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Abstract

An increase in faunivory is a consistent component of human evolutionary models. Animal matter 

is energy- and nutrient-dense and can provide macronutrients, minerals, and vitamins that are 

limited or absent in plant foods. For female humans and other omnivorous primates, faunivory 

may be of particular importance during the costly periods of pregnancy and early lactation. Yet, 

because animal prey is often monopolizable, access to fauna among group-living primates may be 

mediated by social factors such as rank. Wild chimpanzees (Pan troglodytes) across Africa 

habitually consume insects and/or vertebrates. However, no published studies have examined 

patterns of female chimpanzee faunivory during pregnancy and early lactation relative to non-

reproductive periods, or by females of different rank. In this study, we assessed the influence of 

reproductive state and dominance rank on the consumption of fauna (meat and insects) by female 

chimpanzees of Gombe National Park, Tanzania. Using observational data collected over 38 years, 

we tested (a) whether faunivory varied by reproductive state, and (b) if high-ranking females spent 

more time consuming fauna than lower-ranking females. In single-factor models, pregnant females 
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consumed more meat than lactating and baseline (meaning not pregnant and not in early lactation) 

females, and high-ranking females consumed more meat than lower-ranking females. A two-factor 

analysis of a subset of well-sampled females identified an interaction between rank and 

reproductive state: lower-ranking females consumed more meat during pregnancy than lower-

ranking lactating and baseline females did. High-ranking females did not significantly differ in 

meat consumption between reproductive states. We found no relationships between rank or 

reproductive state with insectivory. We conclude that, unlike insectivory, meat consumption by 

female chimpanzees is mediated by both reproductive state and social rank. We outline several 

possible mechanisms for these patterns, relate our findings to meat-eating patterns in women from 

well-studied hunter-gatherer societies, and discuss potential avenues for future research.
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Introduction

A greater reliance on faunivory relative to other hominoids is a consistent component of 

human evolutionary models (e.g., Dart, 1953; Lee and de Vore, 1968; Bunn, 1981, 2006). 

There is considerable interest and debate among evolutionary anthropologists over the 

relationships between life history, social organization, encephalization, and diet (including 

faunivory) in the hominin lineage (e.g., Kaplan et al., 2000; Kennedy, 2005; Barrickman et 

al., 2008). However, most researchers agree that more frequent consumption of animal prey, 

and particularly meat, is likely to have been a key dietary shift for the genus Homo (Bunn, 

2009). For omnivorous primates, including humans, the nutrients acquired from consuming 

animals may be of particular importance to females and young offspring (Allen 2000, 2005; 

Murphy and Allen 2003; Herrera and Heymann 2004). Understanding the relationships 

between sociality, faunivory and reproduction in living nonhuman primates is therefore 

critical for clarifying how humans are (or are not) different from other hominoids and 

mammals more generally. Faunivory patterns among living apes can provide critical insights 

into the relationship between female reproduction and diet during early hominin evolution.

Mammalian pregnancy and lactation are energetically and nutritionally costly (Clutton-

Brock and Harvey 1978; Lee, 1987; Gittleman and Thompson, 1988; Rogowitz, 1996; Butte 

et al., 1999; Dufour and Sauther, 2002; Emery Thompson et al., 2012). Maternal 

deficiencies in macronutrients, vitamins, and minerals during pregnancy and lactation have 

measurable impacts on infant development, health and survival across diverse mammalian 

species, including humans (McKenzie et al., 1975; Halas et al., 1983; Neuringer et al., 1984; 

Allen, 2000, 2005; Markham et al., 2011). Beyond the direct and substantial costs of 

producing milk, mothers may experience additional costs from associating with dependent 

offspring, including increased energetic expenditure due to carrying their young, reduced 

travel speeds, and/or reduced foraging efficiency (Hunt 1989; Altmann and Samuels, 1992; 

Sanchez et al., 1999; Wrangham, 2000; Shradin and Anzenberger, 2001; Pontzer and 

Wrangham, 2006). Mammalian mothers adopt several strategies to respond to the increased 

energetic and nutritional demands of pregnancy and lactation. They may draw from their 
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own bodily reserves for fat, protein, and minerals (Adair and Popkin, 1992; Bell et al., 2000, 

Oftedal, 2000; Kovacs, 2001; Sarli et al., 2004; Emery Thompson, 2013) and/or increase 

their metabolic efficiency (Poppitt et al., 1994). They may also shift their feeding and 

foraging patterns to increase food quality, amount consumed, and/or food intake rate (Silk 

1986; Berger 1991; Muruthi et al., 1991; Rydell 1993; Sauther 1994; Kunz et al., 1995; 

McCabe and Fedigan, 2007; Dias et al., 2011). These changes may include shifts in dietary 

composition. For example, East African chimpanzees (Pan troglodytes schweinfurthii) are 

known to increase the proportion of fruit in their diet (and by inference, improve dietary 

quality) during pregnancy and lactation (Murray et al., 2009). In at least some omnivorous 

primates, dietary shifts in these reproductive periods include changes in faunivory (meaning 

the consumption of animals, vertebrate or otherwise). For example, lactating titi monkeys 

(Callicebus cupreus) increase the proportion of fauna in their diet (Herrera and Heymann, 

2004), although white-faced capuchins (Cebus capucinus) do not (McCabe and Fedigan, 

2007).

