3 days. They produce between 100 
and 200 relatively large eggs (0.7   mm diameter), which are 

  Biological  o verview 

  General  b iology 

 The ecological niches occupied by fi sh include most of the 
water on the planet from small freshwater puddles or pools 
to oceans, from the sea bed (benthic) to open waters (pelagic). 
The fi sh occupying these niches range from those with 
limited capacity to adapt to those that are highly adaptable. 
Some (eg, Atlantic cod) have limited capacity to adapt to 
changing salinity (stenohaline) whereas others, eg, Asian 
sea bass ( Lates calcarifer ), are highly adaptable (euryhaline). 

 Fish can be predatory carnivores, omnivorous or herbivo-
rous. The vast majority of fi sh are ectothermic with their 
internal temperature close to that of the surrounding envi-
ronment. Consequently, all biological processes are tem-
perature dependent. This means that growth, infl ammation, 
healing, reproduction, metabolism, excretion of chemicals 
and many other physiological processes are not just a func-
tion of time but a function of time and temperature. 
Ectothermy requires much less energy than homeothermy 
for an equivalent sized animal. Unlike birds and mammals, 
ectotherms do not have to constantly feed a demanding 
metabolism and can survive on relatively little feed and use 
available feed to grow very effi ciently. Many salmonids in 
commercial culture facilities will achieve a food conversion 
ratio (weight of feed consumed to wet weight of fi sh pro-
duced) of less than one. Fish can also be naturally anorexic 
for periods of time. 

 Many fi sh demonstrate plasticity where a single group of 
siblings will adopt a variety of behavioural and physiologi-
cal strategies. For example, young freshwater Atlantic 
salmon may undergo smoltifi cation (pre - adaptation to the 
marine environment) in the fi rst year of life or only after 2 
or more years, dependent on available food resources.  

  Life  c ycles and  r eproduction 

 There is considerable diversity in the life history strategies 
of different species. However, it is possible to simplify most 
life history strategies as follows. After external fertilisation, 
embryos develop within the egg. They hatch and rely on the 
yolk sac until they are able to ingest and digest external 
sources of food. The exception may be some of the live -
 bearing species, where nutrients are passed between the 
mother and embryo. Following fi rst feeding, fi sh develop 
into juveniles, in some species, such as fl atfi sh, undergoing 
dramatic metamorphosis; and then become reproductively 
mature adults. Some species may include a habitat switch 
during their life, often as part of their reproductive cycle. 
For example adult eels ( Anguilla anguilla ) reside in fresh 
water, but migrate to the sea to reproduce (catadromous) 
whereas Atlantic salmon mostly grow in the sea but repro-
duce in fresh water (anadromous). As with so many aspects 
of their biology, there is considerable species diversity in 
fi sh reproduction. 

 One method of categorising reproduction is through the 
level of protection provided by adults for their embryos 
before and after fertilisation (eg, Balon  1990 ). Reproductive 
styles range from fi sh that are non - guarding pelagic spawn-
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 The Atlantic cod is a batch spawner with each female 
producing several batches of eggs within the spawning 
season, which occurs between November and September, 
varying between sub - populations and location (Cohen  et al . 
 1990 ). In captivity, photoperiod manipulation allows fi sh to 
be spawned throughout the year (Norberg  et al .  2004 ). In the 
wild, Atlantic cod spawn pelagically and in captivity they 
spawn and fertilise their eggs naturally. Atlantic cod are 
highly fecund, producing many small eggs (1.0 – 1.5   mm), up 
to 4.30    ×    10 5  eggs/kg of fi sh (Hansen  et al .  2001 ). Following 
fertilisation, hatching takes approximately 250   h, after which 
fi rst feeding takes a further 3 days at 7    ° C (Hall  et al .  2004 ), 
although these times vary depending on strain and tempera-
ture. At hatch, the embryos are poorly developed, requiring 
a 2.5 month pelagic larval period (Cohen  et al .  1990 ) after 
which they become demersal. Cod then grow and reach 
sexual maturity after 2 years at the earliest (Karlsen  et al . 
 1995 ; Olsen  et al .  2004 ). Atlantic cod can live for 20 years and 
reach lengths of up to 2   m (Cohen  et al .  1990 ).  

  Guppy ( Poecilia  r eticulata ) 

 The guppy is an omnivorous fi sh belonging to the vivipa-
rous family Poeciliidae. It is a popular aquarium fi sh but it 
is also used in a range of scientifi c studies (Home Offi ce 
 2006 ). In the wild guppies are found in a range of brackish 
and freshwater habitats in South America (notably Trinidad, 
Venezuela and Barbados). It is a live - bearing fi sh, with inter-
nal fertilisation and development of embryos. Males have a 
modifi ed anal fi n, the  ‘ gonopodium ’ , which transfers sperm 
into the female. Females are able to store sperm and use it 
to fertilise several batches of eggs. Once fertilised embryos 
take 3 – 5 weeks to develop before being released by the 
female. In that time they will rely solely on yolk as a nutrient 
source: they do not receive any additional nutrients from 
their mother. Females are able to produce batches of juve-
niles at approximately 4 week intervals throughout the year 
with no specifi c spawning season. In captivity 20 – 200 juve-
niles are produced in each batch, although in the wild this 
number is lower. Following release by the female, juveniles 
are capable of independent feeding and are afforded no 
further parental care. Cannibalism by parents is common. 
Males reach sexual maturity after 2 months, at approxi-
mately 19   mm, and females after 3 months, at approximately 
25   mm. Adult male guppies reach a maximum size of 35   mm 
and females 60   mm. 

 Detailed information on the biology, ecology and culture 
of guppies can be found in Axelrod and Schultz  (1990) , 
Magurran  et al .  (1995)  and Andrews  (2000) .   

  Biological  d ata 

 To monitor a culture system, feeding, behaviour, water 
quality and health should all be recorded. Fortunately only 
a relatively small number of species are kept in the labora-
tory (see Ostrander  2000 ), however, even these species 
exemplify the complexity and plasticity of fi sh. Inter -
 individual variability in fi sh is generally greater than in 
terrestrial animals and the inherent plasticity of fi sh is dem-
onstrated by the variability of normal values for the majority 

fertilised externally and afforded no further parental care. 
Indeed, in captivity, zebrafi sh can be voracious predators of 
their own eggs (Andrews  2000 ). Following fertilisation, 
development is rapid and at a standard rearing temperature 
of 28.5    ° C embryos hatch after 48 – 72   h. Three to four days 
later the embryos infl ate their swim bladder and begin 
feeding on fi ne particulate food. Gonads initially develop as 
ovaries, with testes differentiating after 5 – 7 weeks. Zebrafi sh 
live for 3.5 years on average, with the oldest individuals 
reaching 5.5 years (Gerhard  et al .  2002 ). 

 For more detailed descriptions of zebrafi sh development, 
ecology and culture see Kimmel  et al .  (1995) , Westerfi eld 
 (2000) , Lawrence  (2007)  and Spence  et al .  (2008) .  

  Rainbow  t rout ( Oncorhynchus  m ykiss ) 

 The rainbow trout is a carnivorous salmonid, which inhabits 
oxygen - rich waters. Its native distribution covers the pacifi c 
coast of North America, but humans have distributed 
it widely and it is now farmed throughout the world 
(Hershberger  1992 ). They are also used in experimental and 
toxicological studies (Home Offi ce  2006 ). Previously it was 
commonly classifi ed as  Salmo gairdneri  but has been con-
fi rmed as  Oncorhynchus mykiss.  

 In the wild, maturation in rainbow trout (like all salmo-
nids) is stimulated by a decreasing photoperiod, but spawn-
ing times can vary greatly between strains (Bromage  &  
Cumaranatunga  1988 ). Under natural photoperiod in tem-
perate regions, hatchery strains spawn in late autumn and 
winter, with a broodstock population producing eggs 
over a 6 – 8 - week period (Bromage  et al .  1992 ); individual 
salmonids produce a single batch of eggs in a season. 
However, eggs and milt are available throughout the year 
due to the use of photoperiod manipulation. When spawn-
ing occurs in the wild, eggs (3 – 6   mm diameter) are deposited 
and fertilised in gravel nests called redds, covered with 
gravel and left to incubate. Outside their native range they 
do not normally spawn naturally. For example in the UK 
there are only one or two naturally spawning populations, 
despite the wide distribution of potentially fertile rainbow 
trout throughout the country. In captivity, eggs and milt 
are manually stripped from the adults, and artifi cially 
fertilised. 

 Following fertilisation embryos take approximately 300 
degree days (ie, the average daily temperature in degrees 
Celsius multiplied by time in days) to hatch and a further 
200 degree days to reach fi rst feeding (Bromage  1995 ). After 
hatching, growth can be rapid, depending on the tempera-
ture, with males typically maturing in their 2nd year and 
females in their 3rd year. Rainbow trout live for between 5 
and 6 years and can reach weights of over 10   kg.  

  Atlantic  c od ( Gadus  m orhua ) 

 The Atlantic cod is an omnivorous, demersal (living on or 
near the sea bed) soft - fi nned fi sh belonging to the family 
Gadidae, that is found throughout the North Atlantic Ocean 
and the European coast, through to the Barents sea (Cohen 
 et al .  1990 ). The commercial culture of this species is still in 
a relatively early stage of development and predominantly 
occurs in Norway. 
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avoiding defensible food resources and visual cues, which 
identify territories, can also reduce aggression. This may 
result in a confl ict of priorities when attempting to provide 
environmental enrichment. Aggression can also be infl u-
enced by the size distribution in the tank. This is not simply 
a matter of maintaining uniform size, since the presence of 
larger obviously dominant individuals can suppress overall 
aggression (Adams  et al .  2000 ). There is also evidence in 
salmonids that the removal of dominant individuals from 
small populations can result in increased levels of aggres-
sion (Adams  et al .  1998 ). 

 Predator avoidance is most obviously seen in tanks of 
salmonids with bright overhead light and no access to cover. 
In these conditions, fi sh will crowd together swimming 
rapidly from group to group or crowd into any shade. Such 
behaviour may be indicative of poor welfare, however this 
area requires further study. 

 In experimental or commercial facilities, the behaviours 
that will be observed are dependent on the nature of the 
tank or husbandry unit, the number and density of fi sh and 
the clarity of the water. Frequently, observation is limited to 
the times when the tank lid is lifted to feed the fi sh or clean 
the tank. The behaviour of fi sh at this time can in no way be 
considered to be resting or normal behaviour. They may 
either show an escape response or rise to the surface in 
anticipation of feeding, depending on the nature of the dis-
turbance and their previous experience. Although over time 
there may be a reduced response to disturbance we do not 
fully understand the consequence of such adaptation. The 
degree of habituation to any form of human interference is 
species dependent. Sea bass ( Dicentrachus labrax ), if fre-
quently disturbed, may become very diffi cult to stress since 
they appear to interpret any form of human presence as a 
prelude to feeding (M. Pavlidis, personal communication). 
Under commercial conditions underwater video equipment 
is used to monitor fi sh behaviour, especially in large produc-
tion units, allowing observation of their undisturbed 
behaviour. 

 Often the best conditions for observing fi sh are not the 
most suitable for the fi sh under observation. Clear water in 
glass tanks can be stressful for some species, particularly 
those more suited to living in dimly lit or turbid water.   

  Sources,  s upply and  c onservation  s tatus 

 Many of the commonly used laboratory species are available 
from captive - bred stocks. However, some species, particu-
larly marine fi sh, must be collected from the wild. The 
capture of wild fi sh for experimental purposes is covered in 
the previous edition of this handbook (Andrews  1999 ; Potts 
 1999b ). For ethical reasons, no fi sh that is collected using 
unsustainable methods or from endangered species or pop-
ulations should be used in experiments, except where those 
experiments are directly related to their conservation. At the 
time of writing only 86 out of the 5000 species of animals 
protected against over - exploitation through international 
trade by CITES were fi sh. Protected species include the 
whale shark and the common or European eel ( Anguilla 
anguilla ). None of the protected species are commonly used 
for experimental purposes. 

of haematological parameters (see Wedemeyer  1996 ). For 
this reason haematology and clinical biochemistry is much 
less useful in fi sh. 

 Growth rates are determined not only by rate of feeding, 
but also by social cues, environmental conditions, genetic 
factors and physiological states such as reproductive condi-
tion. Growth charts are available for commercial produc-
tion, mostly supplied by feed companies and combined with 
suggested feeding rates. In some cases these are more 
complex than simple tables and may be based on multiple 
regression models. The determinants of fi sh growth can be 
complex. In Atlantic salmon, growth in the sea is deter-
mined by the size of the fi sh (bigger fi sh have higher daily 
weight gain) but also by daylight, with temperature having 
a relatively minor role. Salmon grow faster during periods 
of decreasing day length and during longer days, therefore 
the period of most rapid growth is usually June to September 
in the northern hemisphere (Metcalfe  1994 ). 

 Since most growth and feeding charts are developed for 
commercial systems they can be used as a starting point but 
must be adapted for use in experimental systems, since the 
aim in most cases is not necessarily to achieve rapid cost -
 effective growth. Accurate and accessible records are neces-
sary to ensure you can develop a prediction of normal 
growth and feeding in your systems. This can be developed 
into predictive models to allow early detection of deviations 
from expected performance.  

  Normal  b ehaviour 

 Fish are capable of creating complex social and internal 
environmental models (reviewed in Braithwaite  2006 ). Male 
Siamese fi ghting fi sh are able to judge the performance of 
other fi sh from observing fi ghts. This is not simply recogni-
tion of the winner and loser but a true evaluation of the rela-
tive fi ghting abilities. In some cases the observer will act 
aggressively to both winner and loser, in others respond 
aggressively to only the loser or respond submissively to 
both (Oliveira  et al .  1998 ). This is thought to represent a 
process of comparing his own abilities with those of the 
observed combatants. Some fi sh are also able to develop 
complex spatial maps, a goby ( Bathygobius soporator ) can 
create a model of the topography of the shore line at high 
tide which allows it to escape from a rock pool to other pools 
and eventually back to the sea at low tide, when it is impos-
sible for it to see its destination (Aronson  1971 ). 

 Commonly observed behaviours in captivity include 
feeding, predator avoidance, exploration, social interactions 
and reproduction. In experimental systems it is preferable 
to avoid any form of behaviour that can be damaging to the 
fi sh. For example, reproduction and territoriality, which are 
often associated with increased aggression. 

 Many species of fi sh, such as salmonids and tilapia, estab-
lish territories if provided with the opportunity. However, 
such behaviour can result in unequal access to food and 
injury through fi ghting. Potentially territorial species can 
often be encouraged to adopt a less damaging shoaling strat-
egy through manipulation of the water fl ow and number of 
individuals in the tanks (Christiansen  et al .  1992 ). Since 
aggression is often a feature of competition for resources, 
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excess deterioration of the water quality over the duration 
of the transport. Typical densities used for commercial 
transportation of trout range from 40 – 150   kg/m 3  (unpub-
lished data). Commercial fi sh transporters recommend that 
the fi sh should not be disturbed during transportation 
unless absolutely necessary. Therefore, there should be a 
remote method of monitoring dissolved oxygen, and water 
should not be exchanged during transportation under 
normal circumstances. 

 On a small scale, fi sh can be transported in sealed plastic 
bags. Usually two bags, one within the other, would be used 
to reduce the risk of breaking, especially with fi sh with 
spiny fi n rays such as tilapia or many species of catfi sh. The 
inner bag should be one third fi lled with water from the tank 
the fi sh are kept in (provided that is of high quality) and the 
remainder of the bag fi lled with oxygen. The neck of the bag 
can be twisted and bent over before being tied with cable 
ties or castration rings (Figure  49.1 ). If small fi sh are being 
transported the corners of the bag may be tied off to provide 
a rounded rather than pointed corner to avoid fi sh becoming 
trapped and suffering from hypoxia.   

 During any transportation, temperature fl uctuations 
should be kept to a minimum. In order to maintain steady 
temperature, bags may be packed in polystyrene boxes 
(Figure  49.2 ) and should not be transported during periods 
of high temperatures. For larger groups of fi sh, transporta-
tion tanks are used which have an opening in the top and a 
drain for releasing fi sh and water at the bottom, and are 
usually insulated.   

 On arrival at the destination the fi sh should be acclima-
tised to the new environment. Acclimatisation is not only 
for temperature but also water quality including pH. Even 
adaptable species have a limited capacity to adapt rapidly 
and therefore every effort should be made to ensure that the 
transportation water conditions are similar to the receiving 
conditions. In some cases this may require the originating 
water to be adjusted slowly over a period of several days to 
reduce any rapid changes following transportation, for 
example pH or salinity. Under normal circumstances the 
bags should be fl oated on the new water until temperature 
has equilibrated (30 – 60 minutes). Either during this time or 

 The sources and previous history of the fi sh are extremely 
important for experimental populations. Uncontrolled 
genetic variability can lead to unacceptable levels of error. 
However, the plasticity of many fi sh species means that 
even in relatively genetically homogeneous populations 
there is considerable variability. This is compounded by the 
infl uence of previous experience. For example, a study 
examined two populations of rainbow trout selected for 
either a low level of cortisol response (proactive and socially 
dominant) or a high cortisol response to a standardised con-
fi nement stressor. When they were deprived of food during 
a long transportation the fi sh switched roles, the low 
responders becoming subordinate (Ruiz - Gomez  et al .  2008 ). 
Other work has shown that other relatively small changes 
in the early rearing environment can result in substantial 
difference in the behaviour of fi sh in later life (Braithwaite 
 &  Salvanes  2005 ). Therefore, it is important that wherever 
possible fi sh with known genetic make-up and rearing 
history should be used. In many cases this is most easily 
achieved by breeding on site. Where this is not possible 
unknown variability in the population should be controlled 
for in experimental designs. 

 Individual fi sh, in common with many animals, demon-
strate an inherent tendency to be proactive or reactive. Even 
in well studied species, separating individuals into these 
two categories is still problematic and it is generally only 
possible to identify those individuals exhibiting extremes of 
pro -  or reactive nature. Recent work has demonstrated that 
the causes or effects of these strategies infl uence all proc-
esses down to the level of gene transcriptions (MacKenzie 
 et al .  2009 ). Assuming that individuals from a genetically 
homogeneous population of fi sh with similar previous expe-
rience are uniform in their responses may lead to increased 
error and signifi cant effects being masked. 

 There are clonal lines of fi sh available and these provide 
potential experimental populations with no genetic variabil-
ity, eg, tilapia (Sarder  et al .  1999 ).  

  Transportation 

 Any procedure that involves handling or disturbance of fi sh 
should usually be preceded by a period of starvation. This 
period is necessary for several reasons. Immediately follow-
ing feeding, fi sh have an increased oxygen demand associ-
ated with digestion; this specifi c oxygen demand necessitates 
increased oxygen supply. Similarly, the excretion of 
ammonia via the gills increases after feeding and by using 
a period of starvation the level of ammonia excreted into the 
relatively small volume of transport water can be reduced. 
In addition, if the digestive tract is empty there is less chance 
the fi sh will regurgitate or defecate in the water. The length 
of time that they should be starved is dependent on the 
digestive transit time, which in turn is related to body size 
and the temperature. Generally small fi sh,  < 400   g, would be 
starved for 24   h and larger fi sh for 48   h. 

 Wherever possible, fi sh should be transported in water 
even for very short period of time ( < 1 minute). Many com-
mercial farms now use fi sh pumps rather than nets to move 
fi sh. During transportation, oxygen levels must be main-
tained and stocking densities kept to a level that will avoid 

     Figure 49.1      Elastic castration rings and applicator, an easy way of 
sealing fi sh transport bags.  
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     Figure 49.2      Fish transportation bags about to be sealed in a 
polystyrene box.  

ment of guidelines on appropriate rearing conditions and 
animal care (eg, Canadian Council on Animal Care  2005 ; 
Council of Europe  2006 ).  

  General  h usbandry 

  Enclosures 

 Fish are cultured commercially in a wide range of systems 
and environments, from temperate to tropical and fresh to 
salt water, in tanks, ponds and cages using semi - natural 
waters. Although the majority of experimental work is con-
ducted in purpose - built facilities, some also occur on a range 
of commercial scale sites. 

 Various systems employ different degrees of water 
exchange and treatment. Systems can rely entirely on water 
exchange to maintain the environment or rely entirely on 
water treatment. The extent of water exchange and treat-
ment has been used to defi ne static, fl ow - through and recir-
culation systems. Many experimental systems would 
employ some form of water fi ltration or treatment combined 
with replacement of a proportion of the water. Systems with 
relatively small amounts of fi ltration and only occasional 
replacement of water, such as many simple ornamental fi sh 
tanks, are often described as static systems. Semi - closed 
systems, where water is circulated from each tank through 
a fi lter are often referred to as recirculation systems. Filtration 
systems typically include a mechanical fi lter, to remove par-
ticulate matter, and a biological fi lter to remove harmful 
ammonia and nitrite, converting them into less toxic nitrate. 
Some recirculation systems may also include chemical fi lters 
(eg, activated carbon) to improve water quality and also 
protein skimmers, which remove excess protein from the 
water. Recirculation systems typically require a low rate of 
water replenishment. Other systems referred to as fl ow -
 through rely primarily on exchange of water to maintain the 
environmental conditions. The rate of exchange can vary 
from total replacement in less than an hour to very slow 
partial replacement over days or weeks. 

 All systems used to rear fi sh have several common key 
functions, they must provide appropriate water, allow 
feeding, cleaning, waste disposal and necessary access to the 
fi sh. In many cases these functions confl ict (eg, feeding 
systems may restrict access to the fi sh, or interfere with 
cleaning) and the range of enclosures or systems used is not 
just determined by the various species or the purpose for 
which the fi sh are kept but also an attempt to produce a 
manageable system.  

  Environmental  p rovisions 

 It may seem facetious to say that water is important for fi sh 
but it is easy to forget the range of functions water serves 
for fi sh. Obviously it is the medium in which they live and 
which supports their weight. It also supplies oxygen to 
them, dilutes and removes toxic waste, carbon dioxide and 
all other excretory products. Fish can also absorb soluble 
minerals such as calcium directly from the water. Water 
also has many other physical properties including velocity, 

subsequently some of the recipient water should be mixed 
with that in the bag to avoid any rapid changes in water 
chemistry. Acclimatising fi sh on arrival is always a compro-
mise. Fish should not be confi ned in the bag for longer than 
necessary and if they have already had a long transportation 
it may be necessary to aerate the bag during the acclimatisa-
tion period. In some circumstances if the water quality has 
deteriorated to a dangerous level, as may happen if some 
fi sh have died during transportation, then the need for accli-
matisation may be secondary to the urgent need for clean 
water. Under such circumstances the surviving fi sh should 
be separated from the dead fi sh and placed in clean water 
of similar temperature as soon as possible. 

 Fish should be closely monitored after transportation for 
signs of ill - health or damage since moving fi sh can result in 
disruption of the social structure and result in social stress, 
aggression and damage (Adams  et al .  1998 ). 

 The International Air Transport Association ’ s Live 
Animals Regulations (LAR) Manual 2008/2009, contains 
details of transporting fi sh and is available from the IATA 
website 2 .  

  Use in  r esearch 

 Estimates of the number of fi sh used for research worldwide 
are diffi cult to obtain. However, in Europe in 2005, 12.1 
million animals were used for research, of which 15% were 
cold - blooded animals, including fi sh (European Commission 
 2007 ). Taking the UK as a specifi c example, in 2008, the last 
year for which statistics are available, 0.605 million live fi sh 
were used for scientifi c procedures. This equated to 17% of 
all the animals used for experiments in the UK and an 85% 
increase from the previous year, continuing an increasing 
trend since 2001 (Home Offi ce  2009 ). Previous statistics from 
the UK (Home Offi ce  2006 ) suggest that more than 13 dif-
ferent species of fi sh were used for research, safety and 
effi cacy testing in 2005. 

 The need to provide protection for all animals, including 
fi sh, used in scientifi c experiments has led to the develop-

  2        http://www.iata.org/index.htm  
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although more recent technologies greatly reduce the neces-
sity for calibration (eg, LED - based oxygen probes). 

 The ability to alter the nature of the incoming water is 
dependent on the supply and the volume used. The most 
common manipulation is that of temperature. This may be 
expensive if the deviation from ambient is substantial, and 
cooling water may be more costly than heating. The cost of 
changing water temperature is so great that the main func-
tion of some recirculation systems is to conserve heat. 
Another common and essential manipulation is the removal 
of chlorine from domestic water supplies. Chlorinated water 
can be very harmful to the gills of fi sh and vigorous aeration 
or fi ltration through activated charcoal is essential. 

 No single set of criteria is suitable for all species of fi sh 
and much of the available information relates to salmonids. 
Many species are capable of adapting to a wide range of 
environmental parameters; however, there is very little 
understanding of either the welfare implications or the con-
sequences of such adaption other than acute toxic effects. 
Adaptive capacity is dependent on species and the animals ’  
past experience, but can be remarkable; for example, fresh-
water phases of salmon are easily able to adapt to tempera-
tures from close to 0    ° C up to 20    ° C. Different species have 
different pH requirements, with salmonids performing best 
around pH 7, while the Japanese  Tribolodon hakonensis  lives 
in water from pH 3.4 – 3.8 (Hirata  et al .  2003 ) and the African 
lake Magadi tilapia ( Oreochromis alcalicus grahami ) survives 
in a lake at pH 10 (Randall  et al .  1989 ). 

 Any attempt to defi ne appropriate water quality levels for 
fi sh is constrained by lack of data and the complex interac-
tion of water quality parameters. There is very little evi-
dence for the effect of water quality on functional or 
feeling-based aspects of fi sh welfare of even the most com-
monly studied species, most of the information relates to 
effects of water quality on survival or growth. The stability 
of the fi sh ’ s natural environment affects its capacity to adapt 
to changes. Fish from the deep ocean such as Atlantic halibut 
( Hippoglossus hippoglossus ), especially in the larval stages, 
require very constant conditions, whereas fi sh adapted to 
rock pools may be capable of withstanding sudden and 
extreme fl uctuations in salinity and temperature. The ability 
to adapt may be function specifi c so that while fi sh may 
survive a wide range of conditions they may not be able to 
reproduce outside a limited environmental range. Some life 
stages and very young or old fi sh may be less able to cope 
with fl uctuations in environmental conditions and the rate 
at which conditions change often has a signifi cant effect 
on the ability of fi sh to cope with new environmental 
conditions. 

 Water quality parameters can be grouped into those 
largely determined by the water supply (acidity, alkalinity, 
hardness, temperature, conductivity and heavy metal con-
centration), those largely determined by the practices in the 
fi sh - keeping facility (oxygen, ammonia, carbon dioxide and 
nitrite) and those that are a product of the source water 
and the management (nitrate, suspended solids and 
supersaturation). 

 Table  49.1  is a guide to the levels of various parameters 
that have been found to be safe for fi sh health and produc-
tivity. A recent review of water quality and welfare of 
farmed trout deals with this topic in considerably more 

turbulence, opacity, colour and many chemical properties 
resulting from substances carried or dissolved in it. 
Maintaining adequate water supply is the central and essen-
tial aspect of caring for fi sh. In recirculation systems the 
water fi ltration and treatment systems may require as much 
effort to maintain as the fi sh. Many recirculation systems 
rely on biological fi ltration consisting of a large biomass of 
organisms exposed to a constant fl ow of water through a 
physical substrate. Treatment with chemicals damaging to 
the biological fi lter or failure of the water fl ow can result in 
collapse of the fi lter and catastrophic deterioration in the 
water quality. 

 The requirements of the species and life stage of the fi sh 
can vary dramatically, depending upon their natural habitat. 
Salmonids require very clean water and high levels of dis-
solved oxygen while some catfi sh (eg,  Clarius  spp.) appear 
to prefer turbid water and as air breathers are largely inde-
pendent of dissolved oxygen. 

 In any aquatic system the loading (ratio of fi sh to water 
for dilution/removal of toxic waste metabolites) of the 
system is related to its vulnerability or susceptibility to 
failure. Typically problems deteriorate more rapidly in 
systems with higher biomass of fi sh to water volume. Often, 
but not in every case, an increase in loading of the system 
is associated with increasing complexity or sophistication of 
the system. Again the more complex the system the more 
likely there will be system failures. Vulnerable systems 
require more regular and detailed monitoring, higher levels 
of staff competence, more effective contingency planning 
and resources to deal with problems. For all these reasons 
it is not possible to recommend a single water quality moni-
toring protocol. 

 Many fi sh in simple tank or pond systems at ambient 
temperature, with regular water changes, and adequate 
aeration, require very little monitoring above regular obser-
vation of the fi sh. The most common form of monitoring is 
that of temperature with many tropical fi sh kept in temper-
ate regions supplied with combined heater thermostats. 
Complex recirculation systems with high loading rates or 
sensitive species may require additional automated moni-
toring and in some cases automated manipulation of oxygen 
and other parameters. 

 Regular monitoring of the rearing system is required for 
any fi sh used in controlled experiments. Ideally, such 
parameters as water level, temperature, pH and dissolved 
oxygen should be monitored twice daily. In large systems 
with many units on a common fi ltration or water supply it 
may only be possible to monitor a limited number of posi-
tions in the system. How such monitoring is conducted 
depends on the scale of the system, for systems holding 
large numbers of salmonids or any marine species there 
would normally be automated temperature, dissolved 
oxygen and water level monitoring, linked to at least an 
alarm system and perhaps to an automated oxygenation 
system. 

 For small systems with either heavy loading rates or sensi-
tive species it is possible to monitor a large number of 
parameters with inexpensive test kit technologies. These 
would usually be supplemented with an electronic dis-
solved oxygen meter and perhaps an electronic pH meter. 
With all electronic systems regular calibration is essential, 
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the experimental facilities and should be controlled for in 
experiments (Adams  et al .  2007 ). Predictable disturbance 
appears to be less stressful for fi sh and therefore routine care 
and feeding should be conducted on a regular and consist-
ent timetable. 

 The practical procedures for establishing a fi sh - keeping 
facility are very diverse depending on the nature of the 
system (tanks, ponds, cages), the type of fi sh (species and 
life stage) and the purpose for which they are kept. More 
detailed practical descriptions can be found in other texts 
such as the previous edition of this handbook (Potts  et al.  
 1999 ), and for example, cage aquaculture (Beveridge  2004 ), 
aquaria (Scott  1997 ), intensive aquaculture (Shepherd and 
Bromage  1992 ) and many other species specifi c texts.  

  Environmental  e nrichment 

 We know that even relatively simple environmental enrich-
ment can have a signifi cant effect on the behaviour and 
development of Atlantic cod (Braithwaite  &  Salvanes  2005 ). 
However, the effects of environmental enrichment are 
species specifi c (Williams  et al.   2009 ) and for many species 
there is a lack of robust information on the benefi ts of 
various environmental enrichments (Kihslinger  &  Nevitt 
 2006 ; Brydges  &  Braithwaite  2009 ). It is also possible that 
some forms of enrichment may be detrimental through pro-
viding cues for territorial behaviour or by causing physical 
harm. Objects in the tank may also make it harder to clean 
without disturbing the fi sh and can also provide areas for 
parasites such as  Ichthyophthirius multifi liis  to reproduce 
(Shinn  et al .  2003 ). Water fl ow could be considered as a form 
of environmental enrichment over static conditions. 

 Some fi sh such as wrasse (eg,  Ctenolabrus rupestris ) seek 
out shelter and have to be provided with pipes or similar 
structures to hide in (Sayer  et al .  1996 ). Some form of 

detail (MacIntyre  et al.   2008 ). Table  49.1  contains an indica-
tion of appropriate water quality levels for common species.   

 Photoperiod is the most regularly periodic of variables 
and conveys a lot of information to fi sh, it is therefore very 
important to consider in long - term experiments. The length 
of daylight and the change in day length experienced by fi sh 
control many processes in temperate species including 
reproduction, smoltifi cation (pre - adaptation to salt water in 
young salmon) and, in marine Atlantic salmon, can have a 
greater infl uence on growth than temperature (Metcalfe 
 1994 ). 

 Bright illumination can also be stressful for fi sh and 
should be avoided, with many species seeking shade or 
cover when exposed to bright lights. Although fi sh have no 
eyelids to protect the sensitive photoreceptors they do have 
other protective mechanisms and, unlike mammals, the 
photoreceptors of fi sh can regenerate. However, continuous 
high - intensity light can result in damage to the eyes of fi sh 
(Vihtelic  et al .  2006 ). 

 Many species of fi sh may show a fright response to rapid 
changes in illumination (for example when aquarium lights 
are switched on). This can be stressful to the fi sh and may 
result in injury, for example if the fi sh strikes the tank walls 
or another fi sh as a result of the fright response. Dimmer 
switches used on any lighting system that illuminates 
rearing systems can minimise this problem. Currently, there 
is little information regarding the effects of the spectral com-
position of light on fi sh, although this area is the focus of 
current research. 

 Fish are very sensitive to vibrations, through their lateral 
line system and in some cases inner ears. Any vibration 
transmitted through the water can have an effect on fi sh and 
where possible should be kept to a minimum. However, 
some disturbance through observation and routine hus-
bandry is unavoidable. Although inevitable, vibrations and 
other forms of disturbance are rarely uniform throughout 

  Table 49.1    Suggested water quality parameters for commonly used species of fi sh. 

   Species     O 2  (mg/l)     Temp ( ° C)     pH     Ammonia (NH 3 )     Source(s)  

  Arctic charr ( Salvelinus alpinus )     > 6.5     < 15    6.5 – 8.5     < 0.015    Johnston  (2002)   

  Carp ( Cyprinus carpio )    5 – 12    8 – 25    7.0 – 8.5     < 0.1    Horv á th  et al .  (2002)   

  Channel catfi sh ( Ictalurus punctatus )     > 5.0    24 – 30    6.3 – 7.5     < 0.12    Landau  (1992)  
 Stickney  (1993a)   

  Guppy ( Poecilia reticulata )     > 4    18 – 28    7.0 – 8.0     < 0.2    Wedemeyer  (1996)  
 Mills  et al .  (1999)  
 Andrews  (2000)  
  www.fi shbase.org   

  Rainbow trout ( Oncorhynchus mykiss )     > 5    7 – 18    6.5 – 9.0     < 0.0125    McLarney  (1998)  
 MacIntyre  et al .  (2008)   

  Salmonids (general)     > 5     > 0 – 20    6.0 – 9.0     < 0.0125    Bromage and Shepherd  (1992)    
 Wallace  (1993)   

  Sea bass ( Dicentrarchus labrax )    6 – 9    14 – 20    7.9 – 8.2        Pillay and Kutty  (2005)   

  Tilapia (general)    3.0 – 8.0    25 – 30    6.5 – 9.0     < 0.24    Stickney  (1993b)  
 Hussain  (2004)   

  Zebrafi sh ( Danio rerio )     > 4    18 – 29    6.0 – 8.0     < 0.2    Wedemeyer  (1996)  
 Mills  et al .  (1999)  
 Andrews  (2000)  
  www.fi shbase.org   



Fish 771

have a requirement for high - quality unsaturated lipids in 
their diets in order to retain membrane integrity especially 
at lower temperatures. Many species are also highly suscep-
tible to oxidised or rancid fats in the diet. Therefore, it is 
important not only to source the correct type of feed, but 
also to store it correctly to avoid oxidation of the high pro-
portion of polyunsaturated lipids. Storage should be for a 
minimum of time and in cool dry conditions. Incorrectly 
stored food not only runs the risk of rancidity but will prob-
ably have dangerously low levels of the more labile micro -
 nutrients eg, vitamin C. If stored under damp conditions, 
feed with high lipid content is also prone to contamination 
with the fungus  Aspergillus fl uviatus.  This fungus produces 
afl atoxins, which in high concentrations can result in liver 
failure and at lower doses can result in liver tumours.  

  Provision of  s ocial  h ousing 

 Some species of fi sh are so aggressive that they cannot be 
kept in groups, eg, snakeheads ( Channa  spp.). Such territo-
riality can often be overcome in large groups where the fi sh 
revert to shoaling behaviour. Other fi sh have tightly fi xed 
social structures. Clown fi sh (eg,  Amphiprion ocellaris ) are 
hermaphrodite: the largest individual in the population is 
female and if she is removed a smaller immature male will 
become female. However, if two mature females are mixed 
in a small tank where they are unable to establish separate 
territories they will fi ght, often resulting in the death of one 
individual. Reproduction in many species requires particu-
lar types of housing. In both Siamese fi ghting fi sh and three -
 spined sticklebacks males and females must be separated 
following spawning to avoid harm to the female and fry. 
This is a strategy also used in other species. In species such 
as tilapia, fi sh can be brought into spawning condition if 
they can see a suitable member of the opposite sex. However, 
keeping them together as a pair can result in injuries due 
to their aggressive courting behaviour. A simple solution 
is to keep them in aquaria with a dividing transparent 
partition. 

 Fish are often housed in mixed species groups for display 
purposes and under these circumstances it is essential that 
the fi sh have compatible environmental and social habits. 
Housing a piscivorous snakehead (eg,  Channa striata ) with 
any other fi sh of similar or smaller size will generally result 
in one large snakehead and few if any other survivors. One 
type of mixed species group is the use of  ‘ dither fi sh ’ . When 
keeping some shy species, for example discus ( Symphysodon  
spp.), shoals of small fi sh that spend time in the open can 
result in bolder behaviour from the larger discus. Similar 
cross - species behaviour is seen in birds and mammals 
(Barlow  1968 ). 

 Many people have claimed that limiting the stocking 
density or biomass of fi sh per unit volume is a means to 
protect the welfare of fi sh. However, the relationship 
between stocking density and fi sh welfare is complex 
(Turnbull  et al .  2008 ). Stocking density is only indirectly 
related to fi sh welfare, and is mediated through and con-
founded by water quality, social interactions, feed availabil-
ity and other factors. Both good and bad welfare can be 
observed over a range of stocking densities and low stocking 

substrate is also essential for larval salmonids or alevins to 
prevent them crowding and/or becoming overactive, pre-
maturely exhausting the energy supplies in yolk.  

