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ABSTRACT OF THE THESIS 

 

Stable Carbon Isotope Values of Pan troglodytes Hair Correspond With Mean Annual 

Precipitation, but not Temperature, across Western Tanzanian Chimpanzee Study Sites. 

 

by 

 

Isabel Hermsmeyer 

 

Master of Science in Biology 

 

University of California San Diego, 2019 

 

Professor Margaret Schoeninger, Chair 

Professor Carolyn Kurle, Co-Chair 

 

Diet influences stable carbon and nitrogen stable isotope values (δ13C and δ15N values) in 

animal tissues; and here we explore the influences of the local ecology on those values in six 

separate troops of chimpanzees (Pan troglodytes). In this study we build upon Schoeninger et 

al.’s 2016 paper by exploring the influence of environmental factors by comparing three separate 

chimpanzee sites within Gombe Park to another three separate sites in neighboring Ugalla Park. 

We present new δ13C and δ15N values by using hairs collected from night nests in the 90’s and 

early 2000’s from Gombe and Ugalla. We then compare these new chimpanzee δ13Chair and 

δ15Nhair values to local Mean Annual Precipitation (MAP), Mean Annual Temperature (MAT), 

and the relationship between MAP and MAT. We used these comparisons to test hypotheses 

based on known effects of these variables on the δ13C and δ15N values in plant tissues that may 

be consumed by the chimpanzees. The comparisons show that hair from chimpanzees living in 



 

sites with lower MAP have higher δ13Chair and δ15Nhair values than do chimpanzees living in sites 

with higher MAP. Neither δ13Chair or δ15Nhair were significantly related to MAT, however, the 

relationship between MAP and MAT was seen to be significant. These results suggest the 

potential of using δ13C and δ15N values in primate tissues to infer attributes of their local ecology 

in circumstances where ecology may be unknown, such as samples collected in the last few 

hundred years or fossil hominins.
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Introduction: 

Chimpanzees (Pan troglodytes) are a highly endangered species, down to approximately 

172,700–299,700 wild-living individuals from 1 million in the early 1900's (IUCN, 2019; 

Butynski, 2003). Humans are estimated to share ~95% of our genome with chimpanzees 

(Sequencing, 2005), making them our closest living relatives. Within anthropology, chimpanzees 

often serve as referential models in human evolution studies or as parts of conceptual models 

describing species close to the last common ancestor of the human and ape lineages (Moore, 

1996). Multiple factors, including the pet trade, bushmeat collection, and especially habitat 

destruction, threaten to exterminate them. Habitat destruction is predicted to grow worse with 

anthropogenic logging, agricultural development, and the ongoing effects of global climate 

change (Sisink Clee et al. 2015). These conditions are predicted to reach critical levels for 

chimpanzees as early as 2020 (Sesink Clee et al 2015). Their unique relatedness to humans along 

with the plethora of threats to their well-being make chimpanzees a species of special 

conservation concern. 

Modern chimpanzees are found in a diverse array of ecosystems, from highly tropical 

closed canopy rainforest (Boesch & Boesch-Achermann, 2000), to closed woodlands (Goodall, 

1986; Nishida & Uehara, 1983), and open savanna/woodland ecosystems (McGrew et al., 1981; 

Moore, 1992; Ogawa et al., 2007; Piel et al., 2017). Despite our knowledge that very specific and 

diverse habitats are crucial to the ongoing survival of multiple chimpanzee populations, not 

much is known about the types of habitats chimpanzees occupied prior to massive human 

incursions. This information is necessary in order to better understand how best to prioritize the 

management and conservation of their habitats, as well as useful to research questions interested 

in the evolution and development of chimpanzee characteristics. Numerous chimpanzee 
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specimens, collected in the early 1900s and stored in collections and museums across the globe, 

could be useful in documenting local ecologies; but unfortunately, little ecological and little to 

no dietary information were recorded at the time of most chimpanzee specimen collection.  The 

present study aims to evaluate the limits of one method, light element stable isotope analysis of 

archived chimpanzee tissues, for recovering both dietary and ecological information.  Depending 

on the sensitivity to minor differences in diet and/or ecology, stable isotope data from early 

collections could serve to expand our understanding of chimpanzee ecological flexibility and 

perhaps expand our understanding of the types of ecosystems that chimpanzees once inhabited 

beyond those observed today. 

A recent meta-analysis of the stable carbon and nitrogen isotope values from chimpanzee 

hair samples collected at different African sites (Schoeninger et al. 2016) compared mean annual 

precipitation (MAP) and stable isotope values from environmentally diverse [dry to wet, 

750mm-2215mm MAP] sites including thick evergreen forests, open woodlands, and savannas, 

including sparse woodlands with grass groundcover. They found a significant (P<0.001) 

correlation between MAP and stable carbon isotope values within this single species, but there 

was no relationship between MAP and stable nitrogen isotope values. This contrasts with 

patterns observed within many other mammal and marsupial species (Ambrose, 1991; Hartman, 

2011; Johnson et al., 1998; Murphy&Bowman, 2009; Pate & Anson, 2008). The present study 

builds upon Schoeninger et al.’s (2016) work by assessing the level of accuracy in habitat 

determination that can be achieved using the relationship between MAP and stable carbon 