Fauna (including both vertebrate and invertebrate prey) are consumed by many extant 

primates (Lambert, 2007) and were likely an important part of the diet for the earliest 

primates (Sussman, 1991; Cartmill, 1992). Compared to most plant foods, animal-source 

foods are generally energy and nutrient-dense (Lieberman, 1987; Milton, 2003). Animal 

tissues contain high-quality protein and lipids, and often include specific macronutrients 

(e.g., omega-3 fatty acids such as DHA), vitamins (e.g, vitamin B12), and minerals that are 

limited or absent in plant foods (Ramos-Elorduy et al., 1997; Crawford et al., 1999; Cordain 

et al. 2001; Murphy and Allen, 2003; Neumann et al., 2003; Ramos-Elorduy, 2008). Given 

the nutritional value of faunivory, it is unsurprising that populations of all great ape clades 

habitually consume vertebrates (chimpanzees: Newton-Fisher, 2014; bonobos [Pan 

paniscus]: Surbeck and Hohmann, 2008, 2009; orangutans [Pongo spp.]: Hardus et al., 

2012) and/or invertebrates (chimpanzees: Goodall, 1968; McGrew, 1992; bonobos: Badrian 

et al., 1981; Badrian and Melenky, 1984; orangutans: van Schaik et al., 1996; Fox et al., 

2004; gorillas [Gorilla spp.]: Tutin and Fernandez, 1992; Ganas and Robbins, 2004). 

Vertebrate and invertebrate prey can differ in body size by orders of magnitude, yet can 

have comparable macronutrient composition when compared on a gram-to-gram basis 

(DeFoliart, 1989, 1992; O’Malley and Power, 2012). The consumption of animals is likely 

to yield important nutritional benefits for great apes, yet comprehensive nutritional data of 

the most common chimpanzee prey are limited to analyses of insects (e.g., Deblauwe and 

Janssens 2008; O’Malley and Power 2012, 2014). Nutrient deficiencies are likely to have 

fitness consequences during periods of high reproductive investment such as pregnancy and 

early lactation, but to our knowledge no published studies have examined how faunivory 

patterns vary during pregnancy and lactation in chimpanzees or any other great ape species.

Due to their varied and seasonal diet, members of the genus Pan are intriguing subjects in 

which to examine variation in female faunivory patterns across reproductive states. While 

chimpanzees are ripe-fruit specialists, all long-term study populations are known to consume 

some fauna (reviewed in Newton-Fisher, 2014). Pruetz (2006) reported that the proportion 

of animal foods in the diet of chimpanzees varies from 3–13% among long-term study sites 

(although dietary measures varied across study sites). Notably, the consumption of 
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vertebrates (carnivory) comprised only 0.33 – 6% of these diets based on faecal analyses. 

Insects (predominantly eusocial insects such as termites [Isoptera], and ants and honeybees 

[Hymenoptera]) make up the remainder (McGrew, 1992), and so arguably make a greater 

contribution to chimpanzee diets than do vertebrate prey. Most meat is acquired and 

consumed by adult male chimpanzees but is shared with other group members, including 

females (Stanford et al., 1994; Mitani and Watts, 2001; Gilby, 2006). While the degree to 

which meat sharing serves strategic social functions is debated (Stanford et al., 1994; Mitani 

and Watts, 2001; Gomes and Boesch, 2009; Gilby 2006, Gilby et al., 2010), there is 

consensus that meat affords consumers with important macronutrients, vitamins and 

minerals (Stanford, 1996; Tennie et al., 2014), and that chimpanzees behave in ways 

consistent with it being a highly valued food resource (Gilby, 2006).

Given the energetic and nutritional costs of reproduction for female chimpanzees (Emery 

Thompson et al., 2012), dietary variation by reproductive state is expected. However, there 

are also theoretical reasons to expect faunivory to vary with female social status. Wright et 

al. (2014) found that higher-ranking female gorillas had higher foraging efficiency 

compared to lower-ranking females. In wild bonobos, where females are dominant over 

males, prey carcasses are controlled more often by females- particularly high-ranking 

females (Fruth and Hohmann, 2002). Female bonobos are frequent and active participants in 

hunts, although it is not yet clear whether they hunt as often as males do (Surbeck and 

Hohmann, 2006). Despite relatively low levels of overt female aggression (reviewed in 

Murray et al., 2007; Miller et al., 2014), high female dominance rank affords myriad 

benefits to female chimpanzees, including higher-quality core ranging areas (Murray et al., 

2006; Emery Thompson et al., 2008), shorter inter-birth intervals (Jones et al., 2010), 

reduced offspring mortality, and more rapidly maturing daughters (Pusey et al., 1997). 

These disparities may stem, at least in part, from a high-ranking female’s ability to maintain 

greater access to high quality foods or greater feeding efficiency even in the presence of 

conspecific competitors (Wittig and Boesch, 2003; Wright et al., 2014). As they are discrete, 

high-energy, nutrient-dense packages, we hypothesize that vertebrate and invertebrate prey 

are useful dietary components with which to examine female contest competition (in this 

case, meaning competition for spatially or temporally clumped and therefore monopolizable 

resources; Nicholson, 1954; van Schaik and van Noordwijk, 1986, 1988). McGrew (1992; 

Table 5.6) presented tantalizing evidence that chimpanzee females’ meat consumption may 

correlate positively with reproductive success, but did not account for possible confounds 

such as rank. Mackworth-Young and McGrew (2014) presented evidence of a positive 

correlation in termite-fishing patterns over a five-year period with lifetime reproductive 

success of female chimpanzees, but noted that social rank was a likely confounding variable.

In this study, we analyzed 38 years of demographic and feeding data on chimpanzees of the 

Kasekela community of Gombe National Park, Tanzania, to assess the influence of 

reproductive state and rank on female faunivory. First, we tested the hypothesis that 

faunivory varies by reproductive state, with the prediction that females who are pregnant or 

in early lactation (meaning with an infant of 0–24 months of age) spend more of their 

feeding time on animals compared to females not heavily investing in reproduction. We 

focused on mothers with infants in the first two years of life since in this period the offspring 

are predominantly dependent upon the mother for nutrition, and the demands of lactation are 
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greatest (Murray et al., 2009; Emery Thompson et al., 2012). Notably, at Gombe, no 

chimpanzee infants orphaned at this stage have survived their mother’s death (Goodall, 

1986). Second, we tested the hypothesis that consumption patterns of animal foods are 

consistent with intra-community contest competition, with the prediction that high-ranking 

females spend a greater percentage of their foraging time consuming fauna than lower-

ranking females. High rank correlates with higher quality core areas and higher quality diets 

in chimpanzee females (e.g., Murray et al., 2006), but a clear relationship between female 

rank and faunivory remains untested. Finally, we tested for an interaction between these 

factors on patterns of faunivory for a subset of females for whom sufficient data were 

available in a given reproductive state and rank (e.g., pregnant and high-ranking). Variation 

in patterns of faunal consumption by reproductive and social status would support our 

hypothesis that, despite its relatively small fraction of the chimpanzee diet, animal source 

foods are a high-value food resource, and that faunivory patterns have consequences for 

maternal and fetal health (and by extension, for female reproductive success).