  Feeding 

 Fish, as ectotherms, require signifi cantly less food to survive 
and grow than homeotherms of equivalent size. Fish are 
adapted to periods of shortage rather than excess and can 
be naturally anorexic. While there is little evidence to suggest 
that short periods of food deprivation have any signifi cant 
adverse effect on the welfare of fi sh it is known that over -
 feeding has many adverse effects, both physiological and 
environmental. 

 Fresh feeds may be required by some adult wild - captured 
fi sh but the quality and disease risk make such feeds unsuit-
able under most conditions. Under no circumstance should 
closely related fi sh species or fi sh from similar ecosystems 
be fed to each other since this is associated with a higher 
disease risk. Other animals such as snails or zooplankton 
can also be intermediate hosts for parasitic infections. 

 It is essential that the specifi c requirements of the species 
and life stage are catered for (see Conklin  2000 ). The major-
ity of hatching embryos initially rely on a yolk sac. This 
supplies the developing larvae with energy until they are 
capable of independent feeding. The size of the yolk sac and 
the rate it is depleted depend on the species and on the 
incubation temperature. Atlantic cod larvae, for example, 
reach fi rst feeding 3 days after hatching at 7    ° C (Hall  et al.  
 2004 ), whereas rainbow trout may take 20 days at 10    ° C 
(Bromage  1995 ). Access to suffi cient food (in term of quan-
tity and nutritional content) when larvae are ready to feed 
is critical to development and survival. Food should be 
made available some time before the complete absorption of 
yolk. For Atlantic cod, food is made available immediately 
after hatching to avoid signifi cant mortality (A. Davie, per-
sonal communication). The type of food given to fi rst - feed-
ing fry also varies between species. Larvae that are small 
and poorly developed are often given a suitably sized live 
food source (eg,  Artemia  or rotifers). Some larger, well devel-
oped larvae may be fed directly on a commercially available 
formulated diet. Even in species such as salmonids, which 
have no particular need for live food, fi rst feeding is still a 
critical time when food must be made available in an appro-
priate manner or the fi sh will not successfully achieve inde-
pendent feeding and will eventually die. Species that require 
live feed at the start of their life usually require to be weaned 
onto more easily managed feed (eg, commercial pellets). 
First feeding of demanding species and especially provision 
of specialist live feeds such as algae cultures or rotifers 
requires considerable technical expertise, since the produc-
tion of live feed is the culture of an additional organism 
equally or more challenging than the fi sh themselves (see 
Conklin  2000 ). 

 There is often a tendency to use what is easily available 
and that is often trout pellets, goldfi sh or tropical ornamen-
tal fi sh food. Although this can be a reasonable solution, in 
some cases it is inappropriate: feeding trout feed to tilapia 
or carp can result in nutritional pathologies including liver 
damage due to the very high lipid content. In general fi sh 
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 It is usually necessary to handle fi sh to check for the iden-
tifi cation mark and confi rm identity when using fi n clipping 
and coloured spots as marking techniques. There are also 
passive integrated transponder (PIT) tags, which contain 
and transmit a unique identifi cation code in response to a 
radio signal from a reader. Although these readers do not 
penetrate water for any great distance they can be used for 
identifying fi sh passing through an area of shallow or 
narrow water without touching them. There are also various 
other tags from coded wire tags to those containing monitor-
ing and data - logging functions. 

 When applying any form of tag it is essential to anaesthe-
tise the fi sh and hold them on a soft wet surface; the time 
out of water should be kept to a minimum. Any operative 
should practise the techniques under supervision and ini-
tially on dead fi sh until competent.   

  Health  m anagement 

 The health status of fi sh used in research is crucially impor-
tant since in many cases the health of the experimental 
animals can have a more signifi cant effect on the outcome 
of the experiment than the treatment under study. In 
addition to outbreaks of introduced infections, some patho-
gens are endemic in cultured and wild populations of fi sh 
such as  Mycobacterium  spp. infections in zebrafi sh and 
 Flavobacterium psychrophilum  in trout. Therefore, health man-
agement is much more than just keeping infections out of a 
system. It concerns all aspects of the construction and man-
agement of the system and should be a central consideration 
when establishing any fi sh - holding facility. Strategies to 
avoid introducing infections and to control them if they do 
occur are essential. Health management also has fi nancial 
implications: if a disease occurs, resources must be available 
to deal with it. In the event of a disease problem it may be 
necessary to seek advice from, and send samples to, experts 
in the fi eld and the necessary contingency funds must be 
available. 

 Every population of fi sh for experimental purposes should 
have a veterinary health plan, developed with the named 
veterinary surgeon. This should be a comprehensive plan 
including data recording, staff training, health and safety 
and any other statutory data requirements. The nature of the 
plan will be dependent on the business of the unit (eg, exper-
imental research, environmental monitoring, toxicological 
studies, breeding of animals for other purposes etc). The 
plan must essentially be a part of a process that ensures 
effective implementation. In the UK, the Fish Veterinary 
Society 3  can be contacted to identify veterinary surgeons 
with expertise in fi sh health management. 

 In general terms, health management can be divided in to 
three main areas: (1) general prevention; (2) monitoring; and 
(3) response to problems. In some cases, fi sh will be kept 
with the purpose of exposing them to adverse conditions, 
disease - causing agents or introducing harmful genetic traits. 
This section, however, concentrates on maintaining 
optimal health and productivity in stock fi sh. All aspects of 
disease prevention and control should be discussed with the 

densities can result in territorial behaviour and increased 
aggression. Therefore suggesting or dictating specifi c stock-
ing density guidelines can be misleading. Any recommen-
dation for stocking density to protect welfare would have to 
take account of many other parameters and could not be a 
simple table of density for given species at specifi c sizes.  

  Identifi cation 

 A variety of methods have been used for identifying fi sh, 
and the choice is largely dependent on the purpose for 
which they will be used. However, as a general principle the 
least invasive method that is practical should be used. The 
methods can be grouped into body mutilations, or implant-
ing visual or electronic tags. The fi rst type of identifi cation 
includes fi n clipping and freeze branding. Fin clipping is the 
removal of part or all of a fi n, usually to identify a popula-
tion. This technique has been used for identifying hatchery -
 reared fi sh after restocking. The removal of even a small 
amount of fi n can have an adverse effect on the swimming 
ability of the fi sh (Horak  1969 ; Deitricht  &  Cunjak  2006 ). For 
this reason the adipose fi n was often removed from salmo-
nids. Although this fi n was thought to have little mechanical 
function its size and coloration, especially in mature male 
brown trout ( Salmo trutta ), would suggest that it may have 
some signalling or display function (I Semple, personal com-
munication). The other method of body mutilation is freeze 
branding, which damages the pigments cells providing 
some form of identifi cation. 

 There are a large number of methods for either injection 
or inserting a simple coloured compound or small tags for 
identifi cation (Figure  49.3 ). The coloured compounds can 
either be injected or forced into the skin as a high pressure 
jet, as with the panjet system (Deitricht  &  Cunjak  2006 ). 
Several brightly coloured elastomers (Hartman  &  Janney 
 2006 ) are also available for identifying fi sh (Olsen  &  V ø llestad 
 2001 ). A combination of colours and location can be used to 
provide a range of identifi cations.   

     Figure 49.3      Fish tag inserted by needle with an identifi cation 
number.    3        http://www.fi shvetsociety.org.uk/  
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population at risk is valuable it is better to keep people out 
where possible. 

 Biosecurity overlaps with hygiene (or preventing infec-
tions spreading within establishments). As with biosecurity 
the largest risk is movement of fi sh. Where possible popula-
tions of fi sh should not be mixed and certainly different age 
groups should be kept separate. Water can also present a 
risk within establishments and can spread infections through 
systems reusing the same water. In the case of fl ow - through 
systems, which reuse water in a cascade, it is preferable to 
have younger fi sh in the fi rst use water and older fi sh in the 
subsequent use water. Water can also spread infections 
through aerosol or splashes. Bacterial and viral infection can 
easily spread by this route (Wooster  &  Bowse  1996 ). There 
are also pathogenic fungal spores that can spread through 
the air, eg,  Phoma herbarum  (Ross  et al .  1975 ). Individual units 
(systems with separate water supplies) should be supplied 
with separate nets and cleaning equipment. The cost of sepa-
rate equipment is minimal and the alternative of cleaning 
and disinfecting between each use is so time consuming that 
eventually a busy person will not do it effectively or at all. 
Personnel should be discouraged from moving between 
separate units when possible, especially when they contain 
different age groups, for example hatchery and on - growing 
units. 

 A key aspect of controlling the spread of infections is 
using a compartmentalised system. Although some text-
books suggest that systems for zebrafi sh should run on a 
central reservoir and fi ltration system, keeping a large 
number of valuable animals (eg, genetically modifi ed 
fi sh) on a single recirculating system is a very high - risk 
strategy. A common health problem in zebrafi sh is 
 Mycobacterium  spp. infections; these are easily spread 
through water and once established are diffi cult to eradicate. 
Compartmentalisation of the system reduces the risk of the 
infection spreading and also provides the opportunity to 
eradicate the infection through identifi cation and removal 
of infected stocks, followed by thorough disinfection and 
fallowing. Even in the absence of a specifi c infectious threat, 
a compartmentalised system allows parts of the system to 
be occasionally emptied and thoroughly disinfected. The 
risk of infectious disease is greatly reduced by using an all - in 
all - out stocking policy rather than continually adding and 
removing stock without the option to fallow the system. 

 The spread of some infectious diseases can also be limited 
through the use of vaccination. In temperate commercial 
aquaculture facilities the majority of fi sh are vaccinated 
against at least one infectious disease. Currently there are 
vaccines available against several of the major bacterial 
pathogens and in some parts of the world against viral infec-
tions. The majority of vaccines are administered by intra-
peritoneal injection; further details can be found in 
Sommerset  et al .  (2005) .  

  Health  m onitoring 

 Monitoring health comprises the detection of problems (sur-
veillance) and the identifi cation of those problems (diagno-
sis). Wherever possible, protocols for monitoring health and 
welfare should be species - specifi c; it is often not appropriate 

named veterinary surgeon and included in the veterinary 
health plan. In this section the subject is discussed in enough 
detail to allow a non - specialist to obtain an overview of the 
subject. 

  General  p revention of  d isease 

 All management and husbandry systems should be designed 
to maintain the health of the fi sh. Key points include: 

   •      only handling when necessary and in the least stressful 
and harmful way;  

   •      maintaining as near optimal physical and social envi-
ronment as possible;  

   •      not only supplying the necessary feed but also deliver-
ing it in a way appropriate to the fi sh;  

   •      ensuring a sound breeding strategy.    

 Biosecurity (or keeping infections out) should always be a 
central concern. In terms of introducing infections, introduc-
tions of new fi sh are the largest risk. Any introduction of 
stock into the system has an associated risk, since even the 
most stringent testing cannot be perfect due to the limita-
tions of the tests, subclinical or carrier states of diseases and 
occasionally the large sizes of the populations involved. 
Sampling aquatic populations and issues of test limitations 
are discussed in detail elsewhere (Cameron  2002 ). The 
capacity to quarantine introduced fi sh should be planned 
into every system. There is no rational general recommenda-
tion for length of quarantine, although a fi gure of 3 weeks 
is often quoted. In reality the length of the quarantine period 
is related to the risk of introducing a serious pathogen. 
Where there has been a substantial investment in the exist-
ing stock, introductions should be avoided altogether or 
at very least be limited to disinfected eggs or second - 
generation of quarantined fi sh. Where this is not possible a 
trial introduction should be attempted to identify any poten-
tial problems. 

 Other sources of infections include the water, especially if 
it is from a natural water body, contains fi sh or potential 
intermediate hosts. Incoming water may be treated or fi l-
tered but only in low throughput systems. In systems open 
to the environment, intermediate hosts for multihost patho-
gens, eg, snails and piscivorous birds, may introduce infec-
tions. Control of intermediate hosts and predators can be 
diffi cult and may require the welfare of fi sh under your care 
to be balanced against the welfare of wild and perhaps 
endangered species. 

 Processed feed has not been the source of many infections 
in animals but the spread of bovine spongiform encepha-
lopathy ( ‘ mad cow disease ’ ) in mammals demonstrates that 
there may be unexpected risks. Equipment should not be 
shared between establishments where possible, but if 
sharing cannot be avoided good disinfection practices are 
essential (ie, clean, disinfect and dry). People should also be 
discouraged from moving between establishments in quick 
succession or at least discouraged from using the same 
clothing and footwear. Footbaths are frequently cited as a 
means to remind people of the need for biosecurity. It is 
debatable whether a poorly maintained footbath has any 
such effect and many are not well maintained. Again, if the 
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examination. There is also a lack of true diagnostic tests, 
although there are several pathogen identifi cation tests 
(falsely called diagnostic tests by some). While these tests 
may have a role in the control of notifi able pathogens and 
when eradicating pathogens from a husbandry system, they 
are of little value in the control of endemic diseases. Many 
of the common aquatic pathogens are endemic. For example, 
on some trout farms there may be four or fi ve endemic 
pathogens. The task when controlling diseases is usually to 
determine the cause of the disease problem; identifying the 
presence of a pathogen is at best only part of this process. 
Most of our truly diagnostic techniques are related to his-
topathology or the examination of fresh tissue preparations. 
Histopathology is one of the only disciplines available for 
fi sh that can identify the nature of the disease process and 
provide strong evidence for the nature of any associated 
pathogen. Despite the power of histopathology, it has to be 
combined with all other clinical and laboratory evidence to 
reach a diagnosis. Achieving a diagnosis requires specialist 
and lengthy training; however, the person in charge of fi sh 
should have a suffi cient understanding to provide the neces-
sary information when seeking advice and should be able 
to take samples for diagnosis and pathogen identifi cation 
(see below).  

  Response to a  p roblem 

 When a health problem occurs there can be rapid deteriora-
tion and, therefore, advice should be sought at the earliest 
possible stage. Once a diagnosis is achieved a course of 
action has to be decided. This requires an understanding of 
the nature of the husbandry system, the purpose of the 
system (what are the fi sh used for), the disease and available 
treatments. Again, identifying the appropriate course of 
action is a specialist task but it is important to know that 
treatment with therapeutic substances is not always the 
most appropriate course of action. For severe diseases that 
are diffi cult or impossible to treat, eradication may be the 
best option. In some cases an understanding of the natural 
history of the disease may provide an opportunity to avoid 
transmission of the infectious agent. In other cases it may 
not be possible or necessary to do anything at all. 

 Following a disease outbreak there should be a detailed 
discussion with the veterinary surgeon and the veterinary 
health plan should be amended where necessary.   

  Breeding 

 Given the diversity of reproductive styles (eg, Huet  1994 ; 
Andrews  2000 ; Westerfi eld  2000 ) it is not possible to provide 
details of breeding for all commonly cultured species. Here 
we provide an overview of the general principles of breed-
ing fi sh, which apply to a wide range of species. 

 Reproduction is energetically demanding (Jonsson  et al . 
 1991 ; Okuda,  2001 ), due to the investment in gametes and 
associated behaviour. The condition of the parents can infl u-
ence fertilisation, hatching and survival of offspring (eg, 
Laine  &  Rajasilta  1999 ; Saillant  et al .  2001 ; Donelson  et al . 
 2008 ). In some species reproduction leads to fatal exhaustion 

to provide generic guidelines covering all species of fi sh 
(Johansen  et al .  2006 ). Detecting a problem in the earliest 
stages requires familiarity with the normal behaviour, 
feeding and appearance. For example being aware of normal 
feed response, fi sh coloration, ventilation rates, position in 
the tank, swimming activity, body condition and respon-
siveness to for example human presence or nets. In small 
animals such as guppies or zebrafi sh, fi n clamping or 
holding the fi ns close to the body is often an early sign of 
stress or poor health. Clinical signs or evidence of disease 
detectable to the unaided senses may be useful to detect 
problems. Unfortunately they are seldom adequate to iden-
tify the specifi c cause of the problem. The reasons are that 
fi sh have a far more limited capacity to express clinical signs 
than mammals and birds, secondly individual pathogens 
can result in dramatically different clinical syndromes, 
thirdly different pathogens can produce similar clinical 
presentations and fi nally even within a single disease out-
break there will be variability in the presentation between 
individuals. 

 A further challenge is the diffi culty of conducting clinical 
examinations: you cannot easily palpate a fi sh, its tempera-
ture is not informative and there is no movement of gasses 
within the body to create any sounds worth listening to. 
Neither is it easy to observe the normal behaviour of fi sh in 
many systems. Given all these limitations what can a fi sh 
keeper do to monitor the health of the fi sh and obtain a 
diagnosis in the face of a disease outbreak? 

 As has been frequently mentioned throughout this 
chapter, familiarity with the normal appearance and behav-
iour of the fi sh under your care is crucial in order to detect 
the earliest signs of deviation from normality. Some time 
spent observing the fi sh should be a normal part of a keep-
er ’ s job description. Records are also important and these 
should be based on sound data, stored in a manner enabling 
them to be easily accessed, analysed and regularly checked 
for deviations from expected values. Records can be valua-
ble for the daily management of the system but also to ret-
rospectively investigate problems. Those responsible for 
measuring and recording data should appreciate the impor-
tance and the task should be proportionate to the benefi t. 
Recording excessive amounts of apparently useless data is 
very demotivating and can result in poor data or failure to 
record any data at all. 

 Records should include environmental data, feeding 
records, details of stock number and movements allowing 
the origin of fi sh to be tracked through the system. Although 
batches may have to be mixed it should be easy to identify 
the originating populations. Records should also record fi sh 
growth and reproduction information. Finally, all health 
data should be recorded including evidence of ill - health, 
samples taken, diagnoses or evidence of pathogens and any 
treatments. There will also be a statutory requirement to 
record and display data relating to experiments, health and 
safety. 

 Diagnosis is a complex term that has been variously 
defi ned but may be considered as identifying the nature or 
cause of some phenomenon (disease) or distinguishing one 
disease from another. In the discipline of aquatic veterinary 
studies, diagnosis is constrained by the lack of informative 
clinical signs, and the limited capacity to conduct clinical 
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densities and introducing refuges (Andrews  2000 ; Kestemont 
 et al .  2003 ; Al - Hafedh  &  Ali  2004 ).  

  Laboratory  p rocedures 

  Handling 

 Fish vary in their ability to withstand handling, but capture 
and handling are undoubtedly stressful (Mazeaud  et al . 
 1977 ; Billard  et al.   1981 ; Pickering  et al .  1982 ; Barton  &  Iwama 
 1991 ; Pickering  1992 ; Wendelaar Bonga  1997 ). Handling fi sh 
appropriately is not only important for their health and 
welfare but can also improve the outcome of experiments 
by reducing another source of variability (Pottinger  &  
Calder  1995 ). 

 Fish skin is very different from that of terrestrial animals. 
The epithelium is relatively thin, unstratifi ed and consists of 
live cells with no keratinisation. The surface layer has a 
complex pattern, which is species specifi c (Figure  49.4 ). This 
pattern increases surface area and may have the effect of 
retaining the superfi cial layer of mucus. The mucus is con-
tinually produced from the mucous cells in the epidermis 
and is continually sloughed off. The scales are contained 
within pockets of dermis extending up into the epidermis 
and therefore removal of a scale creates a wound extending 
in to the vascular tissue. The loss of a scale is  not  equivalent 
to losing hair or the ends of claws. Although some species 
have relatively tough skin, many including salmonids have 
very delicate skin. Physical handling must be kept to a 
minimum and any abrasive or dry surfaces must be avoided, 
they should only come in contact with soft, non - abrasive 
wet surfaces. This means that nets should be soft, knot - less 
and placed in the water prior to handling. The mesh size of 
the nets should also be small enough to avoid parts of the 
fi sh protruding through the net and being damaged. Fish 
should be handled with wet hands or wet gloved hands and 
kept moist even during brief periods of air exposure since 
this is highly stressful in most species (eg, Sloman  et al.   2001 ; 
Lankford  et al.   2006 ). In warm conditions, with rapid airfl ow, 
fi sh skin can desiccate very rapidly and, when the tempera-
ture is below freezing, can freeze very rapidly.   

and in others survival depends on their condition at spawn-
ing (Hutchings  1994 ; Okuda  2001 ). Therefore, under labora-
tory conditions it is important to ensure that fi sh are in good 
condition prior to spawning and that following spawning 
they are given suffi cient time to recover fully before they 
reproduce again. 

 Environmental cues, including photoperiod, temperature 
and pressure, have been shown to infl uence reproduction. 
For many seasonally spawning fi sh it is now possible to 
manipulate the timing of reproduction by artifi cially con-
trolling the photoperiod, and to a lesser extent temperature. 
However, we have very little understanding of the welfare 
implications of such manipulations. 

 Most fi sh held in captivity exhibit some degree of repro-
ductive dysfunction (reviewed by Zohar  &  Mylonas  2001 ). 
In the most extreme cases, this might involve a complete 
absence of reproduction in captivity, eg, European eel 
( Anguilla anguilla ). However, two common dysfunctions 
occur in females and are relatively easy to address. Firstly, 
in some species, although females are able to produce and 
ovulate eggs normally they are unable to release them into 
the water (eg, rainbow trout). To alleviate this problem, 
mature females can be manually  ‘ stripped ’  of eggs. Pressure 
is applied to the abdominal region of the fi sh in order to 
gently force the eggs out. Eggs will then be fertilised by the 
fi sh keeper using sperm gathered by stripping males. 
Secondly, in some species eggs may develop normally in the 
female but fi nal oocyte maturation, ovulation and release 
into the water do not occur. This problem is often addressed 
using hormone treatment. Currently agonists of gonadotro-
pin - releasing hormone (GnRHa) are the preferred sub-
stances for inducing fi nal maturation in fi sh (Zohar  &  
Mylonas  2001 ). GnRHa has been found to be effective in 
inducing fi nal maturation over a range of concentrations (eg, 
Arabaci  et al .  2004 ; Vermeirssen  et al .  2004 ; Corriero  et al . 
 2007 ), although levels are typically  < 100    μ g/kg of fi sh. 
Commercial hormone induction products (ie, injections and 
sustained - release pellets) are now available to rapidly stim-
ulate maturation 60 – 238   h post treatment (Marino  et al . 
 2003 ); such treatments are only effective in relatively mature 
fi sh, however, not in immature fi sh. As well as inducing 
fi nal maturation, GnRHa may be used to synchronise matu-
ration in males and females and to increase milt (sperm) 
output in males, which is often necessary in captive - reared 
fi sh. 

 Following the fertilisation of eggs, the fi sh keeper must 
provide suitable care for the developing embryos and fry. 
These life stages are sensitive and it is important to ensure 
that optimal, species - specifi c rearing conditions are pro-
vided. The environmental requirements of fi sh change 
throughout their life and those of embryonic and juvenile 
stages may be different from those of their parents (Ishimatsu 
 et al .  2004 ; Imsland  et al .  2005 ), from subtle differences to the 
change from fresh to salt water seen in some salmonids. 

 Cannibalism can occur when fi sh are bred in captivity. 
This can take the form of adults eating eggs and juveniles 
(eg, zebrafi sh; Andrews  2000 ) or sibling fry cannibalising 
one another (eg, Atlantic cod; Puvenandran  et al .  2008 ). The 
tendency for cannibalism varies between species as do the 
methods to control it, which include separating adults and 
eggs/fry, maintaining high feeding rates, adjusting stocking 

     Figure 49.4      Scanning electron microscope photograph of the 
superfi cial epidermis on the ventral fl ank of a rainbow trout. (A 
single cell is outlined.)  
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bance are complex and we have a very poor understanding 
of the consequences of adaptation to disturbance. Therefore 
in many experimental systems monitoring is confi ned to 
observation of feeding response, obvious aspects of group 
behaviour and gross signs of disease, occasionally combined 
with destructive sampling. 

 Monitoring the condition of fi sh in larger populations and 
in systems where they cannot be easily observed is more 
problematic. Growth and food conversion ratio are very 
useful indicators of the health of the population but moni-
toring these obviously involves disturbance and handling 
which may not be appropriate under some circumstances. 
Other important signs of good health include,  ‘ normal ’  
swimming, feeding, response to disturbance and appear-
ance for that population. It may not seem to be very useful 
to say  ‘ normal ’ , however, it is not possible to identify generic 
appearance across species, husbandry systems or even 
between apparently similar populations. Variability is prob-
ably the result of inherent population dynamics, genetic and 
epigenetic variability. 

 It has been suggested that evaluation of refl ex responses 
as described by Davis and Ottmar  (2006)  might be used to 
monitor the health and welfare of fi sh. However, the stimuli 
used to evaluate refl exes were in themselves stressors, 
including lifting the lid of the tank or striking the side. Non -
 invasive methods for monitoring fi sh are not well developed 
and this is an area requiring urgent attention. 

 Although clinical biochemistry and haematology have 
relatively little value for monitoring the health of fi sh, blood 
samples are taken for a variety of reasons. Blood samples 
can be obtained from fi sh in a variety of ways. In most cases 
with fi sh over 10   cm in length, blood is collected from the 
caudal vessels, which lie under the spine. In some cases the 
fi sh may be killed prior to blood sampling. With a typical 
fusiform fi sh such as the trout, it should be placed on its side 
with the ventral surface facing towards the operator. The 
needle should be inserted on or close to the mid - line behind 
the anal fi n angled slightly forward towards the ventral 
aspect of the spine. Once the needle touches the spine, nega-
tive pressure should be applied to withdraw blood, the 
needle may need to be repositioned in order to puncture one 
of the blood vessels (Figure  49.5 ). Other techniques may be 
used for fi sh with other shapes such as fl at fi sh or laterally 
compressed fi sh. With these, it is easier to obtain a sample 
by inserting the needle in the fl ank below the level of the 
spine and then directing the needle up towards the ventral 
spine. Provided it complies with national or local regulatory 
guidelines fi sh may be blood sampled under anaesthesia 
and then allowed to recover; however, the volume of blood 
removed should not exceed 1% of the weight of the fi sh. 
Blood samples may also be obtained through cardiac punc-
ture and from other vessels, however, such techniques 
require specialist training and often require euthanasia. 
Obtaining blood samples from very small fi sh can be diffi -
cult via venepuncture and therefore they may be killed and 
the tail cut off at the caudal peduncle. Blood can then be 
collected from the severed vessels, with a capillary tube or 
small syringe and needle. This technique has the disadvan-
tage that extravascular fl uids contaminate the blood.   

 Since the health of fi sh is a major aspect of their welfare, 
destructive sampling for health checks is a normal part of 

 As previously mentioned, fi sh should be starved prior to 
any form of handling and any air exposure should be kept 
to a minimum. Where possible fi sh should be encouraged 
into a container and then removed from the tank in water 
(Brydges  et al .  2009 ). Capturing a specifi c individual can be 
diffi cult; this is especially true when capturing larger fi sh in 
larger tanks or any fi sh in tanks containing objects or struc-
tures. Capturing larger fi sh is often easier using two nets 
with which to corral the fi sh. Capturing is a skill that requires 
practice and inexperienced people can spend a lot of time 
chasing a fi sh, which can be very stressful and potentially 
damaging for it. 

 Fish can generally be weighed in water by fi rst measuring 
the weight of the container and water. There are numerous 
references to blotting fi sh dry prior to weighing, it is doubt-
ful whether this is a justifi able process. It is damaging and 
the small amount of water removed probably represents less 
error than the content of the gut and water in the mouth and 
opercular cavity. If individual or groups of fi sh are weighed 
in a net then the total weight in the net should not be too 
heavy or fi sh at the bottom can suffer injury from 
crushing. 

 Occasionally fi sh may have to be held in temporary con-
tainers, such as when administering anaesthetic. While 
adequate aeration in such vessels is essential, excessive aera-
tion can disturb the fi sh and even damage them. The need 
for anaesthesia when handling fi sh is dependent on the 
species of fi sh and its previous experiences. Some may be 
easily handled with little or no signs of distress or attempts 
to escape, for example some fl atfi sh may be handled quite 
easily, even out of water, providing their eyes are covered. 
Others, for example salmonids, may be severely stressed by 
even the gentlest handling. Once again the necessity for 
anaesthesia requires an assessment based on familiarity 
with the fi sh.  

  Training/ h abituation for  p rocedures 

 There is evidence for poorer functional welfare resulting 
from disturbance but also complex interaction between 
other aspects of the environment such as stocking density 
and disturbance. It would appear that in some circumstances 
occasional disturbance can have greater detrimental effects 
than more regular exposure to mild disturbance (Adams  et 
al .  2007 ). Fish can also be rapidly trained to use self - feeding 
systems (Alanara  1996 ) and will anticipate any form of 
feeding through visual cues (Stien  et al .  2007 ).  

  Monitoring  m ethods 

 Fish present the keeper with many challenges since they are 
diffi cult to observe in all but glass display aquaria. The posi-
tion of fi sh can be tracked through video analysis software 
(Kane  et al .  2004 ), or PIT tags (see section on identifi cation) 
can be used to identify individuals and also determine their 
location in larger tanks or fl umes but these techniques have 
limited application. Tanks that are suitable for easy observa-
tion may subject the fi sh to visual disturbance and affect 
their behaviour. There is no doubt that the effects of distur-
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the husbandry of many fi sh populations. Although the 
necessity and exact nature of the sampling would be part of 
the veterinary health plan, some basic principles are an 
important part of training for fi sh keepers since samples 
may have to be taken at very short notice. 

 Fish, unlike warm blooded animals, will often increase in 
temperature after death and, due to enzyme systems 
designed to function over wide temperature ranges, autoly-
sis occurs very rapidly even in fi sh that are cooled after 
death. Therefore, the most important principal of sampling 
is to use very recently killed fi sh, even a 5 minute delay can 
result in changes in the gills rendering diagnosis more 
complex (Ferguson  2006 ). In the majority of cases fi sh suf-
fering from clinical disease or those to be sampled for other 
purposes should be killed and then immediately sampled. 
Fish that are already dead can only be used for a limited 
number of specifi c purposes. 

 One has to be practised in order to take a full set of 
samples from a single fi sh before autolytic changes set in 
and the number and range of samples that can be collected 
are dependent upon the size of the fi sh. Once the fi sh is 
killed it should be kept moist in the water from which it was 
removed since many parasites are most easily detected by 
their movement and either desiccation or chlorinated water 
will kill them. 

 Prior to collecting samples, a brief examination of the 
external appearance should be conducted paying attention 
to the eyes, gills and vent and ensuring both sides are exam-
ined. Fresh preparations can then be made from the skin or 
gills, although interpretation requires some training. To 
examine the mucus on the body surface a scalpel blade 
should be gently scraped over the surface of the fi sh espe-
cially behind fi ns. The areas behind fi ns are protected and 
are therefore a site preferred by parasites (Figure  49.6 ). The 
resulting material should primarily consist of mucus with 
epithelial cells. If there are scales in the material then the 
scraping was too vigorous and deep. The accumulated 
material should be transferred to a glass slide, a drop of the 
water in which the fi sh was kept added and a cover slip 
placed on top. This can be examined under the microscope 
once the other samples have been collected. It may be easier 
to observe the cells and any parasites by lowering the con-

     Figure 49.5      Insertion point for needle when blood sampling 
a typical fusiform fi sh.  

Scales

     Figure 49.6      Diagram of process to collect superfi cial scraping 
from a fi sh avoiding deeper tissues and scales.  

denser on the microscope. A sample of gill should be taken 
for examination. Part or all of one of the gill arches should 
be removed and placed on a wet Petri dish or a glass slide. 
A group of the primary lamellae should be removed above 
the level of the bifurcation (Figure  49.7 ). The freed primary 
lamellae should then be placed on a glass slide with a drop 
of water (as before). When the cover slip is placed over the 
tissue it may be necessary to move it in order to observe the 
secondary lamellae. Again the preparation can be examined 
under the microscope at the end of sampling, ensuring that 
the preparation does not dry out in the mean time.   

 Once external examination or sampling has been carried 
out, in fi sh over 5 – 7   cm in length the body surface is opened 
to expose the internal organs and take samples for bacteriol-
ogy and histopathology. 

  Bacteriology 

 Petri dishes containing solid medium (agar) are used to 
provide a large surface of media for the cultivation of bac-
teria and fungi. The agar used for most common fi sh patho-
gens is tryptone soya agar (TSA) and incubation temperatures 
are usually as close as possible to the temperature of the 
water from which the fi sh were sampled (Frerichs  &  Miller 
 1993 ; Inglis  et al.   1993 ). Inoculation of an agar plate is often 
carried out using the streak plate technique. This involves 
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     Figure 49.7      Diagram of process to collect superfi cial fresh 
preparation from the gills.  mixed cultures. Care should be taken to ensure that 

plates used for this purpose are not contaminated by 
water droplets from condensation. Avoid unnecessary 
exposure of the agar surface to potential contamina-
tion from the environment throughout the 
procedure.  

  14.     Label underside (not lid) of the plate using a water-
proof marker, writing only round the edge, and incu-
bate at a suitable temperature.  

  15.     Material from other organs, eg, liver, spleen, heart, can 
be taken if any abnormality is evident.      

 For smaller fi sh it may be possible to open the abdomen and 
insert a very small loop or straight wire avoiding the gut. 
Whole fi sh homogenates can be used but are diffi cult to 
interpret since the bacteria from the gut, skin and gills are 
mixed with the tissues.  

  Samples for  h istopathology 

 Samples for histology must be taken as soon as possible after 
death and fi xed immediately, preferably in neutral buffered 
formalin, which may be cooled for improved preservation 
if the ambient temperature is high. Neutral buffered forma-
lin consists of: 

      •      40% formaldehyde  
   •      NaH 2 PO 4 .H 2 O  
   •      NaHPO 4   
   •      Tap water     

  100   ml 
 4   g 
 6   g 
 900   ml  

 The organs sampled depend on the nature of the problem 
but in most cases most of the major organs are sampled (eg, 
gill, skin including muscle around lateral line, heart, liver, 
pancreas/gut, spleen and kidney). The samples should be 
suffi ciently small to allow the fi xative to penetrate rapidly 
through the tissue. Therefore one of the dimensions of the 
tissue removed should be less than 7.5   mm. The tissues 
should be placed in at least one part tissue to ten parts fi xa-
tive. Small fi sh may be killed and placed directly into fi xa-
tive or preferably the abdomen opened and then placed in 
fi xative. The tissue can be kept in formalin for prolonged 
periods but they should be stored in such a way as to avoid 
any portion of the tissues remaining out of the fi xative.   

diluting the sample, eg, kidney material, by smearing it 
across the surface of the agar. Organisms present in the 
samples will be separated and after suitable incubation each 
organism (or at least attached group) present will give rise 
to a colony. Although this colony contains many millions of 
organisms they will have all originated from one, and there-
fore all organisms in one colony should be identical. 

 For typical fusiform fi sh  > 5 – 7   cm long: 

  1.     Using a scalpel blade, carefully make an incision 
through the body wall in the mid - ventral line at the 
base of the pelvic fi ns.  

  2.     Using scissors or scalpel blade extend the incision ante-
riorly and posteriorly to expose the internal organs. 
Take care not to puncture any part of the intestinal tract.  

  3.     Hold or pin back or remove the side of the body wall.  
  4.     Carefully move the alimentary tract to one side to 

expose the swim bladder.  
  5.     Carefully peel back the swim bladder to reveal the 

kidney.  
  6.     Note any abnormalities.  
  7.     Sterilise a bacteriological loop by heating and allow to 

cool (touch edge of an uninoculated area of medium 
to ensure coolness) or use a disposable loop.  

  8.     (Sterilise a scalpel blade and use this to make a small 
incision in the kidney.)  –  Optional  

  9.     Insert a sterile loop into the kidney and remove a small 
portion of kidney using the loop, taking care not to 
touch the loop on any other part of the fi sh.  

  10.     Inoculate the sample on a segment of the surface of the 
culture medium. This is known as the  ‘ well ’ .  

  11.     Sterilise the loop, allow it to cool.  
  12.     Spread part of the sample over about one quarter of 

the plate by making three to four parallel streaks with 
the loop.  

  13.     Repeat streaking procedure as shown (Figure  49.8 ), 
sterilising and cooling the loop or using a new dispos-
able loop between each step. By using this method 
organisms can be cultured in the laboratory and indi-
vidual colonies selected. This process is essential since 
it is impossible to carry out bacterial identifi cation on 

1
2

3

4

     Figure 49.8      Diagram of plate streaked for bacterial recovery.  
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premises. In fl ow - through systems the water infl ow would 
be turned off to avoid dilution of the chemical. In recircula-
tion systems the effect of the chemical on any biofi ltration 
must be considered before any treatment. Even in systems 
without specifi cally designed biofi lters there will be a large 
biomass of microorganisms on all wet surfaces. If the chemi-
cal treatment kills these organisms they will decompose 
leading to the release of nutrients and a decline in water 
quality. The ability to treat the fi sh for minor parasitic infec-
tions while protecting the biofi lter should be designed into 
the system. This may necessitate removal of the fi sh from 
the system. However, in some cases the pathogens may be 
able to survive in the fi lter and in these cases the only option 
is to sterilise the system and re - start the fi lter system. 

 Some of the chemicals that might be used, including 
anaesthetics, may be held in a pre - prepared stock solution. 
Storage conditions are important since evaporation or dete-
rioration in the chemical can result in an over -  or under -
 dose. The chemical would normally be premixed in a 
container with some of the water from the system so that it 
can be rapidly and evenly dispersed through the tank. Some 
of the substances that may be administered will also be 
irritants, which may necessitate an alternative route of 
administration or diluent. 

 At all times adequate dissolved oxygen levels should be 
maintained, through aeration, oxygenation or agitation of 
the water. The combination of confi nement and the effects 
of the treatments may stress the fi sh increasing their oxygen 
demand. 

