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Abstract

Archaeological research on Neanderthal diets has the potential to contribute to our

understanding of present-day human health and nutrition. Neanderthal diets can be

reconstructed on the basis of stable isotope ratios, as well as dental calculus samples and

faecal biomarkers, providing analogous data for non-archaeologists to engage with.

Interdisciplinary research on Neanderthals from Late Pleistocene Europe in particular

deepens our understanding of current human population health, aligning the interests of

archaeology with that of medicine and food policymakers.
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Introduction

Neanderthal studies began more than 150 years ago with the discovery of a skullcap and

partial skeleton at Neander Valley, Germany. This discovery led to the classification of

Neanderthals as part of the genus Homo (King 1864), laying the foundations for decades of

research to build upon. The reasons for focusing on Neanderthals relate to the stories they

have to tell us about our evolutionary history.

The key motivation for writing this dissertation is to explore how Neanderthal studies can

benefit current human populations. In relation to Neanderthal diets, there is potential for

interdisciplinary research to provide essential information about the evolution and health of

our own species, as well as inform our understanding about past environments in Europe

during periods of environmental change such as the Late Pleistocene (Bocherens 2011).

Information about past environments is all the more important in light of present-day

concerns about climate change and its effect on landscapes, sea levels, and patterns of

precipitation around the world (RS and USNAS 2014; see also Carlsson-Kanyama and

González 2009). With this in mind, the research questions for this dissertation are:

1. In Europe, what archaeological evidence is there for Neanderthal diets during the Late

Pleistocene and how has that evidence been interpreted?

2. How can archaeological accounts about Neanderthal diets contribute to the health and

well-being of current human populations?

3. What are the possible directions for Neanderthal research moving forward?

In order to answer the research questions outlined above, this dissertation presents a

synthesis of recent findings about Neanderthal diets in Late Pleistocene Europe. The piece

begins with an overview of who Neanderthals were, why they’re important, and how their

species lies at an intersection between medical and archaeological science. What follows is
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a review of past and current research methods for appraising Neanderthal-related material.

The subsequent discussion features published stable isotope data for Late Pleistocene

Neanderthals; however, statistical analysis of the data, as well as findings from dental

calculus deposits and faecal biomarkers, support a reconsideration of the published

material.
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Chapter 1 Neanderthals: a primer

Who, where, and when were the Neanderthals?

Homo neanderthalensis, referred to hereafter as Neanderthals, played a significant role

in our evolutionary history. Neanderthal-like traits began to emerge in hominins as early as

400,000 years ago and became fully developed in the Middle and Late Pleistocene (Bischoff

et al. 2003). Their geographic distribution through time was substantial, concentrated

predominantly in Europe and parts of western Asia (Krause et al. 2007; Figures 1, 2, and 3).

The species inhabited mainland Europe up to approximately 40,000 years ago at which time

their numbers dwindled (Higham et al. 2014); however, radiocarbon evidence from Gibraltar,

Spain suggests that members of the species survived in refugial areas until 28,000 years

ago (Finlayson et al. 2006). Of note were the interbreeding events that occurred between

Neanderthals and Homo sapiens, introducing Neanderthal DNA into our genome (Green et

al. 2010; Prüfer et al. 2014). Neanderthal DNA has been shown to influence a wide range of

clinical traits in current human populations, including susceptibility to depression, actinic

keratosis, hypercoagulation, and narcotic use (Simonti et al. 2016). Therefore, an

understanding of Neanderthal physiologies and diets is important for both archaeological

and medical research moving forward.
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Figure 1: Neanderthal geographic distribution reconstructed on the basis of hominin fossil remains (from Fiorenza et al. 2015:44; see also Krause et al.

2007:903, fig. 1). Note the concentration of sites found in Europe in comparison to that of western Asia. The suggestion therein is that Europe was more

densely populated by Neanderthals than any other region; however, this could be an artefact of differential preservation between regions, as well as a

reflection of what areas have and have not been investigated. For the time being, Europe holds the most material for the archaeological study of Neanderthals.
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Figure 2: (A–C) Maps of Europe illustrating the different palaeoenvironments during the Late Pleistocene (modified from Fiorenza et al. 2015:46–48).

Dates are approximate. (A) MIS 5e: 125,000 – 120,000 BP (B) MIS 4: 65,000 BP (C) MIS 3: 39,000 – 36,000 BP
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Figure 3: Oxygen isotope data derived from the LR04 stack of Lisiecki and Raymo (2005). Higher temperatures and higher sea-levels are represented at the

upper end of the scale; while lower temperatures and lower sea-levels are represented at the lower end (original graph is modified from Railsback 2015).

LGM: Last Glacial Maximum. PGM: Penultimate Glacial Maximum.

Note: the numbers on the graph (e.g., 5e, 4, 3a) relate to alternating warm and cold periods referred to generally as Marine Isotope Stages (MIS).
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Why Neanderthals and why now?

The genetic relatedness between Neanderthals and Homo sapiens make the former a

crucial resource from which tentative inferences about current human population health can

be drawn (Green et al. 2010; Harris and Nielsen 2016; McCoy et al. 2017; Sankararaman et

al. 2014, 2016; Voight et al. 2006). Medical specialists normally conduct clinical trials and

metabolic ward studies in order to generate data (e.g., Aune et al. 2016, 2017; Craig and

Mangels 2009; Cross et al. 2016; Jackson et al. 2016; Wang et al. 2014); while

archaeologists instead turn to the past for answers (e.g., Warinner et al. 2015b). Yet the

interests of the two parties have intersected before.

Abrams (1979) served as a case in point for the intersection between medical and

archaeological science. Publishing their findings in the Journal of Applied Nutrition, Abrams

(1979) examined data related to Australopithecines and to Homo species in order to

determine the basic physiological needs of current human populations. The approach was

simple: investigate foods that our ancestors consumed. Though Abrams (1979:44) focused

predominantly on hunter-gatherer lifestyles (e.g., Hooper et al. 2015), the chronological

framework – a timespan of four million years – was too conservative. Abrams (1979) also

overlooked the importance of carbohydrates (i.e., plants) in human evolution (contra Kay

1977; see also Hardy et al. 2015).

The nutritional requirements and digestive physiologies of current human populations, as

well as Neanderthals, can be inferred not only from the archaeological record, but also from

non-archaeological material. Primatological studies, for example, support the interpretation

that the ancestral line (Hominoidaea), from which Neanderthals and Homo sapiens descend,

was strongly herbivorous (Milton 1981, 1999a, 1999b, 2000a, 2000b, 2002; Milton and

Demment 1988). This interpretation does not refute our shared ability among the higher

primates to subsist on both plant- and animal-based foods. Rather, cross-species
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comparisons challenge archaeologists to critically assess an archaeological record in which

plant remains are poorly represented (Day 2013).

To account for the poor representation of plant remains in the archaeological record,

Tyldesley and Bahn (1983) proposed that skeletal remains were essential to palaeodietary

reconstructions. The authors pieced together previously separate strands of evidence, such

as wood and tools, fruit and nuts, and cereals, into a cohesive web of indirect clues for

hominin subsistence behaviours in the past (Tyldesley and Bahn 1983:53–55, 57–58). Lithic

material and faunal assemblages can also indicate what hominins ate (e.g., Binford 1981;

Blumenschine et al. 1987; Brain 1981; Marean and Assefa 1999; Moncel 2011; Speth and

Tchernov 2001). But, where ‘lack of preservation prevents a more accurate assessment of

the relative contributions to diet of meat and plants’ (Tyldesley and Bahn 1983:58), the

authors argued that skeletal evidence was more direct. This idea is central to discussions

about Neanderthal diets in Europe during the Late Pleistocene.
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How Neanderthals ate and why it matters from a medical perspective

Sorensen and Leonard’s (2001) paper, for me, exemplified the convergence between

archaeological science and medicine. The authors began with acknowledging the following

paradox: Neanderthals were assumed to be inefficient foragers (Binford 1989, 1992; Soffer

1994; Trinkaus 1986, 1989), but their skeletal robusticity suggested higher activity levels,

and thus higher energy requirements, compared to current human populations (Abbott et al.

1996; Ruff et al. 1993, 1994; Trinkaus 1989:55). First, faunal evidence from Middle and Late

Pleistocene sites in France, Germany, and Russia proved that Neanderthals had been

proficient top-level hunters (Chase 1989; Gaudzinski 1996; Gaudzinski and Roebroeks 2000;

Marean and Kim 1998; Speth and Tchernov 1998). Stable isotope analysis of Neanderthal

remains from Spy Cave in Belgium and Vindija Cave in Croatia corroborated the faunal

evidence, suggesting that the Neanderthals from those sites had obtained protein almost

exclusively from animal-based foods (Bocherens et al. 1999; Richards et al. 2000).

After establishing that Neanderthals had been efficient hunters and foragers, the authors

turned to the second part of the paradox: that Neanderthal skeletal robusticity suggested

higher energy requirements than those for current human populations. Sorensen and

Leonard (2001:484–487) determined the energy requirements for Neanderthals by starting

with basal metabolic rates that were derived from body weight estimates for humans (from

FAO/WHO/UNU 1985). Sorensen and Leonard (2001:487–490) then used the approximate

energy requirements – ranging from 3000–5500 kcal/day – to predict the foraging efficiency

needed to survive an active hunter-gatherer lifestyle. Their results were comparable to those

observed among living hunter-gatherers (Table 1), suggesting that Neanderthals did not

have higher energy requirements in comparison to current human populations. There are

problems with the study though: the authors’ use of body weight estimates for living humans

was inappropriate; estimating Neanderthal skin surface area would have generated more
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accurate basal metabolic rates in Neanderthals (Churchill 2007). Yet Sorensen and Leonard

(2001) succeeded in demonstrating that Neanderthal research can help answer questions

about the diets, health, and activities of present-day humans (Table 1). Integrating

archaeological science with medicine, however, requires an awareness of current debates in

the medical literature.

Robson (2009:135) summarised an important focus of current medical research:

‘What the world needs is an integrated and sustainable food policy […] to promote health

and help prevent disease.’

But, a global food policy requires a consensus which is lacking. If we refer back to Abrams

(1979), it becomes clear why. Indian populations were criticised for their low intake of animal

protein (Abrams 1979:55); while the food choices and lifestyles of the Greenland Inuits were

viewed as conducive to good health (Abrams 1979:55–56; contra more recent findings from

Bjerregaard et al. 2004; Jørgensen et al. 2008). Yet univariate explanations for good health

in a given population fail to account for all the influencing factors and variables. Vegetarian

diets in India, for instance, have been shown to have beneficial effects due to a greater

intake of carbohydrates (i.e., plants) and micronutrients (e.g., vitamin C and folate) and a

lower consumption of fat and protein compared to non-vegetarian diets (Shridhar et al. 2014).

On the other hand, morbidity in south Asians can be increased as a result of ‘thin-fat

syndrome’ which is caused by the excessive consumption of plant oils rich in omega-6 fatty

acids (Kurpad et al. 2011). Population studies, as is the case for archaeological studies,

must account for multiple variables if they are to be effective in elucidating the relationship

between diet and health.
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Robson (2009:135) offered a nuanced approach by promoting a greater awareness

about human nutritional requirements and showing how these requirements can be met by

eating ‘nutrient-dense, low-energy-dense’ foods. Take normal brain function and hormone

production as examples. They are dependent on access to bioavailable brain nutrients, the

three most important of which are the omega-3 fatty acids: docosahexaenoic acid (DHA) and

eicosapentaenoic acid (EPA); and the omega-6 fatty acid: arachidonic acid (AA) (Robson

2009:136). There is also a third type of omega-3 fatty acid called α-linolenic acid (ALA)

which is derived from plants as opposed to animals. But, Robson (2009:136) argued that

plant-derived ALA was an inferior substitute for DHA. Contrast this opinion with that of

Sanders (2009) who demonstrated that the conversion of dietary ALA to DHA in the human

liver was sufficient to meet omega-3 fatty acid requirements. Aside from the apparent bias

against plant foods, Robson (2009) was successful in arguing that specific foods can

prevent diet-induced disease in humans. Archaeological evidence supports a similar idea:

that plant carbohydrates and plant-derived fatty-acids were important for hominin evolution

and for health in general (Hardy et al. 2015; Langdon 2006; Sponheimer et al. 2013). Here

the interests of the two parties, medical and archaeological, intersect again. Archaeological

accounts about Neanderthal diets, and the diets of other hominin species, can serve to open

an interdisciplinary dialogue about current human population health, enabling archaeologists

to comment on and contribute to global food policies.
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Chapter 2 Neanderthal diets: literature review

Review of past research

The prevailing narrative for Late Pleistocene Neanderthals is that they were top-level

carnivores who practised a meat-based diet, consuming the meat of large herbivores and a

small amount plant food to survive (e.g., Bocherens 2011; Bocherens et al. 1999, 2005;

Richards and Trinkaus 2009; Richards et al. 2000). The basis for this narrative includes the

archaeological analysis of faunal remains and tool technologies from Neanderthal sites, as

well as the stable isotope analysis of Neanderthal remains. Before turning to the stable

isotope ratios of Neanderthals, and to the dental calculus and faecal biomarker studies,

there are two types of evidence for the diet-related behaviours worth reviewing: dental wear

patterns and lithic material. These two, taken together, demonstrate the potential for

flexibility in Neanderthal diets; flexible subsistence strategies become important when

discussing other types of evidence.

Dental wear patterns

Dental wear patterns on Neanderthal teeth can help to determine diet-related behaviours.

Puech (1981), for example, appraised dental wear present in two Neanderthals from La

Ferrassie, Dordogne, France (see also Wallace et al. 1975). Puech (1981:424) asked what

types of dental wear indicated food consumption and what types of wear were a direct result

of ‘paramasticatory activities’ such as holding, gripping, clamping, cutting, or grinding with

one’s teeth? Puech (1981) concluded, on the basis of severe wear on La Ferrassie I’s teeth,

that Neanderthals were using their teeth in fundamentally different ways to other Homo

species (Brace 1975). Similar studies argued that the unique morphology of Neanderthal

anterior dentition was an adaptation to the heavy use of incisors and canines for processing

fibrous food, for paramasticatory activities, or for both (Antón 1994; Boule and Vallois 1957;
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Brace 1962; Brace et al. 1981; Coon 1962; Demes 1987; O’Connor et al. 2005; Smith 1976;

Smith 1983; Trinkaus 1983). If Neanderthals developed distinctive dental wear patterns, the

mastication of plant fibres was likely a contributing factor (El Zaatari et al. 2011).

But, assessing the rate of dental wear between groups of fossils is problematic. What

previous studies failed to account for were discrepancies between individuals of varying

ages-at-death and the corresponding level of dental wear. Clement et al. (2012) addressed

the difficulties in comparing patterns of dental wear between Late Pleistocene Neanderthals.

To account for variation in age and dental wear, they expressed anterior tooth wear and

posterior tooth wear as a ratio for individual specimens. Their findings did not support

previous interpretations. Clement et al. (2012:367) instead reported that ‘all Late Pleistocene

hominins habitually applied heavy forces between their anterior teeth’. On the basis of dental

wear patterns, Clement et al. (2012) demonstrated that the diet-related behaviours of

Neanderthals were not so different to other hominins.
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Lithic material

Lithic material is another resource from which the diet-related behaviours of

Neanderthals can be inferred. Hardy and Moncel (2011), for instance, performed lithic

residue and use-wear analyses analyses on Neanderthal tools from Payre, Ardeche, France.

Neanderthals frequented this site between 250,000 and 125,000 years ago (Moncel et al.

2002; Valladas et al. 2008). In relation to dietary information, the results of a microscopic

analysis of 182 stone tools from Payre showed the processing of fish, bird, and other animal

tissues, as well as the processing of plant material. Hardy and Moncel (2011) demonstrated

a broad-based subsistence for Neanderthals, one that was dependent on both animal and

plant consumption; moreover, they documented this flexible behaviour in Middle Pleistocene

Neanderthals. It stands to reason that Neanderthals in Late Pleistocene Europe would have

retained a degree of flexibility in their diets.
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Review of current practice

The following is a review of key principles related to three types of evidence which are

central to discussions about Neanderthal diets: stable isotopes, dental calculus, and faecal

biomarkers.

Stable isotopes: what they are

Stable isotope analysis is an established method for reconstructing Neanderthal diets.

Fiorenza et al. (2015:51, fig. 6) summarised the steps involved: the sampling, extraction, and

analysis of bone collagen, for example, follow a modified Longin method (Longin 1971),

though an added step known as ultrafiltration is possible to perform (Brown et al. 1988);

however, the reliability of bone collagen is subject to strict criteria (Bocherens 2009:242).

The results from bone collagen, if reliable, can be discussed in light of the archaeological

and environmental contexts from which they derive.

But, what are stable isotopes? Isotopes are alternative forms of the same element. They

have the same number of protons, but a different number of neutrons in their nuclei resulting

in different atomic mass numbers. The most common elements that comprise food

macronutrients (e.g., carbohydrates) are hydrogen, carbon, nitrogen, and oxygen, all of

which have isotopes (Schoeninger 2010:446). The ratios between carbon and nitrogen

isotopes (i.e., δ13C, δ15N) are particularly useful for dietary reconstructions, because the

isotope ratios within organisms change as a result of food intake (Tykot 2004:434-436). The

transfer of carbon and nitrogen isotopes from one organism to another is known as

fractionation (Figure 4). Understanding how this process works is essential for stable

isotope analysis, as is an awareness of how different environmental factors, such as the

canopy effect and aridity (Heaton et al. 1986; van Klinken et al. 1994), can influence the

results (Figure 5).
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Figure 4. Schematic representation of carbon and nitrogen isotope fractionation, showing how the

consumption of C3 and C4 plants (central panel) can affect the isotope ratios in animal tissues (from Lee-Thorp

and Sponheimer 2006:135; see also Tykot 2004:435, fig. 1). The schematic also illustrates the mean

differences in nitrogen isotope ratios between steps in the nitrogen cycle (right panel). Results from bone

collagen and apatite differ because they reflect different aspects of consumer diets; collagen indicates dietary

protein intake, whereas apatite indicates the dietary intake as a whole, including carbohydrate, lipid, and

protein sources (Kellner and Schoeninger 2007).

Note: for plants that follow the C3 pathway (e.g., herbaceous plants and trees), the average δ13C values are

−26 to −28 parts permil (‰); while for plants that follow the C4 pathway (e.g., tropical and salt grasses), the

average value is around −12‰ (O’Leary 1988; Schoeninger 2010:447). The accumulation of 13C will be more

pronounced in animals consuming more C4 plants than C3 plants (Schoeninger 2010:447). In addition, the δ13C

and δ15N values in plants will fluctuate due in part to changing environmental conditions, such as the amounts

of CO2 and sunlight available to them (refer to Figure 5). What is important to note here is that there were no

edible C4 plants in Late Pleistocene Europe (Richards and Trinkaus 2009). C3 plants were predominant.
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Figure 5: Basic demonstration of the different stable carbon and nitrogen isotope ratios of terrestrial and marine organisms (modified diagram is from Svyatko

2008, but original diagram is from Schulting 1998).

Note: δ13C and δ15N values are for flesh in this diagram. For bone collagen values, add 5‰ to δ13C. δ15N values for flesh and bone collagen are about the same.
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How we know what stable isotopes indicate

Stable isotope analysis started with animal studies. DeNiro and Epstein (1978), for

example, performed analyses on the soft and hard tissues of animals. They demonstrated

that δ13C values in animal tissues correlate positively with the δ13C values in their food; the

same was demonstrated for δ15N values in animal tissues (DeNiro and Epstein 1981; Hare

et al. 1991). Krueger and Sullivan (1984) later proposed a model to describe the relationship

between the δ13C values found in the hard tissues of animals and the δ13C of their diets.

Their use of published data from wild fauna and from archaeological hominins was an

effective method, serving as the proof-of-concept for future stable isotope research. What

Krueger and Sullivan (1984) produced was the ‘routing model’: the δ13C values in bone

collagen (δ13Ccollagen) relate to dietary protein intake; while the δ13C values in bone apatite

(δ13Capatite) relate to the intake of carbohydrates, lipids, and proteins, or ‘total energy’ intake

(δ13Cdiet). Kellner and Schoeninger (2007) performed a meta-analysis of experimental data

from rats, mice, and pigs, in order to test the routing model. Their results confirmed the

previous conclusions with one amendment: if used independently, the δ13C values in

collagen and in apatite do not produce accurate reconstructions of the diet as a whole. But, if

compared, δ13Ccollagen and δ13Capatite are promising resources for reconstructing δ13Cdiet.

These are established principles that Neanderthal stable isotope studies are founded upon.

What remains debatable is how accurate routing models for animals are if applied to

archaeological hominin remains.

How to use stable isotopes for reconstructing Neanderthal diets

How have stable isotopes informed discussions about Neanderthal diets? The prevailing

narrative has been mentioned before, but the basis for this interpretation can be sketched

here. Bocherens (2011), for instance, summarised direct evidence for the preferred prey of
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two Neanderthals which dated to MIS 3: one from Saint-Césaire, France and one from Spy

Cave, Belgium. Their argument rested on stable isotope analyses of the two Neanderthals

and the associated faunal remains, suggesting that larger mammal species, such as

mammoth and woolly rhino, were principal sources of protein for the two Neanderthals in

question. Gaudzinski and Roebroeks (2011:64) produced a similar argument, though they

included an important addendum:

‘animal remains are indirect measures of past diets at best, as they may relate to single

events or activities typical of specific parts of a landscape only.’

In other words, integrating stable isotope data with other pieces of evidence is problematic

(Bocherens 2011:76–79; Lee-Thorp and Sponheimer 2006:135–143)

What are the advantages of stable isotope analysis? First, the results relate to individuals

and not a larger group, which means the results for individuals of different ages, sexes, and

origins can be compared (Tykot 2004:433–434). What follows are comparisons that can be

inter-site, inter-regional, and diachronic. Similar applications of isotope analysis have been

performed successfully on a number of Neanderthal and early modern human samples in

Europe (Beauval et al. 2006; Bocherens et al. 2001, 2005; Fizet et al. 1995; Richards and

Schmitz 2008; Richards et al. 2000, 2001a, 2008; Trinkaus et al. 2009). Second, the skeletal

material from which isotopic data is derived tends to be robust. Reliable results have been

obtained from very small samples that were millions of years old (Klein 2013; Lee-Thorp et al.

1989).