Materials and methods

Study site

We investigated faunivory patterns among adult female chimpanzees (≥12 years old; 

following Murray et al., 2006, 2009) in the Kasekela community of Gombe National Park, 

Tanzania. This well-habituated population has been the subject of continuous behavioral 

observation since 1960 (Goodall, 1986). During our study period, the community varied in 

size from 38–62 individuals with 12–24 adult females.

Datasets

In order to examine how faunivory varies by reproductive state and dominance rank, we 

analyzed focal follow data from two long-term datasets, using data collected from 1974 

through 2012. The first ‘B-record’ dataset focuses on adult members of the community. 

Each day, research staff followed one adult chimpanzee from night nest-to-night nest (~12 

hours) and collected continuous data on its feeding behavior (including food species and 

part), party composition, and social interactions with others, including aggression and 

vocalizations. Research staff rotated through adult members of the community, with the goal 

of collecting at least one follow on each individual per month (for further details see 

Goodall, 1986; Wilson, 2012). The second ‘family follows’ dataset focuses on a subset of 

community mothers and their offspring. During family follows, data were collected on the 

target mother, youngest dependent offspring, and next oldest offspring (if present). 

Behaviors such as traveling, resting, feeding, and grooming were collected at 1-minute point 

samples, while behavioral events such as aggression and vocalizations recorded ad libitum. 

Maximum family follow duration varied over the years of the study from 6 hours to ~12 

hours. We categorized each follow of an adult female in both datasets based on the target’s 

reproductive state and dominance rank determined as described below. We removed 

duplicate/overlapping follows between the two datasets (keeping the longer of overlapping 

follows).
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Reproductive state

We assigned female follows to one of three reproductive states: pregnancy, early lactation, 

or non-pregnant, non-early-lactation (henceforth called ‘baseline’). We defined pregnancy as 

226 days prior to the date of birth (the average gestation length for the Kasekela population 

[Boehm and Pusey, 2013]). We defined early lactation as the first two years of an infant’s 

life when infants are most dependent on their mothers for nutrition and cannot survive on 

their own. To consider how patterns during these costly reproductive states compared to 

faunivory by females that are not heavily investing in reproduction, the baseline category 

included only follows on females who were neither pregnant nor in early lactation. Female 

chimpanzees exhibit exaggerated sexual swellings and become sexually receptive around 

ovulation, and some studies have reported that males are more likely to share meat with 

sexually receptive females (Stanford, 1998; but see Gilby et al., 2010, Mitani and Watts, 

2001). Accordingly, we further restricted the baseline dataset to females of estrous state ‘0’ 

(meaning the female had no indications of a developing, shrinking, or full sexual swelling) 

in analyses of reproductive states, to avoid this possible confounding factor and address our 

primary interest in variance during periods of reproductive investment.

Dominance rank

We determined female dominance rank by the direction and frequency of dyadic pant-

grunts, vocalizations that serve as formal indicators of subordinance (Bygott, 1979). Pant-

grunts between all individuals were recorded ad libitum in both datasets. We calculated 

modified David’s scores (de Vries et al., 2006) for females over two-year periods (e.g., 1974 

– 1975, 1976 – 1977, and so on). We classified females as high-ranking for a two-year 

period if their score was greater than 0.5 S.D. above the mean. We characterized all other 

females as lower-ranking. If no pant-grunts involving a particular female were recorded for 

a given period, we assigned her last known rank category to her. While prior studies of 

female relationships have shown that relative ranks among specific females tended to be 

stable over time, they have also found that an individual’s rank increased with age (Pusey et 

al., 1997; Murray et al., 2006). Therefore, we assigned follows that occurred during 

pregnancy and early lactation (see above) a rank status based on the female’s rank on the 

infant’s birthdate to ensure a consistent rank on all follows linked to a particular infant. For 

baseline female follows, we assigned rank status based on the female’s rank on the date of 

the follow.

Faunivory metrics

We analyzed two types of faunivory. Vertebrate prey were primarily colobus monkeys 

(Procolobus tephrosceles), bush piglets (Potamochoerus larvatus), and forest antelope 

(Tragelaphus scriptus) fawns. Henceforth we refer to vertebrates as “meat” although this 

category includes all vertebrate material, such as skin, bones, and eggs. Invertebrates 

consisted primarily of termites (Macrotermes, Pseudacanthotermes) and ants (Dorylus, 

Camponotus, Crematogaster, and Oecophylla). Henceforth we refer to invertebrates as 

“insects”, though this category also includes insect-induced galls in Chlorophora excelsa 

leaves as well as honey and honeycomb (of Apis mellifera, Trigona spp. and Meliponini). 

Honey is included as part of insect consumption in our analyses, but it is a relatively small 
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component of female insectivory (on average, 1.60% of insectivory time, and 0.05% of total 

feeding time) and the results for insectivory we report here are consistent whether or not 

honey is included. The most frequent form of insectivory at Gombe is termite-fishing, in 

which chimpanzees use flexible probes of vegetation inserted into holes in termite mounds 

to capture Macrotermes subhyalinus soldiers (for a full description see Goodall, 1986; 

McGrew, 1992).

Our faunivory metrics were percent of focal feeding time devoted to faunivory, calculated 

as:

The percent of feeding time devoted to faunivory was calculated for each female, binned 

according to reproductive state, social rank, or both, depending on the analyses. For 

example, to calculate the percent of feeding time on meat during pregnancy, the number of 

minutes Female X was observed feeding on meat while pregnant was divided by the number 

of minutes Female X was observed feeding on any identified food while pregnant, 

multiplied by 100. Likewise, to calculate the percent of meat in the diet during pregnancy 

for a high ranking female, the number of minutes Female X was observed feeding on meat 

while pregnant and high-ranking was divided by the total number of minutes Female X was 

observed feeding on all identified foods while pregnant and high-ranking, then multiplied by 

100.