 At the end of the treatment the water in fl ow - through 
systems should be turned back on and the discharge water 
run to waste in accordance with legislation. Following a 
treatment all the details should be recorded and the effi cacy 
of the treatment confi rmed by the collection of further 
samples. 

 If a treatment causes the fi sh excessive stress or injury they 
may become lethargic, hyperactive or gasp at the surface of 
the water. The priorities are to reduce the concentration of 
the chemical and ensure adequate oxygen supply. In circular 
tanks it is necessary to ensure that diluting the chemical 
does not also result in increased directional fl ow, which may 
be fatal for already stressed fi sh. In most tanks the inlet 
would be arranged to create a directional fl ow by angling 
the pipe round the circumference of the tank. If the treat-
ment has to be terminated then the pipe should be directed 
vertically down into the tank to increase the water exchange 
without increasing the water velocity (Figure  49.9 ).     

  Anaesthesia/ a nalgesia 

 Anaesthesia is defi ned as the blocking of all sensation, 
whereas analgesia is the blocking of the conscious sensation 
of pain. It has been shown that fi sh respond to noxious 
stimuli and it is believed that they are able to experience 
pain although this is still the subject of debate (see section 
on fi sh welfare). However, it is necessary to use anaesthetics 
or analgesics whenever any laboratory procedure might 
result in signifi cant pain or distress. Here the discussion is 
focused on anaesthetics, which are more widely used in fi sh. 
There is a range of methods for anaesthetising fi sh, but here 

  Administration of  s ubstances 

 Substances, whether for experimental or therapeutic pur-
poses, can be administered in food, by injection or by immer-
sion. Anyone treating fi sh should be trained before 
undertaking any treatments and the nature of the treatment 
should be agreed with the veterinary surgeon. There are, 
however, some general precautions and considerations that 
anyone taking care of fi sh should be aware of. 

  In -  f eed  a dministration 

 When administering a substance in food there are several 
major considerations. The substance has to be evenly mixed 
with the feed, fi xed to the surface to avoid leaching prior to 
consumption and any unpalatable tastes masked. The medi-
cated feed then has to be fed to the fi sh in suffi cient quanti-
ties and suffi ciently regularly to maintain levels in all the 
fi sh in the population. If the substance is being administered 
for therapeutic purposes it is important to realise that any 
fi sh suffering from clinical disease are probably inappetant 
and therefore the treatment will only be taken by those that 
are not yet ill. The use of veterinary medicines and the 
mixing of medicated feed may be covered by national leg-
islation and advice should be sought from the veterinary 
surgeon responsible.  

  Immersion 

 There are various forms of immersion administration (dip, 
bath or fl ush) which can be used depending on the system 
and the purpose of the treatment. As with any form of han-
dling fi sh should be starved for 24 – 48   h prior to treatment 
and the general health of the fi sh should be checked. Fish 
are commonly treated with formalin to remove skin para-
sites. Formalin is a reducing agent and will reduce the avail-
able oxygen in the water. If the fi sh have concurrent gill 
pathology the formalin treatment without very careful mon-
itoring of the oxygen levels could result in the fi sh dying 
from hypoxia. 

 Calculating the dose of chemical for administration is 
simple arithmetic but it is still easy to misplace a decimal 
point or make some other simple error and therefore two 
people should calculate the dose independently. It is also 
worth having a system to quickly and easily make a rough 
estimate. For example, one cubic metre is 1 tonne of water 
or 1000 litres or 1 million ml. Therefore a dose of 150 parts 
per million (ppm) will be 150   ml of the chemical in 1 cubic 
metre. 

 There are many things that can change unpredictably and 
therefore if a large number or expensive fi sh are being 
treated then it is wise to conduct a trial therapy on a small 
number of fi sh in the water and chemical that will be used. 
Trial therapies are particularly important for inexperienced 
staff but can avoid mistakes by even the most experienced 
staff. 

 Normally, the volume of the system to be treated would 
be reduced to minimise the amount of chemical that has to 
be used and therefore the amount that has to be disposed 
of. Disposal must be in accordance with all relevant legisla-
tion and compliant with the discharge consents for the 
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     Figure 49.9      In the case of a treatment causing the fi sh distress the 
chemical should be diluted as rapidly as possible but avoiding 
increasing the directional fl ow in the tank.  

to anaesthetise fi sh should be set up in advance of handling 
any fi sh. They should be located in a convenient position 
close to the tanks where the fi sh are held and where any 
procedures will be conducted. The system should include a 
static water tank (not fl ow - through) for anaesthetising the 
fi sh and a separate tank with very low or no directional fl ow 
in which fi sh will recover before to being returned to their 
normal tank. Fish should not be allowed to recover in their 
normal tank as other fi sh might be aggressive towards them 
and any directional water fl ow may disorientate them 
resulting in superfi cial damage. Each tank should be appro-
priately sized for the species concerned. Tanks should be 
fi lled with water from the normal rearing tanks and gently 
aerated, since vigorous aeration can be stressful or disorien-
tating. It must be possible to see the fi sh in the tanks but 
bright lights should be avoided. Water in the anaesthetic 
and recovery baths must be replaced if there is any evidence 
of deterioration in water quality. The keeper should give 
due consideration to hygiene and biosecurity before anaes-
thetising any fi sh. 

 Due to the variability in the responses of different fi sh to 
anaesthetics, published doses should be used only as a 
guide. Initially, the water should be dosed with a concentra-
tion of anaesthetic at the lower end of the calculated range. 
Then one fi sh should be placed into the anaesthetic bath and 
monitored until it is anaesthetised. More anaesthetic can be 
added if necessary or the concentration diluted if anaesthe-
sia occurs too rapidly. Once a suitable concentration of 
anaesthetic is achieved, more fi sh may be anaesthetised at a 
time. However, the anaesthesia bath (and the recovery tank) 
must not become over - stocked as this may lead to deteriora-
tion in water quality or it may become diffi cult to monitor 
the fi sh adequately. 

 Different levels of anaesthesia are classifi ed in four stages 
ranging from light sedation (stage 1) to medullary collapse 
(stage 4). The level of anaesthesia achieved can be assessed 
by monitoring the behaviour of the fi sh. Behavioural changes 
might range from reduced swimming activity in stage 1 
anaesthesia (light sedation), to a loss of equilibrium and 
altered ventilation rate during stage 2 (light to deeper anaes-
thesia), through to a total loss of reactivity and a very low 
respiratory rate in stage 3 (surgical anaesthesia) (Burka  et al . 
 1997 ; Ross  &  Ross  2008 ). 

 Following anaesthesia, recovered fi sh should display 
normal ventilation and swimming behaviour, and be 
responsive to stimuli. However, some effects of anaesthesia 
(eg, changes in physiology or blood chemistry) can persist 
for a signifi cant time after recovery, in some cases for several 
hours. Fish should therefore be monitored regularly in the 
hours and days following anaesthesia. Personnel should 
also be aware that anaesthesia can result in side effects 
which might infl uence their experimental results. 

 Finally, prior to undertaking anaesthesia users must con-
sider all personal and environmental health and safety 
implications. Anaesthetic compounds can have broad, 
sometimes unknown, effects on animals and man (including 
possible effects through the food chain). The physical 
process of anaesthetising fi sh presents further risks to health 
and safety. Therefore anaesthesia of fi sh must be conducted 
in compliance with institutional, regional and national 
guidelines and legislation.  

an overview of only on the most widely used approaches is 
provided. For more detailed information see Burka  et al . 
 (1997)  and Ross and Ross  (2008) . 

 In fi sh, anaesthetics may be used for two purposes: to 
alleviate pain during procedures and to restrain fi sh, often 
for routine tasks such as weighing. Anaesthetics can be 
applied to fi sh by injection or via ventilation through the 
gills. Injections are only occasionally used for surgical or 
lengthy procedures. Their use requires considerable exper-
tise and specialised training. This section will focus on the 
more widely used methods, the most common of which 
involves immersing fi sh in water containing anaesthetic, 
which is taken into the body via the gills. 

 Various anaesthetic compounds are available for use with 
fi sh, the most common being tricaine methane sulphonate 
(MS 222). MS 222 is the only anaesthetic licensed for use on 
fi sh in the UK and approved by the US Food and Drug 
Administration. It is highly soluble and can be used in either 
fresh or salt water. However, when MS 222 is dissolved in 
the water it reduces the pH, which can be harmful to fi sh. 
Therefore working solutions should be buffered to a pH of 
between 7.0 and 7.5 using sodium bicarbonate or Tris - buffer. 
Benzocaine is another widely used anaesthetic, which is 
often considered a less expensive alternative to MS 222. 
However, it is relatively insoluble in water and must be 
prepared in acetone or ethanol prior to use. Other anaesthet-
ics include clove oil, 2 - phenoxyethanol, metomidate, quinal-
dine and quinaldine sulphate. Doses necessary to induce 
anaesthesia vary between compounds and also between dif-
ferent species and due to biotic and abiotic factors such as 
temperature, life stage and fi sh size (Hoskonen  &  Pirhonen 
 2004 ). 

 While it is necessary to consider the aversive properties 
of an anaesthetic there is a lack of research in this area 4 . 

 The main issues associated with anaesthetising fi sh using 
immersion methods are discussed here. Other more special-
ised and less commonly used techniques are described by 
Ross and Ross  (2008) . 

 Prior to anaesthetising fi sh, it is recommended that they 
are starved for 24 – 48   h. The tanks, air supply, nets etc used 

  4        http://www.apc.gov.uk/reference/apc_supplementary_review_
schedule_1.pdf  
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 When evaluating the welfare of fi sh it is often not appro-
priate to extrapolate from terrestrial animals since fi sh are a 
diverse group of cold - blooded animals, do not have the 
same constant need for food and can be naturally inappetant 
for protracted periods; most live in a three - dimensional 
environment, may exhibit shoaling behaviour and many 
aspects are inherently adaptable. 

 We have little information with which to assess the 
welfare implications of the various behaviours observed in 
fi sh, unless they result in damage such as escape behaviour, 
hyperactivity or aggression. The majority of welfare issues 
could be summarised as injury through handling, predators, 
conspecifi cs or self - infl icted through contact with solid 
objects. Infections are common and fi sh suffer from the same 
range of pathogens as humans or animals (viruses, rickett-
sia, bacteria, fungi, protozoa and a wide range of metazoan 
parasites). Fish suffer from pathology as a result of inap-
propriate water quality or feed. They may also suffer from 
genetic manipulation intentionally introducing harmful 
traits or from careless breeding strategies. Detailed descrip-
tions of the pathologies and disease can be found in Ferguson 
 (2006)  and Roberts  (2001) . 

 Despite the lack of information, practical experience and 
adherence to basic principles of health management can 
avoid many of the most obvious welfare problems observed 
in captive fi sh; we hope this chapter provides at least a 
useful starting point and have attempted to include refer-
ence to useful review texts or those containing useful spe-
cifi c information.            
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     Note: This short chapter has not been written to stand on its own. 
It is an update of Peter Boyle ’ s Chapter    7    in the 7th edition of the 
UFAW Handbook, which was published in 1999 and is reprinted 
after this update. Consequently, for details and earlier references 
the reader should consult that chapter as the authoritative text. In 
addition, some key literature on cephalopods published earlier (but 
not mentioned in that chapter) has been added. For an easy follow -
 up and comparison, the updates given below use (sub)headings 
similar to those of the earlier chapter. This chapter update is dedi-
cated to the memory of Peter Boyle.   

  Introduction 

 Cephalopods are the only invertebrate animal group 
included in this edition of the Handbook, however informa-
tion on decapod crustaceans is available in the 7th edition 
of the Handbook. Invertebrates are not generally protected 
in animal welfare legislation, although certain species are 
included in some national legislation (eg, UK, New Zealand 
 &  Australian Capital Territories, and some Scandinavian 
countries). The UK, at the time of writing, includes one 
species,  Octopus vulgaris , in its legislation on the use of 
animals in research. However, there is debate within Europe 
(unresolved at the time of writing) as to whether some, all 
or no cephalopods (as well as decapod crustacea) should be 
included in a new European Directive on research using 
animals (see also Chapter  8  on legislation). 

 Cephalopods belong to the phylum Mollusca and thus are 
close relatives to gastropods and bivalves. Although the 
cephalopod body design conserved some typical molluscan 
features, it developed a level of complexity, and especially 
a sophisticated nervous system and sense organs, that in 
several aspects reach vertebrate standards (Budelmann 
 1995 ). The cephalopod nervous system is certainly the most 
advanced of any invertebrate nervous system and this com-
plexity correlates well with the animals ’  (in general) very 
active, fast moving predatory life styles and sophisticated 
behaviours (Bullock and Horridge  1965 ; Budelmann  1995 ; 
Hanlon  &  Messenger  1996 ). Not surprisingly then, begin-
ning in the 1930s with J.Z. Young ’ s rediscovery of the giant 
axon and the subsequent early understanding of the proc-
esses involved in nerve impulse conduction and transmis-
sion (Adelman  &  Gilbert  1990 ), cephalopods have become 
fascinating and valuable invertebrate model systems for 
comparative vertebrate research. However, in such com-
parisons a number of limitations apply (see below, nervous 

system). It is important that these limitations should be 
understood because of the recent increased interest in this 
animal group from media and laymen that is sometimes 
combined with a tendency for  ‘ over - interpretation ’  of the 
fascinating behaviours that cephalopods show. 

 The class Cephalopoda comprises two sub - classes: 
Nautiloidea ( Nautilus ) and Coleoidea (octopuses, cuttlefi sh 
and squids). The latter two are often referred to as  ‘ deca-
pods ’  but care should be taken as this term is also commonly 
used for the order of crustaceans that includes crabs, lob-
sters, prawns, etc). Nautiloids and coleoids show signifi cant 
differences with regard to their anatomy, physiology and 
behaviour (for example, nautiluses have a much less sophis-
ticated nervous system and sensory outfi t; they show no 
colour change and have a much simpler behavioural reper-
toire; and they are scavengers and thus seem to have a well 
developed chemosensory system for food detection). These 
differences between nautiloids and coleoids, however, 
unfortunately are often not considered in the literature 
when the term  ‘ cephalopod(s) ’  is applied. The term as used 
often refers to the coleoid cephalopods only (that is, to the 
octopuses, cuttlefi sh and squids) and, therefore, great care 
must be taken in the use, interpretation and generalisation 
of the  ‘ cephalopod ’  data described.  

  Cephalopod  b iology 

 A number of comprehensive monographs has become 
available that cover almost all aspects of cephalopod biology, 
from palaeobiology (Landman  et al .  1996, 2007 ), evolution, 
systematics, identifi cation, and biogeography (Clarke  1986 ; 
Guerra  1992 ; Sweeney  et al .  1992 ; Payne  et al .  1998 ; Voss  et al . 
 1998 ; Norman  2000 ; Capua  2004 ; Jereb  &  Roper  2005 ), to gross 
and microscopic anatomy (Mangold  1989 ; Budelmann  et al . 
 1997 ; Nixon  &  Young  2003 ), physiology (Abbott  et al .  1995 ), 
ecology, fi sheries and culture (Boucaud - Camou  1991 ; Boyle 
 &  Rodhouse  2005 ; Chotiyaputta  et al .  2005 ), age determina-
tion (Jereb  et al .  1991 ), behaviour (Hanlon  &  Messenger  1996 ; 
Nixon  &  Young  2003 ; Borelli  &  Fiorito  2008 ) and diseases 
(Hanlon  &  Forsythe  1990 ; Hochberg  1990 ). Some more recent 
data are summarised below. 

  Habitat and  d istribution 

 An excellent monograph is now available on many aspects 
of cephalopod ecology and fi sheries, including: cephalopod 
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 In addition to their highest level of complexity, cephalo-
pod brains are also the largest of all the invertebrate brains; 
their brain:body weight ratio exceeds that of many fi shes 
and reptiles (Packard  1972 ). This is not too surprising, 
however, since cephalopods lack an internal skeleton and 
lack joints, and thus lack a  ‘ simple ’  antagonistic muscle 
control of movements. Consequently, about half of the 
volume of the brain of coleoid cephalopods consists of the 
relatively large motoneurons that form the sub - oesophageal 
mass of the brain; this area includes the motoneurons that 
expand all the chromatophore organs in the skin (for a 
summary of the numbers of nerve cells in the various parts 
of the  Octopus  brain, see Budelmann  1995 ). On the other 
hand, the comparatively large size and complexity of the 
brains of octopuses, cuttlefi sh and squids are the basis for 
the animals ’  large repertoire of fascinating behaviours, 
including various forms of learning and short -  and long -
 term memory (Hanlon  &  Messenger  1996 ; Hochner  et al . 
 2003 ; Borelli  &  Fiorito  2008 ). Ultimately, these make coleoid 
cephalopods, especially shallow - water octopods, cuttlefi sh 
and squids, the only invertebrate species with which humans 
can directly interact ( ‘ communicate ’ ) in a back and forth 
manner and beyond a simple refl ex - like (re)action on the 
animals ’  side. 

 Octopuses, cuttlefi sh and squids are often considered the 
most  ‘ intelligent ’  invertebrate species (whichever way intel-
ligence is defi ned). The web - based Wikipedia summarises 
this issue quite well:

   Cephalopod intelligence has an important comparative aspect 
in our understanding of intelligence, because it relies on a 
nervous system fundamentally different from that of verte-
brates.  …  The scope of cephalopod intelligence is controver-
sial  …  Classical conditioning of cephalopods has been 
reported, and one study (Fiorito and Scotto    1992   ) even con-
cluded that octopuses practice observational learning. 
However, the latter idea is strongly disputed, and doubt has 
been shed on some other reported capabilities as well. In any 
case, impressive spatial learning capacity, navigational abili-
ties, and predatory techniques remain beyond question.    

 Other impressive behaviours that can be added to this list 
are cephalopod mating and social behaviours, including 
social recognition (Hanlon  &  Messenger  1996 ; Boal  et al . 
 2000 ; Dickel  et al.   2000 ; Karson  et al .  2003 ; Boal  2006 ; Alves 
 et al.   2008 ; Borelli  &  Fiorito  2008 ). 

 Powerful techniques have now successfully been applied 
to cephalopod brains to the study of their anatomy and 
function (Budelmann  et al.   1995 ): three - dimensional mag-
netic resonance imaging of brain pathways (Quast  et al.  
 2001 ) and individual neurons (Gozansky  et al.   2003 ); brain 
slice recordings (Williamson  &  Budelmann  1991 ); record-
ings from intact animals with implanted electrodes (Bullock 
 &  Budelmann  1991 ); and mapping of metabolic brain activ-
ity (Novicki  et al .  1992 ). With these modern neurophysiolog-
ical techniques cephalopods have become an increasingly 
valuable invertebrate model system for comparative verte-
brate research, such as the evolution of learning and memory 
and other higher brain functions (Hochner  et al.   2006 ). 
Recently, laterality in the brain (Byrne  et al.   2002, 2004, 2006 ), 
play behaviour (Kuba  et al.   2006 ), personality (Sinn  &  
Moltschaniwskyj  2005 ), sleep (Brown  et al.   2006 ) and 

biodiversity and zoogeography; life cycle, growth and 
reproduction; population ecology; cephalopods as prey and 
predators; fi shing methods and scientifi c sampling; fi shery 
resources; fi sheries oceanography; and assessment and 
management (Boyle  &  Rodhouse  2005 ).  

  Locomotion 

 The cephalopod musculature lacks a skeletal support system 
and, instead, operates on the principle of a muscular hydro-
stat, similar to the  ‘ mechanism ’  of an elephant trunk or the 
human tongue (Kier  &  Smith  1985 ; Smith  &  Kier  1989 ). This 
allows cephalopod (specifi cally octopod) arms a great range 
of movement. Over the past more than 10 years, signifi cant 
progress has been made in understanding the nervous 
control of cephalopod arm movements; this ultimately could 
inspire completely new strategies for the control of highly 
fl exible robotic arms (Gutfreund  et al .  1996, 1998 ; Matzner 
 et al .  2000 ; Sumbre  et al .  2001, 2005 ; Walker  et al.   2005 ; 
Yekuteli  et al.   2005a, 2005b, 2007 ).  

  Shell and  b uoyancy 

 The neutral buoyancy of many squids is achieved by storing 
ammonia in body tissue. The various mechanisms for 
storage (in coelomic cavities, vacuoles, or gelatinous outer 
layers) have been reviewed in support for the argument that 
ammoniacal squids have evolved as a polyphyletic animal 
group (Voight  et al .  1994 ).  

  Respiration and  c irculation 

 Water temperature, pH and oxygen supply are critical 
factors in cephalopod culture and breeding. Recently, 
the cuttlefi sh ( Sepia offi cinalis ) has served as a valuable 
model system for understanding the mechanisms of 
thermal tolerance in ectothermic animals (Melzner  et al . 
 2006, 2007 ).  

  Nervous  s ystem 

 The cephalopod nervous system is the most highly evolved 
of all invertebrate nervous systems. On the other hand and 
despite that level of complexity, the overall organisation of 
its central part (the brain) is fundamentally different from 
that of the vertebrate nervous system and, therefore, any 
direct comparison between the two has serious limitations. 
This, however, neither excludes careful comparison of basic 
brain functions, nor weakens the great value of the cepha-
lopod nervous system in comparative research. Details of 
the anatomy of the cephalopod central nervous system are 
available for  Nautilus  (Young  1965 ),  Octopus  (Young  1971 ; 
Budelmann  &  Young  1985 ; Pl ä n  1987 ) and  Loligo  (Young 
 1974, 1976, 1977, 1979 ; Messenger  1979 ; Budelmann  &  Young 
 1987 ); recent overviews are given in Budelmann  (1995) , 
Budelmann  et al .  (1997) , Nixon and Young  (2003)  and 
Williamson and Chrachri  (2004) . 
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lateral line systems (Budelmann  &  Bleckmann  1988 ; 
Budelmann  et al.   1997 ).  

  Neck  p roprioceptive  o rgan 

 Similar to the vertebrate neck muscle proprioceptors, cut-
tlefi sh and squid have groups of epidermal hair cells on their 
neck that serve as a proprioceptive neck organ for the control 
of the position of the head relative to the body (Preuss  &  
Budelmann  1995b ).  

  Vibration  r eceptors and  h earing 

 Cephalopods are sensitive to vibrational stimuli via stato-
cyst receptors and sense local water movements with their 
lateral line analogue system (Budelmann  &  Bleckmann  1988 ; 
Williamson  1988 ; Packard  et al.   1990 ; Bleckmann  et al .  1991 ; 
Komak  et al.   2005 ). On the other hand, there is much confu-
sion regarding cephalopods ability to  ‘ hear ’ . Ultimately, this 
is a semantic issue since the answer depends on the defi ni-
tion of underwater sound and underwater hearing 
(Budelmann  1992 ). In conventional terms, cephalopods 
cannot hear because they do not have a receptor system that 
is specialised for the detection of the pressure wave of 
underwater sound.    

  Maintenance,  c ulture and  l aboratory  p rocedures 

 With the growing interest in cephalopods for research and 
commercial mariculture, as well as their popularity in public 
and private displays, knowledge about the maintenance, 
culture and proper laboratory procedures is of increased 
importance (Oestmann  et al.   1997 ; Sykes  et al.   2006 ; Dunlop 
 &  King  2008 ). For advice on optimising the survival of 
hatchling cuttlefi sh and squid, see Forsythe  et al.   (1994) , 
Vidal  et al.   (2002a, 2002b)  and Sykes  et al .  (2003) . With regard 
to culture density, recent cuttlefi sh data show that lower 
stocking density results in better growth (Domingues  et al.  
 2003 ; Correia  et al.   2005 ), as does higher water temperature 
(25 ° C compared to 17 ° C; Forsythe  et al.   2002 ). On the other 
hand, lower temperature (15 ° C compared to 27 ° C) extends 
the life cycle (Domingues  et al.   2002 ). For the development 
of memory in cuttlefi sh, an enriched environment is crucial 
during their second and/or third months of life (Dickel  et 
al .  2000 ). Crowding of adult cuttlefi sh should be avoided 
since it stimulates aggression (Boal  et al.   1999 ). 

 Not surprisingly, the quality and composition of food has 
been proven to be critical for good growth and survival. 
Adult cuttlefi sh show much better growth rates when fed 
with live or thawed natural prey than when fed with an 
artifi cial diet (Domingues  et al.   2005 ). Shrimp - based food 
pellets, although less palatable, produce maintenance 
growth, whereas a highly palatable fi sh - based surimi diet 
(mimicking the meat of lobster, crab and other shellfi sh) 
results in poor survival (Castro  et al.   1993 ). When fed with 
live mysid shrimp, grass shrimp, or fi sh fry, young cuttlefi sh 
showed best growth during the fi rst week after hatching 
when fed with mysid shrimp, and thereafter when fed with 
grass shrimp; cuttlefi sh fed with fi sh fry showed lowest 
growth rates at all times (Domingues  et al.   2004 ). When prey 

complex phenomena, such as consciousness and suffering 
in cephalopods, have been discussed (Mather  2001, 2008 ).  

  Sense  o rgans 

 Cephalopods have a sophisticated sensory outfi t that 
includes all major sense organs, such as photoreceptors 
(including extra - ocular photoreceptors), distance and 
contact chemoreceptors, and various mechanoreceptors 
(including equilibrium receptor organs, a lateral line ana-
logue system and a neck proprioceptive organ) (Budelmann 
 1996 ). Knowledge about touch, pressure and muscle prop-
rioceptors is limited, and it still remains to be seen whether 
cephalopods have electroreceptors and are sensitive to pain. 
For a comprehensive summary on cephalopod sense organs, 
see Budelmann  et al .  (1997) . 

  Eyes and  v ision 

 The cephalopod and vertebrate lens eyes are a textbook 
example of analogy (convergent evolution) between an 
invertebrate and a vertebrate sensory system. Recent 
advances have been made in understanding visual process-
ing (Chrachri  &  Williamson  2003, 2004, 2005 ; Chrachri  et al . 
 2005 ; Douglas  et al .  2005 ), and the role of polarised vision 
(Saidel  et al.   1983 ; Shashar  et al.   1998, 2002 ; Boal  et al .  2004 ; 
Saidel  et al .  2005 ; M ä thger  &  Hanlon  2006 ). In addition, in 
the squid  Lolliguncula  a dorsal light refl ex has been described 
(Preuss  &  Budelmann  1995a ) and in cuttlefi sh a counter -
 shading refl ex (Ferguson  et al .  1994 ).  

  Equilibrium  r eceptor  o rgans 

 A tremendous body of data has accumulated over the past 
40 years on the anatomy, ultrastructure and physiology of 
the cephalopod equilibrium receptor organs (statocysts), 
which include sophisticated receptor systems for the detec-
tion of linear (gravity) and angular accelerations (Budelmann 
 et al.   1987 ; for summaries, see Budelmann  1990 ; Budelmann 
 et al .  1997 ; for the  Nautilus  statocyst, see Neumeister  &  
Budelmann  1997 ). Special emphasis has been paid to the 
similarities between the structure and function of the cepha-
lopod and vertebrate hair cells (eg, Budelmann  &  Williamson 
 1994 ; Budelmann  2000 ), including their ion channels and 
efferent innervation (Williamson  1995 ) and transmitter and 
transmitter - like substances; the latter include nitric oxide 
(Tu  &  Budelmann  2000 ) and cannabinoids (Tu  &  Budelmann, 
unpublished). Cephalopod statocysts are known to drive a 
sophisticated control system for compensatory eye move-
ments; part of its central organisation resembles that of the 
vertebrate vestibulo - oculomotor refl ex pathway and 
involves four ( Nautilus ), seven (octopods), or 13 – 14 (cuttle-
fi sh and squids) extra - ocular eye muscles (Budelmann  &  
Young  1984, 1993 ; Neumeister  &  Budelmann  1997 ).  

  Epidermal  l ines 

 The epidermal lines (formerly known as  ‘ Dr ü senlinien ’ ) that 
occur on the head and arms of at least some of the coleoid 
species are analogous to the fi sh and aquatic amphibian 
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summarised (Mather  &  Anderson  2007 ; Moltschaniwskyj 
 et al .  2007 ).  

  Occupational  h ealth  h azards 
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erly handled. Their sharp, parrot - like beaks can infl ict sig-
nifi cant wounds and the saliva can have a variety of toxic 
effects. The tetrodotoxin - like venom of the Australian blue -
 ringed octopod ( Hapalochlaena maculosa ) can be lethal to 
humans (Williamson  et al .  1996 , for a review).  

  Cannibalism 

 Cannibalism is well known in octopuses, cuttlefi sh and 
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feeding  ad libitum  becomes a problem, larger animals may 
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tion, sexual cannibalism has been described in an octopus 
species on a coral reef (Hanlon  &  Forsythe  2008 ).  
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 Some data (other than anecdotal) are now available on 
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that it is caused by either a substance that is released by the 
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covered by the 1986 Act. The European Union, and possibly 
other countries, are also considering legislation in this area, 
and consultation with the relevant authorities will be advis-
able before commencing any work on cephalopods likely to 
fall within its scope. 

 As members of the phylum Mollusca, the cephalopods 
share certain basic features of their body organisation with 
the gastropods, bivalves and other molluscs. Molluscs typi-
cally produce a hard calcareous shell to protect the body, 
but the shell originally present in the cephalopods is greatly 
reduced or lost in the modern forms, as it is in some other 
molluscan lines, such as many marine gastropods and the 
terrestrial slugs. The radula, a ribbon of chitinous teeth 
which functions in gastropods and chitons as a versatile 
feeding organ for rasping or scraping, is one of the most 
characteristic molluscan features. It is present, too, in all 
cephalopods, although its role in feeding may be subsidiary 
to other structures. Standard invertebrate texts (Russell -
 Hunter  1979 ; Barnes  1980 ; Brusca  &  Brusca  1990 ; Willmer 
 1990 ) and molluscan reviews (Solem  1974 ; Yonge  &  
Thompson  1976 ; Wilbur,  1983 – 1988 ; Boyle  1981b, 1987b ) will 
give access to the general features of molluscan organisation 
and the special points of comparison between cephalopods 
and other molluscs. 

 Cephalopods are generally large animals; however, some 
species attain only very small adult body sizes such as the 
pygmy octopus ( Octopus joubini ) at 30g total body weight or 
40   mm mantle length (ML) (Hanlon  1983 ). Others reach 
exceptionally large sizes such as  Octopus dofl eini , commonly 
over 50   kg in weight (Hartwick  1983 ), and the occasional 
specimens of the giant squid ( Architeuthis  sp.) which have 
been reliably estimated at 450   kg or 18   m length overall 
(Roper  &  Boss  1982 ). Typically, however, specimens required 
for laboratory use will be in the size range 0.25 – 2.5   kg in 
weight, and thus require substantial space provision and 
water fl ow. They are also active and mobile animals. Squids 
swim constantly by jet propulsion or hover midwater using 
lateral fi ns. The octopuses, although generally bottom -
 dwelling, are very exploratory and prone to escape from 
tanks. All cephalopods are voracious predators, and with 
few exceptions will take only living prey. These character-
istics of size, activity and predatory habits mean that cepha-
lods impose many more demands on aquarium space and 
resources than other molluscs. 

 Human interest in, and relationship to, cephalopods is of 
long standing. The classical civilisations of the Mediterranean 
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  General  i ntroduction 

 The popular perception of the cephalopods is represented 
by the coastal octopus, cuttlefi sh and squid. These large and 
active molluscs have a complicated behavioural repertoire. 
Living in diverse marine habitats they show a wide range 
of behavioural expression during prey capture, feeding and 
reproduction. Many parallels with vertebrate behaviour pat-
terns can be recognised, such as hunting, sexual display, 
attention, confl ict and concealment behaviours. In the labo-
ratory, numerous experimental studies have described their 
remarkable capabilities of sensory discrimination, especially 
of visual stimuli. They have demonstrated that true learning 
occurs and is likely to be an integral part of the normal life 
of an octopus. These qualities of behavioural complexity, 
sensory discrimination and learning in cephalopods bear 
comparison with those of many lower vertebrates, and 
provide ample cause for considering their welfare in the 
laboratory for humane and scientifi c reasons. 

 The anatomy and physiology of cephalopods are very 
different from those of the vertebrates, so that it is necessary 
to include considerably more information about their 
general biology than for the vertebrate subgroups. 
Historically cephalopods have been considered as diffi cult 
animals to keep in captivity, and only relatively recently has 
much critical attention been given to the necessary handling 
and maintenance conditions. With even the most commonly 
held species we are still on a steep learning curve and guid-
ance can be given here only on the general requirements. 
Precise details will usually have to be left to the judgement 
of the person responsible and will be to some extent deter-
mined by individual experience. 

 Since 1991, when the UFAW Handbook on the Care and 
Management of Cephalopods in the Laboratory (Boyle  1991 ) 
was fi rst published, the legal position concerning experi-
mental studies on cephalopods in the UK has been altered 
by the addition of  Octopus vulgaris  to the list of species 
covered by the  Laboratory Animals (Scientifi c Procedures) Act 
1986  (Home Offi ce  1986a ). The effect of this change is that 
no procedures likely to cause recognisable pain or suffering 
may be carried out on  Octopus vulgaris  in the UK without 
valid Personal and Project Licences issued by the Home 
Offi ce. This species,  Octopus vulgaris , is the fi rst invertebrate 
animal for which formal licensing procedures are required 
in the UK, and the legal position may change in the future 
simply by the inclusion of additional species to the list 
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had a good knowledge of the various types. Representations 
of octopus, squid and cuttlefi sh are commonly found on 
glazed pots and mosaics of the Greeks and Romans. Aristotle 
(ca. 330  BC ) gave clear descriptions of many aspects of their 
biology, including details of the specialised mating of the 
octopus. From mediaeval times to the end of the nineteenth 
century, however, cephalopods were more likely to be 
regarded with awe and suspicion as hostile sea creatures 
capable of sinking ships and drowning sailors. Many of 
these stories probably resulted from fearfully exaggerated 
accounts of rare encounters with giant squids. Lane  (1957) , 
and to a lesser extent Cousteau and Diol é   (1973)  provide 
popular introductions to the general biology of cephalopods 
and fascinating insights into their interactions with people. 

 In modern times, numerous aspects of cephalopod biology 
have been the subject of laboratory research, and cephalo-
pod material has proved exceptionally valuable for studying 
basic properties of nerve function. Commercial fi sheries are 
operating on a substantial scale and currently about 3 
million tonnes are caught annually. Pilot trials to assess 
mariculture potential have also taken place. These interests 
have led to a series of review books and workshops in recent 
years which form the basis for further reading in the cepha-
lopod literature (Messenger  &  Nixon  1977 ; Wells  1978 ; 
Roper  et al.   1983 ; Boyle  1983a, 1987a ; Hanlon  1988a ; Okutani 
 et al.   1993 ; Boyle  &  Boletzky  1996 ; Hanlon  &  Messenger 
 1996 ). Detailed knowledge of their biology and the availabil-
ity of animals in captivity are still restricted to a few species 
studied at a relatively small number of institutions. Insights 
into their life in the wild are even more limited, but are 
rapidly being improved through the use of underwater 
video by divers and from submersible vehicles. Although 
some generalisations about their biology and requirements 
are possible, these are based on a narrow range of studies 
and there is much to learn. 

 We should remember that the majority of cephalopods are 
offshore and deepwater animals. Probably their range of 
behaviour patterns and levels of sensory discrimination and 
activity are quite different from those of their coastal and 
surface - dwelling relatives. The inclusion of the class 
Cephalopoda, though, into the remit of this  Handbook  must 
show that generally more attention is being given to the 
requirements of invertebrates in captivity. While this may 
lead to greater demands on the scientists and technicians 
who need to maintain the variety of animal types currently 
held for laboratory work, the encouragement to maximise 
their health and survival must have positive benefi ts both 
to the animals concerned and the resulting research.  

  Cephalopod  b iology 

  Evolution and  c lassifi cation 

 Cephalopods as a molluscan class arose early in the Silurian 
period with distinctive, heavy, external shells (ectococh-
leate) and are well represented in the fossil record. Some of 
these shells were very large, reaching 2   m across in the case 
of coiled forms or as straight shells as much as 10   m 
long (Lehmann  1981 ). Over 10   000 species are described 
from fossils, mainly in the subclasses Nautiloidea and 

Ammonoidea. These early types are represented today only 
by a few species of the single genus  Nautilus  (Figure  50.1 ). 
The remaining nautiloids and all of the ammonoids are 
extinct.   

 Modern cephalopods, in which the shell remnant is 
greatly modifi ed or absent completely, appeared relatively 
recently and all belong to the subclass Coleoidea (Figure 
 50.1 ). In Table  50.1  a synopsis of the classifi cation of living 
subclasses of cephalopods and the main orders of Coleoidea 
is given, together with a brief description of their character-
istic features. The accepted terminology of the external fea-
tures of cephalopods and diagrammatic representations of 
the internal anatomy of  Nautilus  and each of the three 
common living cephalopod types are shown in Figures 
 50.2 – 50.5 .     

 Approximately 650 species of living cephalopods are 
known (Voss  1977a ), a small fraction of the total fossil fauna. 
The number of species is very unevenly distributed among 
genera and families. As Voss  (1977a)  points out, the two 
genera  Octopus  and  Sepia  are each credited with over 100 
species. A few other coastal genera may have an appreciable 
number of species, for example  Loligo , but the remainder are 
scattered throughout a large number of diverse families of 
mainly deep - sea distribution. This situation has given rise 
to the speculation that the original cephalopod fauna may 
have become restricted to the relatively unfavourable habi-
tats of the deep sea (mesopelagic) through competition with 
the teleost fi shes. Only when the lighter, faster, more active 
coleoid forms evolved were they able to reinvade the more 
productive coastal and upwelling marine zones. Many of 
the characteristics of common cephalopods can be inter-
preted in terms of competition and parallel evolution with 
fi sh (Packard  1972 ). The practical consequences of this situ-
ation are that most of our knowledge of cephalopod biology 
has been gained from relatively few types which, although 
common and available, may not be particularly representa-
tive of the full range.  