Yet the contention about isotope analysis and its contribution to palaeodietary

reconstructions relates not to the method, but to the interpretation of isotope ratios such as

δ13C and δ15N (Makarewicz and Sealy 2015). There are practical difficulties, for example, in

determining the trophic level of Neanderthals based on their isotope ratios (Schoeninger

1985). Nitrogen can only be obtained from skeletal tissues that retain protein such as bone
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collagen (Hedges and Reynard 2007:1241–1243). Yet even if reliable bone collagen is

present, researchers do not agree on what effects diet has on nitrogen isotope ratios:

Pearson et al. (2003) and Sponheimer et al. (2003a, 2003b) proposed that high protein diets

result in higher δ15N values; while Robbins et al. (2005) suggested the opposite. The

uncertainties about what isotope ratios indicate are enough to question how accurate

previous studies were in their representation of Neanderthal diets in Late Pleistocene

Europe (e.g., Bocherens et al. 1999, 2005; Richards et al. 2000).
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Dental calculus: what it is

Dental calculus is the product of several processes, but oral bacterial species, sugars,

and saliva are essential to calculus formation (Figure 6). For example, salivary compounds

and enzymes can breakdown starch into simple sugars which bacteria then metabolise

(Marcotte and Lavoie 1998; Roberts 1979). The bacteria form a film that adheres to the

surface of the teeth. Calcium phosphate mineral salts rapidly replace the bacteria resulting in

plaque formation and then calcification, trapping microorganisms and micro-debris in situ

(Hillson 2005; Weyrich et al. 2015:119; White 1997; see also Figure 7). Calculus can form

above and below the gingiva, referred to as supra- (above) or sub- (below) gingival calculus

respectively (White 1997). Calculus formation is exacerbated by poor oral hygiene, but also

by genetic pre-dispositions, by the consumption of carbohydrates, and even by the simple

act of chewing (Al-Zahrani et al. 2004; Arensburg 1996; Dawes 1970; Dawes et al. 2015;

Gaar et al. 1989; Humphrey and Williamson 2001; Lieverse 1999; Lieverse et al. 2007).

In addition to trapping microorganisms, the calculus preserves remnant food debris

(Henry and Piperno 2008; Henry et al. 2011; Warinner et al. 2014). Dental calculus has even

been found on teeth from Miocene and Pliocene deposits (Blumenschine et al. 2003;

Hershkovitz et al. 1997), preserving material that was 9.3 and 1.84 million years old

respectively. Furthermore, calculus formation ceases at death, which means inclusions of

debris after death are unlikely to happen (Middleton and Rovner 1994). Dental calculus thus

preserves an antemortem record of the oral microbiome and of the microscopic debris (e.g.,

food, pollen, grit) that came into direct contact with the surface of faunal and hominin teeth

(Buckley et al. 2014; Blondiaux and Charlier 2008; Dobney 1994; Dobney and Brothwell

1987; Hardy et al. 2012; Vandermeersch et al. 1994).
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Figure 6: The particles and biomolecules that not only affect dental calculus formation, but can also become

incorporated and preserved within the calculus matrix (from Metcalf et al. 2014:322).

Figure 7. Dental calculus that formed on an upper molar of a Neanderthal individual, El Sidrón, Spain (original

image is credited to the Paleoanthropology Group MNCN-CSIC; see also Weyrich et al. 2017).
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How we know what dental calculus indicates

The proof-of-concept studies for dental calculus were first performed on samples from

cattle, sheep, and horse teeth (Armitage 1975). Oral phytoliths, the silica component of plant

cells, were present in these animal samples, prompting further archaeological research.

Dobney and Brothwell (1986, 1987, 1988), for instance, practised macroscopic

quantification and description of dental calculus (see also Belcastro et al. 2007; Hillson 2000;

Humphrey et al. 2014; Jankauskas and Palabeckaite 2006; Keenleyside 2008; Lillie 1996).

Macroscopic analysis, however, is limited by the number of dental calculus deposits present,

especially in cases where deposits detach from the tooth surface and become lost

postdepositionally (Buikstra and Ubelaker 1994), creating a biased sample. On the other

hand, microscopic analysis generates high resolution images, enabling the identification of

food particles and in situ microorganisms found in dental calculus samples even under

circumstances where calculus deposits are few in number (Charlier et al. 2010; Dobney

1994; Power et al. 2014).

Previous microscopic-based research on dental calculus worked under a crucial

assumption: that much of the preserved material inside the samples represented food

consumed, offering insight into what items were intentionally eaten in the past (Radini et al.

2016a, 2016b). Yet dietary information obtained from calculus samples is not as

straightforward as originally assumed (Hillson 1979; Lillie and Richards 2000; Meiklejohn

and Zvelebil 1991). There is now an increasing awareness of how debris from

non-dietary-related sources can become embedded in the dental calculus matrix (Beck and

Torrence 2006). Accidental inhalation or ingestion of non-dietary debris, oral hygiene

practices, and paramasticatory processes are just some of the pathways through which

particles enter and remain inside the mouth (Blatt et al. 2011; Blondiaux and Charlier 2008;

Buckley et al. 2014; Charlier et al. 2010; Hardy 2016; Hardy et al. 2017).
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It is worth mentioning here that dental calculus has also been used for stable isotope

analysis in addition to bone collagen (Scott and Poulson 2012); however, Salazar-García et

al. (2014) demonstrated that there is no correlation between isotope ratios found in bone

collagen and in bulk dental calculus. Dental calculus samples are thus unsuitable for use in

stable isotopes studies. Their use in stable isotope analysis will only result in the destruction

of the sample and the loss of valuable microscopic remains without much benefit in return.

How to use dental calculus for reconstructing Neanderthal diets

Dental calculus preserves direct evidence of foods eaten as opposed to stable isotopes

which only reflect sources of protein or which only provide an imprecise measure of ‘total

energy’ intake (i.e., from δ13Capatite only). Entrapped food particles are useful for answering

questions about diet, environment, and disease in the past. Recent discussions of dental

calculus deposits have focused on ancient humans and Neanderthals in particular (Henry

and Piperno 2008; Henry et al. 2011; Li et al. 2013; Piperno and Dillehay 2008; Wesolowski

et al. 2010). Yet the weaknesses of dental calculus studies lie in the analytical and

identification techniques involved, because they are difficult to perform accurately. To

analyse plant microfossils trapped within dental calculus, for example, the sample must be

submerged in water; however, there are risks of contamination and de-calcification of the

sample as a consequence of submersion (Henry et al. 2014:46–48). The analysis part is not

without flaws either: identifying starch grains and phytoliths to the species level, for instance,

is nearly impossible on account of the structural similarities between vastly different species

(Hardy et al. 2009).

Similar to studies based on stable isotopes, there are also concerns about how much of a

person’s diet is represented in dental calculus deposits given the complex formation

processes (Hillson 2005; Lieverse 1999; Marcotte and Lavoie 1998). The use of dental
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calculus deposits for indicating Neanderthal diets must be accompanied by a robust

understanding of the different pathways through which debris becomes incorporated into the

dental calculus matrix. Accounting for the variation between samples will then lead to more

accurate identifications, descriptions, and interpretations of the contents of dental calculus

deposits (Radini et al. 2017; see also Buckley et al. 2014; Hardy et al. 2012; Horrocks et al.

2014; Wang et al. 2015; Warinner et al. 2014, 2015a, 2015b; Weyrich et al. 2015, 2017 for

examples of good practice).
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Faecal biomarkers: what they are and their potential uses

Faecal biomarkers are measurable indicators of biological processes; some are the

result of microbial action, but most can be traced to hominin and animal waste (Bull et al.

2002; Sistiaga et al. 2014b). Sterols and stanols are lipids that remain relatively stable after

consumption, making them ideal faecal biomarkers to trace (Floate 1970; Peters et al. 2005;

Sistiaga et al. 2014a). 5β-stanols, for example, result from the metabolic reduction of

cholesterol and phytosterols in mammals; these stanols have been shown to indicate dietary

preferences (Bull et al. 2002; Macdonald et al. 1983). The process by which sterols and

stanols are converted is still poorly understood, though several microorganisms have been

identified as potential influencing factors (Eyssen et al. 1973; Freier et al. 1994; Gérard 2014;

Gérard et al. 2007; Ren et al. 1996; Velga et al. 2005). Faecal biomarkers hold great

promise then for elucidating the interaction between microorganisms and their hosts.

Identifying Neanderthal faecal matter remains a challenge, because preservation and

excavation conditions differ between sites. But, once more samples are found, they will be a

valuable tool for palaeodietary reconstructions (Bryant and Dean 2006:58–60). The

application of faecal matter analysis to archaeological contexts has been successful already

(Bull et al. 2002; D’Anjou et al. 2012; Evershed et al. 1997; Gülacara et al. 1990; Lin et al.

1978; Sistiaga et al. 2014a), leading to a deeper understanding of diets that were specific to

past individuals; however, this research is still relatively new. The small number of

Neanderthal faecal samples that are available provide tentative evidence for aspects of

Neanderthal diets such as meat and plant consumption (Sistiaga et al. 2014b).
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Chapter 3 Materials and methods

The published stable isotope data for Neanderthals and fauna from Late Pleistocene

Europe created the opportunity for me to critically assess the prevailing narrative about

Neanderthal diets. Bocherens (2003) and Fabre et al. (2011) provided the bulk of the raw

data, though their datasets had to be compiled and formatted to suit the statistical analysis

outlined below (refer to Table 2 and Table 3 for compiled data). Their datasets also had

several problems which were not possible to fix. One, the authors derived their data from

Neanderthal and faunal bone collagen only. Best practice would be to correlate results from

bone collagen with that of bone apatite (Kellner and Schoeninger 2007). Two, the number

and the types of fauna at Neanderthal sites differed, restricting which Late Pleistocene

Neanderthals were suitable for dietary analysis (Bocherens 2011). Three, the format of

published isotope ratios from Bocherens (2003) was drastically different to Fabre et al.

(2011), especially in relation to their supplementary material. Neanderthal research seems

to lack a standardised format for stable isotope ratios, though an open-access, communally

curated database could solve this problem (refer to Kristiansen 2014:17–18). In spite of the

complications, my statistical analysis of the published datasets provided tentative dietary

reconstructions for five Late Pleistocene Neanderthals.

To assess the relative contributions of different food sources to the isotope ratios of Late

Pleistocene Neanderthals, I applied FRUITS, a Bayesian mixing model, to a select few.

Fernandes et al. (2014) designed this model specifically for dietary reconstructions (e.g..

Sayle et al. 2016), though the application of mixing models to isotope data for Neanderthals

is not unusual. Bocherens et al. (2005) performed a similar analysis of the Saint-Césaire I

Neanderthal using a multi-source mixing model (from Phillips and Gregg 2003). My criteria

for selecting appropriate consumers and foods sources were the following: the Neanderthals

(consumers) and their associated fauna (food sources) had to be from the same site and
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period; and the food sources used in the mixing model had to be shared in common across

the chosen sites. Five Neanderthals from three sites in France fit the criteria. The sites:

Jonzac, Les Pradelles, and Saint-Césaire had Neanderthals with associated fauna and they

shared three types of associated fauna in common, including bovids, horses, and reindeer

(Table 3). The stable isotope data for the five Neanderthals and their associated fauna then

had to be entered into the mixing model.

In regards to the food sources, the mean of the δ13C and δ15N values from each faunal

type became the source values and the standard deviations became the ‘uncertainty’ values

(Table 3); the uncertainty values acted as the margins of error in this case. C3 plants

represented a fourth food source, but I lacked isotope ratios for plants from the Late

Pleistocene period. After referring to the rates of isotope fractionation previously

summarised in Figure 4, I reduced the bovid δ13C values by 5‰ and the bovid δ15N values

by 4‰ in order to estimate the isotope ratios for C3 plants (Table 3; see also Ambrose

1991:297-299; Hartman 2011:124; Jenkins et al. 2001:338).

There is precedent for inferring plant isotope ratios from bovid isotope ratios (Hoppe et al.

2006). But, bovid isotope ratios reflect the isotope ratios for C3 grasses which are, for bovids,

their primary food source. Assuming that Late Pleistocene Neanderthals (i.e., the consumers)

practised broad-based subsistence strategies, similar to their Middle Pleistocene

predecessors (Hardy and Moncel 2011), the plant isotope ratios should include high

uncertainty values in order to account for the consumption of different plant foods (El Zaatari

et al. 2011, 2016; Fiorenza et al. 2011; Sorensen and Leonard 2001). To determine the

uncertainty values, I referred to Schoeninger (2010:447–453) and their review of the typical

ranges of carbon and nitrogen isotope ratios for C3 plants. I halved the typical ranges

estimated by Schoeninger (2010:448, fig. 25.1) in order to be conservative. Hence, I

estimated the uncertainty values for the plant δ13C to be 4‰ and for the plant δ15N to be 3‰.
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In regards to the consumers (i.e., the five Neanderthals), I noted that the consumer

diet-body offset for δ15N was important for understanding the trophic level of the consumer

(Bocherens and Drucker 2003b; Hedges and Reynard 2007; Schoeninger 1985). First, I

assumed the consumer diet-body offset for δ13C to be 0. The (r) model developed by

Fernandes (2015) would be suitable for analysing sources of dietary carbon in consumers,

but sources of dietary nitrogen were more relevant to these experiments. Second, I used two

consumer diet-body offsets for δ15N in order to compare what difference the offsets made to

the results. 4.6‰ served as the ‘control’ offset; while 6.3‰ became the ‘radical’ offset (refer

to O’Connell et al. 2012). The mixing model generated ten box plots of the results: five using

the 4.6‰ offset (Figures 8a, 8c, 8e, 8g, 8i) and five using the 6.3‰ offset (Figures 8b, 8d,

8f, 8h, 8j).

One thing to note, however: Fernandes et al. (2014) recommended that expert prior

information (e.g., data from physiological or metabolic studies) be included in order to obtain

more precise dietary reconstructions. I lacked this expert information due to my inexperience.

Furthermore, my estimation of the C3 plant isotope ratios, and the uncertainty values, was

based on several assumptions that may prove to be incorrect. Though their precision is in

question, the results of the model emphasise that the consumer diet-body offset has

significant implications for the reconstruction of Neanderthal diets.

Findings from the stable isotope data and the mixing model then had to be compared to

other types of evidence, starting with dental calculus studies. The most comprehensive

dental calculus studies published to date include those led by Stephen Buckley, Mark

Horrocks, Anita Radini, Tingting Wang, Christina Warinner, and Laura Weyrich (Hardy 2016,

pers. comm.). The dental calculus studies of Neanderthal material, as well as faecal

biomarkers from Neanderthal contexts, formed a counterpoint to the stable isotope analyses

of Neanderthal and faunal bone collagen and to the results from the mixing model.
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Chapter 4 Results

In brief, the title of the box plots provides the consumer ID and data (i.e., the Neanderthal

and their isotope ratios with uncertainty values in parentheses). The boxes provide a 68%

confidence interval (corresponding to the 16th and 84th percentiles); while the whiskers

provide a 95% confidence interval (corresponding to the 2.5th and 97.5th percentiles). The

horizontal continuous line indicates the average, whereas the horizontal discontinuous line

indicates the median (50th percentile). The x-axis represents the food sources and the y-axis

represents the estimated percentage that each food source contributed to the overall diet of

the consumer.

Refer to the discussion below for a reconsideration of the isotope ratios for seventeen

Neanderthals from Late Pleistocene Europe (Table 2) and their associated fauna. The basis

for the reconsideration includes:

1. the Bayesian modelling of isotope ratios for five Late Pleistocene Neanderthals from the

same period and geographic area (Figures 8a–8j):

• S-EVA-2152.1 (Jonzac, France) – shortened to SEVA2152;

• M300 (Les Pradelles, France);

• M400 (Les Pradelles, France);

• M100 (Les Pradelles, France);

• RFB7000 (Saint-Césaire, France);

2. findings from the dental calculus deposits and faecal biomarkers of Middle and Late

Pleistocene Neanderthals.
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Figure 8a: Proportion of animal- and plant-based foods for S-EVA-2152.1. δ15N diet-body offset [‘control’]: 4.6‰ (refer to O'Connell et al. 2012).
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Figure 8b: Proportion of animal- and plant-based foods for S-EVA-2152.1. δ15N diet-body offset [‘radical’]: 6.3‰ (refer to O'Connell et al. 2012).
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Figure 8c: Proportion of animal- and plant-based foods for M300. δ15N diet-body offset [‘control’]: 4.6‰ (refer to O'Connell et al. 2012).
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Figure 8d: Proportion of animal- and plant-based foods for M300. δ15N diet-body offset [‘radical’]: 6.3‰ (refer to O'Connell et al. 2012).
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Figure 8e: Proportion of animal- and plant-based foods for M400. δ15N diet-body offset [‘control’]: 4.6‰ (refer to O'Connell et al. 2012).
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Figure 8f: Proportion of animal- and plant-based foods for M400. δ15N diet-body offset [‘radical’]: 6.3‰ (refer to O'Connell et al. 2012).
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Figure 8g: Proportion of animal- and plant-based foods for M100. δ15N diet-body offset [‘control’]: 4.6‰ (refer to O'Connell et al. 2012).
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Figure 8h: Proportion of animal- and plant-based foods for M100. δ15N diet-body offset [‘radical’]: 6.3‰ (refer to O'Connell et al. 2012).
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Figure 8i: Proportion of animal- and plant-based foods for RFB7000. δ15N diet-body offset [‘control’]: 4.6‰ (refer to O'Connell et al. 2012).
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Figure 8j: Proportion of animal- and plant-based foods for RFB7000. δ15N diet-body offset [‘radical’]: 6.3‰ (refer to O'Connell et al. 2012).
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Chapter 5 Neanderthal diets: discussion

Review of the isotopic evidence for Late Pleistocene Europe

Before discussing the results of the mixing model, it is important to take stock and

consider the actual number of Neanderthals for which there is isotopic evidence. For Late

Pleistocene Europe, there are measurements of δ13C and δ15N for seventeen Neanderthal

individuals from nine archaeological sites (Table 2; see also Figures 3 and 9 for

periodisation and map). These numbers are staggeringly low considering the extent of

Neanderthal presence in Europe during the Late Pleistocene; their occupation of the region

for that period lasted at least 100,000 years (Richards et al. 2001a).

Table 2 lists the data for each of the seventeen Neanderthals; while Table 3 summaries

the data for fauna from three French sites. Figure 9 on the other hand illustrates the wide

geographic range of Neanderthals in Europe during MIS 3, serving as a reminder of the

many types of environments that Neanderthals were able to inhabit successfully (see also

Figure 2). With this in mind, the seventeen Neanderthals are not enough to reconstruct

diet-related behaviours or determine food preferences for Neanderthal populations as a

whole, much less for the species; however, the seventeen can still be assessed individually

in order to obtain biographical information. Moreover, their isotope ratios can be compared in

order to explore the similarities and differences between individuals and between sites. The

following comparisons though will require the exclusion of several sets of measurements.
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Figure 9: Nine archaeological sites dated to the Late Pleistocene for which isotopic data has been retrieved from Neanderthal individuals (modified from

Fiorenza et al. 2015:48). These individuals inhabited: conifer woodland [COW], mixed conifer and deciduous forest [CDF], and shrub tundra [STU].

Note: the Scladina Cave Neanderthals (in blue) are dated to MIS 5; refer to Figure 2(A) for their palaeoenvironmental contexts.
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The reasons for excluding certain measurements are case-specific. NN 4 from Kleine

Feldhofer Grotte, for instance, lacked a measurement for δ15N (Schmitz et al. 2002); its

carbon isotope ratio must be excluded for this reason. In addition, Neanderthals 27801 and

64801 from Les Pradelles exhibited ‘ambiguous chemical compositions’, casting doubt onto

the reliability of their respective isotope ratios (Bocherens et al. 2005:76). The two Vindija

Cave individuals are also troublesome: later authors (Higham et al. 2006) published isotope

ratios that differed from the original investigators (Smith et al. 1999; Richards et al. 2000;

Richards et al. 2001a). Bocherens (2009:245) explained these discrepancies, noting that the

Neanderthal remains from Vindija contained poorly preserved collagen and that Richards et

al. (2000) did not successfully purify the collagen during their palaeodietary analysis. Yet the

isotope ratios for Neanderthal VI-207 from Higham et al. (2006) are peculiar; their

measurement for δ13C is –24.6‰, a value that falls outside the expected range for both

Neanderthals and herbivores from the above dataset (Table 3). Their published values for

Neanderthal VI-208 seem more reliable, differing from the original investigators by only

0.3‰ and 0.5‰ for δ13C and δ15N respectively. With this in mind, the measurements for

Neanderthal VI-207 will have to be taken from Richards et al. (2000) (–19.5‰, 10.1‰); while

the revised measurements for Neanderthal VI-208 will be taken from Higham et al. (2006)

(–20.2‰, 10.3‰).

The difference in biological age between the Neanderthal individuals warrants the

exclusion of another individual. Neanderthal MT100 (Engis 2) from Awirs Cave is a juvenile

of, perhaps, five or six years of age (Tillier 1983). Breast milk consumption at this young age

is one explanation for why the juvenile has an unusually high δ15N value of 12.6‰ (Fogel et

al. 1989; Jenkins et al. 2001; Katzenberg and Pfeiffer 1995), providing good cause to

exclude its measurements. By contrast, Neanderthal SC18800 (SCLA 4A-2) is
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approximately eleven years old (Otte et al. 1993), a post-weaning stage at which the effects

of nursing would be insignificant (Bocherens et al. 2005:78).

Yet the dates of the Neanderthals from Scladina Cave are worth taking into account here.

Though Neanderthals SC18800 and MT500 have reliable measurements for their δ13C and

δ15N values and have fauna associated with them, the two have been dated to a much

earlier period of the Late Pleistocene than the other fifteen individuals. The two

Neanderthals from Scladina will be excluded in order to refrain from comparing individuals

that lived at least 50,000 years apart from each other (refer to ‘Period’ column in Table 2 and

to Figure 3).

After pruning the list of Neanderthals, what we are left with is a frustratingly small sample:

we excluded six individuals, leaving a mere eleven left to consider. Of the eleven

Neanderthals, one is from Belgium, two are from Croatia, six from France, and two from

Germany (Figure 9). Note that these Neanderthals inhabited vastly different

palaeoenvironments to each other. The expectation then would be that their isotope ratios

are less likely to correlate.

The Croatian Neanderthal individuals comprise parts of the skull (e.g., mandible, parietal),

which means different collagen turnover rates are not a problem in their case (Hedges et al.