Strictly speaking, both foraging time and feeding time are measures of feeding effort, rather 

than measures of actual food intake (Schülke et al., 2006; Nakagawa, 2009). However, in 

our datasets meat consumption was not recorded until a capture had actually been made and 

meat was being eaten. Also, in an analysis of Gombe insectivory, O’Malley and Power 

(2014) found that with the exception of termite-fishing, all tool-assisted insectivory bouts of 

≥1min in duration in their dataset yielded at least some insects, For termite fishing, only 

16% (n = 10/61) of the observed bouts of ≥1min were completely unsuccessful. While our 

measure of insectivory therefore includes some time spent foraging as well as actual feeding 

time, we are nevertheless confident that feeding time as described above is a reasonable 

proxy for consumption of animals in these analyses.

Analyses

In order to examine differences in faunivory based on rank or reproductive state, we used a 

series of linear mixed models (SAS 9.3, PROC MIXED) with female ID included as a 

random factor to account for repeated and uneven sampling of individual females. For each 

of our two faunivory categories (meat and insects) we ran three models using percent of 

focal feeding time devoted to faunivory as the response variable: Model 1) with reproductive 

state (Pregnant/Early Lactation/Baseline) as a fixed main effect, Model 2) with categorical 

rank (High/Lower) as a fixed main effect, and Model 3) with rank, reproductive state, and 

the 2-way interaction term as fixed effects (n=6 analyses on three different models in total). 

This approach maximized the number of females included in the two models focused on 
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main effects, while allowing us to examine the interaction between reproductive state and 

rank in the third model for those females for whom there were enough data to do so. 

Because consumption of vertebrate prey is a relatively small fraction of feeding time 

(Goodall 1986) and less likely to be captured than other feeding behaviors, we imposed an 

inclusion criterion of at least 200 hours of observation on a given female per rank and/or 

reproductive state. Specifically, a female had to be observed for at least 200 hours in a given 

reproductive state to be included in model 1(npregnant = 8, nearly lactation = 20, nbaseline= 22), 

at least 200 hours in a given rank to be included in model 2 (nhigh = 12, nlower = 28), and at 

least 200 hours in a given reproductive state and rank category to be included in model 3 

(nhigh, pregnant = 5, nhigh, lactatation= 7, nhigh, baseline = 11, nlower, pregnant = 4, 

nlower, early lactation= 17, nlower, baseline= 17). At the 200 hour threshold some vertebrate 

consumption was captured for the majority of females included in the model, and this 

allowed us to maximize the number of females included in each analysis. In all analyses the 

percent fauna in the diet was arcsine square root transformed to meet the assumptions of 

normality and homogeneity of variance. Model assumptions were evaluated using diagnostic 

residuals plots.

Results

Our initial dataset included n=33 females that met the inclusion criterion of 200 hours of 

observation, regardless of rank or reproductive state (X̄ = 1621.4±393.4 S.E. observation 

hours). Consistent with prior studies on this and other wild chimpanzee populations, 

insectivory comprised a greater percent of females’ feeding time than meat-eating did (meat: 

X̄ =1.77 ± 0.22% S.E.; insects: 5.66 ± 0.68% S.E., Wilcoxon signed ranks: V=52, p < 

0.001). Termite fishing made up the greatest percent of insectivory by females (X̄ =57.20 ± 

4.13% S.E.). We found the same patterns described below for total insectivory in an analysis 

of termite fishing alone, and so do not discuss those results here. To ensure that there were 

not significant longitudinal changes in faunivory patterns over the course of the study, we 

examined summary data binned across decades (1974–1983, 1984–1993, and so on; 

following the same 200h exclusion criteria per female) to confirm that the broad patterns 

described below for rank and reproductive state were consistent over time.

Faunivory by Reproductive State

Reproductive state was a significant predictor of the percent of feeding time on meat (F2,24= 

3.87, p = 0.035; [Figure 1a; Table 1]). Pregnant females spent a greater percent of their 

feeding time eating meat than females in early lactation (X̄pregnant = 2.49 ± 0.37% S.E., 

X̄early lactation = 1.41 ± 0.36% S.E., X̄baseline = 1.27 ± 0.23% S.E.; Tukey’s pairwise test; p = 

0.030) and tended to eat more meat than baseline females (Tukey’s; p = 0.068). We found 

no differences between reproductive states in the percent of feeding time spent eating insects 

(X̄pregnant = 5.40 ± 1.57% S.E., X̄early lactation = 5.56 ± 0.62% S.E., X̄baseline = 7.14 ± 1.09% 

S.E., F2,24= 1.41, p = 0.263) [Figure 1b].

Faunivory by Rank

High-ranking females spent more of their feeding time eating meat than lower-ranking 

females did (X̄high= 3.01 ± 0.67% S.E., X̄lower = 1.39 ± 0.22% S.E., F1,8= 7.32, p = 0.027 
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[Figure 2a; Table 2]). We found no rank differences in time spent consuming invertebrates 

(X̄high = 6.16 ± 0.80% S.E., X̄lower = 6.10 ± 0.83% S.E., F1,8= 0.02, p = 0.891[Figure 2b]).

Interaction of Reproductive State and Rank

Using the set of well-sampled females (n=23) that met our inclusion criteria of 200h for at 

least one reproductive state by rank category, we found that the interaction predicted 

consumption of meat [Table 3]. High-ranking, baseline females spent a greater percent of 

feeding time eating meat than lower-ranking, baseline females (X̄high, baseline= 2.81 ± 0.48% 

S.E., X̄low, baseline = 0.83 ± 0.23% S.E.; Tukey’s pairwise test; p = 0.009). Meat eating by 

females of high rank did not differ across reproductive states(X̄high, pregnant = 2.12 ± 0.92% 

S.E., X̄high, early lactation = 1.50 ± 0.64% S.E., X̄high, baseline = 2.81 ± 0.48% S.E.)[Figure 3a]. 