(δ13Chair) and nitrogen (δ15Nhair) isotope values. Additionally, I explore the relationship between 

mean annual temperature (MAT) and the δ13Chair and δ15Nhair values from chimpanzees as 

correlations between isotope values and MATs have been noted in other mammalian species 
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(Somerville et al., 2018).  I compare these values across multiple dry woodland ecoregions, 

testing the hypothesis that stable carbon and nitrogen isotope values in chimpanzee hair correlate 

with MAP and MAT values even though the range of differences in these variables is expected to 

be small. I analyzed samples collected in Tanzania from three locations within Gombe National 

Park and three locations within the Ugalla region southeast of Gombe (see Figure 1). If such 

relationships exist, chimpanzee hair from pelts stored in museums globally from the early- to 

mid-20th century could provide both ecological and dietary information even though little to no 

information was recorded at the time of collection. Such data would be useful for informing the 

construction of chimpanzee sanctuaries across tropical Africa as part of an overall movement to 

preserve such habitats and thereby enhance the survival of this important species. 

 Factors influencing stable carbon isotope values: 

 Light element stable isotope values, particularly those of carbon and nitrogen, have been 

used frequently to assess diet in various mammalian species (e.g., Kurle and Worthy, 2002; 

Kurle et al., 2014; Schoeninger et al., 1997; Crowley et al., 2010; Ben-David and Flaherty, 

2012). The δ13C values from animal tissues reflect the δ13C values of the diets that they consume 

(DeNiro and Epstein, 1978; Schoeninger and DeNiro, 1984). Plants derive carbon from 

atmospheric CO2, which is fixed in plant tissues through photosynthesis and varies across three 

major photosynthetic pathways, C3, C4, and CAM (Bender, 1968, 1971; Smith and Epstein, 

1971). The vast majority of plants, including those that are consumed by primates, utilize the C3 

(Calvin-Benson) photosynthetic pathway.  These include trees, shrubs, herbs, and forbs, and their 

δ13C values range from −35‰ to −20‰ (Kohn, 2010; O'Leary, 1988). A second photosynthetic 

pathway, C4 (Hatch-Slack), is most frequent among arid adapted plants, including dry adapted 

grasses, and some sedges, which exhibit δ13C values ranging from −15 to −7‰ (O'Leary, 1988). 
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However, as stated previously, few primates, including chimpanzees, consume C4 plants. In 

addition to C3 and C4 plants, there are also CAM (Crassulacean acid metabolism) plants. These 

include some desert plants and succulents and they exhibit  δ13C values intermediate between C3 

and C4 plants. These species fix carbon overnight in a manner similar to C4 plants, with many of 

these species then transitioning to the C3 photosynthetic pathway during the day (O’Leary, 

1988). Many CAM plants are native to Africa, but similar to C4 plants, chimpanzees are not 

observed to consume them frequently. Due to the δ13C values range within C3 plants with 

respect to plant types, stable isotope values have been commonly used to interpret dietary 

behavior in animals.  

In addition to carbon processing via photosynthetic pathway, other variables can also 

drive variations in the δ13C values from plants that can result in an expansion of their range of 

values by an additional 3–6‰ (Kohn, 2010; Tieszen, 1991). For example, water availability can 

be negatively correlated with the δ13C values from plants (Austin and Vitousek, 1998; Swap et 

al., 2004; Murphy and Bowman, 2009; Lajtha and Getz, 1993; Scartazza et al., 1998; Syvertsen 

et al., 1997; Damesin et al., 1997) and C3 plants appear most affected by this. When C3 plants 

undergo water stress, they conserve water by practicing greater stomatal closure, resulting in 

reduced CO2 concentration in leaves, decreased 13C discrimination during photosynthesis, and 

subsequently higher δ13C values in their plant tissues (Marshall et al., 2007; Farquhar et al., 

1989). A similar mechanism leads to higher δ13C values for plants grown in higher salinity soil 

(Farquhar et al. 1989). Most studies have shown no or minimal correlation with MAP or water 

availability with δ13C values in C4 plants (Swap et al., 2004; Schulze et al., 1996).  

Plants growing under dense canopy cover exhibit lower δ13C values than plants of the 

same species growing in more open environments. This is attributed to the 13C-depleted, 
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predominantly recycled CO2 available in the understory (van der Merwe and Medina, 1991; 

Sonesson et al., 1992; Medina et al., 1991; Vogel, 1978). This ‘canopy effect’ on the δ13C values 

of these plants and is reflected in the δ13C values of their consumers, thus indicating animal 

foraging in closed canopy vs. open habitats (Schoeninger et al., 2017).  

Elevational gradients can impact stable carbon isotope values from plants, wherein δ13C 

values decrease with increasing altitude (Lajtha and Getz, 1993; Vitousek et al., 1990), but the 

mechanism for this is unclear (Szpak et al., 2013). The effects of temperature on the δ13C values 

in plants is ambiguous in the literature. Some studies report a lack of temperature effect on the 

δ13C values in C3 plants and  moderate effects on the those of C4 plants (Troughton and Card, 

1975), while other studies show such mixed results, preventing the establishment of a clear 

pattern for C3 plants (Smith et al., 1976; O’Leary, 1988). In general, animals consuming plants 

in warmer, drier, and more open environments, with higher salinity and lower elevation, then, 

tend to exhibit elevated δ13C values in their tissues compared to organisms foraging within 

cooler, wetter, and more closed environments with lower salinity and higher elevation. 