  Habitat and  d istribution 

 Cephalopods are exclusively marine. The squid  Lolliguncula 
brevis  of the Gulf of Mexico is one of the very few species 
known to tolerate sea water of lowered salinity ( > 24 parts 
per thousand) but cephalopods generally must be regarded 
as stenohaline. 

 The few species of  Nautilus  have distributions in the Indo -
 Pacifi c region.  N. macromphalus  lives in deep water off the 
reef edge. Although most common in water of 300 – 500   m, 
they are caught in traps between 600   m and the surface 
(Ward  1983 ). They are relatively sluggish animals, relying 
on the strength of their shell for protection against preda-
tors. In the aquarium, eggs are laid attached to a hard sub-
strate, and in the fi eld the adults are found to have been 
eating benthic crustacea; both of these observations suggest 
that their normal life is close to the bottom. In recent years, 
there has been considerable interest in these animals as rep-
resentatives of a mainly extinct type, and much success in 
keeping them in aquaria. They are subject to signifi cant 
fi shing pressure in certain localities, and there is some 
concern for conservation. Ward  (1987)  gives a comprehen-



796 Cephalopods

Cuttlefish Squid

NautilusOctopus

 TERTIARY

MESOZOIC

PALAEOZOIC

Cephalopoda

Coleoids

Ordovician

Cambrian

Silurian

Devonian

Carboniferous

Cretaceous

Jurassic
Triassic

A
m

m
on

oi
ds

N
au

til
oi

ds

Permian

     Figure 50.1     Diagrammatic representation of the 
evolution and radiation of the modern cephalopod 
types (partly from Packard  1972 ; Boyle  1981b ).  
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     Figure 50.2     Generalised anatomy of  Nautilus .  

sive account of their biology, and a range of scientifi c studies 
is reviewed in Saunders and Landman  (1987)  and O ’ Dor 
 et al.   (1993) . 

 The octopuses (Order Octopoda) are represented by a 
number of families, only one of which is bottom - dwelling 
(Table  50.1 ). It is this family, the Octopodidae which, never-
theless, includes all of the common species and those suit-
able for laboratory work. Coastal octopuses are common 
and have worldwide distribution. They are epibenthic, 
living on or close to the bottom. Normally, they are associ-

ated with stony or rocky habitats where they can both 
shelter and fi nd a wide range of invertebrate food sources. 
In fact, many octopus species also live widely distributed 
over mud or sandy bottoms. By reason of their natural use 
of holes and crevices, octopuses are by far the most adapt-
able and amenable cephalopods to hold in captivity. 

 Cuttlefi shes (order Sepioidea) are also characteristic of 
coastal water. Like octopuses they are active, bottom - dwell-
ing predators which, instead of hiding amongst stones 
and rocks, are able to bury themselves in the sediment 
using lateral fi ns to excavate a depression and to fl ick sand 
over their dorsal surface. The best known genus,  Sepia , the 
cuttlefi sh, is also able to  ‘ hover ’  above the surface, achieving 
neutral buoyancy from the gas space enclosed in the 
shell remnant, the  ‘ cuttlebone ’ . They are widely kept in 
aquarium conditions. Cuttlefi sh are common in coastal 
waters of most temperate and tropical zones, but are not 
found anywhere in American continental waters (Voss 
 1977a ). They are often loosely referred to as  ‘ squids ’ , but this 
is inaccurate and the term  ‘ squid ’  should be confi ned to 
members of the order Teuthoidea unless qualifi ed as  ‘ sepioid 
squid ’ . 

 The true squids (order Teuthoidea) are a very large and 
diverse assemblage of families which differ widely in habitat 
and distribution. Two suborders are recognised (Table  50.1 ), 
both of which include species of importance to commercial 
fi sheries. The Myopsida are typifi ed by squids of the genus 
 Loligo . They are relatively inshore squid, sometimes of great 
seasonal abundance, laying egg masses attached to the 
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     Figure 50.3     Generalised anatomy of a female octopus.  
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     Figure 50.5     Generalised anatomy of squid.  

bottom and completing their life cycle in coastal water. The 
Oegopsida includes a great many families ranging from 
obscure deepwater species whose biology is almost 
unknown, to genera such as  Todarodes  and  Illex  which are 
characteristic of areas of nutrient - rich upwellings such as the 
edges of the continental shelf. The oegopsids are migratory 
over large distances, apparently laying large, amorphous, 
neutrally buoyant egg masses, and completing their whole 
life cycle in oceanic water. The squids also are active preda-
tors, hunting fi sh and crustacea in the water column and on 

the bottom. This leads to large populations spreading over 
the continental shelf zones in annual feeding migrations 
where they may be subjects of important commercial fi sher-
ies (Okutani  et al.   1993 ). Due to their active lifestyle, rapid 
swimming and substantial space requirements, there are 
relatively fewer opportunities for keeping squid alive and 
healthy in laboratory conditions although some, such as the 
Caribbean Reef squid ( Sepioteuthis sepioidea ) (Moynihan  &  
Rodaniche  1982 ), family Loliginidae, are increasingly held 
in laboratory and public aquaria.  
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  Table 50.1    Synoptic classifi cation of the class Cephalopoda, listing subclasses, orders and suborders of recent forms and some common 
genera.   *  , †     

  Class Cephalopoda  
  All marine molluscs; bilateral symmetry; well developed coelom; 
primitively a chambered, external shell, reduced in modern forms. 
Radula enclosed within chitinous mandibles; ring of prehensile 
appendages surround the mouth; 1 or 2 pairs of gills; water 
circulation in mantle cavity expelled through ventral funnel tube for 
jet propulsion. Centralised nervous system: highly organised sense 
organs; complex behaviour. Sexes separate; fertilisation internal; 
sperm contained in complex spermatophores; eggs large and yolky; 
direct development (no veliger)  

   Subclass Nautiloidea   
  Caphalopods with heavy external chambered shells which may be 
straight or coiled. Appeared in the Cambrian period and became 
very numberous in species and individuals throughout warm seas. 
All now extinct except for one family, the Nautilidae, with 
restricted distribution in the Indo - Pacifi c Oceans. Typically for 
ectocochleate cephalopods the body occupies the terminal 
chamber of the shell which also acts as a buoyancy organ. 
Retraction of body into shell displaces water from mantle cavity for 
jet propulsion. Two pairs of gills and nephridia; head with 
numerous unsuckered appendages  
      Nautilus  (fam. Nautilidae)  

   Subclass Ammonoidea   
  Chambered external shells, usually coiled and with complex septa 
and sutures separating the chambers. Very numerous from the 
Devonian to the Cretaceous periods but now all extinct  

   Subclass Coleoidea   
  Modern forms, Devonian period to present. Shell internal and 
reduced. Muscular fi ns (absent in incirrate octopods) and muscular 
mantle forming a sac enclosing the viscera. One pair of gills and 
kidneys; large mantle cavity; ink sac typically present; skin 
containing pigment organs, chromatophores, variably expanded by 
neuromuscular control  

   Order Belemnoidea   
  Internal shell straight and with a solid posterior portion; commonly 
fossilised; all extinct  

   Order Sepiolidea   
  Calcareous chambered shell present internally and functioning as a 
buoyancy organ in some ( Spirula, Sepia ); shell greatly reduced to a 
purely organic pen in others (Sepiolidae, Idiosepiidae); 8 suckered 
arms, 2 long tentacles with suckered club; suckers pedunculate 
with horny rims. Includes cuttlefi sh and sepiolids  

      Sepia  (fam. Sepiidae)  
      Sepiola  (fam. Sepiolidae)  
      Euprymna  (fam. Sepiolidae)  
      Sepietta  (fam. Sepiolidae)  

   Order Teuthoidea   
  Shell reduced to chitinous  ‘ pen ’  (gladius) lying dorsally. Elongate 
body usually fi nned; 8 suckered arms, 2 long tentacles with 
suckered club; suckers pedunculate and with horny rims, some 
with hooks. Squids  

  Suborder Myopsida  
  (with transparent corneal membrane)  
      Loligo  (fam. Loliginidae)  

  Suborder Oegopsida  
  (without corneal covering), a large assemblage with many 
families  
      Gonatus  (fam. Gonatidae)  
      Illex  (fam. Ommastrephidae)  
      Todarodes  (fam. Ommastrephidae)  
      Dosidicus  (fam. Ommastrephidae)  
      Teuthowenia  (fam. Cranchiidae)  

   Order Octopoda   
  Internal shell drastically reduced and split into two lateral rods. 
8 arms only with non - pedunculate suckers. Globular body with 
or without fi ns. Octopuses  
  Suborder Cirrata (arms bearing cirri)  
  Deepwater forms with fi ns  
  Suborder Incirrata (no cirri)  
  A large group with several pelagic families, without cirri and 
fi ns. The common octopods dealt with in this volume all belong 
to the only benthic family  
      Octopus  (fam. Octopodidae)  
      Eledone  (fam. Octopodidae)  
      Bathypolypus  (fam. Octopodidae)  

   Order Vampyromorpha   
  8 long arms united by a swimming web, 2 small tendril - like 
arms in dorso - lateral position  

    *    For a full list of recent genera refer to Voss  (1977b) .  
    †     Reproduced from Boyle  (1983a) .   

  Locomotion 

 All cephalopods make use of a form of  ‘ jet propulsion ’  in 
addition to other forms of locomotion. This is achieved by 
the rapid expulsion of water from the mantle cavity, forcing 
the animal to move in the opposite direction through the 
water in a series of jerks. 

 In  Nautilus  alone, jetting is achieved by the muscular 
retraction of the body into the terminal chamber of the shell, 
which displaces water through a fold in the edge of the 
mantle cavity. In the coleoids, the mantle cavity is enclosed 
by a fl exible muscular wall. There are several orientations 
of muscle fi bres within the mantle musculature (Ward  &  

Wainwright  1972 ) which drive the regular inhalent and 
exhalent ventilatory movements. When water is expelled 
forcibly, the relatively small cross - sectional area of the 
funnel gives the jet considerable force and propels the 
animal in the opposite direction. Maximum velocities for jet 
propulsion of up to 0.35   m/s have been estimated from labo-
ratory data (Trueman  1975 ). In the fi eld, swimming speeds 
of over 20 knots (37   km/h) are known for squid (Trueman 
 &  Packard  1968 ; Packard  1969 ). The funnel of the coleoids 
is also capable of being directed backwards as well as for-
wards, and from side to side, giving considerable manouevra-
bility. Generally, the coastal octopods and sepiids ( Sepia ) 
swim only when actively escaping or making hunting 
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on their abilities to alter the pattern and texture of the skin 
to disguise themselves to an extraordinary degree, and on 
rapid locomotion for escape. Remnants of the ancestral shell 
remain. In sepioids such as the cuttlefi sh ( Sepia ) and the 
open - ocean sepiolid ( Spirula ), the internal chambered shell 
also functions as a buoyancy device (Denton  &  Gilpin -
 Brown  1961a, 1961b, 1971 ; Denton  &  Taylor  1964 ) allowing 
 Sepia  to  ‘ hover ’  motionless before darting forward to strike 
a prey organism. 

 The squids have no gas - fi lled spaces and most of the sur-
face - living  ‘ muscular ’  forms need to swim continually. The 
shell is reduced further to a chitinous rod, the  ‘ pen ’  or 
gladius, lying dorsally in the mantle which gives rigidity 
during the convulsive contraction phase. A number of deep-
water forms achieve neutral buoyancy by reduction in the 
protein content of their tissues and accumulation of a low -
 density solution of ammonium chloride (Denton  et al.   1969 ). 
Octopuses have no signifi cant remnant of the shell, although 
possibly it is represented by chitinous  ‘ stylets ’  located in the 
mantle on either side. These occur where the head retractor 
muscles insert into the mantle musculature and where they 
form an anchorage point for the muscles.  

  Feeding and  d igestion 

 All cephalopods actively catch and eat live prey. A very 
wide range of prey items has been recorded (for reviews see 
Boletzky  &  Hanlon  1983 ; Nixon  1987 ; Rodhouse  &  
Nigmatullin  1996 ). Generally, sepioids take crustacea living 
on or near the bottom, while squid eat mostly crustacea and 
fi sh. In both these groups hunting is essentially visual 
(Messenger  1968, 1977 ). The cephalopod manoeuvres into a 
position from which it can strike at the prey by very rapid 
extension of a pair of tentacles coupled with a rapid jet -
 propelled forward lunge. These tentacles are suckered only 
at the tips (tentacular clubs), unlike the eight arms which are 
usually suckered along their full length. Once trapped, the 
prey is drawn in towards the mouth and bitten into by the 
chitinous beaks (mandibles). Bite - sized pieces of fl esh are 
swallowed. Squid feeding in a shoal of fi sh will often only 
take one or a few bites before releasing one and catching 
another (Bradbury  &  Aldrich  1969 ). 

 Octopods feed on a greater variety of prey species, and 
their diet is probably determined as much by prey availabil-
ity as predator preference (Ambrose  1983, 1984 ). Large crus-
tacea such as lobsters and crabs are taken, and octopuses 
may be signifi cant predators on commercial crustacean fi sh-
eries (Boyle  et al.   1986 ). Molluscs, worms, fi sh and other 
groups are also frequent in the normal diet, but not com-
monly fed in the aquarium. Octopus prey is also located 
visually (Wells  1962, 1978 ) but chemical cues also probably 
have a role (Wells  1963 ; Boyle  1983c, 1986a ; Chase  &  Wells 
 1986 ). 

 After capture by an octopus, crustacean and molluscan 
prey are dealt with in a lengthy and complicated way. 
Characteristically, fl esh is removed from the exoskeleton or 
shell very cleanly (Arnold  &  Arnold  1969 ; Wodinsky  1969 ; 
Altman  &  Nixon  1970 ). Partly this could be due to delicate 
movements of the beaks, radula and suckers, but it is gener-
ally accepted that octopuses also use secretions from the 

attacks. The squids, though, are negatively buoyant in the 
water column and swim continually. Lateral fi ns in sepioids 
and squid have an important role in maintaining or control-
ling orientation during locomotion. Delicate undulatory 
movements of fi ns alone are also used for small movements 
or during hovering. 

 The normal locomotion of octopods on the bottom is a fast 
relaxed scrambling or slower, exploratory walking, using 
the arms and suckers. Muscle orientations in the arms are 
very complicated (Keir  1982 ) and, coupled with the hydro-
static spaces provided by the vascular system, permit an 
unparalleled range of movement. The suckers, which are 
present along the full length of each arm as a single ( Eledone ) 
or double row ( Octopus ), can exert a powerful holding force 
on substrate or prey, up to 100 times body weight (Trueman 
 &  Packard  1968 ). The strength and speed with which arms 
and suckers can be used make the octopus both a powerful 
predator and a potentially diffi cult animal to catch and 
handle.  

  Shell and  b uoyancy 

 The shell of  Nautilus  is divided into a series of chambers by 
calcareous septa or partitions (Figure  50.2 ). Sections of the 
fossil ammonites and nautiloids also show a series of inter-
nal partitions, and it is presumed that the role of the shell in 
 Nautilus  is similar to that in the fossil groups. The shell is 
heavily calcifi ed and protects the animal from predatory 
attacks by large fi sh. Evidence from broken and repaired 
shells, in both modern nautiloids (Saunders  et al.   1987 ; Ward 
 1987 ) and fossil ammonites (Lehmann  1981 ), points to an 
important role for the shell, albeit not always completely 
effective, in defence against their predators. 

 The body of  Nautilus  occupies only the last and largest 
chamber of the shell. With growth, the shell enlarges at the 
free edges and internal partitions form successively. The 
space enclosed by the internal partitions of the shell is partly 
gas space and partly fl uid - fi lled. The gas is a mixture closely 
related to the composition of air and contained at a pressure 
of around 0.7 – 0.9atm (Denton  1974 ). This gas space is nor-
mally suffi cient to reduce the average density of the  Nautilus  
to that of the surrounding sea water (relative density 1.025 –
 1.029). In other words, the positive buoyancy contributed by 
the gas space just balances the sinking tendency of the ani-
mal ’ s tissues and the heavy shell. Since the rigid shell resists 
the hydrostatic pressure of the surrounding water, the pres-
sure and volume of the contained gas space is independent 
of depth.  Nautilus  can therefore remain neutrally buoyant 
throughout its depth range without making signifi cant 
changes to the mass of the contained gas. A strand of living 
tissue, the siphuncle, connects the body of the animal to the 
fl uid columm contained in the chambers and allows minor 
adjustments of the gas space to be made by alterations in the 
osmotic differential between the body fl uids and chamber 
fl uid (Denton  &  Gilpin - Brown  1966 ). The physiology of the 
cephalopod buoyancy system differs profoundly from that 
of the teleost fi sh (Denton  &  Gilpin - Brown  1973 ; Denton 
 1974 ). 

 All the modern cephalopods (Coleoidea) have lost the 
external shell and its protective functions. Instead they rely 
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many sources suggest routine oxygen consumptions mostly 
in the range 100 – 500   mlO 2 /kg/h for squid and 10 – 100   mlO 2 /
kg/h for octopuses. The smaller number of estimates for 
sepioids and  Nautilus  fall within the octopus range. Two 
factors substantially increase the metabolic rate. Swimming 
or other violent movements rapidly increase metabolic rate 
to two to three times the resting value as do the energy 
demands of digestion in the 6 – 8   h following a meal (O ’ Dor 
 1982 ; Wells  et al.   1983a, 1983b, 1983c ). 

 Oxygenated cephalopod blood is blue - coloured due to the 
presence of the copper - containing respiratory pigment 
haemocyanin. This high molecular weight compound ( > 10 6  
daltons) is in solution and not contained within specialised 
cells as is the case with the vertebrate erythrocyte. The cir-
culatory system is a complex arrangement of vessels (arter-
ies, veins and sinuses) through which the blood is driven by 
several contractile elements (Figure  50.6 ).   

 Venous return blood mostly collects into the anterior vena 
cava. This divides into two lateral venae cavae (surrounded 
by kidney tissue) supplying blood to the contractile branchial 
heart of either side, from which the gill is supplied. The 
lateral venae cavae and gills are also contractile and prob-
ably contribute as much to movement of the blood as do the 
branchial hearts themselves (Smith  &  Boyle,  1983 ). From the 
gill, oxygenated blood enters the auricle of each side and 
into the heart (systemic heart). This powerful contractile 
organ is capable of high systolic pressures. It pumps blood 
out to the tissues mainly through the aorta, but with lesser 
fl ows through the abdominal and genital arteries.  

  Nutrition and  e nergy 

 Cephalopod growth rates, in captivity and in the fi eld, are 
high. Figures for aquarium growth of many cephalopod 
species (mostly octopods) have been collected by Forsythe 
and Van Heukelem  (1987) . At small sizes ( < 10g) instantane-
ous growth rates (percentage increase in body weight per 
day) are around 4 – 6%, ranging up to a maximum of 12% 
( Sepia subaculeata ). At body weights up to 100g, growth rates 
are lower but commonly in the range 2 – 4%. In part, these 
growth rates result from a very high gross growth effi ciency 
(the conversion of food intake to growth). Many authors 
record growth effi ciency values for octopuses in the range 
40 – 60% with extremes of 20 – 80% on a wet - weight basis. 

 O ’ Dor and Wells  (1987)  and Wells and Clarke  (1996)  have 
summarised information on the nutritional requirements 
and energy requirements for cephalopods. They point out 
that, even on a calorifi c basis, the growth effi ciency of cepha-
lopods is only slightly less than the wet - weight fi gures 
suggest. The diet of cephalopods is highly proteinacious, 
low in carbohydrates and lipid. In addition, there is some 
evidence that cephalopods are hardly able to absorb and 
metabolise lipid. They apparently operate very largely a 
protein economy in which proteins are the principal energy 
source as well as providing the basic requirements for 
growth. 

 All studies of growth and lifespan suggest that cephalo-
pods of all types (except  Nautilus ) are surprisingly short -
 lived, perhaps 1 – 2 years being the average range of lifespan 
for most of the better known species. In terms of food 

posterior salivary glands to immobilise the prey and prob-
ably to loosen tissues by extracellular enzymic digestion 
(Nixon  1979, 1980, 1984 ; Boyle  &  Knobloch  1981 ; Nixon  &  
Boyle  1982 ; Grisley  &  Boyle  1987 ; Boyle  1990 ; Grisley  et al.  
 1996 ). 

 After ingestion, the already fragmented meal enters a 
rather short digestive tract consisting of a crop, stomach, 
caecum and intestine. Some digestion takes place within the 
lumen of the gut, but most digestion and absorption take 
place in the large digestive gland (Boucaud - Camou  et al.  
 1976 ; Boucher - Rodoni  &  Mangold  1977 ; Boucaud - Camou  &  
Boucher - Rodoni  1983 ; Boucher - Rodoni  et al.   1987 ). Entry 
into the gland of food particles and the egress of excretory 
material into the gut lumen occur through a pair of short 
ducts connecting the digestive gland to the junction of the 
stomach and caecum. Long strings of pigmented faeces (the 
residues of the digestive process, usually pink – brown 
depending on diet composition) bound by mucus, are 
released from the anus into the exhalent water fl ow.  

  Excretion 

 Digestive excretion occurs by the release of pigmented mate-
rial from digestive gland cells into the lumen of the gut 
(Boucher - Rodoni  et al.   1987 ). Excretion from the blood 
system occurs via excretory tissue surrounding the lateral 
venae cavae (Schipp  &  Boletzky  1975 ). The main venous 
return from the anterior part of the body, the anterior vena 
cava, divides into two lateral venae cavae before entering 
the branchial heart of each side. The excretory cells (kidney 
tissues) are grouped into fl occulent masses (renal append-
ages) sited on fi ne diverticulae of the lateral venae cavae. 
The urine is formed, probably by ultrafi ltration and secre-
tion, into a coelomic pericardial space, from which it drains 
into the mantle cavity through a short duct and renal papilla. 
Little is known about the composition and fl ow of urine. 

 A remarkable feature of the excretory organs of many 
cephalopods is their infestation by minute organisms, the 
dicyemid mesozoans. The relationship is apparently symbi-
otic, causing no harmful effect to the host and providing the 
only known habitat for the mesozoans.  

  Respiration and  c irculation 

 Respiratory exchange with the environment occurs through 
well vascularised gills suspended in the mantle cavity. In 
 Nautilus  there are two pairs of gills, but in all the coleoids 
there is only a single pair (dibranchiate). Due to the orienta-
tion of gills within the lumen of the cavity, water fl ows 
between the lamellae of each gill in the opposite direction 
to the fl ow of blood through the tissue, a countercurrent 
system which maximises the exchange of gases (Wells  &  
Wells  1982 ). 

 Measurements of metabolic rates of cephalopods vary 
widely. This is partly because of the wide range of species 
and temperatures which are compared, and because of the 
inherent diffi culty of obtaining a non - active or routine value 
for oxygen consumption in these animals. Figures collected 
by O ’ Dor and Wells  (1987)  and Wells and Clarke  (1996)  from 
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nerves. Many of the features of the neural organisation of 
cephalopods bear comparison with those of the vertebrates 
(Young  1967, 1971 ; Packard  1972 ; Hanlon  &  Messenger 
 1996 ). 

 In addition to the brain is a series of peripheral ganglionic 
masses. These are very extensive and contain enormous 
numbers of nerve cells with functions restricted to the organ 
systems where they are located. For example, there are an 
estimated 3    ×    10 8  in the nerve cords of the arms alone. The 
main ganglionic masses in a typical octopod are shown in 
Figure  50.7 . It is important to note that this degree of periph-
eral nervous organisation confers some degree of local 
autonomy of movement. Thus, certain movements of the 
arms (Rowell  1963, 1966 ), mantle (Gray  1960 ; Wilson  1960b ; 
Boyle  1976 ) and buccal mass (Boyle  et al.   1979a, 1979b ) take 
place in isolation from the central nervous system.   

 Of great interest to physiologists is the giant fi bre system 
of the squid, a connected assembly of single fi bres with 
diameters of up to almost 1   mm (Young  1939 ; Martin  1977 ). 
Mediating the rapid escape response, the giant fi bre system 
provides simplifi ed nervous transmission from the brain 
(fi rst -  and second - order giant cells) to the stellate ganglion, 
and from there to the mantle musculature (third - order giant 
fi bres). The signifi cance of this system to the behaviour of 
squid seems to be threefold (Bullock  &  Horridge  1965 ): it is 
a simple method of triggering a supremely important 
evasive reaction; use of giant fi bres gives an appreciable 
gain in the speed of reaction; and gradation of the fi bre 
diameter of the third - order giants allows differential 
rates of conduction and synchronous contraction of the full 
length of the mantle. The  ‘ giant fi bre ’  commonly referred to 
is the third - order giant which runs the furthest distance of 
the mantle. The exceptional size of these fi bres has 
allowed many important advances to be made in under-
standing the basic properties of nervous transmission (see 
Tasaki  1989 ).  

requirements, O ’ Dor and Wells  (1987)  calculate that octo-
pods probably consume 2.5 – 3 times their body weight over 
a lifetime. Squid, in contrast, are calculated to need as much 
as four times their body weight during the fi rst 9 months 
(O ’ Dor  et al.   1980 ). Their consumption is inevitably higher 
due to the energy demands of a more active lifestyle and 
leads to interesting speculations over the fuelling by can-
nibalism of the long migrations undertaken by many squid 
species (O ’ Dor  1988 ).  

  Nervous  s ystem 

 The central nervous system of all cephalopods is a more or 
less compact mass of nerve cells. This, the brain, is located 
between the eyes and is enclosed in a tough cartilaginous 
cranium. For  Octopus  there are an estimated 1 – 2    ×    10 8  nerve 
cells. A great deal of information is available on the neuro-
anatomy of the system (Young  1971 ; Wells  1978 ) and the 
division of function between the many lobes. 

 In general terms, the suboesophageal areas of the brain 
are concerned with the control of groups of muscles. There 
are clear divisions of function between various lobes, and 
each of these areas can be identifi ed as lower or intermediate 
motor centres. Groups of muscles known to be controlled 
from centres in the suboesophageal brain include those of 
the arms, mantle, head, funnel, fi ns and chromatophores. 
These divisions of function were established largely by stim-
ulation experiments (Boycott  1961 ) coupled with the results 
of nerve sections and degeneration (Young  1971 ). Higher 
motor centres, which coordinate the actions of several 
groups of muscles, are located in lateral and supraoesopha-
geal areas of the brain. Some regions are allocated to recep-
tor information and analysis. Most notable of these are the 
optic lobes, large ganglionic masses located laterally on each 
side of the brain and receiving large numbers of small optic 
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radially (Cloney  &  Florey  1968 ). When these muscles con-
tract, the pigment sac is expanded and imparts its colour to 
the skin surface. When the radial chromatophore muscles 
relax, the elasticity of the pigment sac causes it to retract to 
its smallest size. The pigment area is then too small to 
provide skin colour and the animal appears white by refl ec-
tion from the muscle surface. The coloured appearance of 
the cephalopod skin is extended and complicated by the 
presence of chromatophores of different pigment hues, and 
by static refl ecting bodies deeper in the skin (iridophores, 
leucophores) which can produce additional colours by dif-
ferential refl ection (Packard  &  Sanders  1969 ). 

 Much attention has been given to the neural mechanism 
underlying control and coordination of the chromatophores 
(Florey  1969 ; Florey  &  Kriebel  1969 ; Packard  &  Sanders  1969 ; 
Packard  1973, 1982 ; Boyle  &  Dubas  1981 ; Dubas  &  Boyle 
 1985 ; Hanlon  1982, 1988b ). The patterns produced have been 
classifi ed and related to cryptic or display functions (Packard 
 &  Hochberg  1977 ; Moynihan  &  Rodaniche  1982 ; Hanlon  &  
Hixon  1980 ; Roper  &  Hochberg  1988 ; Hanlon  &  Messenger 
 1988 ; Hanlon  1988b ). The cryptic functions of pattern display 
are usually enhanced by modifi cations to the outline and 
texture of the octopus by superfi cial skin muscles. The 
review of cephalopod behaviour by Hanlon and Messenger 
 (1996)  provides a modern synthetic treatment of information 
on the uses of colour and texture by cephalopods, together 
with many original photographs and drawings. 

 Luminescent organs are known from many mid -  and 
deepwater cephalopod species (Herring  1977 ). Light pro-
duction is due to symbiotic bacteria located in pockets at 
specifi c sites characteristic of each species, or released into 
the water as a luminescent cloud. Little is known of the 
control and activity of these organs, but it is commonly held 
that they have roles in camoufl age and/or intraspecifi c 
signalling.  

  Inking 

 Typically all coleoids have an ink sac. This is a muscular 
bladder located ventrally and opening into the exhalent 

  Sense  o rgans 

 The skin of cephalopods, particularly of the suckers and lips, 
is liberally supplied with receptor cells responsive to tactile 
and chemical stimuli. Octopuses are responsive to a very 
light touch on almost any part of the surface, and may be 
taught to discriminate between objects which differ only in 
the quality of surface texture (Wells  &  Wells  1957 ; Wells 
 1964a, 1964b ). Mechanically sensitive cells are known also 
to be located within the blocks of somatic muscle 
(Alexandrowicz  1960 ; Graziadei  1965 ; Boyle  1976 ), where 
they are presumed to play a role in providing the sensory 
feedback necessary for the control of movement. Chemical 
senses are also thought to be associated with dispersed 
single cell receptors. 

 Discrimination between objects can be made on the basis 
of chemical differences (Wells  1963 ; Wells  et al.   1965 ) and 
responses to waterborne chemical stimuli have been 
described in octopuses (MacGinitie  &  MacGinitie  1968 ; Joll 
 1977 ; Boyle  1983c, 1986a ; Chase  &  Wells  1986 ). 

 Cephalopods have large camera - type eyes placed laterally 
and dorsally. There is a highly refractile spherical lens which 
focuses light onto a retina of receptive cells ( Nautilus  oper-
ates on the different principle of the  ‘ pinhole ’  camera). 
General accounts of cephalopod behaviour, and experimen-
tal studies on prey capture (Messenger  1968, 1977 ), confi rm 
the importance of visual input to cephalopods. There are 
also well known examples of the role played by visual 
stimuli in sexual recognition by  Sepia  (Tinbergen  1939 ; 
Corner  &  Moore  1981 ). Visual acuity is high (Packard  1969 ) 
but, rather surprisingly, and after a history of uncertainty, 
octopuses have been shown to be colour - blind (Messenger 
 1979 ).  

  Colour and  t exture 

 The pigmentation of cephalopod skin is contained within 
unique cellular chromatophore organs. These consist of an 
intracellular, elastic sac which contains the pigment, into 
which is inserted a series of 25 or so muscle fi bres arranged 
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stage for varying periods of time, with no specifi c inten-
tion of growing them to more advanced stages.  

   •      Rearing     Growing a cephalopod over a certain period 
of time without reaching production of a second 
generation.  

   •      Culture     Growing a cephalopod at least from hatching 
through the complete life cycle (juvenile and adult 
stages, sexual maturity, mating and egg laying), to 
hatching viable young of the fi rst fi lial (F1) 
generation.    

 Although the term culture is also used collectively to refer 
to the whole process, these aspects of holding cephalopods 
in the laboratory will be dealt with separately. 

  Research and  d isplay  r oles 

 The most common reason for holding cephalopods in cap-
tivity is for scientifi c research into various aspects of their 
biology. The previous chapter has outlined some of the 
many special features of these animals, which are far from 
being fully understood. Active experimental research in the 
fi elds of physiology and biochemistry require supplies of 
healthy animals to the laboratory. Often these are provided 
at marine stations where there is good access to wild - caught 
specimens and they need not be held long in the 
aquarium. 

 One advanced and specialised area of investigation 
involves the use of squid giant nerve axons for research into 
the basic biophysical mechanisms of nerve action. Giant 
fi bres were fi rst described in  Loligo  by Williams  (1909)  and 
rediscovered independently in  Sepia  by Young  (1934) . For 
the squid or cuttlefi sh, the giant fi bres form part of the rapid 
escape mechanism which, by simultaneous contraction of 
mantle and retractor muscles, ensures maximum jet propul-
sion. For the experimenter these exceptional cells (almost 
1   mm in diameter) have allowed great advances to be made 
on the electrical and chemical properties of nerve. For 
several decades, preparations of these nerve fi bres have 
been very productive and there is still steady demand for 
them at laboratories such as Plymouth and Woods Hole 
(Gilbert  et al .  1990 ). 

 Laboratory research into processes such as growth, repro-
duction, feeding and metabolism, needs animals to be held 
in captivity for substantial periods of time. These aspects of 
biology, central to understanding the life cycle, have recently 
attracted more interest. This is due to greater recognition of 
the ecological role of cephalopods as food for higher trophic 
levels, such as whales and seabirds, as predators themselves 
on a wide range of other marine species, and as major com-
mercial fi sheries worldwide (Clarke  1966 ). It is these life 
cycle and metabolic studies which have resulted in more 
attention being given to the long - term maintenance of 
cephalopods which, in turn, is relevant to their fi sheries 
exploitation and potential for commercial mariculture. 

 Public interest in live cephalopods is always high. Many 
public aquaria fi nd it profi table to keep some on display 
(Vevers  1962 ), particularly large species such as  Octopus 
dofl eini  (Anderson  1987 ). There is also a limited aquarium 
trade in small octopus species for the home aquarium 
market, but the practical diffi culties of keeping the animals 

water fl ow at the base of the funnel. Discharge of ink usually 
occurs when the cephalopod is being pursued by a predator. 
It is not dispersed in the water, but tends to form a discrete 
dark mass. Its role is not as a screen but as an object to hold 
the attention of a pursuer while the cephalopod makes a 
rapid change in direction. This manoeuvre is often effective 
in gaining the extra few seconds necessary to make an 
escape. In captivity, startled or stressed animals will fre-
quently eject ink.  

  Reproduction 

 In cephalopods, the sexes are separate (dioecious), and fer-
tilisation is achieved by direct mating. Reviews of the details 
of reproduction are available by Arnold and Williams -
 Arnold  (1977) , Wells and Wells  (1977)  and Mangold  (1987) . 

 In the male, ripe sperm are packaged into complicated 
spermatophores and stored in a special spermatophoric 
(Needham ’ s) sac until mating occurs. The male transfers 
sperm to the female by passing ripe spermatophores along 
a muscular groove in one arm which becomes modifi ed for 
this function (the hectocotylus, hectoctylised arm) at sexual 
maturity. The course of fertilisation then varies among dif-
ferent cephalopod types. Sperm may be held by the female 
in special pouches at the base of the arms or within the 
mantle cavity (sepioids and squid), or enter the female 
genital tract and lodge in the oviducal glands ( Octopus ), or 
even pass into the ovary itself ( Eledone ). These mechanisms 
allow the possibility of opportunistic matings and sperm 
storage in cephalopods. The longest interval between mating 
and egg laying was recorded in  Octopus     tetricus  at 114 days 
(Joll  1976 ). Sexual maturation is under the control of 
hormone(s) released from small bodies called optic glands 
located on the optic tract (connecting optic lobes to the 
brain) (Wells  &  Wells  1959 ; O ’ Dor  &  Wells  1973, 1975, 1978 ). 
At the onset of sexual maturity, there is an apparently rapid 
process of gonad growth, yolk secretion and ripening of 
accessory glandular systems. After reproduction, both males 
and females die. The immediate causes of this apparently 
universal mortality are not clearly understood, but it is as if 
the sequence of physical changes brought about by the optic 
gland hormone(s) cannot be reversed. Some direct evidence 
for this hypothesis is available from experiments in which 
the optic glands from mature octopuses were excised; their 
gonads regressed, while feeding and growth was resumed 
(Wodinsky  1977 ; Tait  1986 ). 

 These consequences of reproduction clearly have pro-
found importance to the survival and lifespan expected of 
octopuses in captivity and will be discussed in more detail 
later.   

  Supply and  m aintenance 

 A standard terminology was adopted by Boletkzy and 
Hanlon  (1983)  to describe the various phases of holding 
cephalopods in captivity. 

   •      Maintenance     Holding wild - caught late juvenile or 
adult stages at the same approximate developmental 
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of juvenile and adult forms from the wild results in high 
mortality, and considerable care is needed if viable animals 
are to be returned to the laboratory. 

 Benthic octopods and sepioids are commonly obtained by 
commercial fi shing gear. Trawls of various kinds will catch 
these species along with a wide variety of other organisms. 
The majority of cephalopods caught by moving gear will be 
already dead or too damaged to survive; nevertheless, 
because these commercial gears are readily available they 
still provide the main source of supply at many laboratories. 
Despite the disadvantages, many studies on aquarium -
 maintained octopuses (Mangold  &  Boletzky  1973 ; Boyle 
 1981a ), sepioids (Boletzky  et al.   1971 ) and squid (Hanlon  et 
al.   1983 ; Hulet  et al.   1979 ; Lipinski  1985 ) have been based on 
trawl - caught specimens. Commercial trawl gear is generally 
too large, the hauls of too long duration, and their contents 
too mixed, to capture cephalopods in good condition. Better 
results will be obtained using, for example, small beam 
trawls for short hauls (15 – 20 minutes). 

 For octopods, the use of traps or pots is much better. In 
shallow water, fi shermen frequently set lines of earthenware 
pots on the bottom specifi cally to capture octopuses. Because 
of the natural tendency for octopuses to establish  ‘ homes ’  
and because natural shelter is limited, they tend to take up 
residence in the pots. When the pots are lifted at intervals 
of 2 – 3 days the octopuses may be captured undamaged. 
Although principally a method of artisanal fi shing, pot -
 caught octopuses provide the main supply of specimens at 
major laboratories such as the Zoological Station, Naples. As 
active predators, octopuses also tend to enter the traps set 
commercially for crustacea such as crabs and lobsters. 
Cephalopod predation on trapped crustacea may be a sig-
nifi cant commercial nuisance (Ritchie  1972 ; Boyle  1986c ; 
Boyle  et al.   1986 ), but it also provides a means to capture 
undamaged octopuses. 