However, among lower-ranking females, those that were pregnant spent a greater percent of 

feeding time eating meat than lactating females (X̄lower, pregnant = 3.82 ± 0.65% S.E., 

X̄lower, early lactation = 1.52 ± 0.44% S.E., Tukey’s; p= 0.002) or baseline females did 

(X̄lower, baseline = 0.83 ± 0.23% S.E.; Tukey’s; p<0.001). Lower-ranking, pregnant females 

also consumed more meat than high-ranking, lactating females (Tukey’s; p = 0.013), and 

high-ranking, baseline females consumed more meat than lower-ranking, lactating females 

(Tukey’s; p = 0.043). We found no evidence of an interaction of reproductive state and rank 

with percent of feeding time devoted to insectivory (X̄high, pregnant = 7.09 ± 2.24% S.E., 

X̄high, early lactation = 4.77 ± 0.94% S.E., X̄high, baseline = 5.99 ± 0.92% S.E., X̄lower, pregnant = 

4.34 ± 1.37% S.E., X̄lower, early lactation = 5.54± 0.70% S.E., X̄lower, baseline = 7.65± 1.35% 

S.E.)[Figure 3b].

Discussion

Despite considerable research interest in faunivory and its role in human evolution, little is 

known about how animal consumption varies by reproductive state or social status in 

hominoid females. We found that pregnant chimpanzees spent a greater percentage of 

feeding time on meat than females in other reproductive states. Consistent with prior studies 

regarding the benefits of high rank (e.g., Wittig and Boesch, 2003; Murray et al., 2006), we 

also found that high-ranking females spent a greater percentage of their feeding time 

consuming meat than lower-ranking females. Closer inspection of these broad patterns on a 

subset of well-sampled females revealed that differences were driven by the feeding patterns 

of lower-ranking females. High-ranking females maintained relatively consistent meat 

consumption regardless of reproductive state, while lower-ranking females increased their 

meat consumption in pregnancy. Thus, while high-ranking baseline females consumed more 

meat than lower-ranking baseline females, among lower-ranking individuals, pregnant 

females consumed more meat than lactating or baseline females. Moreover, the percent of 

feeding time on meat by pregnant, lower-ranking females was significantly higher than that 

of high-ranking, lactating females.

As noted above, feeding time is a measure of foraging effort, not a direct measure of food 

intake or the significance of that food in the diet. Nevertheless, a slight shift in overall 

feeding time on foods that are both energy- and nutrient-dense likely represents major 

differences in macronutrient and micronutrient intake for females on short- and long-term 
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timescales. Only limited macronutrient estimates are available for vertebrate prey consumed 

by chimpanzees (Ajayi, 1979), although energy, macronutrient and mineral values for all 

major Kasekela insect prey have been determined by O’Malley and Power (2012, 2014). In 

general, relative to plant foods, both vertebrate tissues and insects are energy- and nutrient-

dense. Animal tissues contain highly digestible (and therefore high quality) protein, variable 

(but often high) fatty acid content, and high levels of zinc (Zn), selenium (Se), phosphorus 

(P), potassium (K), sodium (Na) and iron (Fe) (the latter in the easily absorbed haem form) 

(Lieberman, 1987; Milton, 2003; Pereira and Vicente, 2013). Animal foods also provide 

consistently high levels of vitamins, including vitamin B12. B12 plays critical roles in the 

development and functioning of the brain and nervous system, yet is absent from virtually 

all wild plant tissues and must be acquired either as a product of gastrointestinal microbial 

activity or through the consumption of animal tissues (Watanabe, 2007). While plant foods 

can and do contain high levels of protein and fats, and can be high in both mineral and 

vitamin content, few plant foods are comparable to animal-sourced foods in providing such 

a broad spectrum of both macro- and micronutrients.

For female chimpanzees, the benefits of faunivory are more likely to be more nutritional 

than energetic (Tennie et al., 2009; 2014) as the energetic yields from frugivory can be quite 

high (e.g., up to 30kcal/min from figs; Wrangham et al., 1993). While analyses of hunting 

patterns at one study site suggest that hunting is calorically-motivated (Taï: Boesch, 1994; 

Boesch and Boesch-Achermann, 2000), the likelihood of hunting increases during periods of 

relative plant food abundance at others (Gombe: Gilby et al., 2006; Kanyawara: Gilby and 

Wrangham, 2007). Hunting is estimated to be energetically costly at these sites (Tennie et 

al., 2009), particularly given that many hunts are unsuccessful and that meat is not equally 

shared among participants. As females do not hunt as often as males, they are not 

necessarily incurring hunting-related energetic costs, although they also consume meat less 

often and in smaller amounts than males (Goodall, 1986, Stanford et al., 1994). We therefore 

argue that the available data for Gombe support the meat-scrap hypothesis (Gilby et al., 

2008, Tennie et al., 2009, 2014), in which the consumption of even small amounts of animal 

prey serves as a source of macronutrients such as fats, as well as vitamins and minerals that 

are limited or absent in most plant foods. Given the well-established effects of prenatal (e.g., 

Brown and Susser, 2003) or infant (e.g., Lozoff et al., 2000, Walker et al., 2007) nutrient 

deficiencies on health outcomes in humans and in other animals (e.g., Hurley and Mutch, 

1973; Rajalakshmi and Nakhasi, 1974; Chmurzynska, 2010), we hypothesize that pregnancy 

may be a critical period for dietary intake of nutrients such as omega-3 fatty acids, vitamin 

B12, and minerals such as haem iron, sodium and zinc. Although faunivory represents, on 

average, a small percentage of female feeding time (7.43%; see above), the difference in 

average feeding time on meat between, for example, high-versus lower-ranking baseline 

females (2.81 versus 0.83%) or lower-ranking pregnant versus baseline females (3.82 versus 