 Factors influencing stable nitrogen isotope values: 

 The δ15N values from animals reflect their intake of dietary nitrogen (DeNiro and 

Epstein, 1981). Recent research has demonstrated a clear link between the δ15N values in 

herbivore tissues with those in their consumed plants, with a diet to tissue offset (or trophic 

discrimination factor; TDF) of ca. 3‰ (Schoeninger and DeNiro 1985  Koch, 2007; Murphy and 

Bowman, 2006; Hartman, 2011). Studies in mammals have demonstrated that fractionation offset 

in δ15N values between consumers and their diets may increase with increasing protein content in 

the diet among some ruminant species (Sponheimer et al., 2003b) and suggested that 

fractionation further increases in mammals occupying arid habitats (Schwarcz et al., 1999). 
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Chimpanzees are predominantly a plant-based consumer; meaning their nitrogen predominantly 

comes from plants and their tissues, therefore, reflect plant δ15N values with a 3‰ offset. Unlike 

carbon, which is obtained by plants as atmospheric CO2, nitrogen is actively taken up from the 

soil in the vast majority of cases plant species, and the two most commonly nitrogenous species 

utilized by plants are as nitrate (NO3−) and ammonium (NH4+) (Pilbeam, 2010; Yoneyama et al., 

2003). But the application of organic matter within the soil (like nitrogen rich synthetic fertilizers 

or animal manure) and fixation of atmospheric N2, 0‰ by definition, by leguminous plants in 

some situations can result in δ15N values that differ from that of the majority of plants are also 

contributors within some species and some situations (Robinson, 2001; Hoefs, 2009 ). 

 A large number of studies have found a negative correlation between plant δ15N values 

and local precipitation and/or water availability (Hartman and Danin, 2010; Amundson et al., 

2003; Austin and Vitousek, 1998; Handley et al., 1999; Martinelli et al., 1999; Shearer and Kohl, 

1986). The nature of the relationship between rainfall and plant δ15N values appears to be 

extremely complex, with numerous variables contributing to the pattern, including the relative 

‘openness’ of the nitrogen cycle (Handley et al., 1999). Plant δ15N values have also been 

observed to be positively correlated with MAT (Amundson et al., 2003; Martinelli et al., 1999).  

Soil N isotope fractionation processes of mineral leaching, denitrification, and NH3 volatilization 

are more likely to occur in warm and dry open systems, and this can lead to greater 15N 

enrichment in substrate soils and the plants that grow on them. Cool and wet closed systems 

conserve and recycle mineral N more efficiently, leading to lower δ15N values (Amundson et al., 

2003; Austin and Vitousek, 1998; Handley et al., 1999; Martinelli et al., 1999; Shearer and Kohl, 

1986). In general, soil and plant δ15N values are negatively correlated with mean annual 

precipitation (MAP) and positively correlated with mean annual temperature (MAT), and these 
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differences can be detected in the tissues of the herbivorous mammals that consume them 

(Amundson et al., 2003; Aranibar et al., 2004; Craine et al., 2015; Handley et al., 1999; 

Martinelli et al., 1999; Koch, 2007; Murphy and Bowman, 2009; Szpak et al., 2013). 

 Chimpanzee (Pan troglodytes) Diet and Ecology: 

 As stated previously, modern chimpanzees are found in a diverse array of ecosystems, 

from highly tropical closed canopy rainforest (Boesch & Boesch-Achermann, 2000), closed 

woodlands (Goodall, 1986; Nishida & Uehara, 1983), and open savanna/woodland ecosystems 

(McGrew et al., 1981; Moore, 1992; Ogawa et al., 2007; Piel et al., 2017).  Long-term 

observational studies, however, are mostly limited to chimpanzees living in tropical forests.  

Only 3 out of the 14 mid or long-term studies on wild chimpanzees are focused on those in drier 

(savanna-woodland mosaic) environments (Piel et al., 2017). This limits what we currently know 

about dietary and ecological flexibility in those dry-living chimpanzee populations.  

 In general, through observation and fecal analysis, chimpanzees are observed to consume 

a diet that is majority fruit and leaves across all habitat types (Piel et al., 2017; Basabose, 2002; 

Newton-Fisher, 1999; Nishida, et al., 1983; Nishida & Uehara, 1983b; Potts et al., 2011; Watts et 

al., 2012; Wrangham, 1977). This focus on fruit and leaves, with very little incorporation of 

higher fiber (C4) or CAM foods, remains constant despite variance in plant species available and 

consumed across habitats and seasons  (Piel et al., 2017; Oelze et al., 2014; Tutin & Fernandez, 

1993; Wrangham et al., 1998). Within drier, open-habitats, chimpanzees consume narrower diets 

(fewer total species consumed) than those of forest-dwelling populations (Piel et al., 2017; 

Wrangham, 1977). Studies using stable carbon isotopes have further elucidated patterns in 

resource use within open-habitat chimpanzees (Schoeninger et al., 1999; Sponheimer et al., 