 A small number of species in warm, temperate and tropi-
cal areas useful for laboratory studies may be hand collected 
on the shore in pools or under rocks. Hand collection under-
water by SCUBA diving is also an effective method in 
certain locations. 

 Methods for the commercial capture of squid are diverse, 
highly evolved and vary in different parts of the world. 
They include the use of bottom and pelagic trawling, seine 
nets of various types, gill nets, lift nets, traps and wide use 
of jigging lures, both with and without the use of lights. 
Specialised reviews such as those of Hamabe  et al.   (1982) , 
Rathjen  (1984) , Roper  et al.   (1984)  and Rathjen and Voss 
 (1987)  should be consulted for details. Although some trawl -
 caught squid may be suitable for maintenance in aquarium 
conditions (Lipinski  1985 ) the best specimens will be 
obtained by the use of jigged lures with barbless hooks oper-
ated mechanically or by hand. Fishing at night using strong 
lights attracts squid to the surface where they see and attack 
the lures. They may also be caught individually in dip nets 
from the ship (Hanlon  et al.   1978, 1983 ) and in either case 
these squid will provide the best specimens. 

 Eggs of octopods, sepioids and myopsid squid are laid in 
protective capsules and attached to hard surfaces on the 
bottom, or sometimes on objects such as buoys or ropes. The 
egg capsules are usually quite hardy, and whether collected 
by hand or bottom - trawling gear, they can provide useful 

from escaping, of supplying live food, and the naturally 
short lifespan restrict the circle of customers to the real 
enthusiasts.  

  Species  h eld in  c aptivity 

 Boletzky and Hanlon  (1983)  collected information on some 
45 cephalopod species which had been maintained in open 
seawater circulation systems. A further eight species could 
be added which had been kept only in closed (recirculating) 
systems, and new reports continue to add species which 
have been successfully maintained (Hanlon  &  Forsythe 
 1985 ; Lipinski  1985 ; Anderson  1987 ). At present it is likely 
that over 60 species have been maintained in laboratory 
conditions, representing almost 10% of the total number of 
cephalopod species. 

 Most of those which have been successfully held in captiv-
ity are benthic octopods and sepioids. These orders adapt 
relatively easily to aquarium conditions, provided water 
quality is adequately maintained, suitable substrate material 
is present and appropriate prey are provided. In contrast, 
few squid species have been kept alive for any period of 
time. As pelagic animals, adapted to live in open water, they 
readily dash into the sides of aquarium tanks. Damage to 
the skin surface resulting from this behaviour is usually the 
prime cause of early death. Advances have been made in 
keeping squid species in captivity, but their maintenance is 
undoubtedly a more demanding and specialised task. 

 Those species most successfully held in captivity come 
from a narrow range of coastal genera. Particularly widely 
kept are the cuttlefi sh  Sepia  and a range of smaller sepiolids 
such as  Euprymna ,  Sepiola ,  Sepietta  and  Rossia . Many species 
of  Octopus  and other octopod genera, such as  Hapalochlaena  
and  Eledone , are also readily maintained. Of the squids, most 
attempts to keep laboratory stocks relate to members of the 
Loliginidae, such as  Sepioteuthis ,  Loligo ,  Lolliguncula  and 
 Alloteuthis , although some success has been reported for 
ommastrephid squid such as  Illex illecebrosus  (O ’ Dor  et al . 
 1977 ) and  Todarodes pacifi cus  (Sakurai  et al .  1993 ). 

 In most laboratory situations, the choice of species will be 
determined by the availability of wild - caught animals. 
Information regarding the worldwide distribution of cepha-
lopod types is available in Roper  et al .  (1983)  and 
Nesis  (1987) . Other publications which will be helpful in 
reviewing the species likely to be amenable for laboratory 
maintenance in a particular region include Boletzky  et al.  
 (1971) , Arnold  et al.   (1974) , Boletzky  (1974) , Boletzky and 
Hanlon  (1983) , Hanlon and Forsythe  (1985) , Hanlon  et al.  
 (1983) , Lipinski  (1985) , Yang  et al.   (1986)  and Anderson 
 (1987) .  

  Capture  m ethods 

 All cephalopods have a soft delicate skin surface, easily 
damaged by any form of mechanical abrasion. They are 
readily bruised by rough handling, striking against hard 
objects and excessive muscular stretching. Skin damage, or 
subcutaneous bruising on any scale, is rarely survived in 
captivity for more than a few days. It follows that capture 
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detailed designs specifi cally for cephalopods have also been 
published (Forsythe  &  Hanlon  1980 ; Hanlon  &  Forsythe 
 1985 ; Hanlon  1990 ; Yang  et al.   1986 ). 

 Captured cephalopods should be treated as fi sh in so far 
as their requirements for the main parameters of water 
quality: temperature, salinity (parts per thousand), hydro-
gen ion concentration (pH), oxygen (O 2 ), and levels of dis-
solved nitrogen as ammonia (NH 3 ), nitrite (NO 2 ) and nitrate 
(NO 3 ). The water temperature should be held close to the 
ambient. Little is known about temperature acclimatisation 
in cephalopods, but the experience of most workers suggests 
that they will survive best if aquarium temperatures are not 
more than a few degrees different from the environmental 
water temperature. 

 Cephalopods are stenohaline, that is, living in a narrow 
salinity range, close to full strength sea water (34 – 36 parts 
per thousand). Only the squid  Lolliguncula     brevis  (Hendrix 
 et al.   1981 ) of the Bay of Mexico, is known to tolerate signifi -
cantly lowered salinities ( > 24 parts per thousand). The 
aquarium sea water must be held at around 34 – 36 parts per 
thousand. Cephalopods are sensitive to acidity and the pH 
should be held above 7.5, preferably within the range of 
open sea water (pH range 7.8 – 8.2), and low pH levels cor-
rected if necessary by addition of sodium bicarbonate. 
Dissolved oxygen levels should be maintained close to satu-
ration levels by forced aeration. Squids especially are active 
swimmers, normally living in fully aerated sea water, 
although some benthic octopods are quite tolerant of 
reduced oxygen levels. 

 As with fi sh, it is the build - up of nitrogenous excretory 
products which poses the main problem for closed seawater 
aquaria. Boletzky and Hanlon  (1983)  recommend the adop-
tion of Spotte ’ s  (1979a)  standards:  < 0.10   mg/l ammonia, 
 < 0.10   mg/l nitrite,  < 20.00   mg/l nitrate. However, higher 
nitrate concentrations are tolerated by some octopuses, for 
example  Eledone cirrhosa  (50   mg/l nitrate; Boyle  1981a ), 
 Octopus joubini  and  O. digueti  (100 – 200   mg/l nitrate; Forsythe, 
 1984 ; DeRusha  et al.   1987 ). These levels have been measured 
for relatively few species, and range of tolerance levels is not 
established.  

  Space  r equirements 

 There are no absolute space requirements for cephalopods. 
Sedentary benthic species can be held individually in very 
small enclosures provided there is a suffi cient rate of water 
exchange to maintain water quality (Wells  et al.   1983b ; Boyle 
 1983c, 1986a ). Octopods and sepioids quickly establish 
themselves in aquarium tanks of modest dimensions. 
Circular tanks of 1   m diameter (0.6   m deep) will provide 
adequate space for fi ve to ten sizeable  Eledone cirrhosa  (250 –
 1000g) while tanks of 2   m diameter (0.6   m deep) will house 
20 – 30. Factors such as activity and aggression will also 
determine the number which can be held together. 

 In small recirculating systems (2600l) with biological and 
mechanical fi ltration, physical adsorption ( ‘ protein skim-
mers ’ ) and ultraviolet (UV) sterilisation, Hanlon and 
Forsythe  (1985)  were able to hold a maximum octopus 
biomass of 15   kg. Sustained levels of ammonia – nitrogen and 
nitrate – nitrogen of up to 0.20   mg/l were tolerated. Nitrate –

laboratory material. Alternatively, mature adults brought 
into the aquarium may spawn there.  

  Handling and  t ransport 

 As previously mentioned, every effort must be made to 
avoid skin damage and bruising. The skin is easily damaged 
by dry surfaces, and cephalopods of all types must be kept 
continuously moist and exposed to the air for minimal 
periods. 

 Small octopuses and sepioids can be placed temporarily 
in containers part - fi lled with sea water, but this must be 
changed with some regularity if temperature, pH and 
oxygen content are not to alter substantially. For transport 
over distances taking more than an hour or two, special 
arrangements must be made. Small numbers of small indi-
viduals may be carried in cool boxes with only suffi cient 
water to cover the animals. To promote individual survival, 
particularly in the case of larger specimens, each animal 
should be contained in a polythene bag about one third full 
of sea water. Air, or better still oxygen, fi lls the remaining 
space. The bags are sealed and kept cool. Survival for 8 – 10   h 
is easily possible in these conditions. 

 Animals captured at sea are best held in deck tanks of sea 
water continuously pumped from the ocean. On entering 
most harbours it will usually be necessary to stop the pump 
to avoid contaminated harbour water. Squids can also be 
held in this way, providing there is suffi cient tank space, but 
some authors (Flores  et al.   1976 ; Lipinski  1985 ), recommend 
that they are contained individually or in small groups 
within perforated plastic bags fl oating in the main tank. 
Small octopuses, large benthic hatchlings or egg masses can 
be readily transported by these methods over long distances 
and shipped as unaccompanied packages on public 
transport. 

 Notably in Japan, where the price paid for live marine 
species at commercial fi sh markets greatly exceeds that for 
the freshly dead, methods of bulk live transport have been 
developed. With total journey times of up to 20   h, before live 
display at the Tokyo fi shmarket, the water conditioning in 
these transport facilities must be of a very high order. 
Specialised fi sh restaurants in Japan may also display live 
squid species in the short term for inspection by their 
customers.  

  Water  q uality 

 Sea water aquarium systems are basically of two types. At 
marine laboratories, close to the sea, an open system may be 
available, whereas at inland sites a closed or recirculating 
system is usual, in which a fi xed volume of water is pumped 
from a reservoir through the holding tanks with varying 
degrees of conditioning. Some laboratories operate an inter-
mediate system in which there is continual replacement of 
a portion of water volume of a recirculating system. The 
provision of these systems and the maintenance of water 
quality are discussed in the 7th edition of the UFAW 
Handbook (Poole  1999 ) and extensively covered in special-
ised works (Spotte  1979a, 1979b ; Hawkins  1981 ) although 
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around the inside wall above the water line. The alternative 
to these methods is the provision of strong, close - fi tting lids, 
fi rmly fi xed to the rim of the tank. The precise design of lids 
depends on the preference of the aquarium manager and the 
practicalities of each particular situation. A cheap and effec-
tive solution to escape problems, particularly where large 
and powerful species like  Octopus dofl eini  are concerned, is 
to use fi shing net of an appropriate mesh tightly tied under 
the rim of the tank.  

  Health  h azards 

 The normal feeding methods of octopuses can pose some-
thing of a health hazard to human handlers. Many species 
of octopus are known to bite with the beaks and to infl ict an 
appreciable wound. More important is the injection into the 
wound of saliva containing a wide variety of pharmacologi-
cally active compounds and having several toxic effects in 
vertebrates (Halstead  1965 ). 

 In the small Australian octopod  Hapalochlaena maculosa  the 
toxin of the saliva, known as  ‘ maculotoxin ’ , has effects in 
vertebrates indistinguishable from the puff adder venom 
tetrodrotoxin in blocking the sodium channels of nerve cell 
membranes and preventing passage of action potentials 
(Dulhunty  &  Gage  1971 ; Crone  et al.   1976 ; Cariello  &  Zanetti 
 1977 ). This species has been the cause of human fatalities 
(Flecker  &  Cotton  1955 ). 

 Other octopuses have been known to bite human han-
dlers, certainly  Octopus vulgaris ,  O. briareus ,  O. fi tchi ,  O. 
rubescens ,  O. macropus  and  Eledone cirrhosa . It may be assumed 
that, given the opportunity, most species will bite. The 
effects are always painful, often described as like a severe 
bee sting, and some victims have reported other effects such 
as pain and partial paralysis extending well beyond the site 
of the bite. Sensitivity to the toxins may differ between indi-
viduals, but clearly it is desirable to avoid these incidents. 
Fear of being bitten and the natural tendency of the octopus 
to grip the handler with arms and suckers tend to make the 
inexperienced person nervous. As far as possible, the 
octopus should not be allowed to bring the mouth area 
fi rmly into contact with exposed skin of the handler or to 
crawl freely over the skin surface. Some practice and experi-
ence is usually necessary before octopuses can be handled 
fi rmly but with confi dence and safety. 

 A further potential health hazard may arise from infec-
tions of skin lesions of cephalopods. These lesions are not 
uncommon in wild and laboratory - held animals, although 
no cases of resulting human infection have been described; 
R.T. Hanlon (personal communication) reports that poten-
tially pathogenic micro - organisms have been cultured from 
this source. It is also noted that the occurrence of larval 
nematodes of the genera  Ascaris  and  Anisakis  in cephalopods 
could also constitute a human health risk if consumed 
(Hochberg  1983 ).   

  Rearing 

 The term rearing is taken to include the growth and healthy 
maintenance of cephalopods for any period of time, short of 

 nitrogen could be held at 500   mg/l, although it was felt that 
levels over 100   mg/l were affecting reproductive success. 
Clearly, the holding capacity of any aquarium system is 
more related to its ability to control water quality rather than 
absolute space requirements of the animals. 

 Squids require more area in which to swim, and some 
laboratories have provided tanks or raceways of substantial 
volume to accommodate this activity (Matsumoto  1976 ; 
O ’ Dor  et al.   1977 ; Matsumoto  &  Shimada  1980 ; Yang  et al.  
 1986 ). In any case, the sides of the tanks need to be marked 
with a bold contrasting pattern to provide suffi cient visual 
cues for the squid to avoid hitting the boundaries. While 
octopuses quickly adapt to captivity and will become tame, 
wild - caught squid remain very nervous animals which must 
not be exposed to sudden stimuli such as lights, movements 
and vibration.  

  Housing and  s ubstrate 

 Squids require no special substrate or housing, but low light 
intensities and shielding from external disturbance are pre-
ferred. The seawater drain should be covered with netting 
to prevent animals becoming trapped there. Plastic sheeting 
or netting should cover the top of the tank to prevent the 
occasional animal jetting out and to reduce visual distur-
bance from movements round about. Constant diffuse over-
head illumination is provided to give 10 – 15   lux in the middle 
of the water column (Yang  et al.   1986 ). Ideally, glass or 
plastic underwater observation panels should be let into the 
sides of the tank. The inside tank walls must be painted with 
an irregular mottle pattern. Moveable black plastic or net 
curtains may be used as temporary internal partitions to 
confi ne the squid to portions of the tank from which they 
may be gently caught with a lift net, or where they will be 
less disturbed by tank cleaning operations. 

 Cuttlefi sh and sepiolids also may be kept without special 
substrate, but they will make use of sediment of the right 
grade on the tank fl oor. These animals normally partially 
cover themselves with sand and will thrive well if this is 
provided. Octopuses should be given plenty of shelter in the 
form of earthenware fl owerpots, pieces of plastic pipe, etc. 
They will use these objects as temporary  ‘ homes ’  or  ‘ dens ’  
from which they will make hunting forays (Boyle  1980 ; 
Mather  1980 ). 

 Since all cephalopods are carnivorous, uneaten food will 
quickly decompose and must be promptly and rigorously 
removed from the tanks. The presence of a clutter of pipes 
and pots in octopus tanks is a nuisance when cleaning, but 
this cannot be avoided because the provision of shelter for 
the octopuses allows a much higher stocking density. 

 However well housed, octopuses are particularly prone 
to escape from aquarium tanks, presumably a consequence 
of exploratory hunting activity. Loose lids are of little value 
because the octopuses will easily lift them and push their 
way out of the tank. For large tanks a convenient solution is 
to line the wall above the water level with soft upholstery 
foam overlapping the tank rim onto the outer surface. 
Suckers cannot grip on this surface and so octopuses cannot 
climb the sides (Boyle  1981a ). Small species can be pre-
vented from climbing out by gluing a strip of plastic turf 
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 weight basis, or even higher for octopods, and somewhat 
lower for squid, 25 – 40% (O ’ Dor  &  Wells  1987 ). This means 
that for even a relatively slow - growing species such as 
 Eledone     cirrhosa , 100g of crab meat ingested results in 40g of 
octopus growth (Boyle  &  Knobloch  1982 ). 

 Various mathematical expressions have been used to 
describe cephalopod growth (Forsythe  &  Van Heukelem 
 1987 ). Growth in laboratory - held octopuses generally 
follows two phases: an early phase, best described by an 
exponential relationship, during which most of the adult 
size is achieved, followed by a much slower logarithmic 
growth phase. During the early part of the fi rst phase, 
maximum instantaneous growth rates (the percentage 
increase in body weight per day) range from 4 – 8%. Animals 
nearing their adult size are more likely to be growing at 
1 – 2% per day or less. 

 Where fi eld data are available, growth rates are corre-
spondingly high, leading most authors to believe that the 
aquarium growth performance is not abnormal. There are, 
however, wide differences between individuals, and many 
animals brought in from the fi eld will not begin to feed as 
readily or grow as fast.  

  Lifespan 

 The second, slower phase of cephalopod growth marks the 
onset of sexual maturation and the beginning of the end of 
its life. The physiological changes associated with the fi nal 
stages of gonad growth and vitellogenesis do not seem to be 
reversible. In the fi eld, after spawning, the females die 
almost without exception, although individual  ‘ spent ’  
animals may linger on for a number of weeks. While many 
of these animals fall to predators or disease, the basic cause 
of death seems to be endogenous and associated with break-
down of somatic proteins. Less is known about the male life 
cycle, but they are generally assumed also to die after the 
fi rst breeding season. While there may be some exceptional 
species which will spawn several times in a period of 
months, such as  Octopus     chierchiae , feeding and growing in 
the intervening periods (Rodaniche  1984 ), this pattern of 
breeding and death means that the survival of individual 
cephalopods in captivity is naturally limited. The degree to 
which very large species such as the giant squids ( Architeuthis  
sp.) conform to these generalisations is not known, but 
really large octopods ( O. dofl eini ) are estimated to live from 
3 to 5 years (Hartwick  1983 ). 

 Neither the environmental and ecological infl uences, nor 
the immediate physiological factors controlling maturity 
and death, are properly understood. Clearly the lifespan of 
individuals in aquarium conditions will be quite short. 
Estimates of 1 – 2 years ’  lifespan are common for the medium -
 sized cephalopods (Boyle  1983a ). In practice, the term of 
survival in the aquarium will be normally less than a year. 
Maximum survival periods recorded for representative 
species held in the aquarium are:  Eledone cirrhosa , 240 – 270 
days (Boyle  &  Knobloch  1984b );  Octopus joubini , 331 days 
(Forsythe,  1984 );  Octopus digueti , 258 days (DeRusha  et al.  
 1987 );  Octopus maya , 229 days for females, 360 days for males 
(Van Heukelem  1983 );  Octopus bimaculoides , 404 days 
(Forsythe  &  Hanlon  1988 );  Octopus briareus , 505 days (R.T. 

reaching a second generation, and not specifi cally to the 
rearing of hatchlings or juveniles. 

  Feeding and  f ood  s upplies 

 As cephalopods are carnivores and normally exclusively 
predatory, feeding in captivity requires continuous supplies 
of live food. No artifi cial diets are routinely available. The 
reviews of Boletzky and Hanlon  (1983) , Nixon  (1987)  and 
Rodhouse and Nigmatullin  (1996)    assemble virtually all the 
information presently available on the diets of cephalopods 
in the fi eld and aquarium. 

 Most octopuses will capture and eat almost any type of 
crustacean of appropriate size (crabs, shrimps, squat lob-
sters, etc). Many species, for example  Octopus vulgaris ,  O.    
 bimaculatus  and  O. dofl eini , will also readily take a variety of 
gastropod or bivalve molluscs. Squid and cuttlefi sh 
will catch fi sh and pelagic crustacea such as euphausids. 
Apart from the special attention required for hatchlings 
and small juveniles (Villanueva  1994 ), policy with provision 
of food should be to supply a choice of prey from the 
species range likely to be available in the natural habitat and 
of a size readily tackled by the cephalopod. Octopuses are 
certainly capable of killing crustacea of their own size, but 
as a general guide, suitable prey organisms would be not 
more than about 10% of the mass of the cephalopod 
predator. 

 Like many marine invertebrates, octopuses can survive 
without food for periods of at least several weeks, but 
feeding rates of healthy, growing cephalopods are high. For 
cool temperate, warm water and tropical species, daily rates 
of food intakes for octopods range from 1 – 10% of body 
weight, and up to 15% of body weight for some squid 
(O ’ Dor  &  Wells  1987 ). Flesh retrieval from crabs is around 
50% of the gross body weight. Therefore, to fuel even a 5% 
feeding rate for a 500g octopus, at least 50g of crab will have 
to be supplied daily. Except where measured levels of food 
intake are required, food should be supplied  ad libitum . Live 
food supply on this scale places signifi cant demands on col-
lections made in the fi eld, or from commercial supply at 
high expense. Octopuses will attack and eat dead food, such 
as pieces of sardine when presented on a thin skewer and 
moved about. This technique has been regularly used to 
present rewards in training experiments (Wells  1962 ). Squid 
will also take dead food, for example, Bradbury and Aldrich 
 (1969)  fed captive  Illex illecebrosus  on dead capelin ( Mallotus 
villosus ).  Nautilus , in particular, takes dead food and prob-
ably is a regular scavenger in the fi eld (Haven  1972 ). Despite 
these exceptions, for most practical purposes, keeping and 
growing live cephalopods will entail regular supplies of live 
prey of suitable species.  

  Growth 

 High food intakes, coupled with exceptional rates of gross 
food conversion effi ciency, result in very high growth rates. 
Growth conversion effi ciency (that is the growth increment 
expressed as a percentage of the food intake over the same 
period), ranges normally between 40% and 60% on a wet -
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time, skin infections are a potential problem in any intensive 
system.  

  Parasitism 

 Cephalopods carry a wide variety of parasites and symbi-
onts (Overstreet  &  Hochberg  1975 ; Hochberg  1982 ) which 
include viruses, bacteria, fungi, sporozoans, ciliates, dicyem-
ids (mesozoa), monogeneans, digeneans, cestodes, acan-
thocephalans, nematodes, polychaetes, hirudineans, 
branchiurans, copepods and isopods (Hochberg  1983 ). 

 Apart from the potentially pathogenic micro - organisms 
described in the previous section, none of this range of para-
sites are known to cause special problems in captive cepha-
lopods. However, Hochberg  (1983)  points out that since 
larval nematodes of many species, including those of the 
genera  Ascaris  and  Anisakis , are known from many cephalo-
pod types, a potential human health risk exists. Squids prob-
ably function as intermediate hosts for many nematode life 
cycles, which are then completed when they are consumed 
by marine mammals. 

 In areas of the world where uncooked fi sh and squid are 
regularly eaten, anisakiasis can be a human health problem 
in which ascaridoid nematodes cause ulcers and lesions in 
the digestive tract. Although no direct evidence implicates 
squid in its transmission, the parasite load of cephalopods 
must be considered a risk if the fl esh is eaten raw or partially 
cooked.  

  Cannibalism 

 Where cephalopods are held collectively, some cannibalism 
may occur. Small octopuses may be killed and eaten by 
larger ones, but the incidence of this behaviour depends 
very much on the size range of animals held together, the 
stocking density and provision of adequate food and places 
of shelter. Suitable husbandry can avoid the problem alto-
gether. In the fi eld, the diet of many cephalopods includes 
smaller representatives of their own species (Nixon  1987 ). In 
certain squids, eg,  Illex illecebrosus , it appears that during 
long migratory journeys the smaller members of the shoal 
form a normal and major component of diet for the larger 
animals (Squires  1957 ; O ’ Dor  &  Wells  1987 ). 

 Animals which are sick or dying are commonly eaten by 
others in the tank, even while still alive. Injured animals, 
particularly those with damaged blood or nerve supplies to 
an arm, will even eat their own necrotic tissue (autophagy). 
Laboratory - held animals in this condition should always be 
killed.   

  Culture and  b reeding 

  General  c onsiderations 

 The culture and breeding of cephalopods in laboratory con-
ditions is not widely undertaken. There are many examples 
of cephalopods raised in captivity from eggs brought in 
from the fi eld or laid in the aquarium, but regular success 

Hanlon  &  M.R. Wolterding, personal communication); 
 Loligo opalescens , 248 days (Yang  et al.   1986 ). 

 Many cephalopods which reach full maturity in the 
aquarium apparently will not spawn normally, but this does 
not seem to prolong survival since such  ‘ egg - bound ’  females 
will usually die within a few weeks (Boyle  &  Knobloch  1983, 
1984a ). There is some suggestion that aquarium conditions 
themselves, whether through higher temperatures, lower 
feeding or growth rates, promote increased gonad growth 
at smaller sizes (Boyle  &  Knobloch  1984b ).  

  Damage and  d isease 

 Wild - caught cephalopods are particularly prone to mechan-
ical damage. Cuts and abrasions of the skin infl icted by nets 
or rough handling are a frequent cause of mortality, espe-
cially in squids, usually within a few days of capture 
(Summers  &  McMahon  1970 ; Hulet  et al.   1979 ). Lesions of 
the skin may also develop in aquarium - held octopuses, 
often at the most posterior part of the mantle (Boyle  1981a ). 
Octopuses are more hardy than squid, but they also suffer 
from rough handling. Internal damage to muscles from 
bruising shows as conspicuous swellings, coloured blue 
from leakage of blood containing the copper - based respira-
tory pigment haemocyanin. Nerve damage may be evident 
from paralysis of one or several arms, an asymmetrical 
stance, the head not held level, or patches of skin perma-
nently white where chromatophores are no longer working. 

 In the fi eld quite major injuries are survived. Healthy 
individuals are captured which have had several arms 
amputated and are in the process of regenerating. Multiple 
healed scars are also frequently found. In the aquarium, 
however, these cuts, abrasions and lesions rarely heal. The 
animal becomes infected and dies. 

 Long - term laboratory - held octopuses have been observed 
to develop ulcerations on the skin. These spread rapidly in 
the epidermis, enlarging and deepening to affect the dermis 
and underlying muscle tissue. Unless quickly treated these 
ulcerations are invariably fatal within 2 – 4 days. 
Thraustochytrid and labyrinthulid fungi have been isolated 
from skin lesions in  Eledone cirrhosa , but it is not clear 
whether these organisms are causal agents or secondary 
infections (Polglase  1980 ). 

 At least fi ve types of bacteria have been isolated from 
lesions in  Octopus joubini  and  O. briareus  (Hanlon  et al.   1984 ), 
and similar numbers from ulcerated tissue in the squid 
 Lolliguncula     brevis  (Ford  et al.   1986 ). In laboratory - reared 
octopuses, the ulcers developed only in groups of animals 
in high - density cultures. Individually held animals were not 
affected.  O. joubini  experimentally infected with  Vibrio algi-
nolyticus  developed skin ulcers within 2 days. Treatment 
with several antibacterial agents showed that periodic 
dipping in solutions of nifurpirinol at a range of concentra-
tions was effective in reducing mortality and complete 
healing was achieved in some animals. 

 The incidence of infected skin lesions is much higher in 
intensively reared laboratory animals. Trials have shown 
that some treatments with antibacterial agents can be effec-
tive (Hanlon  et al.   1984 ; Forsyth  et al.   1987 ), but the methods 
are still a long way from routine application. In the mean-
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tion and surgery. Assessment of maturity is a matter of 
external appearance of colour and shape (above), and 
development of the hectocotylus in males (see Sexing 
section). 

 The male system in all cephalopods is more complicated. 
Ripe sperm from the testis pass into the proximal vas defer-
ens. Here, in specialised glandular areas they are packaged 
into discrete spermatophores. Finished spermatophores are 
then stored in a spermatophoric sac. The mature male will 
usually have ripe spermatophores lodged in the distal 
portion of the vas deferens, the excurrent duct (incorrectly 
 ‘ penis ’ ), ready for transfer to a female. Males are sexually 
mature over a wider range of body size than females, and 
thus appear ready to mate over a greater portion of their 
lifespan. The total mass of ripe testis and full spermato-
phoric sac does not usually contribute such a large propor-
tion of body mass as the female ovary.  

  Sexing 

 Males and females may be distinguished externally by the 
presence of modifi cations to the arm of the mature male 
used for sperm transfer during mating. In octopods it is the 
third right arm (counting from the dorsal mid - line) which 
becomes thickened; a fold in the skin along the arm develops 
and the tip usually becomes modifi ed and hook - like. The 
precise form of this hectocotylised arm or hectocotylus, 
which in myopsid squid is the fourth left, is often a species 
characteristic. 

 In immature animals, or where a more precise assessment 
of maturity state is required, no alternative to an internal 
examination is currently in use. Sepioids and teuthoids can 
only be examined after death, but octopods can be anaesthe-
tised and the mantle sac inverted. In octopods, even the 
most immature animal can be sexed in this way  –  the paired 
oviducts always being distinguishable from the single male 
excurrent duct; squid are more diffi cult because both oviduct 
and excurrent duct are singular, and located on the left side.  

  Mating 

 Octopuses frequently mate in aquarium conditions. The 
usual approach is for the male hectocotylus to be inserted 
into the mantle cavity of the female. Peristaltic and  ‘ pumping ’  
movements of the male arm transfer spermatophores to the 
female. In  Octopus vulgaris , the sperm enters the oviducts 
and lodges in the oviducal glands (Fr ö sch  &  Marthy  1975 ), 
while in  Eledone cirrhosa  spermatangia (ruptured spermato-
phores) travel all the way into the ovary (Boyle  1983b ). 
Fertilisation is then truly internal and its timing is essentially 
determined by the female. 

 Female sepioids and squid have various methods of 
holding sperm transferred from the male, in buccal mem-
branes or within the mantle cavity. In oegopsid squid, sper-
matophores may be held in the buccal membrane of the 
female ( Todarodes ) or attached to the base of the gills ( Illex ). 
Mating takes place usually in a  ‘ head to head ’  position, and 
in some species ( Loligo opalescens ) there may be dense spawn-
ing aggregations. 

requires either specially favourable conditions of open sea-
water circulation or considerable effort to maintain high -
 quality closed circulation systems. In either case, apart from 
the practical diffi culties of handling small hatchling animals, 
the main problem is the supply of suffi cient live food of 
suitable type and size. 

 On the positive side, except for squids of the family 
Oegopsidae whose eggs drift freely in the water, cephalo-
pod eggs are large, well protected by egg membranes and 
easily handled. They are normally attached to hard surfaces. 
Again with the exception of some oegopsid squids, there are 
no specialised larval forms which undergo distinct 
metamorphosis. The hatchling is a miniature adult capable 
of using its arms and swimming in an essentially adult 
fashion. In many of the sepioid and octopod species the 
hatchling is bottom - living immediately. Some species which 
are benthic as adults have a planktonic juvenile phase of 
variable duration and the term  ‘ paralarva ’  has been pro-
posed for these planktonic young (Young  &  Harman  1988 ). 
The review of Boletzky and Hanlon  (1983)  lists all the cepha-
lopod species for which either maintenance or rearing had 
taken place at that time and identifi es those species with 
benthic young. 

 Potentially, these benefi ts of large size, hardiness and 
benthic young should be very helpful in developing culture 
and breeding programmes (Hanlon  1987 ). Very little is 
known about the juvenile stages in the fi eld (but see Mangold 
 &  Boletzky  1985 ), so this approach is likely to be increas-
ingly useful for completion of life cycle studies.  

  Maturation 

 Maturation in females is largely a process of gonad growth 
by yolk accumulation. The later stages take place rapidly 
under the infl uence of the gonadotrophic hormone(s) from 
the optic gland. Feeding and growth rates of female octo-
puses in the aquarium decline quickly with the onset of 
maturation; they become relatively sluggish and may 
deposit small numbers of eggs, attaching them to the sides 
of the tank or other hard objects. At this point the female is 
seeking a suitable place for egg laying, usually within a pot 
or tube or under an overhang of stones. The single, median 
ovary, which originally contributed about 0.25% of body 
weight has now grown to occupy close to 25%. 

 Fully mature animals can often be recognised by the white 
appearance of the ovary through the muscle wall and the 
changed outline of the mantle. Maturity scales based upon 
the relative enlargement and appearance of the ovary and 
other components of the reproductive system have been 
devised for many species. Where it is necessary to evaluate 
reproductive condition in living animals, the mantle muscu-
lature can be simply inverted to expose the gonad, under 
anaesthesia, after cutting the mid - ventral septum. This 
simple operation should cause little stress, and the examina-
tion may be repeated on successive occasions. The paired 
oviducts leading from the ovary will be packed with ripe 
eggs in the fi nal stage of maturity. 

 The pattern of maturation is similar in squid, except 
that the oviduct is single and on the left - hand side. These 
animals will rarely survive anaesthesia or internal examina-
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  Hatchlings 

 Development time in the egg depends on species and tem-
perature, and ranges from less than 10 to over 100 days. At 
hatching the developed embryo actively breaks out of the 
enclosing egg coats using a special hatching gland (Boletzky 
 1987a ). 

 Hatchlings need to be reared in separate facilities, away 
from adults and other potential predators. A series of repli-
cated small tanks provide security and are easily managed, 
although growing squids require increasing space to swim. 
These early stages are vulnerable to excessive water move-
ment or to strong aeration. Infl ow and outfl ow pipes should 
be screened with fi ne mesh net, and aeration arranged so 
that hatchlings are not exposed to bubble streams. 

 Hatchlings are immediately active, feeding on the remains 
of the yolk provision for the egg. After a period of half a day 
to about a week (depending on species and temperature) 
they will begin to feed on live food. At this point a variety of 
appropriately small crustacean food must be supplied, such 
as  Artemia , copepods, mysids, shrimps and newly metamor-
phosed crabs. Those species with particularly large eggs and 
benthic hatchlings are easier to feed at this stage because of 
the wider range of acceptable food species. Boletzky  (1987b)  
provides a useful account of juvenile behaviour characteris-
tics, and Vecchione  (1987)  gives an account of their ecology 
together with a summary of the early feeding and growth 
characteristics of a number of species. 

 Villanueva  (1994)  has shown that with attention to the size 
of food organisms required by the hatchlings, easily main-
tained laboratory cultures of crabs producing larval zoea of 
appropriate dimensions, can provide continuous food sup-
plies. He found that hatchlings of  Octopus vulgaris  successfully 
fed and grew on zoea of the crab  Pagurus prideauxi . Similarly, 
the squid  Loligo vulgaris  could be reared through the fi rst 
feeding stages on a diet of  P. prideauxi  zoeae supplemented 
with those from another crab  Dardanus arrosor . These practical 
and controllable methods of live food supply could be a sig-
nifi cant step towards more laboratory rearing of cephalopods 
and reduced dependence on wild - caught animals. 

 The requirement for high - quality sea water is particularly 
great for hatchlings. Although mortality in the egg stage is 
remarkably low, early rearing trials with artifi cial sea water 
produced a high proportion of defective juveniles. 
Particularly problematic was the inability to control orienta-
tion, resulting in uncoordinated walking and corkscrewing 
or somersaulting while swimming. These so called  ‘ spinner ’  
cephalopods were found to have defective statolith produc-
tion and statocyst development (Colmers  et al.   1984 ). The 
cause of the problem was discovered to be a lack of stron-
tium in the artifi cial sea water leading to inadequate miner-
alisation and could be rectifi ed simply by the addition of the 
correct trace elements (Hanlon  et al.   1989 ).   

  Laboratory  p rocedures 

  Handling 

 The general requirements of handling cephalopods cap-
tured from the sea have been discussed already (see 

 Mating in cephalopods is always one to one, although 
each individual may perform a series of matings with dif-
ferent partners. Underwater video observations show that 
while single male and female pairs are formed at mating, 
small  ‘ sneaker males ’  may successfully fertilise the same 
female during the egg - laying process (Hanlon  &  Messenger 
 1996 ). This paired mating is in sharp contrast to most aquatic 
molluscs which liberate both male and female gametes into 
the water. Little is known of the stimuli required for mating. 
Mature male  Octopus  mate readily with mature females in 
the same tank. Other species such as  Eledone cirrhosa  are 
more reticent.  Sepia offi cinalis  and loliginid squids such as 
 Sepioteuthis sepioidea  and  Loligo opalescens  are known to 
exhibit chromatophore displays characteristic of sexual 
maturity and mating. These presumably function as intraspe-
cifi c visual signals and, incidentally, are another method of 
externally distinguishing the sexes (Tinbergen  1939 ; Corner 
 &  Moore  1981 ; Moynihan  &  Rodaniche  1982 ; Hanlon  &  
Messenger  1996 ).  

  Egg  l aying 

 Many sepioid and octopod species will lay viable eggs in 
aquarium conditions. Usually this occurs when gravid 
females, close to egg laying, are brought in from the fi eld, 
but a number of species, mostly those with large eggs 
(Hanlon  &  Forsythe  1985 ), have successfully laid eggs after 
long - term rearing. 