2007). The δ15N values for the Croatian Neanderthals (–19.5‰, 10.1‰ and –20.2‰, 10.3‰)

are lower than those from French sites; however, their δ13C and δ15N values are comparable

to Neanderthal MT200 from Spy Cave, Belgium (–19.8‰, 11.0‰). Yet the Croatian and

Belgian Neanderthals inhabited two different ecosystems: mixed conifer and deciduous

forest and shrub tundra respectively (Figure 9). The three Neanderthals somehow

maintained similar ratios of carbon and nitrogen isotopes in spite of the differences in

location and environments; this quirk in the data was not addressed by the original

investigators (e.g., Richard et al. 2001a). In addition, the isotope ratios for the French
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Neanderthals are remarkably similar. With the exception of Neanderthal M100 (H2), the

French Neanderthals have δ13C values ranging from –19.8‰ to –19.0‰ and δ15N values

which range from 11.2‰ to 11.6‰. The suggestion then is that Neanderthals who inhabited

parts of France were eating similar food sources in similar proportions, but the results of the

Bayesian mixing model do not support this (Figures 8a–8j).

The sixth French Neanderthal, M100 (H2) from Les Pradelles, appears to be somewhat

of an outlier with –21.8‰ for δ13C and 8.4‰ for δ15N. What is puzzling is that Neanderthal

M100’s contemporaries from the same site, Neanderthals M300 and M400, do not present

with similarly unusual isotope ratios. The difference is not related to the type of bone

sampled; the three Les Pradelles individuals had their skull fragments used for collagen

extraction. The three of them are adults, which means biological age is unlikely to be a

marked influencing factor either. But, Neanderthal M100’s δ13C and δ15N values do match

those of the two German Neanderthals: Nea 1 (–21.6‰, 7.9‰) and NN1 (–21.5‰, 9.0‰).

The isotope ratios suggest the feeding habits of these three Neanderthals were different to

the other eight individuals, because the δ15N values for Neanderthals M100, Nea 1, and NN1

resemble those of a herbivore rather than a carnivore (refer to Table 3; see also Figures 5

and 10).

Here the results of the mixing model FRUITS offer new insights. Returning to

Neanderthal M100, it is significant that the estimated contribution of plant-based foods for

this individual’s diet ranges from at least 10% to 65%; moreover, the ‘control’ case and the

‘radical’ case correlate with each other in relation to plant consumption (Figures 8g and 8h).

This finding supports the idea that Neanderthal M100 subsisted on more plant foods than its

contemporaries. What remains uncertain is whether or not the matching isotope values of

Neanderthals Nea 1 and NN1 also correspond to the consumption of more plant foods.



B052884

53

In sum, the published isotope data for Neanderthals and the results of the mixing model

suggest that the contributions of animal- and plant-based foods to Neanderthal diets varied

considerably from one individual to the next. Isotope ratios of consumers – if studied in

isolation – appear to be a crude measurement of actual dietary intake, especially if we

consider the 95% confidence intervals for each food source analysed by the mixing model

(Figures 8a–8j). Of note is that the expected contributions of animal- and plant-based foods

change drastically depending on the consumer diet-body offset used in the mixing model;

the accepted range of 3‰–5‰ for consumer offsets (e.g., Bocherens and Drucker 2003b)

may need to be reconsidered in light of this.
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Neanderthal diets and stable isotopes: the assumptions

The merits of stable isotope analysis for Neanderthal studies are clear: isotope ratios

reflect habits of eating that were practised over the course of several months or years

(Hedges et al. 2007; Tykot 2004). Neanderthal isotope ratios derived from bone collagen, for

example, shed light on potential sources of food for Neanderthals in Late Pleistocene

Europe. Yet there are several problems to address; these problems not only apply to past

research, but also to this dissertation.

The first problem lies in data collection. As useful as they are for indicating diets,

Neanderthal and faunal isotopes ratios are too few in number for conclusions to be made

about European-based populations or about the Homo neanderthalensis species in general.

Attempting to do so is not best practice.

The second problem lies in how reliable isotope ratios are. Most dietary reconstructions

based on the bone collagen of Neanderthals work under several assumptions:

1. the δ13C and δ15N values in consumers correspond to the types of plant- and

animal-based foods they consumed during life (Ambrose 1993);

2. more specifically, the nitrogen isotope ratios in the bone collagen of the consumer relate

to the types and amounts of protein consumed;

3. the length of time in life reflected in isotope ratios depends on where bone collagen is

extracted from (Hedges et al. 2007);

4. the changes in nitrogen isotope ratios from one trophic level to the next, referred to as

the ‘trophic level effect’ or ‘enrichment’, are accumulative (DeNiro and Epstein 1978;

Minagawa and Wada 1984; see also Figure 4);

5. the ‘trophic level effect’ occurs at a predictable rate (e.g., Figure 10).

Assumptions in archaeology are necessary due in part to the fragmented nature of the

archaeological record. Carbon and nitrogen isotope ratios then are crucial pieces of data for
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dietary reconstructions; however, Bocherens et al. (2005) cautioned that plant foods tend to

be lower in protein than meat, creating the potential for plant foods to be isotopically invisible

if the consumer is practising an omnivorous diet.

Of note are the first and second assumptions: that isotope ratios relate to the foods which

Neanderthals ate. In other words, the isotope ratios for Neanderthals reflect what was on

their plates (Tykot 2004). Yet Late Pleistocene Europe underwent severe environmental

change in relation to temperature, precipitation, and vegetation (Bradtmöller et al. 2012; see

also Figure 2). Plant δ15N values have been shown to fluctuate due to temperature changes

during the Late Pleistocene period (Drucker and Bocherens 2004; Drucker et al. 2003a,

2003b; Hardy 2010; Jouzel et al. 2006; Richards and Hedges 2003). Furthermore, plant δ15N

values tend to vary widely by plant type (Bocherens 2003; see also Figures 11 and 12). In

light of these facts, the estimated isotope ratios for C3 plants used in the Bayesian mixing

model FRUITS do not seem radical. Rather, the estimates were conservative (refer to

Figure 10). More importantly, if Neanderthals were consuming a significant amount of plant

foods directly, or indirectly through eating the meat of herbivores, their isotope ratios would

also tend to fluctuate.

Diet-related behaviours can also affect consumer isotope ratios as was suggested in the

cases of Neanderthals M100, Nea 1, and NN1. Buck et al. (2016), for example, raised

concerns about the effects of ‘gastrophagy’, the practice of eating the stomach contents of

prey, on the isotope ratios of the consumer. While gastrophagy is a well documented

practice in ethnographic studies (Buck and Stringer 2014), its effect on isotope ratios in

Neanderthals is less clear; the stomach contents of their prey differed substantially.

In support of the previous statement – that the prey of Neanderthals had different

stomach contents – the isotope ratios in herbivore bone collagen from Late Pleistocene

Europe show consistent patterns of variation (Bocherens 2003), reflecting different food
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preferences, different metabolisms, and changes to the environment (see also Figures 2

and 9). The findings from Svihus and Holand (2006) on reindeer nutrition corroborate the

isotope ratios of reindeer from Late Pleistocene Europe. Svihus and Holand (2006)

assessed the effects of lichen consumption in reindeer, emphasising that lichens were high

in carbohydrates and low in protein. This provides the most parsimonious explanation for

why Late Pleistocene reindeer exhibit the most positive δ13C values out of the three faunal

species analysed (refer to Table 3 and Figure 10; see also Batts et al. 2004; Beazley et al.

2002). In addition, Svihus and Holand (2006:647) argued that the consumption of lichens

also correlates positively with nitrogen losses (McEwan and Whitehead 1970). In that case,

you would expect the consumption of reindeer stomach contents to change the nitrogen

isotope ratios of the consumer (e.g., a Neanderthal). Yet Buck et al. (2016:677) suggested

gastrophagy would cause δ15N enrichment in the consumer, conflating incorrectly the

possible effects of gastrophagy with the known effects of breast milk consumption in nursing

infants (Fuller et al. 2006; Humphrey 2014).

The argument by Buck et al. (2016) is made weaker still by their reference to

warm-adapted forager groups (e.g., aboriginal Australians, the Kuria, the Khoesan, and the

G/wi) rather than cold-adapted ones (see Daanen and Van Marken Lichtenbelt 2016;

Launay and Savourey 2009); analogous data from cold-adapted foragers would have been

more applicable to Neanderthal research. Buck et al. (2016) were correct in one regard

though: in order to interpret stable isotope ratios accurately, it is essential to understand how

diet-related practices and preferences can affect consumer isotope ratios. Further research

is needed in order to determine what those effects are and whether they are significant.



B052884

57

Figure 10: Isotopic variations in the terrestrial trophic webs of Late Pleistocene European mammals and plants that were contemporaneous with Neanderthals

(from Bocherens 2009:243). Note the large ranges both within and between trophic levels (i.e., steps in the pyramid).
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Figure 11: Possible causes of carbon isotopic variations in herbivores and plants based on δ13C values

measured in modern arctic, temperate, and steppic areas (from Bocherens 2003:58; for values, see Bocherens

et al. 1994, 1996, 2000; Nelson et al. 1986; Rodière et al. 1996).

Figure 12: Possible causes of nitrogen isotopic variations in herbivores and plants based on δ15N values

measured in modern arctic, temperate, and steppic areas (from Bocherens 2003:60; for values, see Bocherens

et al. 1994, 1996, 2000; Nelson et al. 1986; Rodière et al. 1996).
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Also of note is the third assumption: that the isotope ratios from different bones will relate

to a shorter or longer period of time of an individual’s life depending on the collagen turnover

rate specific to the bone analysed (Hedges et al. 2007). This is becoming less of an

assumption and more of a known fact. But, as can be seen in the current Neanderthal

dataset (Table 2), archaeologists are limited by the number and types of bones available to

analyse. Comparing and contrasting isotope ratios between individuals becomes

complicated, because archaeologists are not comparing like with like. Rather, they compare

collagen from skulls, from teeth, from long bones, and from pedal phalanxes (Table 2),

without accounting for the collagen turnover rates of different bones (Hedges et al. 2007).

Even if the differences are small, ignoring them is not best practice either.

To finish, there are the fourth and fifth assumptions: that changes in nitrogen isotope

ratios from one trophic level to the next are accumulative and predictable. This trophic level

effect is usually assumed to be +3‰–5‰ in the archaeological literature (Figure 10; see

also Bocherens and Drucker 2003b; DeNiro and Epstein 1981; Schoeninger and DeNiro

1984). But, isotopic variations occur between species and even between individuals

depending on eating patterns, food preferences, and biological adaptations to their

respective ecosystems (Fraser et al. 2006). Even in the small samples of Neanderthals and

associated fauna, it is clear that isotopic variations between individuals living in the same

ecosystem are common (Table 2 and Figure 9). Isotopic variations between individuals

complicate archaeological interpretations, because they raise questions about whether

isotope ratios are an artefact of food consumption or of biological differences, such as

differing metabolisms and microbiomes.
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Neanderthal diets and stable isotopes: the challenges

How accurate is the trophic level effect for Neanderthals if the estimates were originally

based on animals? This is where medical science is beginning to provide tantalising

answers. O'Connell et al. (2012) tested the trophic level effect in living humans by placing

five males and six females on controlled, isotopically known diets. To reduce the effects of

short-term changes to eating patterns on consumer isotope ratios, O’Connell et al. (2012)

ensured that the diets of the test subjects matched closely with their habitual diets. Body

tissue samples were taken after a 30-day period.

The results of O'Connell et al.’s (2012) longitudinal study were surprising: the δ15N

enrichment appeared to be 3.5‰ based on the subjects’ red blood cells. The researchers

then used measured offsets to determine an approximate rate in keratin and in bone

collagen (see O'Connell et al. 2001 for living human data; see also O'Connell and Hedges

1999; Richards 2006 for archaeological human data). The estimated rate in bone collagen

ranged from 5.9‰ to 6.3‰; however, the most conservative estimate came to 4.6‰. The

conservative estimate for bone collagen was calculated by assuming a minimum δ15N

enrichment in red blood cells and then applying the minimum offsets to keratin and to

collagen. Notably, the conservative estimate is still at the upper end of the currently

accepted range for δ15N enrichment in previous palaeodietary reconstructions (e.g.,

Bocherens and Drucker 2003b). The conclusion of this longitudinal study was that the

contributions of animal protein to prehistoric hominin diets have, perhaps, been

overestimated (O'Connell et al. 2012:430–432). If δ15N enrichment is indeed higher than the

accepted range, then higher δ15N isotope ratios in Neanderthals are not necessarily

indicative of a disproportionately meat-based diet (as argued by Bocherens et al. 1999, 2005;

Richards and Trinkaus 2009; Richards et al. 2000).
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There are instances where the nitrogen balance within an organism is disrupted, for

example, during pregnancy (Fuller et al. 2004) or during times of physiological stress (Fuller

et al. 2005). Moreover, there are types of plants which distort δ15N isotope ratios within the

consumer; legumes are one example of this (Szpak et al. 2014), though plant-soil systems

also play a role in determining the transfer of nitrogen through the food web (Szpak 2014).

Stable isotope studies from Pan troglodytes verus – a species related to living humans and

Neanderthals – shed light on hominin feeding patterns and behaviours through time (Fahy et

al. 2013, 2014; however, see Schoeninger et al. 2016 for cautionary notes). But, even with

cross-species comparisons, methodologies based solely on isotope studies fall short of

providing direct evidence of plant- and animal-based food consumption by Neanderthals.

This is especially true for parts of western Asia where bone collagen preserves poorly

(Ambrose 1998), preventing isotope analysis from being performed on Neanderthal

individuals from that region. Isotope studies then must be paired with other methods in order

to more accurately reconstruct Neanderthal diets and to understand what their isotope ratios

indicate.

But, how did other authors interpret the isotope ratios of Neanderthals? Richards and

Trinkaus (2009) suggested – on the basis of the isotopic evidence – that Neanderthals in

Late Pleistocene Europe were top-level carnivores who subsisted predominantly on meat

from large herbivores. They contrast this behaviour with that of early modern humans who

exhibited a wider range of isotopic ratios (Richards and Trinkaus 2009, tables S1 and S2),

implying that the dietary breadth of early modern humans was greater than their Neanderthal

counterparts. Yet their view fails to hold up to scrutiny if their interpretations are compared to

those made for Neanderthals from Spanish and French contexts. Finlayson et al. (2006), as

well as Hardy and Moncel (2011), demonstrated that Neanderthals practised varied diets

which included the consumption of small game and aquatic resources. In light of these
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findings, Neanderthals and early modern humans do not seem so different. The stable

isotopes alone provided a skewed picture for Late Pleistocene Neanderthals unless they

were compared with those of recent human populations (e.g., Schoeninger 2014).
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Reconstructing Neanderthal diets using alternative methods

The analysis of light stable isotopes such as carbon and nitrogen has been shown to be

problematic for palaeodietary reconstructions. Therefore, other types of evidence are worth

including here as a counterpoint to carbon and nitrogen isotope-based interpretations of

Neanderthal diets during the Late Pleistocene. This section is not intended to be exhaustive.

Rather, it is demonstrative, highlighting three promising types of evidence for Neanderthal

diets: heavier stable isotopes, dental calculus, and faecal biomarkers.

Heavier stable isotopes

Given the geographic distribution of Neanderthals in Late Pleistocene Europe (Figures 1

and 9), assessments of mobility from their place of birth to their place of death will be

significant for palaeodietary reconstructions moving forward. Schoeninger (1982), for

example, utilised strontium isotope analysis in order to investigate changes in skeletal

morphology between archaic modern humans and fully modern humans (see also Sillen and

Kavanagh 1982). In brief, the ratio between two strontium isotopes (87Sr and 86Sr) – which

accumulate in tooth enamel as a result of ingested food and water – can be used to

determine the mobility of an individual and to reconstruct past ecosystems (Bentley 2006;

Ericsen 1985). The hypothesis for the above study linked changes in diet and activity to a

decrease in skeletal robustness through time. Schoeninger (1982) combined trace element

analysis with x-ray diffraction patterns for both human and faunal bone in order to correct the

margin of error introduced by diagenesis, i.e., by the chemical changes that occur to bone

postmortem (Nelson et al. 1986). Postdepositional processes interfere with results, but

Schoeninger (1982) handled them with a holistic approach to dietary reconstruction and with

an awareness of the difficulties of inter-site comparisons. The ratio between sulphur

isotopes in bone collagen have similar applications to Neanderthal research (Nehlich and
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Richards 2009; Richards and Hedges 2003; Richards et al. 2001b). Heavier stable isotopes

then are a viable option to explore in order to answer questions about Neanderthal diets and

mobility.

Dental calculus

Dental calculus samples contain direct evidence for individual meals or once-off events

during which teeth were used to cut, grind, and soften fibrous material (Radini et al. 2016a).

A collection of calculus samples shed light on patterns of tooth use and dietary intake

between individuals. In relation to reconstructing Neanderthal diets, the evidence and

analysis of dental calculus from Neanderthal individuals is a nascent, but growing field

(Henry et al. 2014).

In terms of dietary analysis, dental calculus samples from Neanderthals have contained

evidence of plant food consumption, both raw and cooked (Buckley et al. 2014; Hardy et al.

2012). Evidence from Neanderthal dental calculus found at El Sidrón, Spain, for example,

pointed to paramasticatory processes in Neanderthals who used their teeth as a third hand

(Radini et al. 2016b); furthermore, Weyrich et al. (2017) identified several dietary

components from the El Sidrón Neanderthals, including mushrooms, pine nuts, forest moss,

and poplar (see also Power et al. 2015a). On the other hand, evidence from Sima del

Elefante, Spain, indicated consumption of animal fat, as well as starchy carbohydrates from

two plants – all of which were eaten raw by Neanderthals in this case (Hardy et al. 2017).

These findings match those from molar macrowear and microwear studies on Neanderthal

teeth from Pleistocene Europe (El Zaatari et al. 2011, 2016; Fiorenza et al. 2011),

supporting the hypothesis that the dietary breadth of Neanderthals has been underestimated

in previous studies (e.g., Bocherens et al. 1999, 2005; Richards and Trinkaus 2009;

Richards et al. 2000).
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Hardy et al. (2017) also inferred environmental data from their dental calculus samples:

the inclusions of spores, insect fragments, and conifer pollen grains are consistent with a

forested environment, confirming an environmental context for the Neanderthals from Sima

del Elefante, Spain (Figure 9; see also Warinner et al. 2015a). The findings from Sima del

Elefante also suggest that Neanderthals were capable of selecting and using plant

resources suitable for consumption or for use as raw materials. Analogous data from

modern chimpanzees (Huffman 2003; Janmaat et al. 2013; McGrew 2010a, 2010b), and

even insects (Singer et al. 2009), support this suggestion.

In addition to understanding what plants are safe for consumption, Neanderthals seemed

to have possessed knowledge of the medicinal properties of plants. Hardy et al. (2012), for

instance, found evidence of self-medication in Neanderthal dental calculus samples. They

identified compounds of two non-nutritional plants, yarrow and camomile, that are

bitter-tasting to living humans and indeed to Neanderthals (Lalueza-Fox et al. 2009). But, the

two plants are also known for their medicinal qualities (e.g., antimicrobial, anti-inflammatory).

The suggestion therein was that the bitter-tasting plants were deliberately consumed by the

Neanderthals in order to self-medicate (Hardy et al. 2013; but see Buck and Stringer 2014;

Krief et al. 2015 for alternative hypotheses). Shotgun-sequencing of ancient DNA from

Neanderthal dental calculus has provided more information: the sample for so-called El

Sidrón 1 Neanderthal contained sequences of poplar and Penicillium; these have

pain-relieving and antibiotic properties respectively (Weyrich et al. 2017). Reasons for this

Neanderthal to self-medicate include a dental abscess and a gastrointestinal pathogen

referred to as Enterocytozoon bieneusi, both of which were probably uncomfortable to live

with (Hardy et al. 2012; Weyrich et al. 2017). The evidence of self-medication suggests a

high degree of complexity in terms of plant lore and cognitive ability. For the Neanderthals in

question, the act of selecting and consuming plants during times of physiological discomfort
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(e.g., Hardy et al. 2016a) required cognitive decision-making that resembles what humans

are capable of today (see also Hardy et al. 2016b).

The relationship between dental calculus and caries is another piece of the puzzle.

Quantifying the prevalence of dental calculus and caries, for example, provides a general

picture of dietary intake (Radini et al. 2017:73). High calculus deposition and low incidence

of caries suggest a high protein intake (Keenleyside 2008; Lillie and Richards 2000). On the

other hand, high incidence of both dental calculus and caries suggest a diet that is high in

carbohydrates (Humphrey et al. 2014; White 1994). These inferences are problematic

though – as are studies based on stable isotopes – because they lack specific details about

macronutrient ratios, for example, or about actual foods that were consumed.

Analogous data from primatological studies is worth mentioning here. Power et al.

(2015b), for example, performed a high resolution analysis of dental calculus samples from

from the wild chimpanzees (Pan troglodytes verus) of Taï National Park. Their results

demonstrated that some microremains trapped in dental calculus can be long-term dietary

markers; while the amount of plant microfossils in calculus can reflect the proportion of plant

foods in the diet. Leonard et al. (2015) came to similar conclusions after testing the dental

calculus samples from a living human population (the Twe), though they cautioned that

dental calculus is potentially a better indicator of plant consumption across a population

rather than at an individual level. Dental calculus samples from archaeological contexts can

be similarly informative if the appropriate methods are applied.

But, there is potential for archaeologists to overinterpret the results from dental calculus

deposits. Henry et al. (2011), for instance, studied dental calculus samples from seven

Neanderthal teeth. Their assertion was that Neanderthals Shanidar III, Spy I, and Spy II

consumed cooked plant food and ingested a diverse range of plants, including ‘low-ranked’

underground storage organs (see also Power et al. 2015a). Henry et al. (2011) then
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extended this point to include all hominins that existed as early as the Late Middle

Palaeolithic (see also Bocherens 2011; Boscato et al. 2011; Ecker et al. 2013; Gaudzinski

and Roebroeks 2011 for Middle Pleistocene perspective). This is, perhaps, an

overinterpretation rather than a conclusive fact given the small sample of seven teeth from

three Neanderthals, of which two are from Belgium (Spy I and II) and the other from Iraq

(Shanidar III). But, it is remarkable that dental calculus deposits seem to preserve tentative

evidence of cooking. The complexity of diet-related behaviours in Neanderthals becomes

more and more apparent moving forward (e.g., Clement et al. 2012; Finlayson et al. 2006;

Hardy and Moncel 2011).