2006). One study analyzed Chimpanzee hairs from Ugalla in Tanzania and hairs from Ishasha in 
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Democratic Republic of Congo, and their results showed that had δ13C values indicating that 

woodland resources (from more enclosed areas) were particularly important in their diets 

(Schoeninger et al., 1999). Another study looked at Chimpanzees in Fongoli, Senegal where 

there is a large amount of C4 grasses. Despite this highly plentiful resource, the chimpanzee 

stable carbon isotope values still indicated a majority of C3 plants in their diets (Sponheimer et 

al., 2006). This is not entirely unexpected, primates overall do not commonly consume C4 plants 

despite extreme diversity in their plant-based diets (Schoeninger et al., 2019). These studies 

together demonstrate that regardless of how dry and open a chimpanzee habitat might be, they 

are still seen to consume mostly C3 plants, and have preference for resources from more closed 

environments when available.  

Materials and Methods: 

 Stable isotope analysis was performed on 58 separate Pan troglodytes hair samples from 

Gombe and Ugalla. Gombe National Park, established in 1968, is a small 35 km2 forest reserve 

located 16-km north of Kigoma in Western Tanzania (4°40′S 29°38′E). The park is 1500-m 

above sea-level with hills sloping westward from a rift escarpment to Lake Tanganyika (Wallis, 

1999). It is home to a number of non-human primate species, including baboons (Pabio anubis), 

and a well-known wild chimpanzee population studied continuously for over 50 years (Goodall, 

1986, Earnhardt et al, 2003). Of the three chimpanzee communities within the park (Kasekela, 

Mitumba and Bwavi), two (Kasekela and Mitumba) are habituated which allows for greater 

determination of the community’s range and dietary intake (Pusey et al., 2007). The habitat 

ranges of these communities overlap slightly (Santiago et al., 2003; Wilson et al., 2004), which 

could result in the chimpanzees occasionally feeding in ecoregions different than their core area 

(fig 2). 



9 

 

 

 

Figure 1: Map of Gombe and Ugalla collection locations with perspective to Tanzania and 

Africa. 

 

Vegetation in Gombe ranges from evergreen forest along the river valleys, deciduous 

forest, and thicket on the upper slopes, to grassland near and on the ridges. Reports on climate 

values in the literature range broadly, but with mean annual precipitation values typically 

reported as approximately ca. 1500 mm/yr and temperatures ranging from 18.5°C to 30°C 

(Collins and McGrew 1988, Goodall, 1986). With respect to the three separate chimpanzee 

communities at Gombe National Park, Mitumba and Kasekela occupy areas that are wetter and 
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have a higher proportion of closed forest habitat than the drier, more open woodland 

environment of the southern community, Bwavi (Goodall, 1986). 

Greater Ugalla was identified as early as 1972 as a chimpanzee site of interest, but the 

study of the Ugalla region did not fully commence until the early 90’s (Kano, 1972, Moore, 

1992, 1994, 1996). The region covers an area of 3300 km2 in northwest Tanzania (Fig 1), and 

consists mainly of woodlands (86%), with 12% grasslands and the remaining 2% is forests 

(Ogawa et al., 2007). Ugalla is consistently more open across the three location sites than 

Gombe.  Reports in the literature on climate range broadly but show numbers with a MAP value 

of 980 mm (range: 750–1350 mm) (Ogawa et al., 2007), and temperatures ranging from 11°C to 

38°C (Piel et al., 2017).  

 

Figure 2: Gombe National Park with three communities circled (Mitumba, Kasekela, and 

Bwavi) with regions of potential contact between groups falling within the overlapping 

regions (adapted from Santiago et al., 2003). 
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A distinct difference between the Gombe and Ugalla sites is that while the Gombe 

communities (Mitumba, Kasekela, Bwavi) are well studied chimpanzee social groups, the Ugalla 

sampling areas are named after research encampments near where the hairs were collected. 

Researchers have only recently habituated a subset of the chimpanzees at Ugalla, so community 

dynamics are still unclear (Alex Piel, lecture 2/06/2018). The research camps were typically 

established along rivers, and so do not have formal geographic boundaries. One can walk 

between Issa and Nguye in continuous habitat with (likely) continuous chimpanzee distribution, 

making it impossible to know if separate communities exist or if the area contains a single 

sparsely dispersed community (Alex Piel, personal communication, 1/21/2019). 

Rainfall figures (MAP) and temperature (MAT) in the literature can vary greatly as a 

result of sampling period and methodological issues (as noted above for Gombe and Ugalla). 

Additionally, as our collection sites belong to either the greater Gombe National Park or Ugalla 

region, the literature typically does not report MAP or MAT differences across the sites within 

those greater regions. Therefore, I use the values reported by the DIVA GIS online spatial 

dataset for the terrestrial ecoregions and biomes of the world as opposed to the reports on these 

values in the literature. This geographic information system program uses multi-decade averages 

of climate and ecosystem data gathered from spatial datasets and allows the determination of the 

ecoregion type, interpolated local mean annual precipitation, minimum, maximum, and average 

temperature for each collection location (Hijmans, 2001; Hijmans et al., 2004). All locations 

included in the present study fall within one broad biome: Subtropical Savannas, Grasslands, and 

Shrublands (TSGSS). Within these categories, two separate terrestrial ecoregions (Central and 

Eastern Miombo Woodlands and Zambian Flooded Savannah) are represented and identified in 

table 1. 
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Table I: the six sites, GPS LAT&LONG, DIVA GIS defined ecoregion, mean annual 

precipitation (MAP), min&max temp and mean annual temperature (MAT). 