 Sepioids lay small numbers (25 – 1000) of large eggs (1 –
 10   mm in diameter) usually within a period of a few weeks. 
They are individually deposited, fi rmly fi xed to a hard sub-
strate, each enclosed in a tough sheath which considerably 
increases the size of each egg. Octopods may also lay large 
eggs, ranging in size from about 2   mm in length ( Octopus 
vulgaris ) up to 12 – 15   mm ( O. bimaculoides ,  O. briareus ,  Eledone 
moschata ,  Bathypolypus  spp.) or even larger in some Antarctic 
species. Estimates for total fecundity in octopods range from 
minima of 25 – 50 ( O. joubini ,  O. australis ) to well over 100   000 
( O. vulgaris ,  O. tetricus ,  O. cyanea ). The eggs are in strings, 
attached usually in the protection of rocks or an overhang. 
Egg laying is completed in less than a day or may take 
several weeks. Females of many species are known then to 
brood the egg mass, blowing sea water over it, keeping the 
eggs clear of epigrowths and protecting them against preda-
tors. This behaviour usually continues until hatching of the 
juveniles is completed. Myopsid squid ( Loligo ) also lay 
benthic egg masses in the form of a cluster of fi nger - like 
capsules, each containing perhaps 100 eggs. These are com-
monly retrieved from spawning grounds by trawlers, but 
may also be laid in the aquarium (Yang  et al.   1986 ). Oegopsid 
squid, in contrast, lay large, diffuse egg masses, neutrally 
buoyant in the water column, and consequently their eggs 
are rarely available for culture (but see Balch  et al.   1985 ). 

 Egg masses to be cultured need gentle circulation of clean 
aerated sea water. Commonly used methods to achieve this 
include suspending the egg masses in water from threads 
across the tank, or in containers such as net bags or fl oating 
plastic strainers. Direct agitation from stirrers or aeration 
bubbles should be avoided, and low light levels should be 
maintained.  
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held collectively in stock tanks has to be identifi ed, subcu-
taneous injections of coloured latex have been used (Boyle 
 &  Knobloch  1982 ). Under anaesthesia, small amounts of 
latex containing dye (eosin) are injected beneath the ventral 
mantle skin to form a series of spots, each 2 – 3   mm in diam-
eter. Using right and left sides, a relatively small number of 
dots can be used to provide a coded identifi cation mark. 
These latex implants are inert: among hundreds of  Eledone 
cirrhosa  marked in this way only in a very few cases was any 
local reaction seen and, unlike the direct injection of dye, the 
implants do not disperse or fade. The disadvantage is that, 
in most cases, the animals have to be caught and handled 
before their identity can be read with confi dence. The use of 
small (3.5   mm    ×    1.5   mm) numbered plastic tags implanted 
under the skin in chromatophore - free areas has also been 
evaluated. These implanted tags do not appear to cause any 
adverse reaction, but may be lost from the entry puncture if 
not implanted suffi ciently fi rmly, and also require the 
animal to be handled before the tag can be read. Mutilation 
tagging is not acceptable.  

  Anaesthesia 

 Only anaesthesia by immersion has been used for cephalo-
pods. Anaesthesia by injection has not been attempted. The 
following techniques apply mainly to octopods and sepio-
ids. Squids will not normally recover from handling or 
surgery under anaesthesia, but animals in really good condi-
tion may be briefl y anaesthetised in ethanol (in sea water) 
for weighing or photography (Hanlon  1982 ; Hanlon  et al.  
 1983 ). 

 Octopuses may be readily and reversibly anaesthetised by 
transfer to a container of sea water containing anaesthetic. 
Depth of anaesthesia is controlled only by its concentration 
and the period of immersion. Signs of anaesthesia are the 
progressive loss of activity and paling of the skin. Ventilatory 
movements slow down and stop, at which point anaesthesia 
is considered complete. Thereafter, only local movements of 
arms and skin will take place, or refl ex contraction of the 
mantle if the stellate ganglion is stimulated, and there is no 
coordinated or directed activity. 

 Since fully anaesthetised animals have stopped breathing, 
they will begin to asphyxiate from that point, even though 
the heart and circulation may be functioning. This sets a 
strict limit on the period of time for which an octopus 
may be held under anaesthesia: 10 – 20 minutes is considered 
to be the safe limit before the animal must be returned to 
clean aerated sea water. Recovery can be assisted by fl ush-
ing water through the mantle cavity and massaging the 
musculature; 2 – 5 minutes should be suffi cient for full 
recovery. 

 A small variety of anaesthetics has been tried. Originally, 
urethane (ethyl carbamate) 3% in sea water was used, but is 
now replaced by ethanol (or industrial methylated ethanol, 
IMS) 2 – 2.5% in sea water at ambient temperature. Andrews 
and Tansey  (1981)  compared the effects of these chemicals 
with the use of cold sea water alone (3 – 5 ° C) as anaesthetics 
for  Octopus vulgaris  at Naples. They found all three methods 
to induce anaesthesia within 2 – 5 minutes using cessation of 
respiration and loss of chromatophore tone as the main cri-

 ‘ Handling and transport ’ ). Apart from the aspects of 
mechanical damage by rough handling, or self - infl icted 
damage from striking the tank walls, little attention has been 
given to more subtle stress effects. 

 Marine fi sh are prone to severe physiological conse-
quences of handling stress (Wardle  1981 ; Potts  1987 ). 
Changes in plasma levels of glucose, catecholamines, corti-
costeroids and adrenaline or noradrenaline lead to hyperg-
lycaemia, elevated lactic acid levels and osmotic effects 
which may persist for several weeks. The principal causes 
of these stress effects seem to be the mechanical handling 
itself, exposure to air for even short periods, low oxygen 
levels and higher levels of temperature and ammonia. 

 Laboratories working with cephalopods select out obvi-
ously damaged animals and those behaving abnormally, but 
little or no allowance has been made for the physiological 
effects of stress. Twenty - four hours in the aquarium is often 
considered suffi cient time for acclimatisation and, for 
longer - term studies, animals which are feeding regularly are 
adequate. For many experimental purposes, animals are 
used immediately after capture. By comparison with fi sh it 
might be assumed that, in cephalopods, with their complex 
behaviour and neural and hormonal control systems, there 
will be substantial physiological consequences of capture 
from the wild and laboratory management. No studies are 
yet available to give guidance as to the signifi cance of these 
stresses, although there is some evidence to suggest that 
long - term residence in aquarium conditions leads to changes 
in maturity (Boyle  &  Knobloch  1984b ) and enzyme activity 
(M.S. Grisley  &  P.R. Boyle, unpublished observations) in 
 Eledone cirrhosa . The present tendency is for researchers to 
use wild - caught animals as soon as possible after capture, 
allowing perhaps only a 3 – 5 - day period of acclimatisation, 
and more or less ignoring the possibility of longer - term 
physiological stress effects. Studies aimed at identifying and 
defi ning stress effects are urgently needed. 

 Octopuses in the laboratory may be handled directly or 
by hand nets. As far as possible, handling should take place 
under water. Certainly the skin should never be brought 
into contact with dry absorbent surfaces. Some species, 
notably  Octopus vulgaris , are relatively tough and will stand 
a much greater degree of handling than more delicate octo-
pods such as  Eledone cirrhosa . Very large species such as 
 Octopus dofl eini  need special care, coaxing the animal rather 
than forcing it into buckets or nets for transport to tank or 
to laboratory.  

  Identity  m arking 

 Identity marking of individuals over a long holding period 
has been rarely attempted, largely because the soft body and 
delicate skin are not conducive to the attachment of tags. In 
the fi eld, individual  Octopus dofl eini  have been successfully 
identifi ed by attaching numbered plastic disks on either side 
of an arm connected through the musculature by a nickel 
pin (Hartwick  et al.   1984 ). Large - scale capture/recapture tag 
studies have also been successful in Japanese and South 
African squid fi sheries. 

 In the laboratory, most workers have relied on keeping 
octopuses in separate enclosures. Where every individual 
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and reviews may be found in Marthy  (1978 – 1979, 1982)  and 
Boletzky  (1987a, 1988) .   

  Concluding  r emarks 

 Compared to the extent of information and wealth of detail 
available for laboratory vertebrates, the cephalopods are 
poorly served. This is due to a combination of factors, largely 
because they can be still treated as wild animals, only tem-
porarily resident in the laboratory. Also, as invertebrates, 
little attention is customarily given to the refi nements of 
condition and management so long as survival is adequate 
for the purpose. 

 Interest in long - term laboratory - held cephalopods is 
increasing because of their biological importance as 
advanced invertebrates bearing comparison with verte-
brates, and for their ecological and fi shery signifi cance. It is 
also the case that the health, housing and maintenance of all 
animals held for scientifi c purpose is of interest and impor-
tance generally. These new infl uences will progressively 
improve the levels of handling and maintenance expected 
for these fascinating invertebrates.  
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teria. The action of cold water is arguably analgesic rather 
than anaesthetic, probably affecting the animal in a funda-
mentally different way from urethane or alcohol. They 
observed that in urethane, and to a lesser extent in alcohol, 
a proportion of the octopuses tested attempted to climb out 
of the bucket containing the anaesthetic or inked violently. 
 Eledone cirrhosa  at the considerably cooler temperatures of 
Aberdeen, also shows signs of distress in urethane, whereas 
alcohol appears to cause little stress and inking very rarely 
occurs. 

 The traditional anaesthetic for marine invertebrates, mag-
nesium chloride, has been evaluated for its effects on  Octopus 
vulgaris  and other cephalopods (Messenger  et al.   1985 ). 
Made up as an isotonic solution by mixing 7.5% MgCl 2  · 6H 2 O 
(in distilled water) with an equal volume of sea water, this 
simple salt was found to be an effective anaesthetic for 
cephalopods and, importantly, seemed to have minimal 
traumatic effect. It may be especially useful for animals such 
as  Sepia  which commonly react to handling by violent 
inking, and squid (O ’ Dor  &  Shadwick  1989 ). 

 The use of anaesthetics in cephalopods is at a relatively 
primitive stage. Little is known of the central effects of these 
compounds and the parameters of adjustment of anaesthetic 
type or concentration to cephalopod species and body size. 
For many types of chronic physiological procedures or long 
surgical techniques, continuous control over anaesthetic 
level is clearly desirable, but as yet there have been no 
attempts to establish methods of continuous and controlla-
ble anaesthesia.  

  Euthanasia 

 The simplest and most effective way of killing an octopus is 
terminal anaesthesia. Whichever anaesthetic is used (see 
Anaesthesia section), respiratory movements stop within 
5 – 10 minutes. If left in the anaesthetic the animal will quickly 
asphyxiate. Under anaesthesia the brain may then be 
destroyed to ensure that no recovery is possible. 

 If it is necessary to kill an octopus without anaesthesia, 
some skill and practice is required. When the animal is placed 
on a smooth surface the arms and suckers will adhere. The 
mantle and viscera of the octopus are then gently pulled to 
stretch the body. One fi nger of the other hand can then 
readily locate the cranium, directly between the eyes. Using 
a sharp scalpel the brain is fi rst bisected with a cut down-
wards and forwards. This is immediately followed by lateral 
cuts on each side to sever the brain from the optic lobes and 
further transverse cuts disconnect the brain tissue from major 
peripheral nerves. Squid are usually killed simply by decapi-
tation, cutting between the head and mantle.  

  Embryological  t echniques 

 Numerous zoologists have studied the embryology of 
cephalopods  in vivo . The eggs of many species are exception-
ally large, and in many cases the details of embryogenesis 
can be followed through the transparent egg coats. Such 
investigations are largely outside the scope of this chapter 
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allergy to laboratory animals (ALA) 232
alliance contracting 125
Alligator mississipiensis 719, 732
alligators see reptiles, aquatic
alloantigen 57
allocation concealment 26
alternative methods see Three Rs
AltTox website 20
American Association for Laboratory 

Animal Science (AALAS) 111
competence levels 199–200, 200
life-long learning 203

American College of Laboratory Animal 
Medicine (ACLAM) 110, 203

American Institute of Nutrition, AIN-93 
diet 184

ammonia 316–17, 407, 788
amphibians 741–59

biology 741–2
euthanasia 222, 223, 755
maintenance in laboratory 743–50
uses in laboratory 742–3
see also Rana spp.; Scaphiopus couchii; 

Xenopus laevis
Amphiprion ocellaris 771
amyloidosis 355, 541
anaesthesia 17

overdose, for euthanasia 221–2
wild animals 94, 99–100, 100, 242

analgesia 12, 17
analysis of covariance (ANCOVAR) 30
analysis of variance (ANOVA) 29, 30, 33
Ancylostoma caninum 442
aneuploidy 38
Anguilla anguilla 764, 766, 775
Animal Air Transportation 

Association 175
animal care 13
Animal Care Committees (ACC) 111, 114
animal care staff

changing facilities 127
competence 194–204

certifi cation 204
evaluating 202
recognised levels 199–200, 200
records 202–3
skills required 196

FELASA levels of job complexity 198
life-long learning 203

AALAS see American Association for 
Laboratory Animal Science

abnormal behaviour 79, 139
see also stereotypic behaviours

Abnormal Toxicity Test 8
abscesses 412, 428, 722, 722
access, restrictions on 127
acclimatisation

after transportation 14–15, 175
to stressful situations 212

accommodation see housing
accreditation

animal care and use 
programmes 111–12

training courses 204
adrenaline 81
adrenal-related endocrinopathy 430–1
Advisory Committee on Dangerous 

Pathogens (ACDP) levels 161
Aeromonas spp. 722, 738, 756
aestivation 712
African green monkeys see Old World 

monkeys
African pygmy mouse 360
aggression 139, 142, 210
aging animals 224
agouti gene 42, 311
air conditioning 133–4
air (HEPA) fi ltration 127, 149

individually ventilated cages 151, 152, 
153

air pressure regimes 127, 149
air supply

individually ventilated cages 133–4, 
151, 153, 156

within isolators 150, 151
see also ventilation

air transportation 169, 180–1
feeding and watering during 173
health status of animals and 171, 172, 

172–3
legislation and regulations 175, 180

A/J mouse 47
AKR mouse 47
albino genes 38–9, 40
albino rats 40, 313

light sensitivity 186–7, 317
Aleutian disease 427
allele 37, 57

orientating new 200–1
training

FELASA syllabus 199
positive reinforcement 

techniques 213
practical skills 201–2
schemes 199–200

welfare responsibilities 77
Animal Ethics Committees (AECs) 119, 120
Animal Experimentation Ethics 

Committee 117–18
animal facilities 124–34

barrier systems see containment 
systems

breeding 125, 165
capacity 125–6
commissioning 134
costs 127–8
design and construction 128–31
design process 124–5
design team 124–5
environmental specifi cations 131–4
functional relationships 128, 129
health status requirements 126, 165
planning 124, 125–8
services 128, 128
single vs. multi-storey 128
site 126–7
species 125
structure 128
sustainability 134
see also housing

Animal Health Act 1981, UK 233–4
animal production 163–7

Three Rs 163–4
colony preservation 167
colony size calculation 167
communication with users 165–6
contingency plans 166
decision making 164
establishing user requirements 164
facilities 125, 165
fi nancial costs 166
high health status animals 165
partial 166–7
predicting usage 165
preservation of colonies 167
transport 166
see also breeding
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Animal Protection Law, Korea 117
Animal Protection Law, Taiwan 118
animal room, as containment 

barrier 148–9, 149
Animals (Scientifi c Procedures) Act 1986 

(A(SP)A), UK 103–4, 112, 180
Animals Protection Act 1960, New 

Zealand 120
animal training 206–15

to accept restraint 14, 212
addressing fear 210–12
extinction 210
methods 208–10
negative reinforcement 207, 214
objectives 208
positive reinforcement (PRT) 207–15
practical approach 213–15
procedure-related see procedural 

training
programme development 213
regression 210
socialisation 212–13
stationing for 208–9
target 209
time out 209

Animal Welfare Act 1999, New 
Zealand 120

Animal Welfare Act 2006, UK 104
Animal Welfare Act and Amendments, 

US 115
Animal Welfare Board of India 118
Animal Welfare Regulations, US 

109–10
anisakiasis 808
Anolis carolinensis 713, 714, 719
Anomaluromorpha 360
anthrax 507
anthropomorphism 12, 77
anticipatory behaviour 83
Anura 742, 743–59
Apoda 742
Apodemus fl avicollus 236–7
Apodemus sylvaticus (wood mouse) 236–7, 

237
Arctic porcupine 359
Arizona disease 649
arterial blood sampling 17
artifi cial insemination (AI)

birds 645, 664
mammals 443, 481, 500, 595

Arvicolinae 370
ascariasis 449
Ascaridia columbae 693
Asia, legislation and oversight 117–19
Asian sea bass 764
aspergillosis 703
Aspicularis tetraptera 306
Association for Assessment and 

Accreditation of Laboratory 
Animal Care (AAALAC) 
International 110, 111–12

Association for the Study of Animal 
Behaviour (ASAB) 105

atherosclerosis 403, 568
Atherurus africanus 361
Atlantic cod see cod, Atlantic
Atlantic halibut 769

Atp7aMo-br gene 39
Australia

legislation and oversight 119–20
training of animal care staff 200

Australian Animal Welfare Strategy 119
autoclaves 131, 149
autonomic responses 81–2
autophagy 790
autosomes 57
avian encephalomyelitis (AE) 651–2, 668
avian infl uenza 652, 694–5
avian paramyxovirus type 1 

(APMV-1) 694
avian pox 683, 703
Avicola spp. see water voles
avoidance responses 210
Avy gene 42
Ay gene 39

Babesia microti 377
baboons see Old World monkeys
Bacillus piliformis see Clostridium piliforme
backcrossing 49–50, 57, 68

speed or marker assisted 50, 68
bacterial diseases

birds 648–50, 683, 694
ferrets 428–9
non-human primates 558, 572, 588, 610
rabbits 412
reptiles 722, 722
rodents 304–5, 317, 355, 389, 394
ungulates 492, 506–7
Xenopus laevis 755, 756

badgers 231
sampling 97, 243
social structure 94

BALB/c mouse 45, 47, 49, 277, 285
bank vole 370, 371–5

behaviour 378
diseases 377
handling 375, 375

barbering 79, 286, 286
bar-biting/gnawing

pigs 492
rodents 82, 82, 83, 342, 342

barrier systems see containment systems
Batagur baska 732, 735
Bathygobius soporator 766
Batrachochytrium dendobatidis 742, 756
bats 231

blood sampling 243
housing 236
rabies transmission 232–3
removal of parasites 234

beavers 359, 361, 365, 366
bedding

changing systems 130–1
in containment systems 150, 152, 153, 

156, 160
insulating properties 132
in shipping containers 171, 173

behaviour
abnormal 79, 139
anticipatory 83
effects of enriched environments 139
effects of fi eld studies 93–4
extinction 210

home cage 79, 79, 82
routine checks 79
shaping or successive 

approximation 209
training see animal training
see also stereotypic behaviours

behavioural fever 720
behavioural research 621
behavioural tests

environmental infl uences 67
order effects 67
variability aspects 27
welfare assessment 82–4

Beijing Municipal Science and Technology 
Commission 118

Belemnoidea 798
Bentham, Jeremy 76
beta-galactosidase 53
Betta splendens see Siamese fi ghting fi sh
bias 26, 140–1
BigBlue mice and rats 53
binary data, analysis 30
biocontainment levels 161
biosafety levels 161
bird fl u 652, 694–5
birds

anaesthesia 100
containment systems 160, 160
euthanasia 222
handling 99, 99
ringing 101, 663, 679, 689
training 206–7
see also individual species

Bittner mammary tumour virus 38
black rat (Rattus rattus) 311
blinding 26, 35
blind mole-rat 361, 363, 364
blister disease 722
block designs, incomplete 34–5
blood sampling 17
bluetongue 507
boar, wild 231, 241–2

anaesthesia 100
blood sampling 243
fi eld studies 97
housing 241–2, 242
see also pigs and minipigs

Bobwhite quail 655
body condition scoring systems 78, 

79
body weight 80

see also weight loss
border inspection posts (BIPs) 182
Bordetella bronchiseptica 412, 449, 467
Borrelia burgdorferi 377
Bos indicus 496
Bos taurus 496
bots 539
botulism 428
Bovidae 495
bovine viral diarrhoea (BVD) 506
box walking 541
brachial vein puncture 667, 691, 702
brachiocephalic vein puncture 486
brain function, assessment 84
branding 102
Brazil 121



820 Index

breeding
Three Rs 20, 163–4
cessation, aged animals 224
colony preservation 167
colony size calculation 167
communication with users 165–6
establishing user requirements 164
facilities 125, 165
high health status animals 165
in-house 163–7, 281
performance, genetic quality control 51
predicting requirements 165
selective 40–1
see also animal production

bridge (conditioned reinforcer) 208
British Association for Shooting and 

Conservation (BASC) 105
British Trust for Ornithology 101
brown trout 772
Bruce effect 277, 330
Brucella canis 439, 449
brucellosis 449, 507
Bufo spp. 742
bumpers/bump rails 130
B virus see Cercopithecine herpesvirus 1

C3H/HeJ mouse 47
C57BL/6 mouse 44, 45, 47, 280, 285
C57BL mouse 45, 277
cabinets

safety see safety cabinets, 
microbiological

ventilated 154, 154
cages

fi lter-top 153, 153–4, 288, 289
individually ventilated see individually 

ventilated cages
observations 79
as source of variability 27
stocking densities and 126
wash facilities 127–8, 130–1
see also housing

calcium 678, 689, 690, 717
calcium:phosphorus ratio 717, 738
Callibella humilis 543, 544, 545
Callimico goeldii 544, 545
Callithrix spp. see marmosets and tamarins
Callitrichidae 543, 544
callitrichines see marmosets and tamarins
cameras, remote 96, 97
Campanulotes bidentatus 693
Campylobacter spp. 649, 683
Canada, legislation and oversight 114
Canadian Association for Laboratory 

Animal Science (CALAS) 199–200, 
200

Canadian Council for Animal Care 
(CCAC) 20, 105, 111, 114

canine distemper 427–8, 449
canine herpesvirus (CHV) 439, 449
canine parvovirus 449
Canis familiaris see dogs
canker 693
cannibalism

cephalopods 790, 808
domestic fowl 638
ferrets 422

fi sh 775
pigs 492
small rodents 290–1, 294, 355
tree shrews 269
see also infanticide

cannulas, indwelling
for blood sampling 17, 295, 487, 521, 536
for dosing 16

Capillaria spp. 693
capture of wild animals 15, 97–102, 233

by darting 100
legislation 103, 104
methods 98, 98
non-targets 95, 97, 98
release after 102
time of day 98
time of year 97–8
weather conditions and 98
welfare implications 93–5

capuchin monkeys (Cebus spp.) 579–88
administration of medicines 588
anaesthesia 588
behaviour 580–1, 581, 584
biological data 580, 580–1
breeding 586
diseases and treatments 588
environmental provisions 582–4, 583
euthanasia 588
feeding 579–80, 586–7
handling and training 587
husbandry 582
identifi cation 585
introduction and re-introduction 585
physical environment 585
physiological monitoring 587–8
quarantine 585–6
sexing 581, 581
social grouping 584–5
social organisation 579
sources of supply 581–2
uses in laboratory 582

capybara 359, 360, 361, 365, 366
CAR bacillus 305
carbon dioxide, for euthanasia 221–2, 243
carcasses, disposal of 223
cardiac puncture 17

opossum 256
rabbits 410
rodents 295, 376, 389

cardiomyopathy, dilated/congestive 429
Carettochelys insculpta 731
carotenoids 679, 695
carp 770
Castorimorpha 360
Castor spp. see beavers
catfi sh 769, 770
catheters, indwelling see cannulas, 

indwelling
cats, domestic 453–70

abnormal behaviour 210, 468–9
administration of medicines 463–4
anaesthesia and analgesia 464–6, 465
barrier systems 458, 460
biological data 454
breeding 458–60, 459
breeds, strains and genetics 454
diseases 466–8

environmental enrichment 456, 456–7, 
468–9, 469

euthanasia 466
facial pheromones 469
feeding 457, 460–3, 461, 462, 462
general biology 453
handling and training 463
health monitoring 458, 458
housing 455–6, 456, 457
husbandry 455–8
hygiene 457–8
identifi cation and sexing 457
neutered 468
older 462–3, 469
physical environment 457–8
physiological monitoring 463
quality of life 470
quarantine 458
reproduction 454
reproductive problems 468
size range and lifespan 453
social organisation 453–4
sources of supply 454–5
specimen collection 463, 464
transport 458
water 457, 461
welfare monitoring 469–70
young 459–60, 462
feeding 469, 469

cat stress score (CSS) 469–70
cattle 495–508

abnormal behaviour 507
administration of substances 504
anaesthesia and analgesia 504
biological data 496
body condition scoring 502, 503
breeding 500, 500–1
breeds and types 495–6
containment systems 158, 160
disease control 505–6
diseases 506–7
environmental conditions/housing 497, 

497–8, 498
euthanasia 504–5, 505
feeding 498–9, 501–2, 502
general biology 495
handling and training 207, 503
health monitoring 499
husbandry 497–9
identifi cation 499
physical environment 499
physiological monitoring 503–4
quarantine and biosecurity 499–500
reproductive problems 507
social organisation 495
sources of supply 496
specimen collection 503–4
transport 500
uses in laboratory 496
water 498–9
welfare problems 505–7
young 501

Cavia aperea 380–1, 381, 381
Cavia aperea f. procellus see guinea pig
cavies (Caviidae) 380

domesticated see guinea pig
wild 380–1, 381, 381
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CBA/Ca mouse 47
CCTV 159, 159
Cebuella pygmaea (pygmy marmoset) 543, 

544, 545
Cebus spp. see capuchin monkeys
ceilings 130
cell cultures 9, 23, 250
Center for Alternatives to Animal Testing, 

USA 20
Centre for Emergency Preparedness and 

Response (CEPR), UK 155
cephalic vein puncture 354, 423, 444, 

444
Cephalochlamys namaquensis 756, 757
Cephalopoda 787–90, 794–812

anaesthesia 811–12
anatomy 794, 796, 797
autophagy 790
biology 787–9, 795–803
cannibalism 790, 808
capture methods 804–5
classifi cation 787, 795, 798
colour and texture 802
culture and breeding 803, 808–10
damage and disease 808
digestion 799–800
embryological techniques 812
euthanasia 812
evolution 795, 796
excretion 800
feeding 799–800, 807
growth 807
habitat and distribution 787–8, 795–7
handling and transport 805, 810–11
housing and substrate 806
human health hazards 790, 806
identity marking 811
inking 802–3
lifespan 807–8
locomotion 788, 798–9
nervous system 788–9, 801, 802
nutrition and energy 800–1
parasitism 808
rearing 803, 806–8
reproduction 803
respiration and circulation 788, 800, 

801
sense organs 789, 802
sexing 809
shell and buoyancy 788, 799
space requirements 805–6
species in captivity 804
supply and maintenance 789–90, 803–6
use in research and display 803–4
water quality 805

Cercopithecine 592
Cercopithecine herpesvirus 1 (CHV-1) (B 

virus) 567, 570, 604, 605
Cercopithecoidea see Old World monkeys
Certifi cate of Good Animal Practice® 

114
certifi cates, animal see passports, animal
certifi cation

animal technology 111
education and training 204

cervical dislocation 222
cestodes 233

CF2 Mouse Phenotyping Platform 69–70
Chalcides ocellatus 714
Chamaeleo spp. 714, 714
Channa spp. 771
channel catfi sh 770
charr, Arctic 770
chelonians 709

handling 713
shell 709–10
see also reptiles, terrestrial

Chelus fi mbriatus 731
chemical mutagenesis 53–4, 63
Cheyletiella parasitivorax 412
chickens see fowl, domestic
chimpanzees 618–30

behavioural management 624, 625–6
breeding/contraception 621–2
cleaning and hygiene 622
conservation and ecology 619–20
environmental enrichment 625–6, 

626–8, 627
euthanasia 623
feeding 628, 629
genetics 618
geriatric care 622–3
housing 623, 623–4, 624, 630
husbandry 622–9
physiological parameters 619, 620
reproduction 619
retirement and sanctuaries 623, 629–30, 

630
safety 629
socialisation 628
social organisation 618–19
taxonomy 618
training 212, 629
uses in laboratory 620–1
veterinary management 622–3

China, People’s Republic of, legislation 
and oversight  118

chinchilla (Chinchilla laniger) 359, 361, 
365, 366

Chinemys reevesi 731
Chinese hamster (Cricetus griseus) 348, 

349, 351, 351
chi-squared test 30
Chitra indica 731
Chlamydia trachomatis 305
Chlamydophila psittaci 683, 694
chloral hydrate 189, 189
Chlorocebus spp. see Old World monkeys
choice tests see preference tests
cholera, fowl 649
Chondrichthyes 763
chow diets 183–4
chromodacryorrhoea 79–80, 80, 323
chromosomes 37

abnormalities 38
crossing over 40

chromosome substitution (CSS) strains 51
Chrysosporium anamorph of Nannizziopis 

vriesii (CANV) 722
cilia-associated respiratory (CAR) 

bacillus 355
circadian rhythms 186, 187
CITES see Convention on International 

Trade of Endangered Species

Citrobacter rodentium 304
Clarius spp. 769
classifi cation variables 25
‘clean to dirty’ fl ow of operations 127
Clethrionomys glareolus 236–7
clickers, as reinforcers 208
clipnosis/clipthesia 463
Clostridium diffi cile 355, 356
Clostridium piliforme (formerly Bacillus 

piliformis) 304, 341
Clostridium septicum 650
Clostridium spiroforme 412
Clostridium tetani 538
Clostridium welchii 650
clothing, protective 127, 147–8, 148
clown fi sh 771
coccidiosis 412, 652, 693
coccygeal vein puncture 243, 504
cod, Atlantic (Gadus morhua) 763, 765, 771
Code of Ethical Conduct (CEC), New 

Zealand 120
Code of Practice for the Care and Use of 

Animals for Scientifi c Purposes, 
Australian 119

cognitive bias tasks 83–4
coisogenic strains 49, 50, 57, 280
Coleoidea 787, 795, 798
colic 538–9
coliform infections 650
Colinus virginianus 655
Colobinae 592
colonisation-resistant fl ora (CRF) 

animals 288
Columba livia see pigeons and doves
Columbicola columbae 693
Columbiformes see pigeons and doves
commissioning, animal facilities 134
Committee for the Purpose of Control 

and Supervision of Experiments on 
Animals (CPCSEA) 118

competence (staff) 194–204
Three Rs implementation 8, 12
basic vs. advanced 196
defi nition and meaning 195–6
evaluating 202
legal and ethical considerations 194–5
maintenance 203, 203
quality schemes 203–4
recognised levels 199–200, 200
records 202–3
skills required 196
see also staff training

Complex Trait Consortium 56
compliance systems 111–12
computer modelling, wild animals 95
concussion, in humane killing 222
conditional mutations 55
conditioned reinforcers 208
confi rmatory experiments 24
congenic strains 49–50, 57, 280

generation 49–50, 68
maintenance 50
nomenclature 50
recombinant 51
research uses 50

Conservation (Natural Habitats, etc.) 
Regulations 1994 104
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consomic strains 51
Consortium for Functional Glycomics 70
conspecifi cs, effects of studies on 94
consumer demand tasks 85, 138
containment systems 127, 147–62

bespoke 155, 155
checklist 160–1
health status requirements 126, 165
in-house breeding 165
legislative requirements 161
species specifi c 156–60
types 147–55
welfare considerations 147–51, 152, 

153–5
continuing professional development 

(CPD) 203, 203
contraception 595, 621–2
control groups 10
controlled experiments 24
conventional animals, IATA 

defi nition 171
Convention for the Protection of 

Vertebrate Animals used for 
Experimental and other Scientifi c 
Purposes (Council of Europe) 110, 
112–14, 113, 137

Convention on International Trade of 
Endangered Species (CITES) 104, 
117, 175, 234, 597

co-operative feeding 212–13
copper 185
corneal cancer 250
corridors, animal facilities 129
corticosterone 80
cortisol 80
Corynebacterium bovis 304
Corynebacterium kutscheri 304, 355
coryza, infectious 649
costs

animal facilities 127–8
in-house animal production 166

Coturnix coturnix 655
Coturnix japonica see Japanese quail
Council for International Organizations of 

Medical Sciences (CIOMS) 108, 109
Council of Agriculture, Taiwan 118
cowpox virus 371, 377
coypu (Myocaster coypus) 359, 361, 365, 

366
Cre/loxP recombination system 55
Creutzfeldt-Jakob disease (CJD) 568
crib-biting 541–2
Cricetidae 348, 370
Cricetus cricetus (European hamster) 348, 

349
Cricetus griseus see Chinese hamster
crocodilians see reptiles, aquatic
cross-contamination 153, 153
Crossomys moncktoni 361
crossover design 26, 32, 35
Cruelty to Animals Act 1876, UK 112
Cryptomys damarensis 361
cryptosporidiosis 232, 723
Ctenolabrus rupestris 770–1
Cuora spp. 732
cururo 363
cuttlefi sh (Sepioidea) 787–90, 794–812

anatomy 797
classifi cation 795, 798
see also Cephalopoda

cyathostomes 539
cyclostomes 763
cynomolgus macaques see Old World 

monkeys
Cyprinus carpio 770
Cysticercus fasciolaris 306
cytogenetic abnormalities 38

Damaraland mole-rat 361
Danio rerio see zebrafi sh
darting (dart-guns) 100, 242
data

handling, animal facilities 131
sharing, wildlife studies 96

Daubenton’s bat 231, 233, 236
DBA mouse 44, 47, 279
DDK mouse 47
death

confi rmation of 223
as required endpoint 19
see also euthanasia

decapitation
for blood sampling 321
for euthanasia 222, 223

decapods 787
deductive science 6
deer, transportation 234
degu (Octodon degus) 361, 362, 365, 

366
demand studies, consumer 85, 138
Dendrogale 262, 263
dental disease 573–4
Department of Defense (DoD), US 116
dependent animals, effects of studies 

on 94
dependent variables 25
Dermanyssus gallinae 653, 693–4
dermatomycoses 233
Dermatophilus congolensis 541
desensitisation 211–12
design, experimental see experimental 

design
designated establishments (DE) 103
Dh gene 39
diabetes mellitus 171, 355
diarrhoea

dogs 448–9
non-human primates 588, 610–12
tree shrews 272
ungulates 506–7, 522

Dicentrachus labrax 766, 770
Dichelobacter nodosus 522
Dicrostonyx torquatus 359
Didelphis marsupialis 246
Didelphis virginiana 246, 257
diets 183–4

changes to 191
chow 183–4
contamination 184
enrichment 185
isocaloric exchange 186
pelleted 184
purifi ed or semi-purifi ed 184
quality control 184–5

trace elements 184
see also feeding; food; nutrients

digging, stereotypic 142, 332, 342, 342
dihybrid cross 57
diphtheria 693, 694
directional selection 40–1
discrete data, analysis 30
discus 771
disinfection 127
dislocation, cervical 222
distress

minimising see refi nement
scoring systems 78, 79

disturbance indices 13
Djungarian hamster 348, 349, 351, 351
DNA 37, 57

direct injection 53, 67
documentation

staff competence and training 202–3
transportation 181
see also passports, animal

dogs 432–50
administration of substances 445–6, 446
anaesthesia 446, 447
analgesia and post-operative care 446–7
artifi cial insemination 443
barrier systems 439
behavioural problems 139, 449–50
biological data 432, 433
breeding 440–3
diseases 448–9, 449
environmental provisions and 

enrichment 139, 142, 435–7, 436
euthanasia 447–8
feeding 192, 437, 441
general biology 432
gnotobiotic 442
handling 443, 443
health monitoring 439, 448, 448
housing 434–5, 435
husbandry 434–7
hygiene 439
identifi cation 438
normal behaviour 432–3
oestrus control 443
physical environment 438–9
quarantine 439–40
re-homing 223, 433
reproduction 432, 433
reproductive problems 441
size range and lifespan 432
social housing 438
social organisation 432
sources of supply 433
specifi c pathogen free 442–3
specimen collection 444, 444–5, 445
telemetry 444
temperature recording 443–4
training 206, 207, 209, 211, 443
transportation 170, 173, 179, 433–4
uses in laboratory 434
water 437–8
young, rearing 441–2

dog-sitting, pigs 492
dominant 38, 57
doors, animal facilities 129
dose 16
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dosing 16–17
equipment used 16
formulations administered 16–17
frequency and duration 16
routes of administration 16
volume administered 16

doves see pigeons and doves
doxapram hydrochloride 257
drains, fl oor 129–30
drinking water see water, drinking

ear artery puncture 409–10
earless water rat 361
ear mites 412, 429
ear notching/punching 102

opossums 252
pigs 480, 480
rodents 287, 316, 350

ear tags 480, 480, 499, 515
ear tattooing 350, 388, 438, 480, 515
ear vein puncture

guinea pigs 389, 390, 391
pigs and minipigs 486, 488
rabbits 243, 410, 410

eastern equine encephalitis virus 
(EEEV) 722

ectromelia 302
EdaTa gene 39, 39–40
education

defi ned 196
life long 203, 203
purposes 194–5
replacements for use in 9
requirements 195–6
see also staff training

eels, European 764, 766, 775
effect size 28
effl uent treatment 148–9, 149
egg retention/binding 684, 690, 738
Eimeria spp. 412, 652, 693
Elaphe spp. 714
Eledone cirrhosa

laboratory procedures 811, 812
mating 809, 810
rearing 807, 808
supply and maintenance 805, 806

embryonic stem (ES) cells 54–5
embryos

culture 250
euthanasia 222
freeze preservation 52
transfers 52
transportation 15

employees see staff
EMPReSS 64, 66, 68, 70
EMPReSSslim 64
Encephalitozoon cuniculi 412
Endangered Species Act, US 117
endpoints, humane 18–19, 219
energy effi ciency, animal house 132, 134
energy needs, dietary 186
enfl urane, for euthanasia 222
engineering standards 108–9
enhancers, gene 37
enrichment 14, 136–44

animal safety and 142
behavioural 137

behavioural effects 139
containment systems 161
defi nitions 136, 137
dietary 185
environmental 137
evolutionary niches and 137–8
experimental outcomes and 143
goals 141–2
human safety and 142–3
motivation for 138
physical 14, 137
programme management 143–4
quality of science and 140–1
rationale 137–40
replicability and variation and 27, 141
social 14, 137
stress and 139–40
terminology 136–7
validation of new 143
wild-caught animals 235

Entamoeba invadens 723
environment, physical 13

animal facility specifi cations 131–4
controlled and standardised 11
enrichment see enrichment
phenotyping results and 67
sensitivity of inbred strains 47–8