0.83%) nevertheless represents roughly a three and a half to five-fold increase in feeding 

effort on these energy- and nutrient-dense foods between rank and reproductive state, 

respectively. To the extent that these differences in feeding time represent differences in 

actual meat intake, we hypothesize that they have a real biological impact on females’ 

nutritional status.
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Dominant females’ higher overall meat consumption and consistency across reproductive 

states may reflect that they experience a greater degree of tolerance by males. In the 

Kasekela community of Gombe, dominant females had lower levels of faecal glucocorticoid 

metabolite (FGM; a measure of stress) in larger and male-dominated parties compared to 

lower-ranking females (Markham et al., 2014). We hypothesize that if males tend to be more 

tolerant of high-ranking females in social groups, and high-ranking females experience less 

social stress, dominant females may be able to beg more persistently or successfully from 

males. Greater meat consumption by high-ranking females may also reflect stronger kinship 

ties with male hunters, at least at Gombe. In the Kasekela community (unlike most other 

long-term study communities across Africa), up to 50% of females remain in their natal 

community (Pusey et al., 1997). Since dominance rank increases with age (Pusey et al., 

1997; Murray et al., 2006), dominant females are more likely to have one or more adult sons 

or brothers in the community compared to subordinate females. Food-sharing between adult 

primates, although rare in the wild, is often biased towards maternal relatives (Feistner and 

McGrew, 1989; Silk et al., 2013). Chimpanzee males may gain inclusive fitness benefits by 

preferentially sharing meat with (or tolerating more scrounging from) their mothers or 

sisters. Interestingly, Fruth and Hohmann (2002) found no kin bias in meat sharing among 

adult bonobos. Boesch et al. (2006) found that mutualism, rather than kinship, best 

explained hunting behavior among male chimpanzees of the Taï Forest (Côte d’Ivoire). 

However, kin-biased meat-sharing among adults of different sexes has, to our knowledge, 

not been systematically examined at any long-term chimpanzee research site.

The observed pattern of increased meat-eating by lower-ranking females during pregnancy 

is particularly compelling when we consider that successful hunts by chimpanzees typically 

occur in relatively large, male-biased groups (Stanford et al., 1994; Mitani and Watts, 2001; 

Gilby et al., 2006). As noted above, lower-ranking females experience more stress in such 

groups compared to dominant females (Markham et al., 2014). Future work will therefore be 

required to identify the mechanisms through which low-ranking, pregnant females increase 

the percent of meat in their diet. Hypotheses include (a) that males may share meat more 

often, or in greater quantities, specifically with low-ranking, pregnant females, (b) that 

lower-ranking, pregnant females may increase the duration, intensity, or persistence of 

begging for meat, and (c) that social rank and reproductive state mediate hunting behavior 

by female chimpanzees themselves. One possible contributing factor for hypotheses (a) and 

(b) is that female chimpanzees sometimes continue to produce estrous swellings for several 

months into a pregnancy (Wallis and Goodall, 1983). While debate over the evolutionary 

function of estrous swellings continues (Nunn, 1999; Domb and Pagel, 2001, Deschner et 

al., 2004), one proximate effect of these swellings is to increase male interest in the females 

bearing them (Girolami and Bielert, 1987; Deschner et al., 2004). Although excluded from 

our analyses of reproductive state for the reasons noted above, the proportion of feeding 

time on meat by fully swollen estrous females was, on average, more than one and a half 

times that of pregnant females, and roughly three times that of early lactation or baseline 

females (see Supplementary Online Material [SOM] Figures 1a–b). However, prior work 

has shown that the presence of estrous females does not increase the likelihood of hunts, and 

that estrous females are neither more likely to receive meat from males, nor receive larger 

quantities of meat from males compared to other (non-estrous) females (Gilby, 2006; Gilby 
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et al., 2010). Studies of the Gombe population have yielded conflicting but largely negative 

evidence for a direct, short-term exchange of “meat for sex” between adult males and 

estrous females (Stanford et al., 1994; Stanford, 1996; Gilby, 2006; Gilby et al., 2010). 

Gilby (2006) found no evidence that male chimpanzees at Gombe share meat based on 

female sexual receptivity, although that study did not consider female relatedness to meat 

possessors, female social rank, or aspects of reproductive state (e.g., pregnancy) beyond the 

presence or absence of an estrous swelling. As discussed above, kin-biased meat sharing 

among adults, which has not been examined at Gombe, may also be important in 

understanding the interaction of rank and reproductive state on female meat consumption. 

Additionally, as they typically have a lower-quality diet than high-ranking females (Murray 

et al., 2006), low-ranking females might be motivated to beg for meat more persistently 

while pregnant (or in the weeks immediately prior to pregnancy) regardless of whether or 

not they exhibit estrous swellings, in order to avoid the negative consequences of prenatal 

nutrient deficiencies. These factors could result in greater meat consumption by these 

females without necessarily reflecting socially-strategic sharing by males as predicted by the 

original “meat-for-sex” hypothesis, which has some parallels to indirect effects of male 

hunting success on female reproduction in humans.

The lower meat consumption among lactating females (of both high- and lower- rank) may 

simply reflect that females with young infants are less likely to join large parties (where 

hunts are more likely to be successful), or reflect an aversion to hunting parties specifically, 

which might be dangerous for infants (Tennie et al., 2014). While female chimpanzees do 

not hunt as often as males (Stanford et al. 1994), Goodall (1986) noted that the frequency of 

female hunts while they are alone or in family groups is probably underestimated.

In contrast to carnivory, insectivory did not vary with dominance rank or reproductive state. 