Syntheses of evidence from multiple individuals and sites are more appropriate to draw

substantial inferences from (Henry et al. 2014; Wang et al. 2015). Dental calculus studies

have an advantage over the stable isotope analysis of bone collagen, because dental

calculus preserves well in both Europe and western Asia. By contrast, Neanderthal bone

collagen seems to only preserve well in Europe (Ambrose 1998). Dental calculus deposits

thus create an opportunity to perform cross-regional studies on Neanderthal feeding

patterns, resulting in a deeper understanding of Neanderthal behaviours and diets.

Faecal biomarkers

Faecal matter from archaeological contexts continues to contribute to our understanding

of the meals and diets of past individuals (Bull et al. 2002; D’Anjou et al. 2012; Evershed et

al. 1997; Gülacara et al. 1990; Lin et al. 1978; Sistiaga et al. 2014a). In relation to faecal

biomarkers, Sistiaga et al. (2014b) successfully found evidence for plant consumption in

sediment samples from Et Salt, Spain. The high proportion of coprostanol indicated meat

consumption by Neanderthals; however, the presence of 5β-stigmastanol suggested that

plant foods were another significant part of Neanderthal diets at this Middle Palaeolithic site
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(Sistiaga et al. 2014b:2–5). Faecal biomarkers are unique, because they preserve what

were likely individual meals eaten by Neanderthals in this case. More samples must be

recovered from Late Pleistocene Neanderthal sites in Europe in order to extrapolate further.

But, even at this early stage, faecal biomarkers reveal plant-based food consumption by

Neanderthals to a larger extent than would otherwise have been possible.
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Reconsidering the ‘meat-eater’ narrative for Neanderthals

Much of the discussion up to this point has been devoted to evidence of plant-based food

consumption by Neanderthals. But, there is no denying that meat was also a significant part

of Neanderthal diets in Late Pleistocene Europe. The term ‘meat’, however, is problematic.

What do archaeologists mean when they refer to ‘meat’ (e.g., Fiorenza et al. 2015)? The

term remains nondescript in the literature without distinguishing, say, between muscle tissue

and the visceral organs. The distinction is important though, because muscle tissue would

be nutrient-poor in comparison to visceral organs, especially in terms of B vitamins and of

minerals such as iron and zinc (Williams 2007:5). Consumption of one over the other likely

affects the consumer isotope ratios; moreover, there is evidence that Neanderthals from

Spain and France consumed aquatic resources such as fish (Finlayson et al. 2006; Hardy

and Moncel 2011), which also affect consumer nitrogen isotope ratios (Richards et al. 2001a;

Pettitt et al. 2003). Medical data from living populations has the potential to sharpen our

understanding of how different diets, or even specific foods, can change consumer isotope

ratios (DeNiro and Schoeninger 1983; O'Connell et al. 2012). With the above concerns in

mind, archaeologists should think critically about what they mean when referring to ‘meat’ or

other animal-based foods.

The effects of meat consumption in general is also worth commenting on. It seems that

Neanderthals and other hominins were able to develop, evolve, and thrive despite the

disadvantages associated with meat consumption in current human populations.

Neanderthals were able to overcome, for example, increased exposure to pathogens and

causative agents of cancer, as well as negative impacts to cardiovascular and bone health

(Cao and Nielsen 2010; Cao et al. 2011; Chitnis et al. 2008; Davies et al. 2006; Finch 2010;

Finch and Stanford 2004; Mensah 2014; Pan et al. 2011; Roberts 2008; Sandhu et al. 2002;

Werner and Bruchim 2009). On the one hand, Fleming and Boyd (2000), Frank et al. (2009),
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Halbesma et al. (2009), and Lagiou et al. (2012) demonstrate the dangers of high-protein

consumption. Noto et al. (2013) and Schwingshackl and Hoffmann (2013) also identify the ill

effects associated with low carbohydrate intake (i.e., low plant food intake). Further analysis

of the Neanderthal genome may reveal how they overcame these ill effects (Cordain et al.

2002; Green et al. 2010). On the other hand, plant foods have been shown to be more

nutritious and beneficial for long-term health in humans (Craig 2009; Perry et al. 2007;

Slavin 2003; Wobber et al. 2008; Ye et al. 2012; see also Jacobs et al. 2009). This fact is

also pertinent to understanding long-term health in Neanderthals. Targeted archaeological

research into prehistoric plant-based food consumption may further elucidate the hominin

relationship with plants through time (Day 2013; Lee-Thorp and Sponheimer 2006), and

perhaps also corroborate the medical research on that topic.
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Conclusions

Returning to the original research questions of this dissertation, we now have some

answers. For one, the archaeological evidence for Late Pleistocene Neanderthal diets is

extensive for European contexts. Yet there are concerns about the poorly informed use of a

relatively small amount of stable isotope data (Makarewicz and Sealy 2015). Fluctuations in

isotope fractionation and distribution through the food web, for example, weaken the validity

of stable isotope studies, especially for Late Pleistocene European contexts. Two

assessments formed a counterpoint to the stable isotope ratios of Neanderthals from Late

Pleistocene Europe: (1) the Bayesian modelling of isotope ratios for five Late Pleistocene

Neanderthals from France; and (2) a review of complementary evidence from the faecal

biomarkers and dental calculus deposits of other Middle and Late Pleistocene Neanderthals.

The results from the Bayesian mixing model and the complementary evidence both

demonstrated that plant-based food consumption by Neanderthals was higher than previous

isotope-based studies had suggested (Bocherens et al. 1999, 2005; Richards and Trinkaus

2009; Richards et al. 2000). Furthermore, the evidence from dental calculus suggested that

Neanderthals possessed sophisticated knowledge of plant lore and of the medicinal

properties of plant foods. An interdisciplinary approach to reconstructing Neanderthal diets,

similar to the one applied in this dissertation, will produce a clearer picture of what foods

were on Neanderthals’ plates in Late Pleistocene Europe.

In relation to how archaeological accounts about Neanderthal diets can contribute to

modern medicine, the potential for interdisciplinarity has been demonstrated throughout this

piece. Archaeological research, for example, suggests that plants formed an essential part

of hominin diets and contributed to the development of our physiologies through time (Hardy

et al. 2015; Kay 1977; Langdon 2006; Milton 2000b; Sponheimer et al. 2013); while

meta-analyses of the medical literature indicate that a diet rich in plant-based foods and
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materials improves health, prevents or even reverses disease, and proves to be more

environmentally sustainable than a diet based on animal-derived fats and proteins (Aune et

al. 2016, 2017; Craig and Mangels 2009; Wang et al. 2014). The two disciplines seem to

agree on the importance of plant foods in the past and present. Interpretations of

Neanderthal diets that do not engage with the above points are missing an opportunity to

comment and reflect on how archaeological research may not be able to interpret or

reconstruct the past without assistance from other disciplines.

In relation to the future directions for Neanderthal research and the intersection between

archaeology and medicine, one thing is clear: archaeologists would be naive to think that

what we disseminate into the public domain has no effect on public opinion and policy.

Rather, our contributions can be positive by demonstrating the unique relationships that

hominins have developed with both plants and animals through time. These stories are

worth sharing and celebrating in order to instil in the public a sense of how the human

condition is not a fixed state. The environment shapes us, just as we shape the environment,

prompting us to make more informed decisions about what foods to eat or how to adapt to a

changing world (Carlsson-Kanyama and González 2009; Robson 2009).



B052884

73

Bibliography

Note: for ease of access, Digital Object Identifiers (DOI) have been used to identify references;

however, some references are only available via Uniform Resource Locator (URL) or in print.

–––

Abbott S, Trinkaus ER, and Burr DB 1996. Dynamic bone remodelling in later Pleistocene

fossil hominids. American Journal of Physical Anthropology 99(4):585–601.

DOI: https://doi.org/10.1002/(SICI)1096-8644(199604)99:4<585::AID-AJPA5>3.0.CO;2-T

Abrams HL 1979. The relevance of Palaeolithic diet in determining contemporary nutritional

needs. Journal of Applied Nutrition 31:43–59.

Al-Zahrani MS, Borawski EA, and Bissada NF 2004. Poor overall diet quality as a possible

contributor to calculus formation. Oral Health and Preventive Dentistry 2(4):345–349.

DOI: https://doi.org/10.3290/j.ohpd.a9761

Ambrose SH 1990. Preparation and characterization of bone and tooth collagen for isotopic

analysis. Journal of Archaeological Science 17(4):431–451.

DOI: https://doi.org/10.1016/0305-4403(90)90007-R

Ambrose SH 1991. Effects of diet, climate, and physiology on nitrogen isotope abundances

in terrestrial foodwebs. Journal of Archaeological Science 18(3):293–317.

DOI: https://doi.org/10.1016/0305-4403(91)90067-Y

Ambrose SH 1993. Isotopic analysis of palaeodiets: methodological and interpretative

considerations. In: Sandford MK (ed.). Investigation of ancient human tissue: chemical

analysis in anthropology. Langhorne: Gordon and Breach, 59–130.

https://doi.org/10.1002/(SICI)1096-8644(199604)99:4<585::AID-AJPA5>3.0.CO;2-T
https://doi.org/10.3290/j.ohpd.a9761
https://doi.org/10.1016/0305-4403(90)90007-R
https://doi.org/10.1016/0305-4403(91)90067-Y


B052884

74

Ambrose SH 1998. Prospects for stable isotopic analysis of later Pleistocene hominid diets

in west Asia and Europe. In: Akazawa T, Aoki K, and Bar-Yosef O (eds). Origin of

Neanderthals and humans in west Asia. New York: Plenum Press, 277–289.

Antón SC 1994. Biomechanical and other perspectives on the Neanderthal face. In:

Corruccini RS and Ciochon RL (eds). Integrative paths to the past. Englewood Cliffs:

Prentice Hall, 677–695.

Arensburg B 1996. Ancient dental calculus and diet. Human Evolution 11(2):139–145.

DOI: https://doi.org/10.1007/BF02437397

Armitage PL 1975. The extraction and identification of opal phytoliths from the teeth of

ungulates. Journal of Archaeological Science 2(3):187–197.

DOI: https://doi.org/10.1016/0305-4403(75)90056-4

Aune D, Keum N, Giovannucci E, Fadnes LT, Boffetta P, Greenwood DC, Tonstad S, Vatten

LJ, Riboli E, and Norat T 2016. Whole grain consumption and risk of cardiovascular

disease, cancer, and all cause and cause specific mortality: systematic review and

dose-response meta-analysis of prospective studies. British Medical Journal 353:i2716.

DOI: https://doi.org/10.1136/bmj.i2716

https://doi.org/10.1007/BF02437397
https://doi.org/10.1016/0305-4403(75)90056-4
https://doi.org/10.1136/bmj.i2716


B052884

75

Aune D, Giovannucci E, Boffetta P, Fadnes LT, Keum N, Norat T, Greenwood DC, Riboli E,

Vatten LJ, and Tonstad S 2017. Fruit and vegetable intake and the risk of cardiovascular

disease, total cancer, and all-cause mortality – a systematic review and dose-response

meta-analysis of prospective studies. International Journal of Epidemiology:dyw319.

DOI: https://doi.org/10.1093/ije/dyw319

Batts JE, Calder LJ, and Batts BD 2004. Utilizing stable isotope abundances of lichens to

monitor environmental change. Chemical Geology 204(3–4):345–368.

DOI: https://doi.org/10.1016/j.chemgeo.2003.11.007

Beauval C, Maureille B, Lacrampe-Cuyaubere F, Serre D, Peressinotto D, Bordes JG,

Cochard D, Couchoud I, Dubrasquet D, Laroulandie V, and Lenoble A 2005. A late

Neanderthal femur from Les Rochers-de-Villeneuve, France. Proceedings of the

National Academy of Sciences 102(20):7085–7090.

DOI: https://doi.org/10.1073/pnas.0502656102

Beauval C, Lacrampe-Cuyaubère F, Maureille B, and Trinkaus ER 2006. Direct radiocarbon

dating and stable isotopes of the Neanderthal femur from Les Rochers-de-Villeneuve

(Lussac-les-Châteaux, Vienne). Bulletins et Memoires de la Societe d’Anthropologie de

Paris 18(1–2):35–42.

URL [accessed 30 March 2017]: https://goo.gl/NflRhv

https://doi.org/10.1093/ije/dyw319
https://doi.org/10.1016/j.chemgeo.2003.11.007
https://doi.org/10.1073/pnas.0502656102
https://goo.gl/NflRhv


B052884

76

Beazley MJ, Rickman RD, Ingram DK, Boutton TW, and Russ J 2002. Natural abundances

of carbon isotopes (14C, 13C) in lichens and calcium oxalate pruina: implications for

archaeological and palaeoenvironmental studies. Radiocarbon 44(3):675–683.

DOI: https://doi.org/10.1017/S0033822200032124

Beck W and Torrence R 2006. Starch pathways. In: Torrence R and Barton H (eds). Ancient

starch research. Weston Creek: Left Coast Press, 53–74.

Belcastro G, Rastelli E, Mariotti V, Consiglio C, Facchini F, and Bonfiglioli B 2007. Continuity

or discontinuity of the lifestyle in central Italy during the Roman imperial age-early

middle ages transition: Diet, health, and behaviour. American Journal of Physical

Anthropology 132(3):381–394.

DOI: https://doi.org/10.1002/ajpa.20530

Bentley RA 2006. Strontium isotopes from the earth to the archaeological skeleton: a review.

Journal of Archaeological Method and Theory 13(3):135–187.

DOI: https://doi.org/10.1007/s10816-006-9009-x

Binford LR 1981. Bones. New York: Academic Press.

Binford LR 1989. Isolating the transition to cultural adaptations: an organizational approach.

In: Trinkaus ER (ed.). The emergence of modern humans: biocultural adaptations in the

later Pleistocene. Cambridge: Cambridge University Press, 18–41.

Binford LR 1992. Hard evidence. Discover (February):44–51.

https://doi.org/10.1017/S0033822200032124
https://doi.org/10.1002/ajpa.20530
https://doi.org/10.1007/s10816-006-9009-x


B052884

77

Bischoff JL, Shamp DD, Aramburu A, Arsuaga JL, Carbonell E, and De Castro JB 2003. The

Sima de los Huesos Hominids date to beyond U/Th equilibrium (> 350kyr) and perhaps

to 400–500kyr: new radiometric dates. Journal of Archaeological Science

30(3):275–280.

DOI: https://doi.org/10.1006/jasc.2002.0834

Bjerregaard P, Young TK, Dewailly E, and Ebbesson SO 2004. Indigenous health in the

Arctic: an overview of the circumpolar Inuit population. Scandinavian Journal of Public

Health 32(5):390–395.

DOI: https://doi.org/10.1080/14034940410028398

Blatt SH, Redmond BG, Cassman V, and Sciulli PW 2011. Dirty teeth and ancient trade:

evidence of cotton fibres in human dental calculus from Late Woodland, Ohio.

International Journal of Osteoarchaeology 21(6):669–678.

DOI: https://doi.org/10.1002/oa.1173

Blondiaux J and Charlier P 2008. Palaeocytology in skeletal remains: microscopic

examination of putrefaction fluid deposits and dental calculus of skeletal remains from

French archaeological sites. International Journal of Osteoarchaeology 18(1):1–10.

DOI: https://doi.org/10.1002/oa.931

Blumenschine RJ, Bunn HT, Geist V, Ikawa-Smith F, Marean CW, Payne AG, Tooby J, and

van der Merwe NJ 1987. Characteristics of an early hominid scavenging niche [and

comments and reply]. Current Anthropology 28(4):383–407.

DOI: https://doi.org/10.1086/203544

https://doi.org/10.1006/jasc.2002.0834
https://doi.org/10.1080/14034940410028398
https://doi.org/10.1002/oa.1173
https://doi.org/10.1002/oa.931
https://doi.org/10.1086/203544


B052884

78

Blumenschine RJ, Peters CR, Masao FT, Clarke RJ, Deino AL, Hay RL, Swisher CC,

Stanistreet IG, Ashley GM, McHenry LJ, Sikes NE, van der Merwe NJ, Tactikos JC,

Cushing AE, Deocampo DM, Njau JK, and Ebert JI 2003. Late Pliocene Homo and

hominid land use from western Olduvai Gorge, Tanzania. Science

299(5610):1217–1221.

DOI: https://doi.org/10.1126/science.1075374

Bocherens H 2003. Isotopic biogeochemistry and the palaeoecology of the mammoth

steppe fauna. In: Reumer JWF, de Vos J, and Mol D (eds). Advances in mammoth

research. Proceedings of the second international mammoth conference, Rotterdam,

May 1999. Rotterdam: Natural History Museum Rotterdam, 57–76.

Bocherens H 2009. Neanderthal dietary habits: review of the isotopic evidence. In: Hublin

J-J and Richards MP (eds). The evolution of hominin diets: integrating approaches to the

study of Palaeolithic subsistence. New York: Springer, 241–251.

Bocherens H 2011. Diet and ecology of Neanderthals: implications from C and N isotopes:

insights from bone and tooth biogeochemistry. In: Conard NJ and Richter J (eds).

Neanderthal lifeways, subsistence, and technology: one hundred fifty years of

Neanderthal study. New York: Springer, 73–85.

Bocherens H and Drucker D 2003a. Reconstructing Neanderthal diet from 120,000 to

30,000 BP using carbon and nitrogen isotopic abundances. In: Patou-Mathis M and

Bocherens H (eds). Le rôle de l’environnement dans les comportements des

chasseurs-cueilleurs préhistoriques. Oxford: Archaeopress, 1–8.

https://doi.org/10.1126/science.1075374


B052884

79

Bocherens H and Drucker D 2003b. Trophic level isotopic enrichment of carbon and nitrogen

in bone collagen: case studies from recent and ancient terrestrial ecosystems.

International Journal of Osteoarchaeology 13(1-2):46–53.

DOI: https://doi.org/10.1002/oa.662

Bocherens H, Fizet M, Mariotti M, Lange-Badre B, Vandermeersch B, Borel JP, and Bellon

G 1991. Isotopic biogeochemistry (13C, 15N) of fossil vertebrate collagen: application to

the study of a past food web including Neanderthal man. Journal of Human Evolution

20(6):481–492.

DOI: https://doi.org/10.1016/0047-2484(91)90021-M

Bocherens H, Fizet M, and Mariotti A 1994. Diet, physiology and ecology of fossil mammals

as inferred from stable carbon and nitrogen isotope biogeochemistry: implications for

Pleistocene bears. Palaeogeography, Palaeoclimatology, Palaeoecology

107(3–4):213–225.

DOI: https://doi.org/10.1016/0031-0182(94)90095-7

Bocherens H, Pacaud G, Lazarev PA, and Mariotti A 1996. Stable isotope abundances (13C,

15N) in collagen and soft tissues from Pleistocene mammals from Yakutia: implications

for the palaeobiology of the Mammoth Steppe. Palaeogeography, Palaeoclimatology,

Palaeoecology 126(1–2):31–44.

DOI: https://doi.org/10.1016/S0031-0182(96)00068-5

https://doi.org/10.1002/oa.662
https://doi.org/10.1016/0047-2484(91)90021-M
https://doi.org/10.1016/0031-0182(94)90095-7
https://doi.org/10.1016/S0031-0182(96)00068-5


B052884

80

Bocherens H, Billiou D, Mariotti A, Patou-Mathis M, Otte M, Bonjean D, and Toussaint M

1999. Palaeoenvironmental and palaeodietary implications of isotopic biogeochemistry

of last interglacial Neanderthal and mammal bones in Scladina Cave (Belgium). Journal

of Archaeological Science 26(6):599–607.

DOI: https://doi.org/10.1006/jasc.1998.0377

Bocherens H, Billiou D, Charpentier V, and Mashkour M 2000. Palaeoenvironmental and

archaeological implications of bone and tooth isotopic biogeochemistry (13C, 15N) in

southwestern Asia. In: Mashkour M, Choyke AM, Buitenhuis H, and Poplin F (eds).

Archaeozoology of the Near East IVB. Proceedings of the fourth international

symposium on the archaeozoology of southwestern Asia and adjacent areas, Paris,

June 1998. Groningen: Archaeological Research and Consultancy, 104–115.

Bocherens H, Billiou D, Mariotti A, Toussaint M, Patou-Mathis M, Bonjean D, and Otte M

2001. New isotopic evidence for dietary habits of Neanderthals from Belgium. Journal of

Human Evolution 40(6):497–505.

DOI: https://doi.org/10.1006/jhev.2000.0452

Bocherens H, Drucker DG, Billiou D, Patou-Mathis M, and Vandermeersch B 2005. Isotopic

evidence for diet and subsistence pattern of the Saint-Césaire I Neanderthal: review and

use of a multi-source mixing model. Journal of Human Evolution 49(1):71–87.

DOI: https://doi.org/10.1016/j.jhevol.2005.03.003

https://doi.org/10.1006/jasc.1998.0377
https://doi.org/10.1006/jhev.2000.0452
https://doi.org/10.1016/j.jhevol.2005.03.003


B052884

81

Bonani G 2006. Accelerator Mass Spectrometry (AMS) radiocarbon dating of Middle and

Upper Palaeolithic samples from the Neander Valley, Germany. In: Schmitz RW (ed.).

Neanderthal 1856–2006. Mainz: Philipp von Zabern, 335–336.

Boscato P, Gambassini P, Ranaldo F, and Ronchitelli A 2011. Management of

paleoenvironmental resources and exploitation of raw materials at the Middle

Palaeolithic site of Oscurusciuto (Ginosa, southern Italy): Units 1 and 4. In: Conard NJ

and Richter J (eds). Neanderthal lifeways, subsistence, and technology: one hundred

fifty years of Neanderthal study. New York: Springer, 87–96.

Boule M and Vallois HV 1957. Fossil men. New York: Dryden.

Brace CL 1962. Cultural factors in the evolution of the human dentition. In: Montague MFA

(ed.). Culture and the evolution of man. Oxford: Oxford University Press, 343–354.

Brace CL 1975. Comments. In: Wallace JA. Did La Ferrassie I use his teeth as tools?

Current Anthropology 16(3):393–410.

DOI: https://doi.org/10.1086/201570

Brace CL, Ryan AS, and Smith BH 1981. Comments. In: Puech P-F. Tooth wear in La

Ferrassie man. Current Anthropology 22(4):424–430.

DOI: https://doi.org/10.1086/202699

https://doi.org/10.1086/201570
https://doi.org/10.1086/202699


B052884

82

Bradtmöller M, Pastoors A, Weninger B, and Weniger GC 2012. The repeated replacement

model–rapid climate change and population dynamics in Late Pleistocene Europe.