 

All samples were collected by J.J.M and collaborators.  These include 27 samples from 

the three separate communities within Gombe [Mitumba (n: 14), Kasekela (n: 5), and 

Bwavi/Kalende (n: 8)], 31 from the three different collection areas with the Ugalla region 

[Nguye (n: 8), Bhukalai (n: 5), and Issa (n: 18) research stations]. In addition, we include 13 

Kasekela samples, which were published previously (Schoeninger et al., 2016) for a total of 71 

separate samples. No invasive techniques were used in the hair collection, they were naturally 

shed hairs collected from night nests. The project received approval from IACUC and followed 

the American Society of Primatologists’ principles for the ethical treatment of nonhuman 

primates. The Tanzanian Commission on Science and Technology (COSTECH) permitted data 

collection on the Gombe and Ugalla chimpanzee populations. 

In order to remove environmental contaminants, the hair samples were first cleaned in 

ultra-sonic baths of double-distilled and de-ionized water, followed by an acetone rinse, and then 

cleaned again in double-distilled de-ionized water. The cleaned hairs were dried at 50°C 

overnight in a laboratory oven. To homogenize the samples, they were cut via stainless steel 

scalpel into pieces sized at approximately 1mm and mixed. These samples were weighed into 0.5 

to 1.0mg amounts, then were added directly to tin capsules for combustion. Samples were 

analyzed in an automated fashion on a Thermo-Finnigan Delta XP Plus, Conflow and Costect 

EA in the Analytical Laboratory at Scripps Institute for Oceanography (SIO). Data are expressed 

using the standard formula δ = ((Rsample/Rstandard)-1) x 1,000 where R = 13C/12C or 15N/14N. 
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The carbon sample was standardized relative to the Pee Dee Belemnite standard (PDB) while the 

nitrogen sample was standardized relative to the ambient inhalable reservoir (AIR). Repeated 

analysis of an internal laboratory standard over the last 5 years indicates a precision of 0.12‰ 

and 0.15‰ for δ13C and δ15N, respectively. All hair samples, save one that is not included in 

statistical analysis, had C:N ratios falling within the acceptable range of 2.9–3.8 (O’Connell et 

al., 2001). 

The burning of fossil fuels produced changes in the abundance of 13C in atmospheric 

CO2 over time, and because our samples were collected over multiple decades (60’s, 90’s, and 

2000’s), the stable carbon isotope values had to be adjusted differentially depending on the dates 

of collection (Keeling, 1979). Each specimen was adjusted assuming a pre-industrial 

atmospheric carbon value of −6.35‰ for the Late Holocene (Schmitt et al., 2012), and following 

the calculated correction factor of Long et al. (2005) based on high-resolution ice core data 

(Francey et al., 1999) and direct atmospheric measurements (Keeling Curve at Scripps Institution 

of Oceanography, https://scripps.ucsd.edu) 

We ran univariate linear regressions to determine if there were significant relationships 

between each stable isotope value and MAT, as well as MAP. This was followed by one-way 

ANOVA for each isotope, comparing means between sites. Standard niche width ellipse and 

convex hull areas were estimated using maximum likelihood, and Markov chain Monte Carlo 

(MCMC) credible intervals were generated to calculate uncertainty around ellipse estimates 

using Stable Isotope Bayesian Ellipses (SIBER) functions (Jackson et al., 2011) in the SIBER 

package in R (Parnell et al., 2008, 2010). Probability of size differences between ellipses were 

calculated by comparing pairs of draws from the posterior MCMC distributions. 
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Results:  

 The mean (±SD) δ13C and δ15N values from chimpanzee hair samples collected at the 

three sites  in the Ugalla region (Bhukalai, Issa, Nguye) were not statistically different from one 

another (P>0.05, Table II).. Therefore, we combined the δ13C and δ15N values results from the 

three Ugalla collection sites to reflect the overall δ13C and δ15N values from the Ugalla region 

and compared those with the δ13C and δ15N values from the three Gombe communities. 

 We found significant differences among the four chimpanzee collection sites (Ugalla vs. 

the three Gombe communities) in both carbon (statistical test, P<0.001; Table IV) and nitrogen 

(P=0.006; Table V) stable isotope values. There were negative relationships between MAP 

values for each site and the δ13Chair (Figure 3) and δ15Nhair (Figure 4) values across the four 

collection sites (Regression statistics δ13C then δ15N). There were no statistically significant 

correlations between either the δ13Chair or δ15Nhair values and MAT values (P = 0.547; P = 0.334; 

figs 5 & 6).  