Some insects consumed at Gombe have comparable macronutritional value to meat on a 

gram-for-gram basis (O’Malley and Power, 2012). Estimated yields from consumption of 

the most common insect prey (Macrotermes termites and Dorylus ants) can meet or 

substantially contribute to chimpanzees’ estimated daily requirements for several dietary 

minerals (O’Malley and Power, 2014). However, the small mass of insect prey on a per-unit 

basis means that termite fishing and other common forms of insectivory among Gombe 

chimpanzees have low energetic and nutritional yields on a per-minute basis. While in 

theory, a female chimpanzee seeking to increase the percent of fauna in her diet might more 

easily “up-regulate” insectivory, in practice, the returns for common forms of insectivory 

may only be nutritionally significant for bouts of mean to maximum duration (e.g., in 

termite-fishing), or the duration of bouts may be curtailed by prey countermeasures (e.g., in 

dipping for Dorylus ants) (O’Malley and Power 2014). Time spent consuming insects may 

reduce the time spent consuming other foods in which energetic yields can be much higher 

than for insectivory (e.g., figs; Wrangham et al., 1993). Feeding sites for invertebrates (e.g., 

termite mounds), are scattered throughout the community range; in some cases prey may be 

readily available at predictable locations, but most profitably obtained only during certain 

times of year (e.g., Macrotermes [Goodall, 1986]). Other insect prey may be available year 

round but encountered only opportunistically (e.g., Dorylus ants [Pascual-Garrido et al., 

2013]). While conflicts over mound access do occur between females (O’Malley, personal 

O’Malley et al. Page 12

J Hum Evol. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



observation), the existence of dozens of productive termite mounds across the community 

range (O’Malley, 2011) and multiple fishing holes at most mounds suggests that these 

represent less monopolizable animal resources than vertebrate carcasses. In contrast to 

hunting, insectivory (with the exception of honeybee nest raiding) poses little or no physical 

risk to a chimpanzee predator (Tennie et al., 2014). Our findings do not mean that 

invertebrate consumption is unimportant for females in this community (indeed, the 

consistently high fraction of insects in the diet across female reproductive states and rank 

suggests otherwise), but do suggest that patterns of insect consumption are not strongly 

influenced by intra-community female competition.

Comparing our results to the literature on meat consumption in well-studied modern hunter-

gatherer populations highlights intriguing similarities and contrasts, as well as potential 

avenues for future research (Table 4). Well-studied hunter-gatherers typically consume 

significantly more meat per annum than chimpanzees (Cordain et al., 2000; Stanford, 2001), 

and fauna (including meat, insects, and honeycomb) are usually among the most valued food 

for both men and women (Hill et al., 1984; Berbesque and Marlowe, 2007). There are clear 

prestige benefits for men to be known as a good hunter (reviewed in Smith 2004). Being a 

good hunter is positively associated with reproductive success (Hill and Hurtado 1996, 

Marlowe 1999, Weissner 2002). The families of good hunters often consume more meat 

(Hawkes et al., 2013; Wood and Marlowe 2013; but also see Kaplan et. al., 1984), and have 

greater seasonal weight gains (Hawkes, 1993). As noted by Marlowe (2001), the primary 

effects of male provisioning, including of meat, are earlier weaning (Hawkes et al.,1998) 

and reduced inter-birth intervals (Kaplan et al., 2000), two metrics with clear implications 

for female reproductive success. Despite these benefits, there are surprisingly few 

quantitative data on the relationships between faunivory patterns of women with 

reproductive state. The best evidence for faunivory shifts relating to reproductive state 

among foragers demonstrates that young children negatively impact foraging returns for 

women (but not men, who increase their foraging returns [Marlowe, 2003; Hurtado et al., 

1992]). We have found no evidence for broad dietary shifts per se in pregnancy among well-

studied hunter-gatherer populations. However, food taboos (which can include meat and 

eggs [reviewed by Spielmann 1989]) and aversions (which vary cross-culturally, but also 

can include meat and eggs [Dickens and Trethowan, 1978; Hook 1978]) in pregnancy and 

lactation are documented in many cultures, including those of hunter-gatherers. Such taboos 

and aversions may cause a decrease in faunivory among women, particularly in the first 

trimester when aversions are strongest. A possible functional explanation for such patterns 

in pregnancy is the avoidance of pathogens or levels of certain nutrients (e.g., Vitamin A) 

that can be toxic to a fetus at high levels. On the other hand, such taboos are linked to 

nutritional deficiencies in pregnancy and negative birth outcomes (Spielmann, 1989). More 

study on this topic is needed, particularly among hunter-gatherer groups.

The energetic and nutritional contribution of meat to hunter-gatherer diets varies widely 

(Crawford et al., 1999, Cordain et al., 2001). However, myriad human clinical trials and 

animal model studies have documented the close relationship between human maternal 

condition and diet with fetal and postnatal health (reviewed by Godfrey and Barker, 2000). 

Among modern hunter-gatherers, women may be more consistently energetically and 

nutritionally constrained than men (Spielmann, 1989). In industrialized countries, macro- 
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and micro-nutrient deficiencies in pregnant women are a health concern (reviewed in 

Blumfield et al., 2013). In the developing world, supplementing the diets of pregnant women 

and young children with animal-source foods is a successful strategy for avoiding or 

alleviating a variety of health problems (Allen, 2003, 2005; Murphy and Allen, 2003; 

Neumann et al., 2003). At the same time, excessive consumption of protein on a regular 

basis – roughly 50% of total calories – leads to liver and kidney impairment and potentially 

other serious health consequences (Speth 1989, 1990, 1991). Speth (1991) noted that the 

ceiling for safe levels of protein consumption may actually be much lower in pregnant 

women. A diet high in protein is linked to negative birth outcomes, particularly under 

conditions of energy restriction. Whether a protein intake ceiling may also apply to 

chimpanzees, and more importantly, whether even the most faunivorous wild chimpanzee 

females ever approach it, remains unclear. Testing this hypothesis would require more 

comprehensive data on nutritional composition and long-term food intake patterns on 

chimpanzees than are currently available in the literature.