Quaternary International 247:38–49.

DOI: https://doi.org/10.1016/j.quaint.2010.10.015

Brain CK 1981. The hunters or the hunted? Chicago: University of Chicago Press.

Brown TA, Nelson DE, Vogel JS, and Southon JR 1988. Improved collagen extraction by

modified Longin method. Radiocarbon 30(2):171–177.

DOI: https://doi.org/10.1017/S0033822200044118

Bryant VM and Dean GW 2006. Archaeological coprolite science: the legacy of Eric O.

Callen (1912–1970). Palaeogeography, Palaeoclimatology, Palaeoecology

237(1):51–66.

DOI: https://doi.org/10.1016/j.palaeo.2005.11.032

Buck LT and Stringer CB 2014. Having the stomach for it: a contribution to Neanderthal

diets? Quaternary Science Reviews 96:161–167.

DOI: https://doi.org/10.1016/j.quascirev.2013.09.003

Buck LT, Berbesque JC, Wood BM, and Stringer CB 2016. Tropical forager gastrophagy and

its implications for extinct hominin diets. Journal of Archaeological Science: Reports

5:672–679.

DOI: https://doi.org/10.1016/j.jasrep.2015.09.025

https://doi.org/10.1016/j.quaint.2010.10.015
https://doi.org/10.1017/S0033822200044118
https://doi.org/10.1016/j.palaeo.2005.11.032
https://doi.org/10.1016/j.quascirev.2013.09.003
https://doi.org/10.1016/j.jasrep.2015.09.025


B052884

83

Buckley S, Usai D, Jakob T, Radini A, and Hardy K 2014. Dental calculus reveals unique

insights into food items, cooking, and plant processing in prehistoric central Sudan.

PLOS ONE 9(7):e100808.

DOI: https://doi.org/10.1371/journal.pone.0100808

Buikstra JE and Ubelaker DH 1994. Standards for data collection from human skeletal

remains. Fayetteville: Arkansas Archaeological Survey.

Bull ID, Lockheart MJ, Elhmmali MM, Roberts DJ, and Evershed RP 2002. The origin of

faeces by means of biomarker detection. Environment International 27(8):647–654.

DOI: https://doi.org/10.1016/S0160-4120(01)00124-6

Cao JJ and Nielsen FH 2010. Acid diet (high-meat protein) effects on calcium metabolism

and bone health. Current Opinion in Clinical Nutrition and Metabolic Care

13(6):698–702.

DOI: https://doi.org/10.1097/MCO.0b013e32833df691

Cao JJ, Johnson LK, and Hunt JR 2011. A diet high in meat protein and potential renal acid

load increases fractional calcium absorption and urinary calcium excretion without

affecting markers of bone resorption or formation in postmenopausal women. Journal of

Nutrition 141(3):391–397.

DOI: https://doi.org/10.3945/jn.110.129361

https://doi.org/10.1371/journal.pone.0100808
https://doi.org/10.1016/S0160-4120(01)00124-6
https://doi.org/10.1097/MCO.0b013e32833df691
https://doi.org/10.3945/jn.110.129361


B052884

84

Carlsson-Kanyama A and González AD 2009. Potential contributions of food consumption

patterns to climate change. American Journal of Clinical Nutrition 89(5):1704S–1709S.

DOI: https://doi.org/10.3945/ajcn.2009.26736AA

Charlier P, Huynh-Charlier I, Munoz O, Billard M, Brun L, and de la Grandmaison GL 2010.

The microscopic (optical and SEM) examination of dental calculus deposits (DCD).

Potential interest in forensic anthropology of a bioarchaeological method. Legal

Medicine 12(4):163–171.

DOI: https://doi.org/10.1016/j.legalmed.2010.03.003

Chase P 1989. How different was Middle Palaeolithic subsistence? A zooarchaeological

perspective on the Middle to Upper Palaeolithic transition. In: Mellars P and Stringer C

(eds). The human revolution. Princeton: Princeton University Press, 321–337.

Chitnis MM, Yuen JS, Protheroe AS, Pollak M, and Macaulay VM 2008. The type 1

insulin-like growth factor receptor pathway. Clinical Cancer Research

14(20):6364–6370.

DOI: https://doi.org/10.1158/1078-0432.CCR-07-4879

Churchill SE 2007. Bioenergetic perspective on Neanderthal thermoregulatory and activity

budgets. In: Harvati K and Harrison T (eds). Neanderthals revisited: new approaches

and perspectives. Dordrecht: Springer, 113–134.

DOI: https://doi.org/10.1007/978-1-4020-5121-0_7

https://doi.org/10.3945/ajcn.2009.26736AA
https://doi.org/10.1016/j.legalmed.2010.03.003
https://doi.org/10.1158/1078-0432.CCR-07-4879
https://doi.org/10.1007/978-1-4020-5121-0_7


B052884

85

Clement AF, Hillson SW, and Aiello LC 2012. Tooth wear, Neanderthal facial morphology,

and the anterior dental loading hypothesis. Journal of Human Evolution 62(3):367–376.

DOI: https://doi.org/10.1016/j.jhevol.2011.11.014

Coon CS 1962. The origin of races. New York: Knopf.

Cordain L, Eaton SB, Miller JB, Mann N, and Hill K 2002. The paradoxical nature of

hunter-gatherer diets: meat-based, yet non-atherogenic. European Journal of Clinical

Nutrition 56(S1):S42–S52.

DOI: https://doi.org/10.1038/sj.ejcn.1601353

Cordy J-M 1988. Apport de la paléozoologie à la paléoécologie et à la chronostratigraphie

en Europe du nord-occidental. In: Otte M (ed.). L'Homme de Neandertal:

l'environnement. Liège: Etudes et Recherches Archéologiques de l'Université de Liège,

55–64.

Craig WJ 2009. Health effects of vegan diets. American Journal of Clinical Nutrition

89(5):1627S–1633S.

DOI: https://doi.org/10.3945/ajcn.2009.26736N

Craig WJ and Mangels AR 2009. Position of the American Dietetic Association: vegetarian

diets. Journal of the American Dietetic Association 109(7):1266–1282.

DOI: https://doi.org/10.1016/j.jada.2009.05.027

https://doi.org/10.1016/j.jhevol.2011.11.014
https://doi.org/10.1038/sj.ejcn.1601353
https://doi.org/10.3945/ajcn.2009.26736N
https://doi.org/10.1016/j.jada.2009.05.027


B052884

86

Cross B, Faustoferri RC, and Quivey Jr RG 2016. What are we learning and what can we

learn from the Human Oral Microbiome Project? Current Oral Health Reports

3(1):56–63.

DOI: https://doi.org/10.1007/s40496-016-0080-4

Daanen HA and Van Marken Lichtenbelt WD 2016. Human whole body cold adaptation.

Temperature 3(1):104–118.

DOI: https://doi.org/10.1080/23328940.2015.1135688

D’Anjou RM, Bradley RS, Balascio NL, and Finkelstein DB 2012. Climate impacts on human

settlement and agricultural activities in northern Norway revealed through sediment

biogeochemistry. Proceedings of the National Academy of Sciences

109(50):20332–20337.

DOI: https://doi.org/10.1073/pnas.1212730109

Davies M, Gupta S, Goldspink G, and Winslet M 2006. The insulin-like growth factor system

and colorectal cancer: clinical and experimental evidence. International Journal of

Colorectal Disease 21(3):201–208.

DOI: https://doi.org/10.1007/s00384-005-0776-8

Dawes C 1970. Effects of diet on salivary secretion and composition. Journal of Dental

Research 49(6):1263–1272.

DOI: https://doi.org/10.1177/00220345700490061501

https://doi.org/10.1007/s40496-016-0080-4
https://doi.org/10.1080/23328940.2015.1135688
https://doi.org/10.1073/pnas.1212730109
https://doi.org/10.1007/s00384-005-0776-8
https://doi.org/10.1177/00220345700490061501


B052884

87

Dawes C, Pedersen AM, Villa A, Ekström J, Proctor GB, Vissink A, Aframian D, McGowan

R, Aliko A, Narayana N, and Sia YW 2015. The functions of human saliva: a review

sponsored by the World Workshop on Oral Medicine VI. Archives of Oral Biology

60(6):863–874.

DOI: https://doi.org/10.1016/j.archoralbio.2015.03.004

Day J 2013. Botany meets archaeology: people and plants in the past. Journal of

Experimental Botany 64(18):5805–5816.

DOI: https://doi.org/10.1093/jxb/ert068

Demes B 1987. Another look at an old face: biomechanics of the Neanderthal facial skeleton

reconsidered. Journal of Human Evolution 16(3):297–303.

DOI: https://doi.org/10.1016/0047-2484(87)90005-4

DeNiro MJ and Epstein S 1978. Influence of diet on distribution of carbon isotopes in

animals. Geochimica et Cosmochimica Acta 42(5):495–506.

DOI: https://doi.org/10.1016/0016-7037(78)90199-0

DeNiro MJ and Epstein S 1981. Influence of diet on the distribution of nitrogen isotopes in

animals. Geochimica et Cosmochimica Acta 45(3):341–351.

DOI: https://doi.org/10.1016/0016-7037(81)90244-1

https://doi.org/10.1016/j.archoralbio.2015.03.004
https://doi.org/10.1093/jxb/ert068
https://doi.org/10.1016/0047-2484(87)90005-4
https://doi.org/10.1016/0016-7037(78)90199-0
https://doi.org/10.1016/0016-7037(81)90244-1


B052884

88

DeNiro MJ and Schoeninger MJ 1983. Stable carbon and nitrogen isotope ratios of bone

collagen: variations within individuals, between sexes, and within populations raised on

monotonous diets. Journal of Archaeological Science 10(3):199–203.

DOI: https://doi.org/10.1016/0305-4403(83)90002-X

Dobney K 1994. Study of the dental calculus. In: Lilley JM, Stroud G, Brothwell DR, and

Williamson MH (eds). The Jewish burial ground of Jewbury. York: Council for British

Archaeology, 507–521.

Dobney K and Brothwell D 1986. Dental calculus: its relevance to ancient diet and oral

ecology. In: Cruwys E and Foley R (eds). Teeth and anthropology. Oxford: British

Archaeological Reports, 55–81.

Dobney K and Brothwell D 1987. A method for evaluating the amount of dental calculus on

teeth from archaeological sites. Journal of Archaeological Science 14(4):343–351.

DOI: https://doi.org/10.1016/0305-4403(87)90024-0

Dobney K and Brothwell D 1988. A scanning electron microscope study of archaeological

dental calculus. In: Olsen SL (ed.). Scanning electron microscopy in archaeology.

Oxford: British Archaeological Reports, 372–385.

Drucker D and Bocherens H 2004. Carbon and nitrogen stable isotopes as tracers of change

in diet breadth during Middle and Upper Palaeolithic in Europe. International Journal of

Osteoarchaeology 14(3–4):162–177.

DOI: https://doi.org/10.1002/oa.753

https://doi.org/10.1016/0305-4403(83)90002-X
https://doi.org/10.1016/0305-4403(87)90024-0
https://doi.org/10.1002/oa.753


B052884

89

Drucker D, Bocherens H, Mariotti A, Lévèque F, Vandermeersch B, and Guadelli JL 1999.

Conservation des signatures isotopiques du collagène d'os et de dents du Pléistocène

supérieur (Saint-Césaire, France): implications pour les reconstitutions des régimes

alimentaires des Néandertaliens. Bulletins et Mémoires de la Société d'Anthropologie de

Paris 11(3–4):289–305.

URL [accessed 30 March 2017]: https://goo.gl/1DT07h

Drucker D, Bocherens H, Bridault A, Billiou D 2003a. Carbon and nitrogen isotopic

composition of Red Deer (Cervus elaphus) collagen as a tool for tracking

palaeoenvironmental change during Lateglacial and Early Holocene in northern Jura

(France). Palaeogeography, Palaeoclimatology, Palaeoecology 195(3):375–388.

DOI: https://doi.org/10.1016/S0031-0182(03)00366-3

Drucker D, Bocherens H, and Billiou D 2003b. Evidence for shifting environmental

conditions in southwestern France from 33,000 to 15,000 years ago derived from

carbon-13 and nitrogen-15 natural abundances in collagen of large herbivores. Earth

and Planetary Science Letters 216(1):163–173.

DOI: https://doi.org/10.1016/S0012-821X(03)00514-4

Ecker M, Bocherens H, Julien MA, Rivals F, Raynal JP, and Moncel MH 2013. Middle

Pleistocene ecology and Neanderthal subsistence: insights from stable isotope analyses

in Payre (Ardèche, southeastern France). Journal of Human Evolution 65(4):363–373.

DOI: https://doi.org/10.1016/j.jhevol.2013.06.013

https://goo.gl/1DT07h
https://doi.org/10.1016/S0031-0182(03)00366-3
https://doi.org/10.1016/S0012-821X(03)00514-4
https://doi.org/10.1016/j.jhevol.2013.06.013


B052884

90

El Zaatari S, Grine FE, Ungar PS, and Hublin JJ 2011. Ecogeographic variation in

Neanderthal dietary habits: evidence from occlusal molar microwear texture analysis.

Journal of Human Evolution 61(4):411–424.

DOI: https://doi.org/10.1016/j.jhevol.2011.05.004

El Zaatari S, Grine FE, Ungar PS, and Hublin JJ 2016. Neanderthal versus modern human

dietary responses to climatic fluctuations. PLOS ONE 11(4):e0153277.

DOI: https://doi.org/10.1371/journal.pone.0153277

Ellwood BB, Harrold FB, Benoist SL, Thacker P, Otte M, Bonjean D, Long GJ, Shahin AM,

Hermann RP, and Grandjean F 2004. Magnetic susceptibility applied as an

age–depth–climate relative dating technique using sediments from Scladina Cave, a

Late Pleistocene cave site in Belgium. Journal of Archaeological Science

31(3):283–293.

DOI: https://doi.org/10.1016/j.jas.2003.08.009

Ericson JE 1985. Strontium isotope characterization in the study of prehistoric human

ecology. Journal of Human Evolution 14(5):503–514.

DOI: https://doi.org/10.1016/S0047-2484(85)80029-4

Evershed RP, Bethell PH, Reynolds PJ, and Walsh NJ 1997. 5β-Stigmastanol and related

5β-stanols as biomarkers of manuring: analysis of modern experimental material and

assessment of the archaeological potential. Journal of Archaeological Science

24(6):485–495.

DOI: https://doi.org/10.1006/jasc.1996.0132

https://doi.org/10.1016/j.jhevol.2011.05.004
https://doi.org/10.1371/journal.pone.0153277
https://doi.org/10.1016/j.jas.2003.08.009
https://doi.org/10.1016/S0047-2484(85)80029-4
https://doi.org/10.1006/jasc.1996.0132


B052884

91

Eyssen HJ, Parmentier GG, Compernolle FC, Pauw G, and Piessens‐Denef M 1973.

Biohydrogenation of sterols by Eubacterium ATCC 21,408—nova species. European

Journal of Biochemistry 36(2):411–421.

DOI: https://doi.org/10.1111/j.1432-1033.1973.tb02926.x

Fabre V, Condemi S, Degioanni A, and Herrscher E 2011. Neanderthals versus modern

humans: evidence for resource competition from isotopic modelling. International

Journal of Evolutionary Biology 2011:689315.

DOI: https://doi.org/10.4061/2011/689315

Fahy GE, Richards M, Riedel J, Hublin JJ, and Boesch C 2013. Stable isotope evidence of

meat eating and hunting specialization in adult male chimpanzees. Proceedings of the

National Academy of Sciences 110(15):5829–5833.

DOI: https://doi.org/10.1073/pnas.1221991110

Fahy GE, Richards MP, Fuller BT, Deschner T, Hublin JJ, and Boesch C 2014. Stable

nitrogen isotope analysis of dentine serial sections elucidate sex differences in weaning

patterns of wild chimpanzees (Pan troglodytes). American Journal of Physical

Anthropology 153(4):635–642.

DOI: https://doi.org/10.1002/ajpa.22464

FAO/WHO/UNU 1985. Energy and protein requirements. Report of the Joint

FAO/WHO/UNU Expert Committee. Geneva: WHO.

URL [accessed 30 March 2017]: https://goo.gl/RSTzD7

https://doi.org/10.1111/j.1432-1033.1973.tb02926.x
https://doi.org/10.4061/2011/689315
https://doi.org/10.1073/pnas.1221991110
https://doi.org/10.1002/ajpa.22464
https://goo.gl/RSTzD7


B052884

92

Fernandes R 2015. A simple (r) model to predict the source of dietary carbon in individual

consumers. Archaeometry 58(3):500–512.

DOI: https://doi.org/10.1111/arcm.12193

Fernandes R, Millard AR, Brabec M, Nadeau MJ, and Grootes P 2014. Food reconstruction

using isotopic transferred signals (FRUITS): a Bayesian model for diet reconstruction.

PLOS ONE 9(2):e87436.

DOI: https://doi.org/10.1371/journal.pone.0087436

Finch CE 2010. Evolution of the human lifespan and diseases of ageing: roles of infection,

inflammation, and nutrition. Proceedings of the National Academy of Sciences 107(1):

1718-1724.

DOI: https://doi.org/10.1073/pnas.0909606106

Finch CE and Stanford CB 2004. Meat-adaptive genes and the evolution of slower ageing in

humans. Quarterly Review of Biology 79(1):3–50.

DOI: https://doi.org/10.1086/381662

Finlayson C, Pacheco FG, Rodríguez-Vidal J, Fa DA, López JM, Pérez AS, Finlayson G,

Allue E, Preysler JB, Cáceres I, Carrión JS, Fernández Jalvo Y, Gleed-Owen C,

Jimenez Espejo F, López P, Antonio López Sáez J, Antonio Riquelme Cantal J,

Sánchez Marco A, Giles Guzman F, Brown K, Fuentes N, Valarino C, Villalpando A,

Stringer C, Martinez Ruiz F, and Sakamoto T 2006. Late survival of Neanderthals at

the southernmost extreme of Europe. Nature 443(7113):850–853.

DOI: https://doi.org/10.1038/nature05195

https://doi.org/10.1111/arcm.12193
https://doi.org/10.1371/journal.pone.0087436
https://doi.org/10.1073/pnas.0909606106
https://doi.org/10.1086/381662
https://doi.org/10.1038/nature05195


B052884

93

Fiorenza L, Benazzi S, Tausch J, Kullmer O, Bromage TG, and Schrenk F 2011. Molar

macrowear reveals Neanderthal eco-geographic dietary variation. PLOS ONE

6(3):e14769.

DOI: https://doi.org/10.1371/journal.pone.0014769

Fiorenza L, Benazzi S, Henry AG, Salazar‐García DC, Blasco R, Picin A, Wroe S, and

Kullmer O 2015. To meat or not to meat? New perspectives on Neanderthal ecology.

American Journal of Physical Anthropology 156(S59):43–71.

DOI: https://doi.org/10.1002/ajpa.22659

Fizet M, Mariotti A, Bocherens H, Lange-Badré B, Vandermeersch B, Borel JP, and Bellon G

1995. Effect of diet, physiology and climate on carbon and nitrogen stable isotopes of

collagen in a Late Pleistocene anthropic palaeoecosystem: Marillac, Charente, France.

Journal of Archaeological Science 22(1):67–79.

DOI: https://doi.org/10.1016/S0305-4403(95)80163-4

Fleming RM and Boyd LB 2000. The effect of high-protein diets on coronary blood flow.

Angiology 51(10):817–826.

DOI: https://doi.org/10.1177/000331970005101003

Floate MJ 1970. Decomposition of organic materials from hill soils and pastures: II.

Comparative studies on the mineralization of carbon, nitrogen, and phosphorus from

plant materials and sheep faeces. Soil Biology and Biochemistry 2(3):173–185.

DOI: https://doi.org/10.1016/0038-0717(70)90005-2

https://doi.org/10.1371/journal.pone.0014769
https://doi.org/10.1002/ajpa.22659
https://doi.org/10.1016/S0305-4403(95)80163-4
https://doi.org/10.1177/000331970005101003
https://doi.org/10.1016/0038-0717(70)90005-2


B052884

94

Fogel ML, Tuross N, and Owsley DW 1989. Nitrogen isotope traces of human lactation in

modern and archaeological populations. Carnegie Institution of Washington Yearbook

88:111–117.

Frank H, Graf J, Amann-Gassner U, Bratke R, Daniel H, Heemann U, and Hauner H 2009.

Effect of short-term high-protein compared with normal-protein diets on renal

hemodynamics and associated variables in healthy young men. American Journal of

Clinical Nutrition 90(6):1509–1516.

DOI: https://doi.org/10.3945/ajcn.2009.27601

Fraser I, Meier-Augenstein W, and Kalin RM 2006. The role of stable isotopes in human

identification: a longitudinal study into the variability of isotopic signals in human hair and

nails. Rapid Communications in Mass Spectrometry 20(7):1109–1116.

DOI: https://doi.org/10.1002/rcm.2424

Freier TA, Beitz DC, Li L, and Hartman PA 1994. Characterization of Eubacterium

coprostanoligenes sp. nov., a cholesterol-reducing anaerobe. International Journal of

Systematic and Evolutionary Microbiology 44(1):137–142.

DOI: https://doi.org/10.1099/00207713-44-1-137

Fuller BT, Fuller JL, Sage NE, Harris DA, O'Connell TC, and Hedges RE 2004. Nitrogen

balance and δ15N. why you're not what you eat during pregnancy. Rapid

Communications in Mass Spectrometry 18(23):2889–2896.

DOI: https://doi.org/10.1002/rcm.1708

https://doi.org/10.3945/ajcn.2009.27601
https://doi.org/10.1002/rcm.2424
https://doi.org/10.1099/00207713-44-1-137
https://doi.org/10.1002/rcm.1708


B052884

95

Fuller BT, Fuller JL, Sage NE, Harris DA, O'Connell TC, and Hedges RE 2005. Nitrogen

balance and δ15N: why you're not what you eat during nutritional stress. Rapid

Communications in Mass Spectrometry 19(18):2497–2506.

DOI: https://doi.org/10.1002/rcm.2090

Fuller BT, Fuller JL, Harris DA, and Hedges RE 2006. Detection of breastfeeding and

weaning in modern human infants with carbon and nitrogen stable isotope ratios.

American Journal of Physical Anthropology 129(2):279–293.

DOI: https://doi.org/10.1002/ajpa.20249

Gaar D, Rølla G, and van der Ouderaa F 1989. Comparison of the rate of formation of

supragingival calculus in an Asian and European population. In: Cate JM (ed.). Recent

advances in the study of dental calculus. Oxford: IRL Press, 115–122.