Environmental Protection Agency (EPA), 
US 116

Eperythrozoon coccoides 305
epidemic tremors 651–2
epilepsy 330, 341
epinephrine 81
epistasis 57
epizootic diarrhoea of infant mice 

(EDIM) 302
equine herpesviruses (EHV) 539
Erethizon dorsatum 359
error, measurement 27
error mean square 29
escape

from cages within isolators 150, 151
responses 210
transgenic animals 281
during transportation 173

escape/avoidance training methods 207
Escherichia coli 412, 650
Estrildidae 674
ethical issues 76–7, 194–5

euthanasia 224–5
see also Three Rs

ethical review 111
Ethics Committees 111
ethyl-nitroso-urea (ENU) mutagenesis 53, 63
Euarchonta 262
Eublepharis macularius 714, 719
EUCOMM 55, 56, 64
EUMODIC project 56, 64, 70
EUMORPHIA project 53–4, 56–7, 64, 70
European bat lyssavirus II 233
European Centre for the Validation of 

Alternative Methods 19
European College of Laboratory Animal 

Medicine (ECLAM) 110, 203
European Convention for the Protection 

of Animals during International 
Transport 170

European Convention for the Protection 
of Vertebrate Animals used for 
Experimental and other Scientifi c 
Purposes 110, 112–14, 113, 137, 
284

European Directives
on animal research (86/609/

EEC) 112–14, 113, 195, 220
on conservation (92/43/EEC) 104

European Federation of Animal 
Technicians 111

European Guidelines for the Veterinary 
Care of Laboratory Animals 110

European hamster (Cricetus cricetus) 348, 
349

European harvest mouse 361
European legislation and oversight 2, 

112–14
based on Three Rs principles 19
staff training 198–9
transportation 175, 180

European Mouse Mutagenesis 
Consortium (EMMC) 70

European Mouse Mutant Archive 
(EMMA) 57, 70

European Mouse Phenotyping Resource 
for Standardised Screens see 
EMPReSS

European Science Foundation 198, 285
European Societies of Toxicology 

(EUROTOX) 204
European Society of Laboratory Animal 

Veterinarians (ESLAV) 110
European starlings see starlings
European wild rabbits see rabbits, wild
EuroPhenome database 64, 65, 70
euthanasia 15, 219–25

alternatives to 223–4
chemical methods 221–2
confi rmation of death 223
defi ned 219
disposal of carcasses 223
equipment 220
ethical issues 224–5
guidelines 220
handling prior to 220
indications for 220
location 220
methods 220–3
physical methods 222
training 220
wild animals 102, 102, 243

evolutionary niches 137–8
exons 37
experimental design 1, 23–35

blinding 26
controlling variability 26–7
criteria for good 35
dependent and independent 

variables 25
examples 31–5
nutritional requirements 183–6
randomisation 25–6
sample size determination 28–9
statistical analysis 29–31
steps 24–9
wildlife studies 95–6
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experimental models 6, 23
fi delity and discrimination 6, 23
refi nement alternatives 15

experimental subjects
choice of 15
methods of motivating 16
number of (n) 7, 25
reducing variability between 11
re-use 11, 223

experimental unit (EU) 24–5
experiments 24

enrichment and 143
within-animal 25, 32

explanatory models 6
exploratory experiments 24
exploratory models 6
Export Health Certifi cates (EHC) 181
exposure 16
expressivity 57
exsanguination

for blood sampling 256, 295
in euthanasia 222

extinction, behavioural 210
ex vivo systems 9

F (coeffi cient of inbreeding) 41, 57
F1, F2 etc. generations 57
F1 hybrids 45, 46, 280
factorial experimental designs 25, 33–4, 

34, 35
housing aspects 33
statistical analysis 30

faecal samples 17
wild animals 96, 97

failure-to-thrive syndrome (FTT) 574
FANTOM (Functional Annotation of 

Mouse) 70
farm animals

euthanasia 221
numbers slaughtered 219, 220
training 206
transportation 174
see also cattle; pigs and minipigs; sheep 

and goats
farrowing crates 477, 477, 481
fasting 189–90
fat, dietary 186
fat sand rat 365, 366
fear 210–12

reduction strategies 211–12
responses 210

feather pecking 638–9, 684
feathers, sampling 100
Federation of European Laboratory 

Animal Science Associations 
(FELASA) 110, 111, 112

job categories 197, 198–9
life-long learning 203
training course accreditation 204

Federation of European Toxicologists 204
feeding 186–92

ad libitum 183, 186, 188, 189
co-operative 212–13
dietary changes and 191
gavage 190
group-housed animals 191–2
meal 187–8

nocturnal 186–7
pair 190
restricted 188–90
rhythmic patterns 186, 187
times and schedules, memory for 187
see also diets; food

FELASA see Federation of European 
Laboratory Animal Science 
Associations

feline calicivirus (FCV) 467
feline herpesviruses (FHV) 467
feline immunodefi ciency virus 

(FIV) 466–7
feline infectious enteritis or 

panleucopenia (FIE) 467
feline infectious peritonitis (FIP) 467
feline leukaemia virus (FeLV) 467
Felis silvestris catus see cats, domestic
femoral vein puncture 556–7, 557, 571
ferrets 418–31

administration of substances 424–5
anaesthesia 425, 425–6, 426
analgesia 426, 426
biological data 419, 424
breeding 421–2
containment systems 157–8, 158
diseases 426–31
handling and training 211, 423
health monitoring 426–7, 427
housing and husbandry 420, 420–1
identifi cation 421
lifespan 418
normal behaviour 420
nutrition 422, 422–3
reproduction 419–20
sample collection 423–4
sexing 421
size range 418
social organisation 419
sources of supply 420
surgery 426
temperature monitoring 423
transport 421, 421
uses in laboratory 420
vaccinations 427

fi eld studies of wildlife 92–105, 231–2
Three Rs and welfare 15, 95–7
best practice guidelines 105
capture, mark and release 

programmes 97–102
legislation 102–5
reasons for 92–3
welfare implications 93–5
see also capture of wild animals

fi eld vole (Microtus agrestis) 236–7, 370, 
371–5, 378

fi lariasis 330
fi lter-top cages 153, 153–4, 288, 289
fi n clipping 772
fi sh 763–81

administration of substances 779, 780
anaesthesia 779–80
biological data 765–6
breeding 774–5
disease management 774
disease prevention 773
enclosures 768

environmental enrichment 770–1
environmental provisions 768–70
euthanasia 222, 223, 781
feeding 771
general biology 764
handling 775–6
health management 772–4
health monitoring 773–4
husbandry 768–72
identifi cation 772, 772
life cycles and reproduction 764–5
monitoring 776–8
normal behaviour 766
sampling methods 776–8, 777, 778
social housing 771–2
sources and supply 766–7
training/habituation 776
transportation 767, 767–8, 768
uses in research 768
welfare 763, 781

Fisher, R.A. 34
Fisher’s exact test 30
fi tch 418
fi xed effects 25
Flavobacterium psychrophilum 772
fl eas 233
fl oors 129–30
FLP/FRT recombination system 55
fl ying squirrels 359, 363
foetuses, euthanasia 222
food

in cage traps 98
contaminants 184
deprivation, short-term 189–90
pellet hardness 184
as positive reinforcer 208
restriction, long-term 188–9, 189
sterilisation 150, 151
during transportation 173–4
working for 190, 191
see also diets; feeding; nutrients

Food and Drug Administration 
(FDA) 116

foot-drumming 327, 362–3
footrot 522
foraging 94, 185
foreign bodies, gastrointestinal 429–30
formulations, test materials 16–17
foundation stock colony 48
founder 540
fowl, domestic 637–53, 659

abnormal behaviour 638–9, 653
adult 643–4
anaesthesia and analgesia 648
artifi cial insemination 645
behaviour 638–9
biological data 639, 639
blood sampling 647
breeding 644–5
breeds, strains and genetics 637–8
brooding facilities 641, 641–2, 642
diseases 648–53
environmental provisions 640
euthanasia 648
feeders 641, 642
feeding 186, 190, 645–7
handling 647
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housing 640–4
hygiene 644
identifi cation 644
injections and dosing 647–8
inspection 645
lifespan 637
negative reinforcement methods 207
physiological monitoring 647
rearing 642–3
reproduction 638
restraint 647
sexing 644
social organisation 637
sources of supply 639–40
uses in laboratory 639
water 641, 641, 642, 642, 643
see also junglefowl, wild
feeding 646

fowl pox 651
foxes, red 231

blood sampling 243
housing and handling 241, 241
radio collar 101
vaccination 234

Foxn1nu gene 38, 39
freeze branding 499, 753, 772
freeze preservation, embryos and 

sperm 52
freezing, rapid, for euthanasia 223
Friedman’s test 31
Frimorfo 65, 70
frogs see Rana spp.; Xenopus
frounce 693
fumigation chamber 149
Functional Annotation of Mouse 

(FANTOM) 70
funding bodies, consideration of Three 

Rs 20
fungal diseases

amphibians 742, 756
birds 683, 703
mice 305
pigs 492
reptiles 722

fur clipping 101, 252, 335
FVB mouse 47, 53

Gadus morhua see cod, Atlantic
gallstones 272
Gallus gallus domesticus see fowl, domestic
Gallus gallus spadiceous 637
gangrenous dermatitis 650
gapeworm 703
gastritis 272
gastroduodenal ulcers 428
gavage-dosing 16
gavage feeding 190
Gekko gecko 714
Gene Expression Database (GXD) 70
GeneLynx Mouse 70–1
genes 37, 57

mutations and polymorphisms 37–8
nomenclature 38
in populations of animals 40
variation in expression 41–2
wild type 37

gene targeting 54–5

genetically modifi ed animals (mice) 1, 
280–1

accommodation 126
containment legislation 161
control animals 67
cost/benefi t assessment of use 63
methods of generation 53–5
nutrition and feeding 184
passports 62, 164, 164
phenotyping 61–73
transportation 170–1, 172–3
welfare 61–2, 280–1
welfare assessment 62

genetic background 41–2, 68
genetic contamination 43–4, 48, 51
genetic drift, random 43, 47
genetic monitoring 43–4, 57
genetic profi le 47, 57
genetic quality control 51–2
genetics 37–59
genetic variability/variation 11, 26, 41
gene trapping 54, 56
genotype 39, 57
Gerbillus spp. 327
gerbils 327–42, 360, 361

abnormal behaviour 139, 141–2, 332, 
342

activity patterns 329
aggression 329, 333–4
anaesthesia and analgesia 340
biological data 327
breeding 335–7
breeds, strains and genetics 331–2
diseases 341
dosing and injection procedures 340
environmental enrichment 141–2, 332–3
euthanasia 340–1
external features 327, 328
feeding 338
handling 338, 338–9, 339
health monitoring and quarantine 335
housing and husbandry 332–5, 333, 334
humane endpoints 340
hygiene 335
identifi cation 335
lifespan 327
reproduction 329–30
senses and communication 327–9, 

362–3
sexing 335, 335
size range 327
social grouping 333–4
social organisation 329
specimen collection 339–40
temperature recording 339
transport 335
uses in laboratory 329–31
vision 328, 364
water 338

German Mouse Clinic (GMC) 65, 71
germ-free (GF) animals 149–51, 288
giardiasis (Giardia) 232, 306
Glaucomys volans 359
glucocorticoids 80–1, 81
gnotobiotic animals 149–51, 288, 292, 

442–3
goats see sheep and goats

goby 766
Goeldi’s monkey 544, 545
Goettingen miniature pig 473, 474

feeding 484
reproduction 474, 475

Golden hamsters see Syrian hamsters
Good Laboratory Practice (GLP) 

regulations  116
gout, visceral 718, 718
government authorisation, research 111
grasshopper mouse 361
greasy coat phenotype 39
green fl uorescent protein (GFP) 53
grey short-tailed opossum see Monodelphis 

domestica
grey squirrels 240, 240, 359
ground squirrels 359, 361
ground transportation 169, 172, 180
group-housing 13, 142

feeding aspects 191–2
safety risks 142
socialisation training 212–13

growth hormone 81
transgenic mouse 53, 281

Guide for the Care and Use of Laboratory 
Animals (National Research 
Council) 110, 284

guinea pig 380–95
administration of medicines 391, 

391
aggressive behaviour 384, 385
anaesthesia 391–3, 392
analgesia 393, 393
barrier systems 157, 386
blood collection 388–91, 390
diseases 394–5, 395
effects of domestication 380–1, 381
environmental provisions 386–7
euthanasia 393
feeding 387–8
general biology 381–2, 382
handling 388, 390
health monitoring 388, 389
housing and care 386–8, 387
identifi cation 388
maximisation test 15
reproduction 382, 382
sexing 388, 389
social housing 385, 385–6
social life and welfare 382–5
urine collection 391
uses in laboratory 382
welfare assessment 393–4, 394, 395

Gumboro disease 651
guppy (Poecilia reticulata) 763, 765, 770, 

774
Gyrdicotylus gallieni 757, 758

H2 antigens 279
habituation 212, 214
haemochromatosis 703
Haemophilus paragallinarum 649
hagfi sh 763
hairless animals, transportation 171
hair samples, wild animals 100
halibut, Atlantic 769
Hall, Marshall 6
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halothane euthanasia 222
hamsters see Syrian hamsters
handling

animals in isolators 149–51
benefi ts of regular 211
prior to euthanasia 220
training 201–2
wild animals 99, 99, 235–42

hantaviruses 303, 377
Hapalochlaena maculosa 790, 806
haplotype 57
Hardy–Weinberg equilibrium 40
hares 98
head-drumming 363
health monitoring, physical 78, 78–9, 79
health status of animals

barrier requirements 126, 165
transportation requirements and 171–3, 

172
Health Technology Assessment 

Programme 72
heart disease 572
heating, ventilation and air conditioning 

(HVAC) systems 133–4
Helicobacter spp. 305, 428
hemizygote 39, 57–8
hepatic cirrhosis 355
hepatitis 620, 649
heritability 41, 58
herpesvirus saimiri 1 (HS-1) 570, 572
herpesvirus saimiri 2 (HS-2) 570, 572
herpesvirus simiae (B virus) see 

Cercopithecine herpesvirus 1
Heterocephalus glaber see naked mole-rat
heterozygosity, forced 57
heterozygotes 38, 58
hibernation

amphibians 741, 742, 744, 745, 746
reptiles 712, 734
rodents 348, 362

HID50 (hypothermia-induced dose 
50) 18–19

high-discrimination models 6
high-effi ciency particular air fi ltration see 

air (HEPA) fi ltration
high-fi delity fallacy 6
high-fi delity models 6, 23
Himsworth, Sir Harold 1
Hippoglossus hippoglossus 769
histocompatibility 46, 58, 279
holding capacity, animal facilities 125–6
Home Offi ce, UK

licensing system 242
statistics 95, 124, 125

homozygotes 38, 46, 58
hooded rats 40, 314
horse 525–42

abnormal behaviour 525, 541–2
administration of medicines 537
anaesthesia and analgesia 537, 538
biological data 525, 526
breeding 529–33, 530, 530
diseases 538–41
euthanasia 538
exercise 528–9
feeding 533, 533–5
foaling 530–2, 531

handling and training 532, 535–6, 536
hoof care 529
housing 526–8, 527, 527, 528
identifi cation 529
managing newcomers 529
normal behaviour 526
reproduction 525–6, 530
respiratory disease 527–8, 539
restraint 535, 535
sedation (chemical restraint) 537, 538
social organisation 525
specimen collection 536–7
stallion management 533
temperature recording 536
transportation 529
uses in research 526
water 535
young 531–3

house mouse (Mus musculus) 231, 236–7, 
276

see also mouse, laboratory
housing

abnormal behaviour in unenriched 
139

enrichment see enrichment
experimental design and 27, 33
individual 13
social see group-housing
special arrangements 147–62
stereotypy-inducing 77
welfare aspects 13
wild mammals 235–42
see also animal facilities; cages

Hrhr gene 39
HRS mouse 47
human–animal relationships/interactions

improving 211, 214
individually ventilated cages and 152, 

153
isolators and 149–50, 151
protective clothing and 147–52
room-based containment and 149
training effects 206

humane endpoints 18–19, 219
humane experimental technique 5, 6

see also Three Rs
humane killing see euthanasia
Humane Slaughter Association 224
human immunodefi ciency virus 

(HIV) 620
human studies 9
humidity, relative (RH) 132
husbandry 13
hybrid 58
Hydrochoerus hydrochaeris see capybara
Hymenolepis diminuta 233
Hymenolepis nana 233, 306
hypercholesterolaemia, 

dietary-induced 250
hyperkerat(in)osis 703, 703, 738
hyperlipaemia 540
hyperoestrogenism 429
hypoglycaemia 572
hypothalamic–pituitary–adrenal (HPA) 

axis 80–1
hypothermia 572
Hystricomorpha 360

IACUC see Institutional Animal Care and 
Use Committees

IATA see International Air Transport 
Association

ICLAS see International Council for 
Laboratory Animal Science

Ictalurus punctatus 770
identifi cation

inbred strains 47
individual animals 14
wild animals 96–7, 101–2

Iguana iguana 714
ileitis, proliferative 355, 356
Illex 797
immersion administration 222, 779, 780, 

811
immortomouse 53
immunocompromised animals, 

transportation 170
I mouse 47
Improved Standards for Laboratory 

Animals Act 115
inbred strains 41, 44–51, 59, 279

background data 48
characteristics 46–8
to control genetic variability 11, 26–7
derived 49–51
F1 hybrids 45, 46
genetic quality control 51–2
homozygosity 46
identifi ability 47
individuality 47, 47
international distribution 48
isogenicity 46
long-term stability 46–7
maintenance 48
nomenclature 45, 280
phenotypic uniformity 47
recombinant 50–1, 58, 280
research uses 48–9
segregating 49, 50, 58
sensitivity 47–8

inbreeding 41, 58
coeffi cient of (F) 41, 57
depression 41
maximum avoidance systems 43, 43
rate in outbred stocks 43, 43

independent variables 25
India, legislation and oversight 118
individually ventilated cages (IVCs) 127, 

151–2, 152
cleaning/changing 152, 152, 153
integration with HVAC systems 133–4
usage 156
welfare issues 152, 153

infanticide
capuchin monkeys 585, 586
gerbils 337
pigs 492
see also cannibalism

infections
barrier systems see containment 

systems
transportation and 171, 172
wild mammals 232–3
see also specifi c infections

infectious bronchitis (IB) 651
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infectious bursal disease (IBD) 651
infectious canine hepatitis (ICH) 449
infectious canine tracheobronchitis 449
infectious laryngotracheitis (ILT) 651
infectious substances, transportation 172
infl ammatory airway disease (IAD) 527–8
infl uenza 157–8, 428

avian 652, 694–5
cat 467
equine 539

inhalation anaesthetics
overdose, humane killing 221–2
wild animals 99–100, 100, 242

inheritance 37
Mendelian 38–40, 58
non-chromosomal 38
polygenic 42

injectable anaesthetics
overdose, humane killing 221
wild animals 100, 242

injections 16
injuries

cephalopods 808
in enriched environments 142
non-human primates 574
rabbits 412–13
reptiles 721, 721
wild animals 93, 102, 103

inking, cephalopod 802–3
in silico studies, wild animals 95
inspection systems 111–12
Institut Clinique de la Souris (ICS) 71
Institute of Animal Technology (IAT) 

111
competence levels 199–200, 200

Institutional Animal Care and Use 
Committees (IACUC)

Japan 117
oversight of training 197
Singapore 119
United States 109, 110, 111, 115, 116

Institutional Animal Ethics Committees 
(IAEC) 118

Institutional Offi cial 116
institutions

Three Rs activities 20
authorisation of research 111
transportation between 169

insulinoma 430
Integrated Genomics Environment 71
Interagency Coordinating Committee on 

the Validation of Alternative 
Methods (ICCVAM) 19

intercross 58
International Air Transport Association 

(IATA) 171, 181
Dangerous Goods Regulations 172–3
Live Animal Regulations (LAR) 175, 

179, 180, 181
International Association of Colleges of 

Laboratory Animal Medicine 111
International Civil Aviation Organization 

(ICAO) 172
International Committee on Laboratory 

Animals see International Council 
for Laboratory Animal Science

International Committee on Standardised 

Genetic Nomenclature of the 
Mouse 38

International Council for Laboratory 
Animal Science (ICLAS) 42–3, 
112–21, 195

International Gene Trap Consortium 56
International Guiding Principles for 

Biomedical Research Involving 
Animals 108, 109

InterPhenome project 66
intradermal injections 16, 391, 488, 489
intramuscular (im) injections 16

birds 691, 702
carnivores 424, 445
rabbits 411
rodents 297, 391, 391
ungulates 488, 489, 489, 519–21, 537

intranasal administration 425
intraperitoneal (ip) injections 16, 27

birds 691
carnivores 424, 446
pigs and minipigs 488, 489
rabbits 411
rodents 297, 297, 321, 321, 376, 391

intravascular administration 16
intravenous (iv) injections

birds 691
carnivores 424, 445
non-human primates 571
rabbits 411
small rodents 297, 321, 354
ungulates 488, 489, 489, 521

introns 37
invertebrates 92, 787

see also Cephalopoda
investigators

competence in care of animals 194–204
FELASA job category 199
responsibility for welfare 77
see also users, animal

in vitro studies/systems 9, 10, 23
iron 482, 703
isocaloric exchange 186
isogenic strains 11, 26–7, 46, 58
isolators 127, 149–51, 157, 158

fl exible fi lm 149–51, 150
rigid 151
welfare issues 149–51, 151

Israel , legislation and oversight 121
Ixodes ricinus 377

Jackson Laboratory 57, 71
Japan, legislation and oversight 108, 117
Japanese Centre for the Validation of 

Alternative Methods 19
Japanese quail 655–69

abnormal behaviour 668
anaesthesia 667–8
biological data 658, 658, 659
breeding 660, 664–5, 665
causes of mortality 668
diseases 668, 669
domestication 655
dosing and injections 667
environmental provisions 662
euthanasia 668
feeding 661, 666, 666, 667

as food animals 658
general biology 655–8
handling and capture 667
health monitoring and biosecurity 663
housing 660, 660–2, 661, 662
husbandry 660–3
hygiene 663
identifi cation 663
lifespan 656, 658
morphology 655–6, 656
physiological monitoring 667
reproduction 657–8, 658
reproductive problems 669
sexing 656, 663
size range 656, 656
social grouping 662–3
social organisation 656–7
sources of supply 660
strains and genetics 658
transport 663–4, 664
uses in laboratory 658–9
water 661, 666, 667

jerboas 360
Johne’s disease 506
journals, consideration of Three Rs 20
jugular vein puncture

birds 667, 682, 702
carnivores 423–4, 444, 445
rodents 295, 321, 376, 388
ungulates 486–7, 504, 536
wild mammals 243

junglefowl, wild 186, 190, 637

kangaroo rats 362–3
kennel cough 449
ketamine anaesthesia 100
killing, humane see euthanasia
Kinixys belliana 711
KitlSl gene 39
KitW gene 39
Klebsiella pneumoniae 304
knockin mice 55
knockout mice 54–5, 58

conditional 55
knowledge, distinction from 

understanding 197
KOMP 55, 57
Korea, legislation and oversight  117–18
K papova virus (KPV) 303
Kruskal-Wallis test 31

labelling, transport containers 179, 179
Laboratory Animal Science Association 

(LASA) 170
laboratory animal science specialists 199
Laboratory Animal Welfare Act 1966, 

US 115
Lacerta vivipara 714, 719
Lacey Act, US 117
lactate dehydrogenase elevating virus 

(LDV) 303
lactating animals, transportation 170
Laelaps hilaris Koch 377
Lama2dy gene 39
lameness, in cattle 506
laminar air fl ow (LAF) booths or 

cubicles 130, 154, 154–5
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laminitis 540
lampreys 763
Lampropeltis spp. 714
larval forms, euthanasia 222
Lates calcarifer 764
Latin square design 32, 32–3
LD50 test 24
learning, enrichment and 140
leeches 757, 758
legislation and oversight 19, 20, 107–21

cephalopods 787, 794
containment systems 161
harmonisation of guidelines 112–21
history 107–8
principles 108–12
staff training and education 196–8
transportation 175
wildlife studies 102–5

leg rings/bands see ringing of birds
lemming, collared 359
Leontopithecus spp. see marmosets and 

tamarins
Lepob gene 38, 39, 48
Leprob gene 39, 48
leptospirosis 232, 449, 506
lice 306, 506, 541, 693
LIFEdb 71
life-long learning 203
lifts 129
light aversiveness 186–7
light–dark cycle 186, 187
lighting 132–3
Limulus Amoebocyte Lysate test 6, 7
linkage 40, 58
liver fl ukes 506, 522
live trapping 98, 98, 103
lizards 709–26, 714

see also reptiles, terrestrial
lock jaw 538, 588
locus 37, 58
log-normal distribution 30
Loligo 795, 796–7, 810
Lolliguncula brevis 795, 805, 808
Long-Evans hooded rat 314
loxP sites 54, 55
Luminex 67
lungworm 506
luteinising hormone 81
Lyme disease 377
lymphocytic choriomeningitis virus 

(LCMV) 232, 302, 355
Lyonogale 262, 263
Lyonogale tana 263, 269
Lystbg-J gene 39

macaques (Macaca spp.) see Old World 
monkeys

Macroclemmys temmincki 731
magnetoreception 363
major histocompatibility complex (MHC) 

alleles 596
malaria 568
malignant oedema 650
mange 449
Mann-Whitney test 31
Marek’s disease 652
Marine Mammal Protection Act, US 117

marker gene 58
marking, animal 14

invasive methods 102
legislation 103
natural 96, 102
wild animals 101–2, 242

Marmosa robinsoni 246–7
marmosets and tamarins 543–59, 544, 546

abnormal behaviour 549, 558
administration of substances 557
anaesthesia and analgesia 557–8
behavioural welfare indicators 549, 549
biological data 545–7, 547
breeding 555
containment systems 159, 554–5
diseases 558
enclosures 549–51, 550, 551
environmental provisions 551–2
euthanasia 558
feeding/watering 552
general biology 543–5
handling 555
health monitoring 554
hygiene 554
identifi cation 553
lifespan 545
normal behaviour 547
physical environment 554
physiological monitoring 556–7
quarantine 554
record keeping 553
reproduction 545, 547
reproductive problems 559
restraint 556, 557
senses and communication 548, 548
sexing 553, 554
size range 545
social housing 552–3
social organisation 545
sources of supply 549
specimen collection 556–7, 557
training/habituation 555–6, 556
transport 549
use in research 549

marsupials 246–7, 249
see also Monodelphis domestica

Marsupiobdella africana 757, 758
mass selection 41, 58
mastitis 428–9, 506, 523
meadow vole 370, 371, 378
meal feeding 187–8
measurement error 27
melanoma, malignant 250
Meles meles see badgers
memory, enrichment and 140
Mendelian inheritance 38–40, 58
menopause 224
Meriones unguiculatus (Mongolian 

gerbil) 327, 331
see also gerbils

Mertens and Rülicke phenotyping 
protocol 64–5

Mesocricetus auratus see Syrian hamsters
meta-analysis 24
metabolic bone disease 717, 738
metabolic disorders 506, 522, 653
metabolic weight 186

methionine 185
metritis 507
metritis, mastitis and agalactia (MMA) 

syündrome 481, 492
Mexico, legislation and oversight  120
mice see mouse
Mico spp. see marmosets and tamarins
microchipping

amphibians 753
birds 663
carnivores 421, 438, 457
fi sh 772
non-human primates 553, 570, 585, 603
reptiles 718, 734
rodents 287, 316, 335, 350, 388
ungulates 480, 499, 515
wild animals 101–2

microfl ora, natural gut 150, 151
Micromys minutus 361
microsatellites 40, 52, 58
Microsporum spp. 305, 541
Microtidae 370
Microtus agrestis see fi eld vole
Microtus montanus 378
Microtus ochrogaster see prairie vole
Microtus pennsylvanicus (meadow 

vole) 370, 371, 378
microwaves, for euthanasia 222
Middle European Society for Alternative 

Methods to Animal Testing 20
Migratory Bird Treaty Act, US 117
milk fever 430
minisatellites 58
Ministry of Agriculture and Forestry 

(MAF), New Zealand 120
MINITAB software 29
minute virus of mice (MVM) 301
mites

birds 652–3, 693–4
mammals 233, 234, 306, 377, 412
reptiles 723–4
Xenopus 757, 758

models see experimental models
modifi ers, genetic 42, 58, 68
mole-rat 363–4

blind 361, 363, 364
Damaraland 361
naked see naked mole-rat

Mollusca 787, 794
Mongolian gerbil 327, 331

see also gerbils
Monodelphis domestica (laboratory 

opossum) 247, 247–59
aggression 251–2, 253, 254
anaesthesia and analgesia 257–8
biological data 248
breeding 253–5, 254
breeds and strains 248–9, 249
diseases 258
environmental enrichment 251
euthanasia 258
feeding 252, 255
genetics 248, 250–1
handling 255–6, 256
health monitoring and quarantine 252
housing 251, 251, 252
husbandry 251–2
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hygiene 252
identifi cation 252
lifespan 247
newborn 249, 249, 254–5, 257–8
physical environment 252
reproduction 247–8, 248
reproductive problems 259
sexing 252
size range 247
social grouping 251–2
social organisation 247
sources of supply 249
specimen collection 256–7
temperature monitoring 256
transport 252–3, 253
uses in laboratory 249–51
water 252, 255
weaning 255

monohybrid cross 38–9, 58
montane vole 378
Moraxella catarrhalis 412
mortality, effects of fi eld studies 94
motivation

for enrichment 138
for resources, assessing 84–5, 138

mouse, laboratory 276–307
abnormal behaviour/stereotypies 82, 

83, 139, 281, 300
aggression 286
anaesthesia and analgesia 297–8
barbering 286, 286
barrier systems 156, 288, 289
biological data 276, 278
breeding 290–2
circadian rhythms 276, 277
diseases 299–300, 300, 301–6
dosing and injection procedures 296, 

296–7, 297
embryo manipulation 52
endpoints 298–9
environmental enrichment 139, 140, 

141, 283, 283–4, 285
environmental provisions 278, 285–6
euthanasia 222, 299
feeding/diet 184, 185, 286–7, 292
general biology 276
genetically modifi ed see genetically 

modifi ed animals
genetics 37–57, 38, 279
genome sequencing 280
handling and restraint 293, 293–4, 294
health monitoring and 

quarantine 287–8
housing 138, 281–3, 282, 283
husbandry 281–6
identifi cation 287, 287
inbred strains 44, 45, 46, 279, 280
information resources 78
laboratory procedures 293–9
lifespan 276
mammary glands 276, 279
mating systems 290
outbred stocks 44, 280
ovary transplants 52
pain assessment 86, 86
parturition 290–1
physiological monitoring 294–6

physiological parameters 278
reproduction 277–9, 278
reproductive problems 300
sexing 287, 288
size range 276
social housing 191, 286
social organization 276–7
sources of supply 281
space recommendations 284–5
specimen collection 294–6, 295, 296
sperm collection 296
strains and stocks 279–80
temperature monitoring 294
transgenic animals 280–1
transport 289, 289–90
use in research 23, 124, 125, 279
water 287, 293
welfare problems 299–300
young 276, 291, 291, 291–2, 292

mouse, wild 236–7, 361
transportation 234

mouse adenovirus 303
Mouse Brain Library (MBL) 71
mouse clinics, for phenotyping 65
mouse cytomegalovirus (MCMV) 302
Mouse Genome Database (MGD) 71
Mouse Genome Informatics 44
Mouse Genome Resource (MGR) 71
mouse hepatitis virus (MHV) 301
Mouse Models of Human Cancers 

Consortium (MMHCC) 71
mouse parvovirus (MPV) 301
Mouse Phenome Database (MPD) 48, 63, 

65, 71, 280
Mouse Phenome Project 63, 68
Mouse Phenotype Database Integration 

Consortium (MPDIC) 66, 71
mouse pneumonitis virus 303
mouse polio 302
mouse polyoma virus (MPV) 303
mouse pox 302
mouse rotavirus enteritis 302
mouse thymic virus (MTV) 302
MPD see Mouse Phenome Database
mucous membranes, topical 

application 16
mud fever 541
Multicentre Mouse Behavioural Trial 72
Muridae 311, 348
Mus minutoides 360
Mus musculus (house mouse) 231, 236–7, 

276
see also mouse, laboratory

Mustela erminea (stoat) 241, 243
Mustela nivalis see weasels
Mustela putorius furo see ferrets
Mustela putorius putorius 418
Mustelidae 418
mutagenesis

chemical 53–4, 63
transposon-mediated 54
using gene trapping 54

Mutamouse 53
Mutant Mouse Behaviour Network 

(MMB) 67, 72
mutants 58

generation 53–5

phenotyping 63
transportation 170

mutations 37–8, 58
conditional 55
within inbred strains 47
old, of biomedical interest 39
quiet 47

MuTrack system 64, 68
Mycobacterium spp. 772, 773

see also tuberculosis
Mycoplasma avium paratuberculosis 506
Mycoplasma gallisepticum 650
Mycoplasma pulmonis 304, 316, 323
Mycoplasma synoviae 650–1
My Mouse 72
Myobia musculi 306
Myocaster coypus see coypu
Myocoptes musculinus 306
Myodes 370
Myodes glareolus see bank vole
Myomorpha 360
myopathy, wild-caught animals 93
Myopsida 796–7, 798
Myospalax spp. 359
Myotis daubentoni (Daubenton’s bat) 231, 

233, 236
myxomatosis 412

naked mole-rat 359, 361–2, 363–4, 365, 
366

named animal care and welfare offi cers 
(NACWOs) 77

Named Veterinary Surgeons (NVS) 204
National Animal Ethics Advisory 

Committee (NAEAC), New 
Zealand 120

National Centre for Replacement, 
Refi nement and Reduction of 
Animals in Research (NC Three 
Rs), UK 17, 20, 69, 105

National Health and Medical Research 
Council (NHMRC), 
Australia 119–20

National Institute for Health Research 
(NIHR), Health Technology 
Assessment Programme 72

National Research Council (NRC) 183, 
184–5, 190

see also Guide for the Care and Use of 
Laboratory Animals

National Toxicology Program Interagency 
Center for the Evaluation of 
Alternative Toxicological Methods 
(NICEATM) 19

Nautiloidea 787, 795, 798
Nautilus 787, 795

anatomy 796
biology 795–6, 798, 799, 800
feeding 807

navel infection 650
NC Three Rs see National Centre for 

Replacement, Refi nement and 
Reduction of Animals in Research

neck dislocation 222
neck tags 570
necropsies, containment issues 149, 149, 

151
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necrotic dermatitis 722, 738
necrotic enteritis 650
necrotic stomatitis 722
negative reinforcement 16, 207, 209

training 207, 214
neo gene 54, 55
nest boxes 156, 186–7
netting, wild animals 98
neuroendocrinology 659, 688
neurology research 330, 788–9
NeuroMouse 72
Newcastle disease 651, 668, 694
newts 742
New World monkeys see capuchin 

monkeys; marmosets and tamarins; 
squirrel monkeys

New Zealand, legislation and 
oversight 120

New Zealand White (NZW) rabbits 399, 400
normal behaviour 402
reproduction 401–2, 408, 409

nocturnal animals
capture 98
feeding 186–7
wild, housing 236

NOD mouse 47
noise levels 132, 236
NON mouse 47
non-parametric methods 29–30, 31
normal distribution 30
North America, legislation and 

oversight 114–17
Norway rat see Rattus norvegicus
Norwegian Consensus-platform for 

Replacement, Reduction and 
Refi nement (norecopa) 105

Norwegian Reference Centre for 
Laboratory Animal Science and 
Alternatives 20

nosematosis 412
nursing animals, transportation 170
nutria see coypu
nutrients

avoiding toxic levels 184–5
defi ciencies 185
isocaloric exchange 186
minimum requirements 183
see also diets; food

nutrition 183–92
NZB mouse 47

obesity
food restriction for prevention 188
non-human primates 613
transportation and 171

observation schedules 17–18
Octodon degus see degu
Octopus dofl eini 794, 803, 806, 807, 811
octopuses (Octopoda) 787–90, 794–812

anatomy 797
classifi cation 795, 798
see also Cephalopoda

Octopus vulgaris
autophagy 790
culture and breeding 809, 810
laboratory procedures 811–12
legal status 92, 787, 794

ocular safety tests 9–10
Oegopsida 797, 798
Offi ce International des Epizooties 

(OIE) 108, 175
Offi ce of Laboratory Animal Welfare 

(OLAW) 115–16
Old World monkeys (including 

macaques) 592–614
abnormal behaviour 599
administration of substances 607
anaesthesia and analgesia 607–8
behavioural monitoring 609, 610
biological data 592, 594
blood sampling 607
body condition scoring 610, 611, 

612
containment systems 155, 155, 159
diseases 610–13
enclosures 597–8
environmental enrichment 599–600, 

613
euthanasia 224, 613
feeding 601–2, 602
handling and training 211, 212, 605–7
health assessment 610
health monitoring 603–5
human health hazards 567, 604
husbandry 597–605
identifi cation 603
natural history 592
normal behaviour 592–3
physical environment 600–1
quarantine 603–4
rearing 595–6
record keeping 613
reproduction 593–6
restraint 605–6
social housing 598–9
social organisation 592–3
sources of supply 596–7
surgery 608
telemetry 607
training 606–7
transportation 179, 597
use in research 605
water 603
welfare 608–13
welfare assessment 608–9, 609