Most samples from Ugalla, the site with the lowest MAP (Table I), exhibited δ13Chair 

values between -19.5‰ to -21.0‰ (Figure 9). Bwavi, the site with the second to lowest MAP 

values, has δ13Chair values that fall consistently between -21.0‰ and -22.0‰. Mitumba, with the 

second to highest MAP values, has δ13Chair values that range from -21.0‰ to -24.0‰. Similarly, 

Kasekela, the site with the highest MAP, has δ13Chair values that range from -21.0‰ to -24.0‰. 

All of the δ15Nhair values fall between 3‰ and 5‰. Ugalla has δ15Nhair values mostly between 

3.5‰ and 4.5‰, with one outlier. Bwavi is similar, with most values falling between 3.5‰ and 

4.5‰, also with only one outlier. Kasekela’s δ15Nhair values range drops to values between 3.0‰ 

and 4.0‰, and Mitumba shows the widest range from just above 3.0‰ to just under 5.0‰. 
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Table II: Isotope Results From Gombe and Ugalla Chimpanzee (P. troglodytes) Hair. 

Gombe: 

 Mitumba  

Spec # δ13C(‰) δ15N(‰) C:N 

MS6491 

MS6483 

MS6486 

MS6477 

MS6476 

MS6478 

MS6482 

MS6484 

MS6481 

MS6485 

MS6183 

MS6184 

MS6195 

MS6096 

-22.2 

-21.7 

-22.4 

-24.0 

-23.7 

-23.0 

-22.3 

-23.3 

-23.6 

-22.3 

-24.3 

-22.8 

-23.8 

-23.1 

3.3 

4.7 

3.6 

3.2 

4.0 

4.5 

3.7 

3.6 

3.2 

3.4 

4.0 

4.1 

4.1 

4.0 

3.1 

3.0 

3.0 

3.1 

3.0 

3.0 

3.0 

3.1 

3.1 

3.1 

 Kasekela  

Spec # δ13C(‰) δ15N(‰) C:N 

MS6489 

MS6490 

MS6514 

MS6515 

MS6516 

MS6174 

MS6175 

MS6177 

MS6179 

MS6181 

MS6182 

MS6186 

MS6190 

MS6191 

MS6192 

MS6193 

MS6194 

MS6197 

-21.8 

-21.4 

-21.6 

-22.0 

-20.9 

-23.4 

-22.7 

-22.5 

-22.7 

-23.1 

-23.5 

-23.2 

-23.0 

-23.7 

-23.2 

-23.2 

-22.7 

-23.0 

3.4 

3.5 

4.0 

4.0 

4.0 

3.0 

3.0 

3.2 

3.8 

4.0 

3.6 

3.4 

3.9 

3.1 

3.6 

3.8 

3.4 

3.5 

3.1 

3.1 

3.1 

3.1 

3.1 

3.7 

3.7 

3.7 

3.4 

3.5 

3.5 

3.6 

3.5 

3.6 

3.7 

3.5 

3.6 

3.7 

 Bwavi  

Spec # δ13C(‰) δ15N(‰) C:N 

MS6510 

MS6512 

MS6513 

MS6499 

MS6500 

MS6501 

MS6502 

MS6503 

-21.0 

-21.2 

-21.3 

-21.5 

-21.8 

-21.8 

-21.0 

-21.5 

3.5 

3.3 

3.5 

3.8 

4.1 

4.2 

4.0 

4.5 

3.1 

4.4 

3.1 

3.2 

3.0 

3.1 

3.1 

3.0 
 

Ugalla: 

 Bhukalai  

Spec # δ13C(‰) δ15N(‰) C:N 

MS6504 

MS6505 

MS6517 

MS6519 

MS6522 

-19.9 

-20.2 

-20.4 

-20.2 

-19.7 

3.7 

3.8 

4.2 

4.1 

4.2 

3.1 

3.0 

3.1 

3.0 

3.1 

 Issa  

Spec # δ13C(‰) δ15N(‰) C:N 

MS6509 

MS6511 

MS6560 

MS6561 

MS6562 

MS6563 

MS6564 

MS6565 

MS6566 

MS6567 

MS6568 

MS6569 

MS6570 

MS6571 

MS6572 

MS6573 

MS6574 

MS6575 

-19.8 

-20.4 

-19.6 

-20.1 

-19.8 

-20.0 

-20.0 

-20.5 

-19.5 

-19.9 

-19.7 

-19.7 

-19.9 

-19.8 

-19.8 

-20.2 

-20.1 

-20.5 

3.7 

3.8 

3.0 

4.2 

3.5 

3.7 

4.0 

4.1 

3.8 

4.0 

4.0 

4.1 

3.7 

4.0 

3.9 

3.7 

4.2 

4.0 

3.1 

3.1 

3.0 

3.1 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.1 

3.0 

3.0 

3.0 

3.1 

3.0 

3.0 

3.1 

 Nguye  

Spec # δ13C(‰) δ15N(‰) C:N 

MS6487 

MS6488 

MS6506 

MS6507 

MS6508 

MS6518 

MS6520 

MS6521 

-20.2 

-20.4 

-20.6 

-20.7 

-20.6 

-20.0 

-20.7 

-20.6 

4.2 

3.7 

4.5 

4.1 

4.3 

4.1 

0.2 

4.3 

3.0 

3.0 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

 

 



16 

 

Table III: Summary Measurements of Stable Isotope Values from Chimpanzee Sites. 