Given the variability above and the gap between patterns in modern humans and those of our 

ancestors, our results are important for understanding the role of faunivory in hominin 

evolution. Broadly speaking, a higher quality diet, including greater animal consumption, is 

hypothesized to have relaxed constraints on the size and structure of energetically expensive 

brain tissue in later hominins (Aiello and Wheeler, 1995; Milton, 2003; Navarrete et al., 

2011). The human pattern of low infant mortality and longer life expectancy partially 

reflects the adoption of broad and flexible diets, including consumption of diverse animal 

prey (Hockett and Haws, 2003). Increased faunivory has been linked to distinct human life-

history patterns in Homo relative to other apes (Finch and Stanford, 2004; Schuppli et al., 

2012) and to the social organization of human ancestors, including provisioning, sexual 

division of labor, and a greater reliance on home bases (Isaac, 1978; Rose and Marshall, 

1996; Kaplan et al., 2000; Bunn, 2009). Though there is growing evidence for butchery of 

large animals using stone tools prior to the emergence of the genus Homo (McPherron et al., 

2010; Harmond et al. 2015; Thompson et al. 2015), this is likely to have been preceded by 

predation on smaller game at frequencies or in ways that may not be discernable in the fossil 

and archaeological records, and so resembles in some ways the hunting patterns of 

chimpanzees (Stanford, 1996; Pruetz et al., 2015). Extinct hominins’ access to high-quality, 

monopolizable food resources such as meat is likely to have been socially mediated, as is the 

case for chimpanzees, bonobos and human foragers. However, there remain some important 

differences between human foragers and chimpanzees. At minimum, these include 

differences in how often, and in what quantity, meat is consumed and how it is shared 

(Stanford, 1996, 2001). It is unclear whether faunivory patterns by modern humans and 

chimpanzees shift across reproductive states in similar ways (as reviewed above). However, 

the dietary shifts documented in this study suggest that even in a social hominoid species for 

whom meat is a small fraction of the diet, high-ranking adult females maintain relatively 

consistent meat consumption patterns, while lower-ranking females increase meat 

consumption specifically during pregnancy – a period when maternal nutrient deficiencies 

are known to be particularly costly in terms of offspring health and development (e.g., 

Hurley and Mutch, 1973; Allen, 2000, 2005). To further explore this relationship, more data 

are needed on meat intake rates and nutritional composition, as well as analyses of faunivory 
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patterns as they relate to female reproductive metrics such as inter-birth intervals, infant 

survivorship, and infant maturation rates. While neither chimpanzees nor bonobos are stand-

ins for any extinct hominin species, examining the significance of faunivory in the female 

diet in living Pan remains a useful line of inquiry in reconstructing the role of animal foods 

in human evolution.

Conclusions

Using observational data collected over nearly four decades, we have provided evidence that 

consumption of meat by female chimpanzees varies with dominance rank and reproductive 

state, consistent with meat being a highly-valued and monopolizable food. High- ranking 

females spent relatively more of their feeding time consuming meat and were consistent in 

their carnivorous feeding time across reproductive states, while lower-ranking females spent 

a relatively greater proportion of their feeding time in carnivory during pregnancy compared 

to other reproductive states. Among baseline females, high-ranking chimpanzees spent a 

greater proportion of their feeding time on meat than lower-ranking chimpanzees. 

Interestingly, patterns of insectivory did not vary with either rank or reproductive state in 

any of our three models. Our results suggest that patterns of meat consumption (but not 

insect consumption) are mediated by social rank and reproductive state. However, a clear 

relationship between faunivory and maternal health, infant gestation, and infant survival in 

chimpanzees remains to be established.
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Figure 1. a–b. Mean Faunivory by Reproductive State
Error bars represent the standard error (S.E.) The n value gives the number of females in 

each reproductive state. Individual females may appear in more than one reproductive state 

category. ** indicates a pairwise difference (p<0.05) and * indicates a tendency (p<0.10) as 

determined by Tukey’s test.
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Figure 2. a–b. Mean Faunivory by Dominance Rank
Error bars represent the S.E. The n value gives the number of females in each rank category. 

Individual females may appear in more than one rank category. ** indicates a difference 

(p<0.05).
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Figure 3. a–b: Mean Faunivory by Reproductive State and Rank
Errors bar represent the S.E. The n value gives the number of females in each reproductive 

state by rank bin. Individual females may appear in more than one reproductive state by rank 

category. ** indicates a pairwise difference (p<0.05) as determined by Tukey’s test.
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Table 4

Comparison of meat-eating and dietary quality patterns in two well-studied hunter gatherer groups with 

chimpanzees of Gombe.

Homo sapiens Pan troglodytes

Hadza [Tanzania]1 Ache [Paraguay]2 Gombe [Tanzania]3

Meat is a highly valued or highly ranked 
food resource

Yes Yes Yes

Meat acquisition is male-biased Yes Yes Yes

Access to, or consumption of, meat 
correlates with one or more metrics of 
reproductive success for females

Yes Yes Unclear (but rank does correlate 
with metrics of reproductive 

success)

Males share meat preferentially with:

mates and/or offspring Yes No (on multi-day hunting 
trips)

No

adult relatives Unclear Unclear Unclear

Females exhibit foraging changes or 
dietary shifts in pregnancy (vs. baseline)

Change in foraging efficiency Unclear Unclear Unclear

Change in dietary quality Unclear Unclear Increases (more fruit/meat)

Change in meat consumption Unclear (Food taboos?) Unclear (Food taboos?) Increases (if lower-ranking)

Females exhibit foraging changes or 
dietary shifts with dependent infants (vs. 
baseline)

Change in foraging efficiency Decrease Decrease Unclear(increase travel distances)

Change in dietary quality Unclear (husband’s 
returns increase)

Unclear Increases (more fruit)

Change in meat consumption Unclear Unclear No

Sources:

(Hadza)1 Hawkes et al. 1998; Marlowe 2003; Berbesque and Marlowe 2007; Wood and Marlowe 2013;

(Ache)2 Hill et al., 1984; Kaplan et al., 1984; Kaplan and Hill, 1985; Hurtado et al., 1992;

(Gombe)3 Stanford, 1996; Gilby, 2006; Murray et al., 2006; 2009; Pontzer and Wrangham, 2006; Gilby et al.,2010; this study.
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