Gaudzinski S 1996. On bovid assemblages and their consequences for the knowledge of

subsistence patterns in the Middle Palaeolithic. Proceedings of the Prehistoric Society

62(1):19–39.

DOI: https://doi.org/10.1017/S0079497X00002723

Gaudzinski S and Roebroeks W 2000. Adults only. Reindeer hunting at the middle

palaeolithic site Salzgitter Lebenstedt, northern Germany. Journal of Human Evolution

38(4):497–521.

DOI: https://doi.org/10.1006/jhev.1999.0359

https://doi.org/10.1002/rcm.2090
https://doi.org/10.1002/ajpa.20249
https://doi.org/10.1017/S0079497X00002723
https://doi.org/10.1006/jhev.1999.0359


B052884

96

Gaudzinski S and Roebroeks W 2011. On Neanderthal subsistence in last interglacial

forested environments in northern Europe. In: Conard NJ and Richter J (eds).

Neanderthal lifeways, subsistence, and technology: one hundred fifty years of

Neanderthal study. New York: Springer, 61–71.

Gérard P 2014. Metabolism of cholesterol and bile acids by the gut microbiota. Pathogens

3(1):14–24.

DOI: https://doi.org/10.3390/pathogens3010014

Gérard P, Lepercq P, Leclerc M, Gavini F, Raibaud P, and Juste C 2007. Bacteroides sp.

strain D8, the first cholesterol-reducing bacterium isolated from human faeces. Applied

and Environmental Microbiology 73(18):5742–5749.

DOI: https://doi.org/10.1128/AEM.02806-06

Green RE, Krause J, Briggs AW, Maricic T, Stenzel U, Kircher M, Patterson N, Li H, Zhai W,

Fritz MH, Hansen NF, Durand E, Malaspinas A, Jensen J, Marques-Bonet T, Alkan C,

Prüfer K, Meyer M, Burbano H, Good J, Schultz R, Aximu-Petri A, Butthof A, Hober B,

Hoffner B, Siegemund M, Weihmann A, Nusbaum C, Lander E, Russ C, Novod N,

Affourtit J, Egholm M, Verna C, Rudan P, Brajkovic D, Kucan Z, Gusic I, Doronichev V,

Golovanova L, Lalueza-Fox C, de la Rasilla M, Fortea J, Rosas A, Schmitz R, Johnson

P, Eichler E, Falush D, Birney E, Mullikin J, Slatkin M, Nielsen R, Kelso J, Lachmann M,

Reich D, and Paabo S 2010. A draft sequence of the Neanderthal genome. Science

328(5979):710–722.

DOI: https://doi.org/10.1126/science.1188021

https://doi.org/10.3390/pathogens3010014
https://doi.org/10.1128/AEM.02806-06
https://doi.org/10.1126/science.1188021


B052884

97

Gülacara FO, Susini A, and Klohn M 1990. Preservation and post-mortem transformations of

lipids in samples from a 4000-year-old Nubian mummy. Journal of Archaeological

Science 17(6):691–705.

DOI: https://doi.org/10.1016/0305-4403(90)90050-F

Halbesma N, Bakker SJ, Jansen DF, Stolk RP, De Zeeuw D, De Jong PE, and Gansevoort

RT 2009. High protein intake associates with cardiovascular events but not with loss of

renal function. Journal of the American Society of Nephrology 20(8):1797–1804.

DOI: https://doi.org/10.1681/ASN.2008060649

Hardy BL 2010. Climatic variability and plant food distribution in Pleistocene Europe:

implications for Neanderthal diet and subsistence. Quaternary Science Reviews

29(5):662–679.

DOI: https://doi.org/10.1016/j.quascirev.2009.11.016

Hardy BL and Moncel MH 2011. Neanderthal use of fish, mammals, birds, starchy plants

and wood 125-250,000 years ago. PLOS ONE 6(8):e23768.

DOI: https://doi.org/10.1371/journal.pone.0023768

Hardy K 2016. Plants as raw materials. In: Hardy K and Kubiak Martens L (eds).Wild

harvest: plants in the hominin and pre-agrarian human worlds. Oxford: Oxbow Books,

71–90.

https://doi.org/10.1016/0305-4403(90)90050-F
https://doi.org/10.1681/ASN.2008060649
https://doi.org/10.1016/j.quascirev.2009.11.016
https://doi.org/10.1371/journal.pone.0023768


B052884

98

Hardy K, Blakeney T, Copeland L, Kirkham J, Wrangham R, and Collins M 2009. Starch

granules, dental calculus and new perspectives on ancient diet. Journal of

Archaeological Science 36(2):248–255.

DOI: https://doi.org/10.1016/j.jas.2008.09.015

Hardy K, Buckley S, Collins MJ, Estalrrich A, Brothwell D, Copeland L, García-Tabernero A,

García-Vargas S, de la Rasilla M, Lalueza-Fox C, and Huguet R 2012. Neanderthal

medics? Evidence for food, cooking, and medicinal plants entrapped in dental calculus.

Naturwissenschaften 99(8):617–626.

DOI: https://doi.org/10.1007/s00114-012-0942-0

Hardy K, Buckley S, Huffman M 2013. Neanderthal self-medication in context. Antiquity

87(337):873–878.

DOI: https://doi.org/10.1017/S0003598X00049528

Hardy K, Brand-Miller J, Brown KD, Thomas MG, and Copeland L 2015. The importance of

dietary carbohydrate in human evolution. Quarterly Review of Biology 90(3):251–268.

DOI: https://doi.org/10.1086/682587

Hardy K, Radini A, Buckley S, Sarig R, Copeland L, Gopher A, and Barkai R 2016a. Dental

calculus reveals potential respiratory irritants and ingestion of essential plant-based

nutrients at Lower Palaeolithic Qesem Cave Israel. Quaternary International

398:129–135.

DOI: https://doi.org/10.1016/j.quaint.2015.04.033

https://doi.org/10.1016/j.jas.2008.09.015
https://doi.org/10.1007/s00114-012-0942-0
https://doi.org/10.1017/S0003598X00049528
https://doi.org/10.1086/682587
https://doi.org/10.1016/j.quaint.2015.04.033


B052884

99

Hardy K, Buckley S, and Huffman M 2016b. Doctors, chefs, or hominin animals? Non-edible

plants and Neanderthals. Antiquity 90(353):1373–1379.

DOI: https://doi.org/10.15184/aqy.2016.134

Hardy K, Radini A, Buckley S, Blasco R, Copeland L, Burjachs F, Girbal J, Yll R, Carbonell

E, and de Castro JM 2017. Diet and environment 1.2 million years ago revealed through

analysis of dental calculus from Europe’s oldest hominin at Sima del Elefante, Spain.

The Science of Nature 104(1–2):2.

DOI: https://doi.org/10.1007/s00114-016-1420-x

Hare PE, Fogel ML, Stafford TW, Mitchell AD, and Hoering TC 1991. The isotopic

composition of carbon and nitrogen in individual amino acids isolated from modern and

fossil proteins. Journal of Archaeological Science 18(3):277–292.

DOI: https://doi.org/10.1016/0305-4403(91)90066-X

Harris K and Nielsen R 2016. The genetic cost of Neanderthal introgression. Genetics

203(2):881–891.

DOI: https://doi.org/10.1534/genetics.116.186890

Hartman G 2011. Are elevated δ15N values in herbivores in hot and arid environments

caused by diet or animal physiology? Functional Ecology 25(1):122–131.

DOI: https://doi.org/10.1111/j.1365-2435.2010.01782.x

https://doi.org/10.15184/aqy.2016.134
https://doi.org/10.1007/s00114-016-1420-x
https://doi.org/10.1016/0305-4403(91)90066-X
https://doi.org/10.1534/genetics.116.186890
https://doi.org/10.1111/j.1365-2435.2010.01782.x


B052884

100

Heaton TH, Vogel JC, von La Chevallerie G, and Collett G 1986. Climatic influence on the

isotopic composition of bone nitrogen. Nature 322(6082):822–823.

DOI: https://doi.org/10.1038/322822a0

Hedges RE and Reynard LM 2007. Nitrogen isotopes and the trophic level of humans in

archaeology. Journal of Archaeological Science 34(8):1240–1251.

DOI: https://doi.org/10.1016/j.jas.2006.10.015

Hedges RE, Clement JG, Thomas CD, and O'Connell TC 2007. Collagen turnover in the

adult femoral mid-shaft: modelled from anthropogenic radiocarbon tracer

measurements. American Journal of Physical Anthropology 133(2):808–816.

DOI: https://doi.org/10.1002/ajpa.20598

Henry AG and Piperno DR 2008. Using plant microfossils from dental calculus to recover

human diet: a case study from Tell al-Raqā'i, Syria. Journal of Archaeological Science

35(7):1943–1950.

DOI: https://doi.org/10.1016/j.jas.2007.12.005

Henry AG, Brooks AS, and Piperno DR 2011. Microfossils in calculus demonstrate

consumption of plants and cooked foods in Neanderthal diets (Shanidar III, Iraq; Spy I

and II, Belgium). Proceedings of the National Academy of Sciences 108(2):486–491.

DOI: https://doi.org/10.1073/pnas.1016868108

https://doi.org/10.1038/322822a0
https://doi.org/10.1016/j.jas.2006.10.015
https://doi.org/10.1002/ajpa.20598
https://doi.org/10.1016/j.jas.2007.12.005
https://doi.org/10.1073/pnas.1016868108


B052884

101

Henry AG, Brooks AS, and Piperno DR 2014. Plant foods and the dietary ecology of

Neanderthals and early modern humans. Journal of Human Evolution 69:44–54.

DOI: https://doi.org/10.1016/j.jhevol.2013.12.014

Hershkovitz I, Kelly J, Latimer B, Rothschild BM, Simpson S, Polak J, and Rosenberg M

1997. Oral bacteria in Miocene Sivapithecus. Journal of Human Evolution

33(4):507–512.

DOI: https://doi.org/10.1006/jhev.1997.0149

Higham T, Ramsey CB, Karavanić I, Smith FH, and Trinkaus ER 2006. Revised direct

radiocarbon dating of the Vindija G1 Upper Palaeolithic Neanderthal. Proceedings of the

National Academy of Sciences 103(3):553–557.

DOI: https://doi.org/10.1073/pnas.0510005103

Higham T, Douka K, Wood R, Ramsey CB, Brock F, Basell L, Camps M, Arrizabalaga A,

Baena J, Barroso-Ruíz C, Bergman C, Boitard C, Boscato P, Caparrós M, Conard N,

Draily C, Froment A, Galván B, Gambassini P, Garcia-Moreno A, Grimaldi S, Haesaerts

P, Holt B, Iriarte-Chiapusso M, Jelinek A, Jordá Pardo J, Maíllo-Fernández J, Marom A,

Maroto J, Menéndez M, Metz L, Morin E, Moroni A, Negrino F, Panagopoulou E,

Peresani M, Pirson S, de la Rasilla M, Riel-Salvatore J, Ronchitelli A, Santamaria D,

Semal P, Slimak L, Soler J, Soler N, Villaluenga A, Pinhasi R, and Jacobi R 2014. The

timing and spatiotemporal patterning of Neanderthal disappearance. Nature

512(7514):306–309.

DOI: https://doi.org/10.1038/nature13621

https://doi.org/10.1016/j.jhevol.2013.12.014
https://doi.org/10.1006/jhev.1997.0149
https://doi.org/10.1073/pnas.0510005103
https://doi.org/10.1038/nature13621


B052884

102

Hillson SW 1979. Diet and dental disease.World Archaeology 11(2):147–162.

DOI: https://doi.org/10.1080/00438243.1979.9979758

Hillson SW 2000. Dental pathology. In: Katzenberg MA and Saunders SR (eds). Biological

anthropology of the human skeleton. New York: Wiley-Liss, 249–286.

Hillson SW 2005. Teeth. Cambridge: Cambridge University Press.

Hooper PL, Demps K, Gurven M, Gerkey D, and Kaplan HS 2015. Skills, division of labour,

and economies of scale among Amazonian hunters and south Indian honey collectors.

Philosophical Transactions of the Royal Society B 370(1683):20150008.

DOI: https://doi.org/10.1098/rstb.2015.0008

Hoppe KA, Paytan A, and Chamberlain P 2006. Reconstructing grassland vegetation and

palaeotemperatures using carbon isotope ratios of bison tooth enamel. Geology

34(8):649–652.

DOI: https://doi.org/10.1130/G22745.1

Horrocks M, Nieuwoudt MK, Kinaston R, Buckley H, and Bedford S 2014. Microfossil and

Fourier Transform InfraRed analyses of Lapita and post-Lapita human dental calculus

from Vanuatu, southwest Pacific. Journal of the Royal Society of New Zealand

44(1):17–33.

DOI: https://doi.org/10.1080/03036758.2013.842177

https://doi.org/10.1080/00438243.1979.9979758
https://doi.org/10.1098/rstb.2015.0008
https://doi.org/10.1130/G22745.1
https://doi.org/10.1080/03036758.2013.842177


B052884

103

Hublin JJ, Talamo S, Julien M, David F, Connet N, Bodu P, Vandermeersch B, and Richards

MP 2012. Radiocarbon dates from the Grotte du Renne and Saint-Césaire support a

Neanderthal origin for the Châtelperronian. Proceedings of the National Academy of

Sciences 109(46):18743–18748.

DOI: https://doi.org/10.1073/pnas.1212924109

Huffman MA 2003. Animal self-medication and ethnomedicine: exploration and exploitation

of the medicinal properties of plants. Proceedings of the Nutrition Society

62(2):371–381.

DOI: https://doi.org/10.1079/PNS2003257

Humphrey LT 2014. Isotopic and trace element evidence of dietary transitions in early life.

Annals of Human Biology 41(4):348–357.

DOI: https://doi.org/10.3109/03014460.2014.923939

Humphrey SP and Williamson RT 2001. A review of saliva: normal composition, flow, and

function. Journal of Prosthetic Dentistry 85(2):162–169.

DOI: https://doi.org/10.1067/mpr.2001.113778

Humphrey LT, De Groote I, Morales J, Barton N, Collcutt S, Ramsey CB, and Bouzouggar A

2014. Earliest evidence for caries and exploitation of starchy plant foods in Pleistocene

hunter-gatherers from Morocco. Proceedings of the National Academy of Sciences

111(3):954–959.

DOI: https://doi.org/10.1073/pnas.1318176111

https://doi.org/10.1073/pnas.1212924109
https://doi.org/10.1079/PNS2003257
https://doi.org/10.3109/03014460.2014.923939
https://doi.org/10.1067/mpr.2001.113778
https://doi.org/10.1073/pnas.1318176111


B052884

104

Jackson F, Jackson L, Cross C, and Clarke C 2016. What could you do with 400 years of

biological history on African-Americans? Evaluating the potential scientific benefit of

systematic studies of dental and skeletal materials on African Americans from the 17th

through 20th centuries. American Journal of Human Biology 28(4):510–513.

DOI: https://doi.org/10.1002/ajhb.22821

Jacobs DR, Gross MD, and Tapsell LC 2009. Food synergy: an operational concept for

understanding nutrition. American Journal of Clinical Nutrition 89(5):1543S–1548S.

DOI: https://doi.org/10.3945/ajcn.2009.26736B

Jankauskas R and Palabeckaite Z 2006. Palaeopathological review of the Zvejnieki sample.

In: Larsson L and Zagorska I (eds). Back to the origin. New research in the

Mesolithic–Neolithic Zvejnieki cemetery and environment, northern Latvia. Stockholm:

Almqvist and Wiksell, 149–164.

Janmaat KR, Ban SD, and Boesch C 2013. Taï chimpanzees use botanical skills to discover

fruit: what we can learn from their mistakes. Animal Cognition 16(6):851–860.

DOI: https://doi.org/10.1007/s10071-013-0617-z

Jenkins SG, Partridge ST, Stephenson TR, Farley SD, and Robbins CT 2001. Nitrogen and

carbon isotope fractionation between mothers, neonates, and nursing offspring.

Oecologia 129(3):336–341.

DOI: https://doi.org/10.1007/s004420100755

https://doi.org/10.1002/ajhb.22821
https://doi.org/10.3945/ajcn.2009.26736B
https://doi.org/10.1007/s10071-013-0617-z
https://doi.org/10.1007/s004420100755


B052884

105

Jørgensen ME, Bjerregaard P, Kjærgaard JJ, and Borch-Johnsen K 2008. High prevalence

of markers of coronary heart disease among Greenland Inuit. Atherosclerosis

196(2):772–778.

DOI: https://doi.org/10.1016/j.atherosclerosis.2007.01.008

Jouzel J, Lorius C, and Raynaud D 2006. Climat et atmosphère au Quaternaire: de

nouveaux carottages glaciaires. Comptes Rendus Palevol 5(1):45–55.

DOI: https://doi.org/10.1016/j.crpv.2005.09.013

Katzenberg MA and Pfeiffer S 1995. Nitrogen isotope evidence for weaning age in a

nineteenth century Canadian skeletal sample. In: Grauer AL (ed.). Body of evidence:

reconstructing history through skeletal analysis. New York: Wiley-Liss, 221–235.

Kay RF 1977. Diet of early Miocene hominoids. Nature 268:628–630.

DOI: https://doi.org/10.1038/268628a0

Keenleyside A 2008. Dental pathology and diet at Apollonia, a Greek colony on the Black

Sea. International Journal of Osteoarchaeology 18(3):262–279.

DOI: https://doi.org/10.1002/oa.934

Kellner CM and Schoeninger MJ 2007. A simple carbon isotope model for reconstructing

human diet. American Journal of Physical Anthropology 133(4):1112–1127.

DOI: https://doi.org/10.1002/ajpa.20618

https://doi.org/10.1016/j.atherosclerosis.2007.01.008
https://doi.org/10.1016/j.crpv.2005.09.013
https://doi.org/10.1038/268628a0
https://doi.org/10.1002/oa.934
https://doi.org/10.1002/ajpa.20618


B052884

106

King W 1864. The reputed fossil man of the Neanderthal. Quarterly Review of Science

1:88–97.

Klein RG 2013. Stable carbon isotopes and human evolution. Proceedings of the National

Academy of Sciences 110(26):10470–10472.

DOI: https://doi.org/10.1073/pnas.1307308110

Krause J, Orlando L, Serre D, Viola B, Prüfer K, Richards MP, Hublin JJ, Hänni C,

Derevianko AP, and Pääbo S 2007. Neanderthals in central Asia and Siberia. Nature

449(7164):902–904.

DOI: https://doi.org/10.1038/nature06193

Krief S, Daujeard C, Moncel MH, Lamon N, and Reynolds V 2015. Flavouring food: the

contribution of chimpanzee behaviour to the understanding of Neanderthal calculus

composition and plant use in Neanderthal diets. Antiquity 89(344):464–471.

DOI: https://doi.org/10.15184/aqy.2014.7

Kristiansen K 2014. Towards a new paradigm? The third science revolution and its possible

consequences in archaeology. Current Swedish Archaeology 22:11–34.

URL [accessed 30 March 2017]: https://goo.gl/PQQjWJ

Krueger HW and Sullivan CH 1984. Models for carbon isotope fractionation between diet

and bone. In: Turnlund JR, and Johnson PE (eds). Stable isotopes in nutrition.

Washington: American Chemical Society, 205–220.

DOI: https://doi.org/10.1021/bk-1984-0258.ch014

https://doi.org/10.1073/pnas.1307308110
https://doi.org/10.1038/nature06193
https://doi.org/10.15184/aqy.2014.7
https://goo.gl/PQQjWJ
https://doi.org/10.1021/bk-1984-0258.ch014


B052884

107

Kurpad AV, Varadharajan KS, and Aeberli I 2011. The thin-fat phenotype and global

metabolic disease risk. Current Opinion in Clinical Nutrition and Metabolic Care

14(6):542–547.

DOI: https://doi.org/10.1097/MCO.0b013e32834b6e5e

Kuzmin YV and Keates SG 2014. Direct radiocarbon dating of Late Pleistocene hominids in

Eurasia: current status, problems, and perspectives. Radiocarbon 56(2):753–766.

DOI: https://doi.org/10.2458/56.16936

Lagiou P, Sandin S, Lof M, Trichopoulos D, Adami HO, and Weiderpass E 2012. Low

carbohydrate-high protein diet and incidence of cardiovascular diseases in Swedish

women: prospective cohort study. British Medical Journal 344:e4026.

DOI: https://doi.org/10.1136/bmj.e4026

Lalueza-Fox C, Gigli E, de la Rasilla M, Fortea J, and Rosas A 2009. Bitter taste perception

in Neanderthals through the analysis of the TAS2R38 gene. Biology Letters

5(6):809–811.

DOI: https://doi.org/10.1098/rsbl.2009.0532

Langdon JH 2006. Has an aquatic diet been necessary for hominin brain evolution and

functional development? British Journal of Nutrition 96(1):7–17.

DOI: https://doi.org/10.1079/BJN20061805

Launay JC and Savourey G 2009. Cold adaptations. Industrial Health 47(3):221–227.

DOI: https://doi.org/10.2486/indhealth.47.221

https://doi.org/10.1097/MCO.0b013e32834b6e5e
https://doi.org/10.2458/56.16936
https://doi.org/10.1136/bmj.e4026
https://doi.org/10.1098/rsbl.2009.0532
https://doi.org/10.1079/BJN20061805
https://doi.org/10.2486/indhealth.47.221


B052884

108

Lee-Thorp JA and Sponheimer M 2006. Contributions of biogeochemistry to understanding

hominin dietary ecology. American Journal of Physical Anthropology 131(S43):131–148.

DOI: https://doi.org/10.1002/ajpa.20519

Lee-Thorp JA, van der Merwe NJ, and Brain CK 1989. Isotopic evidence for dietary

differences between two extinct baboon species from Swartkrans. Journal of Human

Evolution 18(3):183–189.

DOI: https://doi.org/10.1016/0047-2484(89)90048-1

Leonard C, Vashro L, O'Connell JF, and Henry AG 2015. Plant microremains in dental

calculus as a record of plant consumption: a test with Twe forager-horticulturalists.

Journal of Archaeological Science: Reports 2:449–457.

DOI: https://doi.org/10.1016/j.jasrep.2015.03.009

Li M, Yang X, Ge Q, Ren X, and Wan Z 2013. Starch grains analysis of stone knives from

Changning site, Qinghai Province, northwest China. Journal of Archaeological Science

40(4):1667–1672.