 

Table IV. Pairwise Comparisons of δ13Chair Values Between Chimpanzee Site Locations. 

 

Table V. Pairwise Comparisons of δ15Nhair Values Between Chimpanzee Site Locations. 
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Figure 3: Stable carbon isotope values plotted against mean annual precipitation values. 

 

Figure 4: Stable nitrogen isotope values plotted against mean annual precipitation values. 
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Figure 5: Stable carbon isotope values plotted against mean annual temperature values. 

  

Figure 6: Stable nitrogen isotope values plotted against mean annual temperature values. 
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Figure 7. Plot of the δ13Chair and δ15Nhair  values from Mitumba, Kasekela, Bwavi and 

Ugalla.  
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A)  

B)  

Figure 8: A) δ13Chair and δ15Nhair values for Mitumba (n: 14), Kasekela (n: 18), 

Bwavi/Kalende (n: 8), and Ugalla (n: 31). Ellipses represent the Standard Ellipse Areas 

(SEA), corrected for sample size, which were calculated using a maximum likelihood 

approach in the R package ‘SIBER.’ B) Bayesian SEA (SEA-B) estimates for Ugalla, 

Mitumba, Kasekela and Bwavi, where black circles represent mean SEA-B values, and 

grey boxes represent the 50, 75, and 95% credible intervals. The red Xs represent the SEA 

values calculated based on a maximum likelihood approach (and corrected for sample size) 

corresponding to figure 10A. 
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Discussion: 

 By estimating isotopic niche ellipse areas for each collection site we are able to think 

about why the chimpanzee niche space varies across the species’ range despite general 

uniformity across chimpanzees in dietary intake. Within the three Gombe sites, we see that 

Mitumba occupies the largest niche space, and the ellipse for Kasekela falls almost entirely 

within that of Mitumba’s (Fig 8). While there are some differences in the MAP and MAT values 

for these two sites [difference in MAP (64mm) and MAT (.8°)] they are the two wettest and 

reportedly with the highest proportion of enclosed woodland out of the four sites surveyed here. 

Along with the impact of these variables on the plant δ13C and δ15N values, as we see that the 

drier the site the lower plant species diversity in the diet of the chimpanzees, it is likely that there 

is significantly more diversity in plant species consumption at these two sites comparatively. 

Bwavi, Gombe’s southern and driest site, shows a smaller niche area but still overlaps with both 

Kasekela and Mitumba’s niche space. This is likely due to their proximity and the observation 

that the chimpanzees do exhibit some regional overlap with the neighboring communities. 

However, the shape and angle of the ellipse at Bwavi suggests their δ13Chair values are less 

variable than their δ15Nhair values, giving the ellipse a more vertically angled and oblong shape 

than the other two Gombe sites. Ugalla shows a similar ellipse shape and area to that of Bwavi, 

which is likely due to their ecological similarities, but much smaller and with almost no overlap 

with any of the Gombe sites. This fits as the site is completely separate from that of Gombe, and 

it is the driest and most consistently open over a larger breadth of geographic space. Ultimately, 

our SIBER plots show the drier and more open sites have smaller niche spaces and with less 

variability in δ13Chair values than the wetter sites, which is potentially due to the effects of MAP 

and MAT on plant δ13C and δ15N values and/or lesser diversity in diet.  
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The correlation between MAP and δ13Chair values follows the predicted pattern of higher 

δ13C values in animal tissues from drier regions and lower δ13C values in wetter regions, despite 

a difference of only 200mm in MAP. Bwavi, or southern Gombe, falls somewhat off the line but 

still clusters near the Ugalla values as expected as their MAP values, along with openness in 

habitat, are highly similar. It is possible that the chimpanzees in southern Gombe, with close 

proximity to the higher density of enclosed forest in the northern Kasekela, are able to access and 

feed from more enclosed regions, which has been seen to be preferable within chimpanzee 

feeding patterns (Schoeninger et al., 1999) with enough frequency to slightly lower their δ13Chair 

values. It is also the smallest n of the chimpanzee collection sites sampled, and considering the 

wide range in values across the sites, further sampling could show a wider range in δ13Chair 

values. 

The remaining three out of the four sites fall along the expected regression line for MAP 

and δ13Chair, however, there is significant scatter in δ13Chair values around the line for both 

Mitumba and Kasekela. Ugalla is the only site that falls on the line with minimal scatter, 

although there is a higher representation of higher than expected δ13Chair values within the site. 

This uniformity in values is potentially due to the fact that while the three sites within Ugalla 

cover a broad area, the ecology is relatively uniform across, which is likely why their values 

showed no significant difference. MAP and MAT values were strikingly similar [small 

difference in MAP (20mm) and MAT (.3°)] across the three distant (compared to the close 

proximity between the three Gombe sites) collection sites, and Ugalla is more consistently open 

with fewer mosaic patches of enclosed forest than Gombe. Additionally, with recent studies at 

the Issa site in Ugalla (Piel et al., 2017), they showed that the diversity in diet (number of species 

consumed) is minimal, with the majority of dietary selectivity expressed in preference for 
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feeding in the more wooded regions, and significant changes in diet coming as the result of 

seasonal changes in availability. While this sort of dietary survey has not been conducted yet at 

the other two sites sampled in the present study, it is likely that due to the proximity and 

similarity ecologically the findings would be similar. 