Oligolecithus elianae 757
omphalitis 650
Oncorhynchus mykiss see rainbow trout
129P1 mouse 47
Onychomys leucogaster 361
operant conditioning 206, 207
operant studies (consumer demand 

studies) 85, 138
Ophionyssus natricis 723
opossum, laboratory see Monodelphis 

domestica
oral route of administration 16

birds 647–8, 667, 691
carnivores 425, 446, 463–4
fi sh 779
non-human primates 557, 571
rabbits 411
rodents 296, 296, 321–2, 391, 391
ungulates 488, 504, 519, 537

orbital sinus blood sampling see retro-
orbital blood sampling

Oreochromis alcalicus grahami 769
Ornithonyssus bacoti 306
ornithosis 694
Oryctolagus cuniculus see rabbits
Osteichthyes 763
Otodectes cynotis 429
outbred stocks 27, 42–4, 58

maintenance 43, 43–4
nomenclature 42–3, 280
research uses 44

outcome variables 25
outliers 30
ova, transportation of 15
ovarian transplants 52
oxytocin 81

Paedocypris progenetica 763
pain

assessment 12, 85–6, 86, 235
defi ned 85
minimising see refi nement
related behaviour 86

pair feeding 190
pair-housing 13
Pan troglodytes see chimpanzees
Papio spp. see Old World monkeys
Parascaris equorum 539
parasites

amphibians 744
birds 652–3, 683, 683–4, 693–4, 703
cephalopods 808
dogs 442, 449
ferrets 429
non-human primates 558, 588, 612
opossums 252, 258
rabbits 412
reptiles 723, 723–4
rodents 306, 330, 355–6, 377
ungulates 492, 506, 522, 539–40
wild mammals 232, 233, 234
Xenopus 756–8, 757

paratyphoid 649, 694
parenteral administration 16
parrots, nutrition 185
Passalurus ambiguus 412
passive integrated transponders (PIT 

tags) 101–2
see also microchipping

passports, animal
genetically modifi ed animals 62, 164, 

164
horses 529
non-human primates 553, 554, 613

Pasteurella multocida 412, 649
Pasteurella pestis 232
Pasteurella pneumotropica 304
Pasteurella septica 232
Pasteurella spp. 323
pediculosis see lice
pellets, food 184
penetrance, gene 58
penis prolapse 272
pentobarbital 221, 243
performance standards 108–9
periodontal disease 573–4



Index 831

personal protective equipment 
(PPE) 147–8, 148, 149

Peru 121
pest control 127, 224
Pharmacogenetics Research Network and 

Knowledge Base (PharmGKB) 72
pheasants, handling 99
phenome databases 48, 65–6
PhenoSITE 64, 72
phenotype 39, 58

data sources 65–6
genetically modifi ed mouse 61
genetic background and 68
inbred strains 47

phenotyping 1, 61–73
advantages 62, 63
backcrossing of animals 68
capacity and need 66
commercial 65
control animals 67
delimiting the process 66
at different ages 62, 67
environmental infl uences 67
hierarchical approach 66
information search prior to 65–6
large-scale vs. ‘home’ 66
mouse clinics 65
new rapid methods 66–7
number of animals 68–9
over several generations 67
protocols 63–5
summary of important issues 69
test order 67
useful websites 69–73
welfare issues 61–2

pheromones 277, 469
philopatry 329
Phoberomys pattersoni 360
Phodopus sungorus sungorus see Djungarian 

hamster
phosphorus (P), dietary 185
photography, with remote cameras 96, 

97
physical environment see environment, 

physical
physiological tests, welfare 79–82
pigeon-breeders disease 695
pigeon pox 694
pigeons and doves 686–95

administration of substances 691
anaesthesia and analgesia 691–2, 692
behavioural training 691
blood sampling 691
breeding 689–90
breeds and supply 687
euthanasia 692
general biology 686, 687
handling 690, 690–1
health and disease 692–5
human health risks 695
husbandry 688–9
identifi cation 689
reproduction 686–7
sexing 689
social organisation 686
temperature recording 691
transport and quarantine 689

uses in laboratory 687–8
pigs and minipigs (swine) 478

abnormal behaviour 210, 492
administration of substances 488–9, 

489, 489
anaesthesia and analgesia 489–91
barrier systems 157, 160, 476, 476, 479
biological data 475, 475, 476
breeding 480, 480–3
breeds, strains and genetics 475–6
diseases 491–2
environmental provisions 478
euthanasia 491
feeding 479, 482, 482, 483–4
general biology 473
handling 484–5, 485
health monitoring 479
housing 477, 477–8, 478
husbandry 477–9
hygiene 478
identifi cation and sexing 480, 480
lifespan 473
physical environment 478
physiological monitoring 486, 486
quarantine 479
reproduction 473–5, 474, 475
reproductive problems 492
size range 473, 474
social grouping 478–9
social organisation 473
sources of supply 476
specimen collection 486–8
training 206, 207, 209, 211, 212, 485
transport 479
uses in laboratory 476
water 479, 483–4
young 481–3, 484
see also boar, wild

pilot experiments 10, 24
pithing 223, 505
places other than designated 

establishments (PODEs) 103
plague bacillus 232
Platysternon megacephalum 736
pleuro-pneumonia-like-organism 

(PPLO) 650
Pneumococcus spp. 323
Pneumocystis carinii 305
pneumonia 506, 523
pneumonia virus of mice (PVM) 301
Podarcis spp. 714, 716
Podocnemis expansa 732, 736
pododermatitis 413
Poecilia reticulata see guppy
Pogona spp. 714
points of entry (POE) 182
polecats, European 418, 419
polycystic disease 355
polydipsia 703
polygenic characters 42, 58
polymorphisms 37–8
Polyplax serrata 306
population 58

dynamics, effects of fi eld studies 94
Hardy–Weinberg equilibrium 40

porcupines 359, 361
positive reinforcement 16, 207

positive reinforcement training 
(PRT) 207–15

addressing fear 210–12
benefi ts 207–8
methods 208–10
objectives 208
practical approach 213–15
programme development 213
socialisation training 212–13

positive reinforcers (rewards) 16, 208
posterior paresis and ataxia 430
post-operative care 17
power (statistical) 28, 35
power analysis 28, 28–9, 95–6
prairie vole 370, 371, 377–8
predictive models 6
preference tests

enrichment resources 138, 143
welfare assessment 13, 84–5

pregnant animals, transportation 170
primates, non-human 592

abnormal behaviour 139, 210
addressing fear 211
classifi cation 592, 593
containment systems 155, 155, 158–9, 

159
enriched environments 139, 142
euthanasia 224
as high-fi delity models 6, 23
nutrition and feeding 185
training 206, 212–13, 214
transportation 170, 173, 178, 179, 180
see also specifi c types

PRIME (Priorities for Mouse Functional 
Genomic Research Across 
Europe) 72

primers 58
Principles of Humane Experimental 

Technique, The (Russell & Burch 
1959) 5, 6

Prkdcscid gene 39
procedural training 14, 15–16

desensitisation 211–12
habituation 212, 214
positive reinforcement 207–8
practical approach 214–15
urine and faecal sampling 17

procedure rooms 130
procedures

animals in special housing 149, 149, 
151, 153

fear responses 210
space for, animal facilities 126, 130
variability in 27

production, animal see animal production
production colony 48
progeny test 40, 58
prolactin 81
prolapse

pelvic organ (POP) 568
shell gland 668, 669

promoters, gene 37
protective clothing 127, 147–8, 148
Protopolystoma xenopodis 757, 758
Psammomys obesus (fat sand rat) 365, 366
Pseudemydura umbrina 732, 736
Pseudemys spp. 731
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Pseudocapillaroides xenopodis 755–7
Pseudomonas aeruginosa 130, 293, 299, 304
Pseudomonas spp. 650, 683, 722, 738
pseudotuberculosis 572
psittacosis 683, 694
Psoroptes cuniculi 412
Ptilocercinae 262, 263
Ptilocercus 262, 263
Ptpn6me gene 39
Public Health Service (PHS), US 114

Policy on Humane Care and Use of 
Laboratory Animals 109, 110, 
115–16

public opinion 76–7
pullorum disease 648–9
punishment 16, 209
pyometra 428

Qk gene 39
QTL see quantitative trait locus
quail

Bobwhite 655
common 655
Japanese see Japanese quail

qualitative variables 25, 28
quality assurance, training schemes 203–4
quality control

diets 184–5
genetic 51–2

quality of life 76, 224, 470
see also welfare

quantitative data
sample size determination 28, 29
statistical analysis 29, 30

quantitative trait locus (QTL) 42, 51, 58
quantitative variables 25
quarantine 127

rabbits, laboratory 399–413
abnormal behaviour 210, 413
administration of substances 410
aggressive behaviour 406, 412
anaesthesia and analgesia 411
barrier systems 157, 408
biological data 400–1, 401
blood sampling 410, 410–11
breeding 408–9
diseases 411–13
environmental enrichment 406–7
environmental provisions 407
euthanasia 411
feeding 185, 407, 413
general biology 399
handling 409, 410
health monitoring 408, 411–12
housing 403–6, 404, 404
hygiene 407
identifi cation 409
lifespan 400
normal behaviour 402
pain assessment 86
physiological monitoring 409–10
quarantine 408
reproduction 401–2
sexing 409
size range 399–400
social housing 404–5, 405, 406

social organisation 400
sources and supply 402–3
training/habituation 206–7, 409–10
transportation 176–7, 179, 180, 403
uses in laboratory 403
water 407–8

rabbits, wild 231, 399
blood sampling 243
housing and handling 239–40
lifespan 400
normal behaviour 402
reproduction 401
size range 399–400
social organisation 400
vaccination 234

rabbit viral haemorrhagic disease 
(RVHD) 412

rabies 232–3, 439, 449, 585–6
rack design, animal facilities 126
Radfordia affi nis 306
rainbow trout (Oncorhynchus mykiss) 763, 

765
breeding 775
husbandry 770, 771
skin 775
stress responses 767

rain scald 541
Rana spp. 742, 743–4

ecology and physiology 743
maintenance in laboratory 744

random 58
random effects 25
randomisation 25–6, 35
randomised block design 25, 26, 31–2, 32, 

35
position in animal house 27
statistical analysis 30

randomised controlled experiments 25–6
randomised design 31, 31
rat-bite fever 232
Rat Genome and Nomenclature Committee, 

The 38
Rat Genome Database (RGD) 72, 314
Rat Genomics and Genetics Web site, 

NIH 56
Rat Genotype Database (RGD) 56
RatMap 56
Rat Phenome database 48
rats, albino 40, 313

light sensitivity 186–7, 317
rats, laboratory 37, 311–24

abnormal behaviour 82, 82, 83, 324
administration of medicines 321, 321–2
aggressive behaviour 312, 313, 313, 324
anaesthesia and analgesia 322, 322–3, 

323
anticipatory behaviour 83
barrier systems 156, 317–18
biological data 312, 312–13
breeding 318–19
breeds and strains 313–14
chromodacryorrhoea 79–80, 80, 323
circadian rhythms 186, 312–13, 313, 320
diseases 323
environmental enrichment 140, 315
environmental provisions 315, 316–17
euthanasia 221, 222, 323

feeding 185, 186–7, 191, 319–20, 320
food presentation 315
food restriction 188–90, 315
general biology 311
genetics 37–57, 313–14
genomics 314
handling and training 320, 320, 321
health monitoring and quarantine 317, 

317
housing 314–15
husbandry 314–17
hygiene 316–17
identifi cation 316
inbred strains 44, 45, 46, 313–14
information resources 78
lifespan 312
light sensitivity 186–7, 317
outbred stocks 44, 313
pain assessment 86, 86
physiological monitoring 320–1
reproduction 312
reproductive problems 324
sexing 316, 316
size range 312
social grouping 191–2, 315
social organisation 312
specimen collection 321
transport 318
vision 364
vocalisations 83, 311
water 315–16
welfare problems 323–4
young 314, 318–19

rats, wild 237–9, 311
breeding 238
handling 99, 238–9, 239
housing 237, 237–8, 238
human health hazards 232
lifespan 312
reproduction 312
social organisation 312

Rattus norvegicus (Norway rat) 231, 237–9, 
311

see also rats
Rattus rattus (black rat) 311
rays 763
read-across approach, wild animals 95
recessive 38, 58
recombinant congenic strains 51
recombinant inbred (RI) strains 50–1, 58, 

280
recombination 40
rectal prolapse 258
recurrent airway obstruction 

(RAO) 527–8
red foxes see foxes, red
red nose disease 341
red tears (chromodacryorrhoea) 79–80, 

80, 323
reduction 9–11, 108

in animal production context 163
complexity of concept 7
defi ned 6, 9
relationship with refi nement 9, 11
wildlife studies 95–6

refi nement 11–19, 108
assessing well-being 12–13
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in breeding context 163–4
complexity of concept 7
contingent welfare costs 13–15
defi ned 6, 11–12
direct costs 13, 15–18
enrichment as 136
relationship with reduction 9, 11
severity scoring systems 13
signifi cance of 12
staff competencies and 

responsibilities 12
wildlife studies 15, 96–7

regression, behavioural 210
re-homing, ex-laboratory animals 223, 

433
reinforcers

conditioned 208
positive (rewards) 16, 208

relative humidity (RH) 132
release of wild animals 102, 103–4
renal disease 572–3
reovirus 3 303
repeated measures design 32
replacement 8–9, 108

absolute 8
complexity of concept 7
defi ned 6, 8
low fi delity/high discrimination 6
methods and models 9
relative 8
strategies and systems 8–9
wild animals 93, 95

replicability, enrichment and 140
replicate 24
replication

biological 27
hidden 34
technical 27

reporter genes 53, 54, 58
reptiles, aquatic 731–8

administration of medicines 738
breeding 735–6
diseases 738
environmental provisions 733–4
euthanasia 738
feeding 736–7, 737
general biology 731
handling 737
health monitoring 735
housing 732–3, 733
husbandry 732–5
identifi cation 734, 734
physical environment and hygiene 

735
physiological monitoring 737–8
reproduction 719, 719
reproductive problems 738
sexing 734–5
size range and lifespan 731
social grouping 734
social organisation 731–2
sources of supply 732
transport 735
uses in laboratory 732

reptiles, terrestrial 709–26
anaesthesia and analgesia 725
anatomy 709, 710

behavioural interactions 711
behavioural thermoregulation 710–11, 

711
diet and feeding 716–18
environmental enrichment 715
euthanasia 222, 725
handling and restraint 713
health monitoring 720, 724
health problems and diseases 720–4, 

721, 722
hibernation and aestivation 712
hiding places 716
housing 712–13
hygiene 716
identifi cation and marking 718
integument 709–10, 710
legal considerations 725–6
physical environment 714–15
physiological monitoring 724
reproduction 712, 719–20
risk assessment 725
sex determination 712
size and lifespan 712
special senses 711
species used in laboratory 714
surgical procedures 724
training and habituation 716
treatment methods 724
welfare and welfare assessment 

718–19
zoonoses and health hazards 725

research
legislation and oversight 107–21
strategy 23
use of models in 23
wildlife 92–105

researchers see investigators
resource equation method 29
respiratory disease

domestic fowl 650–1
horses 527–8, 539
pigs 492
rats 323
reptiles 738

respiratory protective equipment 
(RPE) 147, 148, 148, 149

restraint 14, 16
fear responses 210
training to accept 14, 212

retro-orbital blood sampling 17, 295, 339, 
389–91

re-use of animals 11, 223
rewards (positive reinforcers) 16, 208
Rhabdias bufonis 744
rhesus macaques see Old World monkeys
Rhincodon typus 763
RIKEN Genomic Sciences Centre 

(GSC) 64
RIKEN Mouse Encyclopedia Index 72
ringing of birds 101, 663, 679, 689
ringworm 233, 449, 506, 541
RNA 37
RNA interference (RNAi) 55
road transportation see ground 

transportation
Robertsonian translocations 38
Rodent Phenotyping 72

rodents 359–64
anatomy 359–60
biological data 365
chronobiology 362
classifi cation 360
diet 361
euthanasia 221, 222
habitat 361
hearing 362–3
magnetoreception 363
morphology 360–1
nutrition 184, 185
olfaction 362
pain studies 362
scientifi c uses 366
senses and communication 362–4
social organisation 361–2
stereotypic behaviours 210
training 206–7
transportation 173, 180
transport containers 176, 176–7, 177, 

179
ultrasound 363
vision 363–4
wild

pest 127, 224
removal of parasites 234
transportation to animal unit 234

see also individual species
Roman High/Low Avoidance rat 

lines 314
routes of administration 16
R statistical software 29
ruminants see cattle; sheep and goats
runts 41
Russia, legislation and oversight  108, 

120–1

safety cabinets, microbiological 130
handling fi lter-top cages 153–4
servicing individually ventilated 

cages 152, 152
ventilation 128

Saguinus spp. see marmosets and tamarins
Saimiri spp. see squirrel monkeys
salamanders 742
saliva samples 17, 100, 101
salmon, Atlantic (Salmo salar) 763, 764, 

766, 770
Salmonella arizonae 649, 722
Salmonella derby 649
Salmonella enteritidis 232, 304, 649
Salmonella gallinarum 649
Salmonella montevideo 649
Salmonella pullorum 648–9
Salmonella typhimurium 232, 305, 649, 

694
salmonellosis

birds 648–9, 694
cattle 506
reptiles 722, 735

salmonids 764, 766
handling 775, 775, 776
husbandry 769, 770, 771

Salmo salar see salmon, Atlantic
Salmo trutta 772
Salvelinus alpinus 770
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sample sharing, wildlife studies 96
sample size 28

determination 28–9, 35, 95–6
factorial designs 34
phenotyping 68–9

sampling
blood 17
non-invasive 17, 96

saphenous vein puncture
dogs 444–5, 445
ferrets 423
non-human primates 571
rodents 295, 295, 339, 389, 390

Sarcoptes mites 233
SAS software 29
Scandentia 262
Scaphiopus couchii (spadefoot toad) 743, 

744–6
ecology and physiology 744–5
maintenance in laboratory 745–6, 746

Science Council of Japan (SCJ) 117
Sciuromorpha 360
Sciurus carolinensis (grey squirrels) 240, 

240, 359
scours 506–7
sea bass 766, 770
sedation

non-human primates 155, 159
prior to euthanasia 221
prior to transportation 174–5

segregation (genetic) 58
seizures, epileptic 330, 341
selection

differential 41
directional 40–1
mass 41, 58

selenium 184
self-injurious behaviours (SIBs) 139, 208
semi-dominant 38
Sendai virus (SV) 301, 355, 356
Sepia 795, 796, 804
Sepia offi cinalis 788
Sepia subaculeata 800
Sepioidea see cuttlefi sh
sequential designs 35, 96
severity scoring systems 13
sex chromosomes 37, 59, 638
sex determination, temperature-

dependent (TSD) 719, 719–20, 736
sex linkage 39–40, 59
shaping, behaviour 209
Shared Information of Genetic Resources 

(SHIGEN) 71
sharks 763
sheep and goats 510–23

administration of medicines 519–21
anaesthesia and surgery 521
biological data 511, 512
body condition scoring 516, 519
breed choice 511–12
breeding 515–18
containment systems 160
diseases 521–3
euthanasia 521
feeding 185, 518–19
foot care 522
handling and training 519, 520

health maintenance 515
housing 512–14, 513, 514, 514
identifi cation 515
maternal bonding 517–18
perceptual and cognitive 

abilities 510–11
shearing and fl eece care 522
source of supply 512
temperature recording 519
transport 515, 515
uses in laboratory 512
weaning and rearing 518
welfare problems 521–3

Shigella 610, 611
shipping containers see transport 

containers
SHIRPA phenotyping protocols 63, 66, 

68
short hairpin RNA (shRNA) 55
short interfering RNA (siRNA) 55
shuttle vector 53, 59
Siamese fi ghting fi sh 764, 766, 771
signifi cance level 28
Silurana 747
Silurana tropicalis 747
simian immunodefi ciency virus (SIV) 595
simian retroviruses 604
Singapore 119
single-housing 13
single nucleotide polymorphisms 

(SNPs) 40, 52, 59
SJL mouse 47
skin

amphibian 741
cephalopod 802
fi sh 775, 775
infections of horses 541
reptile 709–10, 710
topical application 16

Skinner, B.F. 206
slaughter methods 222
Sleeping Beauty transposon 54
Sloan-Kettering Institute Mouse 

Project 72
snakeheads 771
snakes 709–26, 714, 731

see also reptiles
Snell, George 50
social enrichment 14, 137
social housing see group-housing
socialisation training 212–13
social isolation 139
social structure

effects of fi eld studies 93–4
feeding patterns and 191–2

sore nose disease 341
sound levels 132, 236
South Africa, legislation and 

oversight  121
South America, legislation and 

oversight  121
space requirements and structure 13–14
spadefoot toad see Scaphiopus couchii
Spalax ehrenbergi see blind mole-rat
Spalocopus cyanus 363
specifi c pathogen free (SPF) animals 288

barrier requirements 126, 165

IATA defi nitions 171
transportation 171–2, 173, 176, 177, 179

Specifi ed Animal Pathogen Order 
(SAPO) 161

Speleorodens clethrionomys 356
sperm, freeze preservation 52
Spermophilus spp. 359
SPF see specifi c pathogen free
Spirillum minus 232
Spironucleus muris 306
split-plot design 34
spontaneous haemorrhagic necrosis 

(SHN) 355
Spontaneous Hypertensive Rat (SHR) 314
Sprague-Dawley rat 314
SPSS software 29
squid (Teuthoidea) 787–90, 794–812

anatomy 797
classifi cation 795, 798
see also Cephalopoda

squirrel monkeys (Saimiri spp.) 564–74
age determination 570
anaesthesia and analgesia 571
biosafety 570
breeding and reproduction 566–7
cleaning and hygiene 569–70
diseases and injuries 572–4
ecology 564–5
environmental provisions 569
euthanasia 571–2
feeding 568–9
gastric intubation 571
haematology and biochemistry 573
health monitoring 570
housing 568, 568, 569
identifi cation 570
restraint 570–1
social organisation 566
social structure 565–6
sources and conservation 567
taxonomy/species 564, 565, 565
uses in laboratory 567–8
vascular access 571
water 569
welfare problems 572–4

squirrels
blood sampling 243
fl ying 359, 363
grey 240, 240, 359
ground 359, 361
vision 363

staff
changing and showering 148, 149
competencies see competence
health hazards to 232–3
implementation of Three Rs 20–1
interactions with animals see human–

animal relationships/interactions
job categories 198–9
life-long learning 203, 203
orientating new 200–1
responsibilities 12, 77
safety aspects of enrichment 142–3
see also animal care staff; investigators

staff training 194–204
in Three Rs implementation 8, 9
defi ned 196



Index 835

euthanasia methods 220
FELASA recommendations 199
information sources 195
legislation and oversight 110–11, 

196–8
life long 203
positive reinforcement techniques 213
practical skills 201–2
programme development 197
purposes 194–5
quality schemes 203–4
records 202–3
requirements 195–6
using live animals 201–2

stall walking 541
standard deviation 28
standardisation fallacy 77
standards, engineering vs. 

performance 108–9
Staphylococcus 650
Staphylococcus aureus 304, 341, 412
starlings 697–704

administration of substances 702
anaesthesia 702
behaviour 698, 698
bill and claw trimming 701
conservation status 699
euthanasia 702
general biology 697
handling 701, 701
husbandry 699–701
hygiene 701
identifi cation 700
physiological monitoring 702
quarantine 701
reproduction 698, 698
sexing 700, 700
size range and lifespan 697, 698
social organisation 697–8
sources of supply 698–9
training 701–2
use in research 697
welfare problems 702–3, 703

stationing, for training 208–9
statistical analysis 23, 29–31, 35
statistical tests 28
stem-line colony 48, 59
stereotypic behaviours 77, 82, 82–3, 

210
effect of enrichment 139

sterilisation 127, 131
transport containers 178, 178

sticklebacks, three-spined 771
stoats 241, 243
stocking density

animal house design aspects 125–6
transport containers 178–9

stocks 42–51, 59
stomach cannula, feeding via 190
storage space, animal facilities 128–9
strain distribution pattern (SDP) 51
strains 25, 42–51, 59
strangles 529, 539
Streptobacillus moniliformis 232, 305
Streptococcus equi 529, 539
Streptococcus spp. 305
Streptopelia see pigeons and doves

stress
hormones 80–1
responses

autonomic 81–2
chromodacryorrhoea 79–80
chronic 210
enrichment and 139–40
routine procedures 210
wild animals 93–5

as source of variability 11, 27
training benefi ts 210–12
transportation-related 174–5

Strongyloides ransomi 482
Strongyloides westeri 539
Strongylus vulgaris 539
Structural Genomics Consortium 72–3
Student’s t-test 29, 30
study design see experimental design
stunning, electrical 222–3
Sturnus vulgaris see starlings
subcutaneous (sc) injections

birds 691
carnivores 424, 445, 446
rodents 296, 296, 321, 376, 391
ungulates 488, 489, 489, 519

subjects, experimental see experimental 
subjects

submandibular bleeding 295
substrains 45
Suidae 473
Suiformes 473
Summer itch 541
suprachiasmatic nucleus (SCN) 187
surgery 17
Sus scrofa see boar, wild; pigs and 

minipigs
sweet itch 541
swine see pigs and minipigs
SWR mouse 47
Symphysodon spp. 771
Syngamus trachea 703
Syphacia muris 306
Syphacia obvelata 306, 356
Syrian hamsters 348–56, 361

aggression 349
anaesthesia 353, 353–4, 354
behaviour 348
breeding 350–2, 351, 352
cheek pouch examination 354
containment systems 153, 153, 156–7
diseases 355–6
euthanasia 354
feeding 187, 352
handling 350, 352–3
husbandry 349, 349–50, 350
identifi cation 350
intravenous injections 354
sexing 350, 350
specimen collection 353
taxonomy 348
temperature recording 353
transport 177–8, 350, 351
uses in laboratory 348–9

tabby phenotype 39
Taenia taeniaeformis 306
Taeniopygia see zebra fi nch

tagging
wild animals 101
see also ear tags; neck tags; ringing of 

birds; wing-tags/bands
tail artery puncture 256, 295, 424
tail clipping 102, 287
tail tip snipping, for blood sampling 243, 

295, 339, 376
tail vein puncture

ferrets 424
rodents 295, 295, 297, 321, 339
wild mammals 243

Taiwan, People’s Republic of China, 
legislation and oversight   118

tamarins see marmosets and tamarins
tapeworms 233, 539
tattooing

ferrets 421
non-human primates 570, 585, 603
wild animals 101
see also ear tattooing

TBASE 73
telemetry devices 11, 81–2

birds 647
dogs 444
mice 294
non-human primates 159, 159, 556, 588, 

607
reptiles 724
wild animals 101, 101

teleosts 763
televisions (TV) 159
temperature, environmental 132
temperature-dependent sex determination 

(TSD) 719, 719–20, 736
Tennessee Mouse Genome 

Consortium 64, 68, 73
teratology, experimental 25, 403
Terrapene carolina 714, 731
Terrapene spp. 732, 735, 736
terrapins see reptiles, aquatic
Testudo spp. 711, 714
tetanus 538, 588
Teuthoidea see squid
T gene 39
Thamnophis spp. 714
Theiler’s mouse encephalomyelitis virus 

(TMEV) 302
thermo-neutral zone (TNZ) 132
Three Rs (3Rs) 1, 6–21, 108

animal production 20, 163–4
holistic approach 7
individual activity 20–1
international activity 19–20
national activity 20
responsibility for 19–21
scientifi c validation and regulatory 

acceptance 7–8
wildlife studies 15, 95–7, 233
see also reduction; refi nement; 

replacement
ticks 377, 506, 723, 723
TIGR Mouse Gene Index 73
tilapia 766, 770, 771
Tiliqua spp. 714
time out 209
tk gene 54, 55
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toads see Scaphiopus couchii; Xenopus
Todarodes 797
toe-clipping 97, 102, 287
topical administration 16
tortoises 709–26, 714

see also reptiles, terrestrial
toxicologists, European registered 204
toxicology studies 292, 403, 434
Toxocara canis 442, 449
Toxoplasma gondii 232
trace elements 184
Trachemys spp. 731, 732, 735–6
training see animal training; staff training
transgenic strains 53, 280–1

conditional mutations 55
direct injection of DNA 53, 67
maintenance 43
nomenclature 53
phenotyping issues 67
welfare issues 280–1

translocations 38
transportation 14–15, 169–82

acclimatisation after 14–15, 175
documentation 181
general principles 169–70
health and welfare during 170–5
in-house breeding and 166
journey planning 179–82
journey time 182
laws, regulations and standards 175
modes 179–80
points of entry 182
stress during 174–5
wild animals to animal unit 233–4
see also air transportation; ground 

transportation
transport containers 170, 175–9

bedding, food and water 173–4
design and construction 176, 176–8, 

177, 178
hairless animals 171
health status and 171–2, 172
labelling and marking 179, 179
re-use 178, 178
stocking density 178–9

transposon-mediated mutagenesis 54
trapping, live 98, 98, 103
tree shrews (Tupaiidae) 262–73

administration of medicines 271
anaesthesia 271, 272
biological data 263, 263–4
breeding 268–70
breeds and strains 264
euthanasia 271–2
feeding 266–7, 270
general biology 262
geographical distribution 262, 263
handling and training 267, 271
health monitoring and 

quarantine 267–8
health problems 272–3, 273
housing 266, 267
husbandry 266–7
identifi cation 267
lifespan 262–3
newborn pups 269–70, 270
physiological data 265

sexing 267, 268
size range 262–3, 263
social organisation 263
sources of supply 264–5
specimen collection 271
temperature monitoring 271
transport 268
uses in laboratory 265–6
water 266–7, 270–1
weaning and rearing 270

Tribolodon hakonensis 769
tricaine methane sulphonate 222
Trichomonas gallinae 693
Trichophyton spp. 233, 305, 541
Tritrichomonas spp. 272, 306
trout see brown trout; rainbow trout
t-test, Student’s 29, 30
tuberculosis 377, 507, 588, 610, 755
tuco-tuco 362
tumours (neoplasia)

ferrets 430–1
opossums 258
rodents 355, 395
tree shrews 272–3, 273
vertical transmission 38

Tupaia belangeri 262, 264
anaesthesia 271, 272
biological data 263, 263, 264
breeding 269, 270, 270
feeding 270
housing 266, 267
physiological data 265, 271
sexing 268
see also tree shrews

Tupaia glis 263, 263, 264
Tupaia herpes virus (THV) 273
Tupaia minor 262, 263
Tupaia paramyxovirus 273
Tupaiataenia quentini 272
Tupaia (Lyonogale) tana 263, 269
Tupaiidae see tree shrews
Tupaiinae 262, 263
turtles 709, 731–8

see also reptiles, aquatic
twin cattle 496
Tylodelphylus xenopodis 756, 757
typhoid, fowl 649
Tyrc gene 38–9
Tyzzer’s disease 304, 341

ultrasound 236, 285, 363
ultraviolet (UV) radiation

induced cancer 250
reptiles 711, 715, 717, 734

ultraviolet (UV) vision 328, 364
uncontrolled experiments 24
understanding, distinction from 

knowledge 197
United Kingdom (UK), legislation and 

oversight  103–4, 112, 175
United Nations (UN) aligned 

documents 181
United States (US), legislation and 

oversight 114–17
United States Code (USC) 115
United States Department of Agriculture 

(USDA) 114, 115

Universities Federation for Animal 
Welfare (UFAW) 5

University of California Genetically 
Engineered Mouse Research 73

University of California Resource of Gene 
Trap Insertions 73

University of Michigan Transgenic 
Animal Model Core Protocols 73

unweaned animals, transportation 170
urine samples 17, 214, 243
Urodela 742
Urogale 262, 263
urolithiasis 522
users, animal

 Three Rs 20
communication with producers 165–6
establishing requirements 164
predicting usage 165, 165
see also investigators

vacuum chewing 492
vaginitis 428
validation

of enrichment 143
scientifi c 7–8, 19–20

vaporised hydrogen peroxide (VHP) 131
variability 26–7

among animals 11, 26–7, 35
enrichment and 27, 140
in procedures 27

variables, dependent and independent 25
variance allowance, colony size 

calculation 167
vena cava, cranial 389, 486
venous blood sampling 17
ventilated cabinets 154, 154
ventilation

individually ventilated cages 133–4, 
151, 153, 156

safety cabinets 128
systems 133
transport containers 176

vervet monkeys see Old World monkeys
veterinarians

attitudes to euthanasia 219–20
training and education 

requirements 204
welfare responsibilities 77
wild animal anaesthesia 99

veterinary care 109–10
vibration, within animal facilities 132
vibrissae, sampling 100
video-recordings, with remote 

cameras 96, 97
Vietnamese potbellied pigs 484
viral diseases

birds 651–2, 683, 694–5, 703
carnivores 427–8, 466–7
non-human primates 558, 572, 611
rabbits 411
reptiles 722–3
rodents 317, 355, 389, 394, 395
ungulates 492, 506, 507

Virginia opossum 246, 257
vitamin A defi ciency 185, 695, 718, 738
vitamin B12 292
vitamin B defi ciency 738
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vitamin C 183, 387–8
vitamin D3 552, 600, 717, 738
vitamin E defi ciency 352, 355, 422
vitamin K 292
vocalisations 83
volatile anaesthetics see inhalation 

anaesthetics
voles 370–8

anaesthesia 376
behaviour and welfare 377–8
blood samples 376
diseases 377
dosing and injections 376
euthanasia 376–7
food and water 372
general biology 370
housing, environment, hygiene 371–2
identifi cation 373
reproduction and breeding 370–1, 

373–4
sexing 373
sources of supply 371
transport and handling 375, 375–6
uses in laboratory 371
vaginal smears 376
weaning and rearing 374–5
wild 236–7, 370, 371, 377
see also water voles

Vulpes vulpes see foxes, red

wall-pawing 413
walls 130
wasting marmoset syndrome (WMS) 558
Watanabe heritable hyperlipidaemic 

(WHHL) rabbit 399, 403
water, drinking 130

in cage traps 98
delivery systems 130, 131
gelled sources 174
during transportation 173–4, 174
wild mammals 236

water voles (Avicola spp.) 94, 243, 370
weasels 100, 241, 243
weaving 541
weight loss

marmosets and tamarins 558
sheep and goats 521–2
during transportation 174, 175

Weil’s disease 232
welfare

concepts 76
containment systems and 147–51, 152, 

153–5
contingent harms 13–15
direct harms 13, 15–18
enrichment and 137, 138
genetically modifi ed mice 61–2
importance of 1, 5, 76–7
nutrition and feeding and 183–92
staff responsibilities 77
training methods and 207–8
transportation and 170–5
wild animals 93–102

Welfare Aspects of Transgenic Animals 
(1995 EU Workshop) 62

welfare assessment 12–13, 76–87
behavioural measures 82–4

brain measures 84
genetically modifi ed mice 62
pain assessment 85–6
physical and physiological 

measures 79–82
preference and motivation for resources 

tests 84–5
resource input measures 79
routine monitoring 78, 78–9
score-sheet based 62
toolbox 76, 77–86
wild mammals 234–5

well-being 76
assessing 12–13
see also welfare

Welsh Mountain pony 526
wet-tail 355, 356
whiskers, sampling 100
Whole Mouse Catalogue 73
Wilcoxon two-sample rank sum test 31
wild animals/mammals 1, 231–43

anaesthesia 99–100, 100, 242
arrival at animal unit 234
capture see capture of wild animals
euthanasia 102, 102, 243
fi eld studies see fi eld studies of wildlife
handling 99, 99, 235–42
health and welfare monitoring 234–5
housing 235–42
human health hazards 232–3
laboratory-based studies 231–2
laboratory procedures 242–3
licences 104–5
management 92–3
marking 101–2, 242
precautions 233
release 102, 103–4, 231
sampling methods 100–1, 101, 243
transport to animal unit 233–4
treatment of disease/injuries 102, 103

Wildlife and Countryside Act 1981 
(WCA), UK 104

Wild Mammal Protection Act 1996, 
UK 104

windows 129, 134
wind-sucking 541–2
wing-tags/bands 644, 663
Wistar rats 312, 312–13, 313, 314
within-animal experiments 25, 32
wood chewing 541
wooden shipping containers 171, 177
wood mouse (Apodemus sylvaticus) 236–7, 

237
World Congresses on Alternative and 

Animal Use in the Life Sciences 20
World Organisation for Animal Health 

(OIE) 108, 175
worms see parasites
wrasse 770–1

X chromosome 37, 59
paternal inactivation 250

xenografting studies 250
Xenopacarus africanus 757, 758
Xenopus 742, 747–59
Xenopus laevis 741, 747–59

administration of substances 753

anaesthesia 755
behavioural issues 758–9
diet and feeding 747, 750
ecology and physiology 747
environmental enrichment 749
euthanasia 755
handling 752–3
health problems 755–8
housing 747–9, 751
identifi cation and marking 753, 754
laboratory maintenance 747–50
monitoring 753
quarantine 755
rearing of tadpoles 752
reproduction 752
safety considerations 753–4
temperature conditions 749–50
transport 755
use in laboratory 742–3
water changes 750–2, 751

Xenopus tropicalis 747

Y chromosome 37, 59
yellow-necked mouse 236–7
Yersinia enterocolitica 572
Yersinia pseudotuberculosis 572
young animals

effects of fi eld studies 94
transportation 170

ZEBET 20
zebra fi nch 674–84

abnormal behaviour 684
administration of substances 682
anaesthesia and analgesia 682–3
behaviour 675–6
biological data 675
breeding 681, 681–2
diseases 683, 683–4
enclosures 677, 677
environmental provisions 677–8
euthanasia 683
feeding 678–9
handling 682
health monitoring and quarantine 680
husbandry 677–82
hygiene 680
identifi cation 679
lifespan 674
natural history 674, 675
physical environment 679–80
physiological monitoring 682
reproduction 675
sexing 675, 679
size range 674
social housing 679
social organisation 674–5
sources and supplies 676
training and habituation 682
use in research 676, 676–7
water 679

zebrafi sh 763, 764–5
genetics 37
health management 772, 773, 774
husbandry 770

zockor 359
zoonoses 232–3