DOI: https://doi.org/10.1016/j.jas.2012.11.018

Lieverse AR 1999. Diet and the aetiology of dental calculus. International Journal of

Osteoarchaeology 9(4):219–232.

DOI: https://doi.org/10.1002/(SICI)1099-1212(199907/08)9:4<219::AID-OA475>3.0.CO;2-V

https://doi.org/10.1002/ajpa.20519
https://doi.org/10.1016/0047-2484(89)90048-1
https://doi.org/10.1016/j.jasrep.2015.03.009
https://doi.org/10.1016/j.jas.2012.11.018
https://doi.org/10.1002/(SICI)1099-1212(199907/08)9:4%3c219::AID-OA475%3e3.0.CO;2-V


B052884

109

Lieverse AR, Link DW, Bazaliiskiy VI, Goriunova OI, and Weber AW 2007. Dental health

indicators of hunter-gatherer adaptation and cultural change in Siberia's Cis-Baikal.

American Journal of Physical Anthropology 134(3):323–339.

DOI: https://doi.org/10.1002/ajpa.20672

Lillie MC 1996. Mesolithic and Neolithic populations of Ukraine: indications of diet from

dental pathology. Current Anthropology 37(1):135–142.

DOI: https://doi.org/10.1086/204479

Lillie MC and Richards M 2000. Stable isotope analysis and dental evidence of diet at the

Mesolithic–Neolithic transition in Ukraine. Journal of Archaeological Science

27(10):965–972.

DOI: https://doi.org/10.1006/jasc.1999.0544

Lin DS, Connor WE, Napton LK, and Heizer RF 1978. The steroids of 2000-year-old human

coprolites. Journal of Lipid Research 19(2):215–221.

PubMed ID: https://www.ncbi.nlm.nih.gov/pubmed/344825

Lisiecki LE and Raymo ME 2005. A Pliocene-Pleistocene stack of 57 globally distributed

benthic δ18O records. Paleoceanography 20(1):PA1003.

DOI: https://doi.org/10.1029/2004PA001071

Longin R 1971. New method of collagen extraction for radiocarbon dating. Nature

230(5291):241–242.

DOI: https://doi.org/10.1038/230241a0

https://doi.org/10.1002/ajpa.20672
https://doi.org/10.1086/204479
https://doi.org/10.1006/jasc.1999.0544
https://www.ncbi.nlm.nih.gov/pubmed/344825
https://doi.org/10.1029/2004PA001071
https://doi.org/10.1038/230241a0


B052884

110

Macdonald IA, Bokkenheuser VD, Winter J, McLernon AM, and Mosbach EH 1983.

Degradation of steroids in the human gut. Journal of Lipid Research 24(6):675–700.

PubMed ID: https://www.ncbi.nlm.nih.gov/pubmed/6350517

Makarewicz CA and Sealy J 2015. Dietary reconstruction, mobility, and the analysis of

ancient skeletal tissues: expanding the prospects of stable isotope research in

archaeology. Journal of Archaeological Science 56:146–158.

DOI: https://doi.org/10.1016%2Fj.jas.2015.02.035

Marcotte H and Lavoie MC 1998. Oral microbial ecology and the role of salivary

immunoglobulin A. Microbiology and Molecular Biology Reviews 62(1):71–109.

PubMed ID: https://www.ncbi.nlm.nih.gov/pubmed/9529888

Marean CW and Assefa Z 1999. Zooarchaeological evidence for the faunal exploitation

behaviour of Neanderthals and early modern humans. Evolutionary Anthropology Issues

News and Reviews 8(1):22–37.

DOI: https://doi.org/10.1002/(SICI)1520-6505(1999)8:1<22::AID-EVAN7>3.0.CO;2-F

Marean CW and Kim SY 1998. Mousterian large-mammal remains from Kobeh Cave:

behavioural implications for Neanderthals and early modern humans. Current

Anthropology 39(S1):S79–S114.

DOI: https://doi.org/10.1086/204691

https://www.ncbi.nlm.nih.gov/pubmed/6350517
https://doi.org/10.1016%2Fj.jas.2015.02.035
https://www.ncbi.nlm.nih.gov/pubmed/9529888
https://doi.org/10.1002/(SICI)1520-6505(1999)8:1%3c22::AID-EVAN7%3e3.0.CO;2-F
https://doi.org/10.1086/204691


B052884

111

McCoy RC, Wakefield J, and Akey JM 2017. Impacts of Neanderthal-introgressed

sequences on the landscape of human gene expression. Cell 168(5):916–927.

DOI: https://doi.org/10.1016/j.cell.2017.01.038

McEwan EH and Whitehead PE 1970. Seasonal changes in the energy and nitrogen intake

in reindeer and caribou. Canadian Journal of Zoology 48(5):905–913.

DOI: https://doi.org/10.1139/z70-164

McGrew WC 2010a. In search of the last common ancestor: new findings on wild

chimpanzees. Philosophical Transactions of the Royal Society B: Biological

Sciences 365(1556):3267–3276.

DOI: https://doi.org/10.1098/rstb.2010.0067

McGrew WC 2010b. Chimpanzee technology. Science 328(5978):579–580.

DOI: https://doi.org/10.1126/science.1187921

Meiklejohn C and Zvelebil M 1991. Health status of European populations of the agricultural

transition and the implications for the adoption of farming. In: Bush H and Zvelebil M

(eds). Health in past societies: biocultural interpretations of human remains in

archaeological contexts. Oxford: Tempus Reparatum, 129–145.

Mensah GA 2014. From mummies to modern man: genomic research to advance human

heredity and health. Global Heart 9(2):245–248.

DOI: https://doi.org/10.1016/j.gheart.2014.06.003

https://doi.org/10.1016/j.cell.2017.01.038
https://doi.org/10.1139/z70-164
https://doi.org/10.1098/rstb.2010.0067
https://doi.org/10.1126/science.1187921
https://doi.org/10.1016/j.gheart.2014.06.003


B052884

112

Metcalf JL, Ursell LK, and Knight R 2014. Ancient human oral plaque preserves a wealth of

biological data. Nature Genetics 46(4):321–323.

DOI: https://doi.org/10.1038/ng.2930

Middleton WD and Rovner I 1994. Extraction of opal phytoliths from herbivore dental

calculus. Journal of Archaeological Science 21(4):469–473.

DOI: https://doi.org/10.1006/jasc.1994.1046

Milton K 1981. Distribution patterns of tropical plant foods as an evolutionary stimulus to

primate mental development. American Anthropologist 83(3):534–548.

DOI: https://doi.org/10.1525/aa.1981.83.3.02a00020

Milton K 1999a. A hypothesis to explain the role of meat-eating in human evolution.

Evolutionary Anthropology 8(1):11–21.

DOI: https://doi.org/10.1002/(SICI)1520-6505(1999)8:1<11::AID-EVAN6>3.0.CO;2-M

Milton K 1999b. Nutritional characteristics of wild primate foods: do the natural diets of our

closest living relatives have lessons for us? Nutrition 15(6):488–498.

DOI: https://doi.org/10.1016/S0899-9007(99)00078-7

Milton K 2000a. Hunter-gatherer diets: a different perspective. American Journal of Clinical

Nutrition 71(3):665–667.

PubMed ID: https://www.ncbi.nlm.nih.gov/pubmed/10702155

https://doi.org/10.1038/ng.2930
https://doi.org/10.1006/jasc.1994.1046
https://doi.org/10.1525/aa.1981.83.3.02a00020
https://doi.org/10.1002/(SICI)1520-6505(1999)8:1%3c11::AID-EVAN6%3e3.0.CO;2-M
https://doi.org/10.1016/S0899-9007(99)00078-7
https://www.ncbi.nlm.nih.gov/pubmed/10702155


B052884

113

Milton K 2000b. Back to basics: why foods of wild primates have relevance for modern

human health. Nutrition 16(7):480–483.

DOI: https://doi.org/10.1016/S0899-9007(00)00293-8

Milton K 2002. Hunter-gatherer diets: wild foods signal relief from diseases of affluence. In:

Ungar PS and Teaford MF (eds). Human diet: its origin and evolution. Westport: Bergin

and Garvey,111–122.

Milton K and Demment MW 1988. Digestion and passage kinetics of chimpanzees fed high

and low fibre diets and comparison with human data. Journal of Nutrition

118(9):1082–1088.

PubMed ID: https://www.ncbi.nlm.nih.gov/pubmed/2843616

Minagawa M and Wada E 1984. Stepwise enrichment of 15N along food chains: further

evidence and the relation between δ15N and animal age. Geochimica et Cosmochimica

Acta 48(5):1135–1140.

DOI: https://doi.org/10.1016/0016-7037(84)90204-7

Moncel MH 2011. Technological behaviour and mobility of human groups deduced from

lithic assemblages in the Late Middle and Early Late Pleistocene of the Middle Rhône

Valley (France). In: Conard NJ and Richter J (eds). Neanderthal lifeways, subsistence

and technology: one hundred fifty years of Neanderthal study. New York: Springer,

261–287.

https://doi.org/10.1016/S0899-9007(00)00293-8
https://www.ncbi.nlm.nih.gov/pubmed/2843616
https://doi.org/10.1016/0016-7037(84)90204-7


B052884

114

Moncel MH, Debard E, Desclaux E, Dubois JM, Lamarque F, Patou-Mathis M, and Vilette P

2002. Le cadre de vie des hommes du Paléolithique moyen (stades isotopiques 6 et 5)

dans le site de Payre (Rompon, Ardèche): d'une grotte à un abri sous roche effondré.

Bulletin de la Société préhistorique française 99(2):249–273.

URL [accessed 30 March 2017]: https://goo.gl/gdD25r

Nehlich O and Richards MP 2009. Establishing collagen quality criteria for sulphur isotope

analysis of archaeological bone collagen. Archaeological and Anthropological Sciences

1(1):59–75.

DOI: https://doi.org/10.1007/s12520-009-0003-6

Nelson BK, Deniro MJ, Schoeninger MJ, DePaolo DJ, and Hare PE 1986. Effects of

diagenesis on strontium, carbon, nitrogen, and oxygen concentration and isotopic

composition of bone. Geochimica et Cosmochimica Acta 50(9):1941–1949.

DOI: https://doi.org/10.1016/0016-7037(86)90250-4

Noto H, Goto A, Tsujimoto T, and Noda M 2013. Low-carbohydrate diets and all-cause

mortality: a systematic review and meta-analysis of observational studies. PLOS ONE

8(1):e55030.

DOI: https://doi.org/10.1371/journal.pone.0055030

O’Connell TC and Hedges RE 1999. Isotopic comparison of hair and bone: archaeological

analyses. Journal of Archaeological Science 26(6):661–665.

DOI: https://doi.org/10.1006/jasc.1998.0383

https://goo.gl/gdD25r
https://doi.org/10.1007/s12520-009-0003-6
https://doi.org/10.1016/0016-7037(86)90250-4
https://doi.org/10.1371/journal.pone.0055030
https://doi.org/10.1006/jasc.1998.0383


B052884

115

O’Connell TC, Hedges RE, Healey MA, and Simpson AH 2001. Isotopic comparison of hair,

nail, and bone: modern analyses. Journal of Archaeological Science 28(11):1247–1255.

DOI: https://doi.org/10.1006/jasc.2001.0698

O’Connell TC, Kneale CJ, Tasevska N, and Kuhnle GG 2012. The diet-body offset in human

nitrogen isotopic values: a controlled dietary study. American Journal of Physical

Anthropology 149(3):426–434.

DOI: https://doi.org/10.1002/ajpa.22140

O’Connor CF, Franciscus RG, and Holton NE 2005. Bite force production capability and

efficiency in Neanderthals and modern humans. American Journal of Physical

Anthropology 127(2):129–151.

DOI: https://doi.org/10.1002/ajpa.20025

O’Leary MH 1988. Carbon isotopes in photosynthesis. BioScience 38(5):328–336.

DOI: https://doi.org/10.2307/1310735

Otte M, Toussaint M, and Bonjean D 1993. Découverte de restes humains immatures dans

les niveaux moustériens de la grotte Scladina à Andenne (Belgique). Bulletins et

Mémoires de la Société d'anthropologie de Paris 5(1):327–332.

URL [accessed 30 March 2017]: https://goo.gl/9dBhTu

https://doi.org/10.1006/jasc.2001.0698
https://doi.org/10.1002/ajpa.22140
https://doi.org/10.1002/ajpa.20025
https://doi.org/10.2307/1310735
https://goo.gl/9dBhTu


B052884

116

Pan A, Sun Q, Bernstein AM, Schulze MB, Manson JE, Willett WC, and Hu FB 2011. Red

meat consumption and risk of type 2 diabetes: 3 cohorts of US adults and an updated

meta-analysis. American Journal of Clinical Nutrition 94(4):1088–1096.

DOI: https://doi.org/10.3945/ajcn.111.018978

Pearson SF, Levey DJ, Greenberg CH, and del Rio CM 2003. Effects of elemental

composition on the incorporation of dietary nitrogen and carbon isotopic signatures in an

omnivorous songbird. Oecologia 135(4):516–523.

DOI: https://doi.org/10.1007/s00442-003-1221-8

Perry GH, Dominy NJ, Claw KG, Lee AS, Fiegler H, Redon R, Werner J, Villanea FA,

Mountain JL, Misra R, Carter NP, Lee C, and Stone A 2007. Diet and the evolution of

human amylase gene copy number variation. Nature Genetics 39(10):1256–1260.

DOI: https://doi.org/10.1038/ng2123

Peters KE, Walters CC, and Moldowan JM 2005. The biomarker guide. Biomarkers and

isotopes in the environment and human history, first volume. Cambridge: Cambridge

University Press.

Pettitt PB, Richards M, Maggi R, and Formicola V 2003. The Gravettian burial known as the

Prince (“Il Principe”): new evidence for his age and diet. Antiquity 77(295):15–19.

DOI: https://doi.org/10.1017/S0003598X00061305

https://doi.org/10.3945/ajcn.111.018978
https://doi.org/10.1007/s00442-003-1221-8
https://doi.org/10.1038/ng2123
https://doi.org/10.1017/S0003598X00061305


B052884

117

Phillips DL and Gregg JW 2003. Source partitioning using stable isotopes: coping with too

many sources. Oecologia 136(2):261-269.

DOI: https://doi.org/10.1007/s00442-003-1218-3

Piperno DR and Dillehay TD 2008. Starch grains on human teeth reveal early broad crop

diet in northern Peru. Proceedings of the National Academy of Sciences

105(50):19622–19627.

DOI: https://doi.org/10.1073/pnas.0808752105

Power RC, Salazar-García DC, Wittig RM, and Henry AG 2014. Assessing use and

suitability of scanning electron microscopy in the analysis of micro remains in dental

calculus. Journal of Archaeological Science 49:160–169.

DOI: https://doi.org/10.1016/j.jas.2014.04.016

Power RC, Salazar-García DC, Straus LG, Morales MR, and Henry AG 2015a.

Microremains from El Mirón Cave human dental calculus suggest a mixed plant–animal

subsistence economy during the Magdalenian in northern Iberia. Journal of

Archaeological Science 60:39–46.

DOI: https://doi.org/10.1016/j.jas.2015.04.003

Power RC, Salazar-García DC, Wittig RM, Freiberg M, and Henry AG 2015b. Dental

calculus evidence of Taï Forest Chimpanzee plant consumption and life history

transitions. Scientific Reports 5:15161.

DOI: https://doi.org/10.1038/srep15161

https://doi.org/10.1007/s00442-003-1218-3
https://doi.org/10.1073/pnas.0808752105
https://doi.org/10.1016/j.jas.2014.04.016
https://doi.org/10.1016/j.jas.2015.04.003
https://doi.org/10.1038/srep15161


B052884

118

Prüfer K, Racimo F, Patterson N, Jay F, Sankararaman S, Sawyer S, Heinze A, Renaud G,

Sudmant PH, de Filippo C, Li H, Mallick S, Dannemann M, Fu Q, Kircher M, Kuhlwilm M,

Lachmann M, Meyer M, Ongyerth M, Siebauer M, Theunert C, Tandon A, Moorjani P,

Pickrell J, Mullikin J, Vohr S, Green R, Hellmann I, Johnson P, Blanche H, Cann H,

Kitzman J, Shendure J, Eichler E, Lein E, Bakken T, Golovanova L, Doronichev V,

Shunkov M, Derevianko A, Viola B, Slatkin M, Reich D, Kelso J, and Pääbo S 2014. The

complete genome sequence of a Neanderthal from the Altai Mountains. Nature

505(7481):43–49.

DOI: https://doi.org/10.1038/nature12886

Puech P-F 1981.Tooth wear in La Ferrassie man. Current Anthropology 22(4):424–430.

DOI: https://doi.org/10.1086/202699

Radini A, Nikita E, and Shillito LM 2016a. Human dental calculus and a medieval urban

environment. In: Jervis B, Broderick L, and Sologestoa IG (eds). Objects, environment,

and everyday life in Medieval Europe. Turnhout: BREPOLS, 297–313.

Radini A, Buckley S, Rosas A, Estalrrich A, de la Rasilla M, and Hardy K 2016b.

Neanderthals, trees, and dental calculus: new evidence from El Sidrón. Antiquity

90(350):290–301.

DOI: https://doi.org/10.15184/aqy.2016.21

https://doi.org/10.1038/nature12886
https://doi.org/10.1086/202699
https://doi.org/10.15184/aqy.2016.21


B052884

119

Radini A, Nikita E, Buckley S, Copeland L, and Hardy K 2017. Beyond food. the multiple

pathways for inclusion of materials into ancient dental calculus. American Journal of

Physical Anthropology 162(S63):71–83.

DOI: https://doi.org/10.1002/ajpa.23147

Railsback B 2015. Some fundamentals of mineralogy and geochemistry: marine isotope

stages and substages. Department of Geology at University of Georgia.

URL [accessed 24 Feb 2017]: https://goo.gl/UYfx7S

Ren D, Li L, Schwabacher AW, Young JW, and Beitz DC 1996. Mechanism of cholesterol

reduction to coprostanol by Eubacterium coprostanoligenes ATCC 51222. Steroids

61(1):33–40.

DOI: https://doi.org/10.1016/0039-128X(95)00173-N

Richards MP 2006. Palaeodietary reconstruction. In: Brickley M, Buteux S, Adams J, and

Cherrington R (eds). St Martin’s uncovered: investigations in the churchyard of St

Martin’s-in-the-Bull Ring, Birmingham, 2001. Oxford: Oxbow Books, 147–151.

Richards MP and Hedges RE 2003. Variations in bone collagen δ13C and δ15N values of

fauna from northwest Europe over the last 40 000 years. Palaeogeography,

Palaeoclimatology, Palaeoecology 193(2):261–267.

DOI: https://doi.org/10.1016/S0031-0182(03)00229-3

https://doi.org/10.1002/ajpa.23147
https://goo.gl/UYfx7S
https://doi.org/10.1016/0039-128X(95)00173-N
https://doi.org/10.1016/S0031-0182(03)00229-3


B052884

120

Richards MP and Schmitz RW 2008. Isotope evidence for the diet of the Neanderthal type

specimen. Antiquity 82(317):553–559.

DOI: https://doi.org/10.1017/S0003598X00097210

Richards MP and Trinkaus ER 2009. Isotopic evidence for the diets of European

Neanderthals and early modern humans. Proceedings of the National Academy of

Sciences 106(38):16034–16039.

DOI: https://doi.org/10.1073/pnas.0903821106

Richards MP, Pettitt PB, Trinkaus ER, Smith FH, Paunović M, and Karavanić I 2000.

Neanderthal diet at Vindija and Neanderthal predation: the evidence from stable

isotopes. Proceedings of the National Academy of Sciences 97(13):7663–7666.

DOI: https://doi.org/10.1073/pnas.120178997

Richards MP, Pettitt PB, Stiner MC, and Trinkaus ER 2001a. Stable isotope evidence for

increasing dietary breadth in the European mid-Upper Palaeolithic. Proceedings of the

National Academy of Sciences 98(11):6528–6532.

DOI: https://doi.org/10.1073/pnas.111155298

Richards MP, Fuller BT, and Hedges RE 2001b. Sulphur isotopic variation in ancient bone

collagen from Europe: implications for human palaeodiet, residence mobility, and

modern pollutant studies. Earth and Planetary Science Letters 191(3–4):185–190.

DOI: https://doi.org/10.1016/S0012-821X(01)00427-7

https://doi.org/10.1017/S0003598X00097210
https://doi.org/10.1073/pnas.0903821106
https://doi.org/10.1073/pnas.120178997
https://doi.org/10.1073/pnas.111155298
https://doi.org/10.1016/S0012-821X(01)00427-7


B052884

121

Richards MP, Taylor G, Steele T, McPherron SP, Soressi M, Jaubert J, Orschiedt J, Mallye

JB, Rendu W, and Hublin JJ 2008. Isotopic dietary analysis of a Neanderthal and

associated fauna from the site of Jonzac (Charente-Maritime), France. Journal of

Human Evolution 55(1):179–185.

DOI: https://doi.org/10.1016/j.jhevol.2008.02.007

Robbins CT, Felicetti LA, and Sponheimer M 2005. The effect of dietary protein quality on

nitrogen isotope discrimination in mammals and birds. Oecologia 144(4):534–540.

DOI: https://doi.org/10.1007/s00442-005-0021-8

Roberts KB 1979. Essentials of human physiology. Canadian Medical Association Journal

121(3):335–336.

PubMed Central ID: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1704330/

Roberts WC 2008. The cause of atherosclerosis. Nutrition in Clinical Practice

23(5):464–467.

DOI: https://doi.org/10.1177/0884533608324586

Robson AA 2009. Preventing diet induced disease: bioavailable nutrient-rich,

low-energy-dense diets. Nutrition and Health 20(2):135–166.

DOI: https://doi.org/10.1177/026010600902000205

https://doi.org/10.1016/j.jhevol.2008.02.007
https://doi.org/10.1007/s00442-005-0021-8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1704330/
https://doi.org/10.1177/0884533608324586
https://doi.org/10.1177/026010600902000205


B052884

122

Rodière E, Bocherens H, Angibault JM, and Mariotti A 1996. Particularités isotopiques de

l'azote chez le chevreuil (Capreolus capreolus L.): implications pour les reconstitutions

paléoenvironnementales. Comptes Rendus de l'Académie des Sciences de Paris

323(2):179–185.

URL [accessed 30 March 2017]: https://goo.gl/SlCrZ6

RS and USNAS 2014. Climate change: evidence and causes. Royal Society and United

States National Academy of Sciences.