Mitumba, or northern Gombe, shows many individuals scattering and falling below the 

regression line. Some of this scatter is possibly the result of chimpanzee dietary selectivity. Their 

environment is also a mosaic habitat, but is less open and has significantly more enclosed 

forested area than Ugalla, which may offer greater access to a diverse range of dietary plant 

sources. Additionally, similar to what we see in Bwavi, it is possible these northern chimpanzees 

living with some overlap to the central, wetter Gombe at Kasekela, are able to access plants from 

wetter climates with enough frequency to lower their δ13Chairvalues. The majority of the Kasekela 

δ13Chair values also scatter, but they instead fall mostly above the regression line, which may also 

be indicative of dietary selectivity within the more enclosed canopy environment of greater 

Gombe. This also may reflect that in this follow-up study to 2016’s Schoeninger et al. where the 

majority of these Kasekela samples came from, we have here added 5 samples that were 

collected in the 1960s. These five samples have on average 1‰ higher values than their 1990s 

correlates, even with correction for environmental CO2, it is possible that the environment has 

become wetter in this 30 year timespan or that dietary intake in the protected park has shifted, 

possibly due to anthropogenic changes. Additionally, while we see a significant negative 

regression for MAP and δ13Chair values, the average δ13Chair value for Kasekela (the wettest site) 

is higher than the average δ13Chair value for Mitumba (second wettest site), but their values 

overlap with each other significantly. These are the two wettest regions within Gombe National 

Park, with the most enclosed forested area, and are also noted to support the majority of the 
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chimpanzees living there (Santiago et al., 2003). Further studies of behavior and dietary 

composition across these different sites at Gombe would be necessary to distinguish the root of 

this highly scattered and variable distribution in δ13Chair values. 

In addition to the correlation between MAP and δ13Chair values, we also see a small but 

significant correlation between MAP and decreasing δ15Nhair values. This contrasts the 

Schoeninger et al. 2016 study which found a weak but significant correlation between their 9 site 

values and increasing δ15N as the sites become wetter, which is the opposite pattern expected. It 

is possible that in the present study, only looking at four discrete communities with a very small 

range in MAP shows the expected pattern, while a range of over 9 extremely diverse (range of 

over 1000mm) does not. It is also likely, due to our similarly weak correlation, that chimpanzee 

δ15Nhair values reflect dietary selectivity within individual sites as suggested previously (Fahy et 

al., 2013; Oelze et al., 2014; Schoeninger et al., 1999) rather than any direct effect of MAP. As 

with the study conducted by Schoeninger et al. in 2016, these four sites, all within the Tropical 

and Subtropical Savannas, Grasslands, and Shrublands (TSGSS) biome, show lower δ15Nhair 

values than expected. One reason suggested by Schoeninger et al. for this was the potential 

higher consumption of flowers, pods, and leaves of leguminous trees that are engaged in N2-

fixation at these sites. The consumption of leguminous species by chimpanzees is suggested by 

fecal data from Ugalla (see Schoeninger et al., 1999) and this has been further supported by a 

recent study done at Ugalla by Piel et al. in 2017 where they report a significant amount of 

Fabaceae plants consumed through fecal matter analysis. It is also unlikely that the variation in 

δ15Nhair values is due to differences in soil baseline δ15N values. The difference between the 

averages of the δ15N values at the four sites was 0.4‰ (Amundson et al., 2003). 
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With respect to temperature, it is not entirely surprising that there are no significant 

correlations between δ13Chair values with MAT as there are few data suggesting that δ13C plant 

values vary with MAT. δ15Nhair values having no significant correlation with MAT is somewhat 

more surprising, as MAT is seen to have a positive correlation with δ15N plant values 

(Amundson et al., 2003; Martinelli et al., 1999) and δ15N values have been seen to correspond 

with MAT in other mammalian species (Somerville et al., 2018). However, the range of 

temperature at these four sites is very small, only two degrees Celsius. It is possible that with a 

wider range in temperature, a correlation would be more likely to appear.  

In summation, we show that the stable carbon isotope data in chimpanzees correlate with 

minimal variation in Mean Annual Precipitation (MAP) within the same ecoregion type (Central 

and Eastern Miombo Woodlands) across the four chimpanzee sites where we were able to collect 

new isotope data. This information suggests that researchers can use stable carbon isotope data to 

address scales of space and time that are impractical by direct observation over the course of 

long periods of time and within ecological regions. We also show that we must continue to 

consider that the stable carbon isotope values of nonhuman primate species contain more 

information than a diet positioned somewhere along a C3 to C4 continuum. The stable carbon 

isotope values can, in turn, provide the basis for modeling aspects of the habitats of animals 

whose behavior is unobservable, like in the case of chimpanzees whose pelts were collected 

without habitat information. These samples can be used to infer the types of habitats 

chimpanzees occupied prior to massive human incursions, and grow our knowledge of 

chimpanzee habitat and potentially inform our conservation efforts to save the species from 

extinction. 
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