URL [accessed 1 March 2017]: https://goo.gl/ILTGri

Ruff CB, Trinkaus ER, Walker A, and Larsen CS 1993. Postcranial robusticity in Homo I:

temporal trends and mechanical interpretation. American Journal of Physical

Anthropology 91(1):21–53.

DOI: https://doi.org/10.1002/ajpa.1330910103

Ruff CB, Walker A, and Trinkaus ER 1994. Postcranial robusticity in Homo III: ontogeny.

American Journal of Physical Anthropology 93(1):35–54.

DOI: https://doi.org/10.1002/ajpa.1330930103

Salazar-Garcia DC, Richards MP, Nehlich O, and Henry AG 2014. Dental calculus is not

equivalent to bone collagen for isotope analysis: a comparison between carbon and

nitrogen stable isotope analysis of bulk dental calculus, bone and dentine collagen from

same individuals from the Medieval site of El Raval (Alicante, Spain). Journal of

Archaeological Science 47:70–77.

DOI: https://doi.org/10.1016/j.jas.2014.03.026

https://goo.gl/SlCrZ6
https://goo.gl/ILTGri
https://doi.org/10.1002/ajpa.1330910103
https://doi.org/10.1002/ajpa.1330930103
https://doi.org/10.1016/j.jas.2014.03.026


B052884

123

Sanders TA 2009. DHA status of vegetarians. Prostaglandins, Leukotrienes, and Essential

Fatty Acids 81(2–3):137–141.

DOI: https://doi.org/10.1016/j.plefa.2009.05.013

Sandhu MS, Dunger DB, and Giovannucci EL 2002. Insulin, insulin-like growth factor-I

(IGF-I), IGF binding proteins, their biologic interactions, and colorectal cancer. Journal of

the National Cancer Institute 94(13):972–980.

DOI: https://doi.org/10.1093/jnci/94.13.972

Sankararaman S, Mallick S, Dannemann M, Prüfer K, Kelso J, Pääbo S, Patterson N, and

Reich D 2014. The genomic landscape of Neanderthal ancestry in present-day humans.

Nature 507(7492):354–357.

DOI: https://doi.org/10.1038/nature12961

Sankararaman S, Mallick S, Patterson N, and Reich D 2016. The combined landscape of

Denisovan and Neanderthal ancestry in present-day humans. Current Biology

26(9):1241–1247.

DOI: https://doi.org/10.1016/j.cub.2016.03.037

Sayle KL, Hamilton WD, Gestsdóttir H, and Cook GT 2016. Modelling Lake Mývatn's

freshwater reservoir effect: utilisation of the statistical programme FRUITS to assist in

the re-interpretation of radiocarbon dates from a cemetery at Hofstaðir, north-east

Iceland. Quaternary Geochronology 36:1–11.

DOI: https://doi.org/10.1016/j.quageo.2016.07.001

https://doi.org/10.1016/j.plefa.2009.05.013
https://doi.org/10.1093/jnci/94.13.972
https://doi.org/10.1038/nature12961
https://doi.org/10.1016/j.cub.2016.03.037
https://doi.org/10.1016/j.quageo.2016.07.001


B052884

124

Schmitz RW, Serre D, Bonani G, Feine S, Hillgruber F, Krainitzki H, Pääbo S, and Smith FH

2002. The Neanderthal type site revisited: interdisciplinary investigations of skeletal

remains from the Neander Valley, Germany. Proceedings of the National Academy of

Sciences 99(20):13342–13347.

DOI: https://doi.org/10.1073/pnas.192464099

Schoeninger MJ 1982. Diet and the evolution of modern human form in the Middle East.

American Journal of Physical Anthropology 58(1):37–52.

DOI: https://doi.org/10.1002/ajpa.1330580105

Schoeninger MJ 1985. Trophic level effects on 15N/14N and 13C/12C ratios in bone collagen

and strontium levels in bone mineral. Journal of Human Evolution 14(5):515–525.

DOI: https://doi.org/10.1016/S0047-2484(85)80030-0

Schoeninger MJ 2010. Diet reconstruction and ecology using stable isotope ratios. In:

Larsen CS (ed). A companion to biological anthropology. Oxford: Wiley-Blackwell,

445–464.

DOI: https://doi.org/10.1002/9781444320039.ch25

Schoeninger MJ 2014. Stable isotope analyses and the evolution of human diets. Annual

Review of Anthropology 43:413–430.

DOI: https://doi.org/10.1146/annurev-anthro-102313-025935

https://doi.org/10.1073/pnas.192464099
https://doi.org/10.1002/ajpa.1330580105
https://doi.org/10.1016/S0047-2484(85)80030-0
https://doi.org/10.1002/9781444320039.ch25
https://doi.org/10.1146/annurev-anthro-102313-025935


B052884

125

Schoeninger MJ and DeNiro MJ 1984. Nitrogen and carbon isotopic composition of bone

collagen from marine and terrestrial animals. Geochimica et Cosmochimica Acta

48(4):625–639.

DOI: https://doi.org/10.1016/0016-7037(84)90091-7

Schoeninger MJ, Most CA, Moore JJ, and Somerville AD 2016. Environmental variables

across Pan troglodytes study sites correspond with the carbon, but not the nitrogen,

stable isotope ratios of chimpanzee hair. American Journal of Primatology

78(10):1055–1069.

DOI: https://doi.org/10.1002/ajp.22496

Schulting RJ 1998. Slighting the sea: stable isotope evidence for the transition to farming in

northwestern Europe. Documenta Praehistorica 25:203–218.

URL [accessed 30 March 2017]: https://goo.gl/n5j4PY

Schwingshackl L and Hoffmann G 2013. Low-carbohydrate diets impair flow-mediated

dilatation: evidence from a systematic review and meta-analysis. British Journal of

Nutrition 110(5):969–970.

DOI: https://doi.org/10.1017/S000711451300216X

Scott GR and Poulson SR 2012. Stable carbon and nitrogen isotopes of human dental

calculus: a potentially new non-destructive proxy for palaeodietary analysis. Journal of

Archaeological Science 39(5):1388–1393.

DOI: https://doi.org/10.1016/j.jas.2011.09.029

https://doi.org/10.1016/0016-7037(84)90091-7
https://doi.org/10.1002/ajp.22496
https://goo.gl/n5j4PY
https://doi.org/10.1017/S000711451300216X
https://doi.org/10.1016/j.jas.2011.09.029


B052884

126

Shridhar K, Dhillon PK, Bowen L, Kinra S, Bharathi AV, Prabhakaran D, Reddy KS, and

Ebrahim S 2014. Nutritional profile of Indian vegetarian diets – the Indian Migration

Study (IMS). Nutrition Journal 13(1):55.

DOI: https://doi.org/10.1186/1475-2891-13-55

Sillen A and Kavanagh M 1982. Strontium and palaeodietary research: a review. American

Journal of Physical Anthropology 25(S3):67–90.

DOI: https://doi.org/10.1002/ajpa.1330250505

Simonti CN, Vernot B, Bastarache L, Bottinger E, Carrell DS, Chisholm RL, Crosslin DR,

Hebbring SJ, Jarvik GP, Kullo IJ, Li R, Pathak J, Ritchie M, Roden D, Verma S, Tromp

G, Prato J, Bush W, Akey J, Denny J, and Capra J 2016. The phenotypic legacy of

admixture between modern humans and Neanderthals. Science 351(6274):737–741.

DOI: https://doi.org/10.1126/science.aad2149

Singer MS, Mace KC, and Bernays EA 2009. Self-medication as adaptive plasticity:

increased ingestion of plant toxins by parasitized caterpillars. PLOS ONE 4(3):e4796.

DOI: https://doi.org/10.1371/journal.pone.0004796

Sistiaga A, Berna F, Laursen R, and Goldberg P 2014a. Steroidal biomarker analysis of a

14,000 years old putative human coprolite from Paisley Cave, Oregon. Journal of

Archaeological Science 41:813–817.

DOI: https://doi.org/10.1016/j.jas.2013.10.016

https://doi.org/10.1186/1475-2891-13-55
https://doi.org/10.1002/ajpa.1330250505
https://doi.org/10.1126/science.aad2149
https://doi.org/10.1371/journal.pone.0004796
https://doi.org/10.1016/j.jas.2013.10.016


B052884

127

Sistiaga A, Mallol C, Galván B, and Summons RE 2014b. The Neanderthal meal: a new

perspective using faecal biomarkers. PLOS ONE 9(6):e101045.

DOI: https://doi.org/10.1371/journal.pone.0101045

Slavin J 2003. Why whole grains are protective: biological mechanisms. Proceedings of the

Nutrition Society 62(1):129–134.

DOI: https://doi.org/10.1079/PNS2002221

Smith FH 1983. Behavioural interpretations of changes in craniofacial morphology across

the archaic/modern Homo sapiens transition. In: Trinkaus ER (ed.). The Mousterian

legacy: human biocultural change in the Upper Pleistocene. Oxford: British

Archaeological Reports, 141–163.

Smith FH, Trinkaus ER, Pettitt PB, Karavanić I, and Paunović M 1999. Direct radiocarbon

dates for Vindija G1 and Velika Pećina Late Pleistocene hominid remains. Proceedings

of the National Academy of Sciences 96(22):12281–12286.

DOI: https://doi.org/10.1073/pnas.96.22.12281

Smith P 1976. Dental pathology in fossil hominids – what did Neanderthals do with their

teeth? Current Anthropology 17(1):149–151.

DOI: https://doi.org/10.1086/201687

Soffer O 1994. Ancestral lifeways in Eurasia: the Middle and Upper Palaeolithic records. In:

Nitecki MH and Nitecki DV (eds). Origins of anatomically modern humans. New York:

Plenum, 101–109.

https://doi.org/10.1371/journal.pone.0101045
https://doi.org/10.1079/PNS2002221
https://doi.org/10.1073/pnas.96.22.12281
https://doi.org/10.1086/201687


B052884

128

Sorensen MV and Leonard WR 2001. Neanderthal energetics and foraging efficiency.

Journal of Human Evolution 40(6):483–495.

DOI: https://doi.org/10.1006/jhev.2001.0472

Speth JD and Tchernov E 1998. The role of hunting and scavenging on Neanderthal

procurement strategies. In: Akazawa T, Aoki, K and Bar-Yosef O (eds). Neanderthals

and modern humans in western Asia. New York: Plenum Press, 223–239.

Speth JD and Tchernov E 2001. Neanderthal hunting and meat-processing in the Near East:

evidence from Kebara Cave (Israel). In: Stanford CB and Bunn HT (eds). Meat-eating

and human evolution. Oxford: Oxford University Press, 52–72.

Sponheimer M, Robinson T, Ayliffe L, Roeder B, Hammer J, Passey B, West A, Cerling T,

Dearing D, and Ehleringer J 2003a. Nitrogen isotopes in mammalian herbivores: hair

δ15N values from a controlled feeding study. International Journal of Osteoarchaeology

13(1–2):80–87.

DOI: https://doi.org/10.1002/oa.655

Sponheimer M, Robinson TF, Roeder BL, Passey BH, Ayliffe LK, Cerling TE, Dearing MD,

and Ehleringer JR 2003b. An experimental study of nitrogen flux in llamas: is 14N

preferentially excreted? Journal of Archaeological Science 30(12):1649–1655.

DOI: https://doi.org/10.1016/S0305-4403(03)00066-9

https://doi.org/10.1006/jhev.2001.0472
https://doi.org/10.1002/oa.655
https://doi.org/10.1016/S0305-4403(03)00066-9


B052884

129

Sponheimer M, Alemseged Z, Cerling TE, Grine FE, Kimbel WH, Leakey MG, Lee-Thorp JA,

Manthi FK, Reed KE, Wood BA, and Wynn JG 2013. Isotopic evidence of early hominin

diets. Proceedings of the National Academy of Sciences 110(26):10513–10518.

DOI: https://doi.org/10.1073/pnas.1222579110

Svihus B and Holand Ø 2006. Lichen polysaccharides and their relation to reindeer/caribou

nutrition. Journal of Range Management 53(6):642–648.

DOI: https://doi.org/10.2307/4003160

Svyatko S 2008. Information about stable carbon and nitrogen isotope analysis. Centre for

Climate, the Environment, and Chronology (CHRONO).

URL [accessed 30 March 2017]: http://www.chrono.qub.ac.uk/Publications/IRMS/

Szpak P 2014. Complexities of nitrogen isotope biogeochemistry in plant-soil systems:

implications for the study of ancient agricultural and animal management practices.

Frontiers in Plant Science 5:288.

DOI: https://doi.org/10.3389/fpls.2014.00288

Szpak P, Longstaffe FJ, Millaire JF, and White CD 2014. Large variation in nitrogen isotopic

composition of a fertilized legume. Journal of Archaeological Science 45:72–79.

DOI: https://doi.org/10.1016/j.jas.2014.02.007

https://doi.org/10.1073/pnas.1222579110
https://doi.org/10.2307/4003160
http://www.chrono.qub.ac.uk/Publications/IRMS/
https://doi.org/10.3389/fpls.2014.00288
https://doi.org/10.1016/j.jas.2014.02.007


B052884

130

Tillier AM 1983. Le crâne d'enfant d'Engis 2: un exemple de distribution des caractères

juvéniles, primitifs et néanderthaliens. Bulletin de la Société Royale Belge

d'Anthropologie et de Préhistoire Bruxelles 94:51–75.

URL [accessed 30 March 2017]: https://goo.gl/TiBAAv

Toussaint M and Pirson S 2006. Neanderthal studies in Belgium: 2000–2005. Periodicum

Biologorum 108(3):373–387.

URL [accessed 30 March 2017]: https://goo.gl/QAwxvs

Trinkaus ER 1983. The Shanidar Neanderthals. London: Academic Press.

Trinkaus ER 1986. The Neanderthals and modern human origins. Annual Review of

Anthropology 15:193–218.

DOI: https://doi.org/10.1146/annurev.an.15.100186.001205

Trinkaus ER 1989. The Upper Pleistocene transition. In: Trinkaus ER (ed.). The emergence

of modern humans: biocultural adaptations in the later Pleistocene. Cambridge:

Cambridge University Press, 42–66.

Trinkaus ER, Soficaru AN, Doboş AD, Constantin SI, Zilhão JO, and Richards MI 2009.

Stable isotope evidence for early modern human diet in southeastern Europe: Peştera

cu Oase, Peştera Muierii, and Peştera Cioclovina Uscată. Materiale şi Cercetări

Arheologice 5:5–14.

URL [accessed 30 March 2017]: https://goo.gl/ANj0wH

https://goo.gl/TiBAAv
https://goo.gl/QAwxvs
https://doi.org/10.1146/annurev.an.15.100186.001205
https://goo.gl/ANj0wH


B052884

131

Tykot RH 2004. Stable isotopes and diet: you are what you eat. In: Martini M, Milazzo M,

Piacentini M (eds). Physics methods in archaeometry. Proceedings of the International

School of Physics “Enrico Fermi” Course CLIV. Amsterdam: IOS Press, 433–444.

Tyldesley JA and Bahn PG 1983. Use of plants in the European Palaeolithic: a review of the

evidence. Quaternary Science Reviews 2(1):53–81.

DOI: https://doi.org/10.1016/0277-3791(83)90004-5

Valladas H, Mercier N, Ayliffe LK, Falguères C, Bahain JJ, Dolo JM, Froget L, Joron JL,

Masaoudi H, Reyss JL, and Moncel MH 2008. Radiometric dates for the Middle

Palaeolithic sequence of Payre (Ardeche, France). Quaternary Geochronology

3(4):377–389.

DOI: https://doi.org/10.1016/j.quageo.2008.01.001

Van Klinken GJ, van der Plicht H, and Hedges RE 1994. Bond 13C/12C ratios reflect (palaeo-)

climatic variations. Geophysical Research Letters 21(6):445–448.

DOI: https://doi.org/10.1029/94GL00177

Vandermeersch B, Arensburg B, Tillier AM, Rak Y, Weiner S, Spiers M, and Aspillaga E

1994. Middle Palaeolithic dental bacteria from Kebara, Israel. Comptes Rendus de

l'Académie des Sciences de Paris 319(6):727–731.

https://doi.org/10.1016/0277-3791(83)90004-5
https://doi.org/10.1016/j.quageo.2008.01.001
https://doi.org/10.1029/94GL00177


B052884

132

Veiga P, Juste C, Lepercq P, Saunier K, Béguet F, and Gérard P 2005. Correlation between

faecal microbial community structure and cholesterol-to-coprostanol conversion in the

human gut. FEMS Microbiology Letters 242(1):81–86.

DOI: https://doi.org/10.1016/j.femsle.2004.10.042

Voight BF, Kudaravalli S, Wen X, and Pritchard JK 2006. A map of recent positive selection

in the human genome. PLOS Biology 4(3):e72.

DOI: https://doi.org/10.1371/journal.pbio.0040072

Wallace JA, Barrett MJ, Brown T, Brace CL, Howells WW, Koritzer RT, Sakura H, Stloukal

M, Wolpoff MH, and Žlábek K 1975. Did La Ferrassie I use his teeth as a tool? Current

Anthropology 16(3):393–401.

DOI: https://doi.org/10.1086/201570

Wang TT, Fuller BT, Wei D, Chang XE, and Hu YW 2015. Investigating dietary patterns with

stable isotope ratios of collagen and starch grain analysis of dental calculus at the Iron

Age Cemetery site of Heigouliang, Xinjiang, China. International Journal of

Osteoarchaeology 26(4):693–704.

DOI: https://doi.org/10.1002/oa.2467

https://doi.org/10.1016/j.femsle.2004.10.042
https://doi.org/10.1371/journal.pbio.0040072
https://doi.org/10.1086/201570
https://doi.org/10.1002/oa.2467


B052884

133

Wang X, Ouyang Y, Liu J, Zhu M, Zhao G, Bao W, and Hu FB 2014. Fruit and vegetable

consumption and mortality from all causes, cardiovascular disease, and cancer:

systematic review and dose-response meta-analysis of prospective cohort studies.

British Medical Journal 349:g4490.

DOI: https://doi.org/10.1136/bmj.g4490

Warinner C, Rodrigues JF, Vyas R, Trachsel C, Shved N, Grossmann J, Radini A, Hancock

Y, Tito RY, Fiddyment S, Speller C, Hendy J, Charlton S, Luder HU, Salazar-Garcia D,

Eppler E, Seiler R, Hansen LH, Samaniego Castruita JA, Barkow-Oesterreicher S, Teoh

KY, Kelstrup CD, Olsen JV, Nanni P, Kawai T, Willerslev E, von Mering C, Lewis Jr. CM,

Collins MJ, Gilbert MTP, Rühli F, and Cappellini E 2014. Pathogens and host immunity

in the ancient human oral cavity. Nature Genetics 46(4):336–344.

DOI: https://doi.org/10.1038/ng.2906

Warinner C, Speller C, and Collins MJ 2015a. A new era in palaeomicrobiology: prospects

for ancient dental calculus as a long-term record of the human oral microbiome.

Philosophical Transactions of the Royal Society B 370(1660):20130376.

DOI: https://doi.org/10.1098/rstb.2013.0376

Warinner C, Speller C, Collins MJ, and Lewis CM 2015b. Ancient human microbiomes.

Journal of Human Evolution 79:125–136.

DOI: https://doi.org/10.1016/j.jhevol.2014.10.016

https://doi.org/10.1136/bmj.g4490
https://doi.org/10.1038/ng.2906
https://doi.org/10.1098/rstb.2013.0376
https://doi.org/10.1016/j.jhevol.2014.10.016


B052884

134

Werner H and Bruchim I 2009. The insulin-like growth factor-I receptor as an oncogene.

Archives of Physiology and Biochemistry 115(2):58–71.

DOI: https://doi.org/10.1080/13813450902783106

Wesolowski V, de Souza SM, Reinhard KJ, and Ceccantini G 2010. Evaluating microfossil

content of dental calculus from Brazilian sambaquis. Journal of Archaeological Science

37(6):1326–1338.

DOI: https://doi.org/10.1016/j.jas.2009.12.037

Weyrich LS, Dobney K, and Cooper A 2015. Ancient DNA analysis of dental calculus.

Journal of Human Evolution 79:119–124.

DOI: https://doi.org/10.1016/j.jhevol.2014.06.018

Weyrich LS, Duchene S, Soubrier J, Arriola L, Llamas B, Breen J, Morris AG, Alt KW,

Caramelli D, Dresely V, Farrell M, Farrer AG, Francken M, Gully N, Haak W, Hardy K,

Harvati K, Held P, Holmes EC, Kaidonis J, Lalueza-Fox C, de la Rasilla M, Rosas A,

Semal P, Soltysiak A, Townsend G, Usai D, Wahl J, Huson DH, Dobney K, and Cooper

A 2017. Neanderthal behaviour, diet, and disease inferred from ancient DNA in dental

calculus. Nature:21674.

DOI: https://doi.org/10.1038/nature21674

White CD 1994. Dietary dental pathology and cultural change in the Maya. In: Herring DA

and Chan L (eds). Strength in diversity. Toronto: Canadian Scholar’s Press, 279–302.

https://doi.org/10.1080/13813450902783106
https://doi.org/10.1016/j.jas.2009.12.037
https://doi.org/10.1016/j.jhevol.2014.06.018
https://doi.org/10.1038/nature21674


B052884

135

White DJ 1997. Dental calculus: recent insights into occurrence, formation, prevention,

Removal, and oral health effects of supragingival and subgingival deposits. European

Journal of Oral Sciences 105(5):508–522.

DOI: https://doi.org/10.1111/j.1600-0722.1997.tb00238.x

Williams P 2007. Nutritional composition of red meat. Nutrition and Dietetics

64(S4):S113–S119.

DOI: https://doi.org/10.1111/j.1747-0080.2007.00197.x

Wobber V, Hare B, and Wrangham R 2008. Great apes prefer cooked food. Journal of

Human Evolution 55(2):340–348.

DOI: https://doi.org/10.1016/j.jhevol.2008.03.003

Ye EQ, Chacko SA, Chou EL, Kugizaki M, and Liu S 2012. Greater whole-grain intake is

associated with lower risk of type 2 diabetes, cardiovascular disease, and weight gain.

Journal of Nutrition 142(7):1304–1313.

DOI: https://doi.org/10.3945/jn.111.155325

https://doi.org/10.1111/j.1600-0722.1997.tb00238.x
https://doi.org/10.1111/j.1747-0080.2007.00197.x
https://doi.org/10.1016/j.jhevol.2008.03.003
https://doi.org/10.3945/jn.111.155325

