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Subsistence Strategies of Two “Savanna” Chimpanzee
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Twenty-two chimpanzee hair samples collected from night nests at two
different “savanna” sites were analyzed for carbon and nitrogen stable
isotope ratios represented as δ13C and δ15N values. The first at Ugalla,
Tanzania is a miombo woodland with grass groundcover and small patches
of forest. The second at Ishasha, Democratic Republic of the Congo is a
habitat composed of riverine gallery forest, semideciduous thicket forest,
wooded grassland, and grassland. Based on comparative data from other
primates, Ugalla hair δ13C values suggest that the chimpanzees are feed-
ing primarily in the woodland rather than in forest patches or on grass-
land foods (grasses or grammivorous fauna). Similar comparisons indicate
that the Ishasha chimpanzees are feeding within the forests and not in
more open areas. In addition, the Ugalla chimpanzees had δ15N values
that indicate extensive ingestion of leguminous flowers, seeds, and/or
leaves. The Ishasha samples show a range encompassing three trophic
levels. Two samples with the most positive values may indicate a nurs-
ing signal or vertebrate-feeding. Three individuals with intermediate val-
ues are similar to those in omnivorous nonhuman primate species. The
four individuals with the lowest values are very similar to those in her-
bivorous monkeys. Stable isotope ratios permit time-averaged and habi-
tat-specific dietary comparisons among sites, even without habituation
or detailed foraging observations. Am. J. Primatol. 49:297–314, 1999.
© 1999 Wiley-Liss, Inc.
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INTRODUCTION
Chimpanzees (Pan troglodytes) have been reported from nearly 40 sites across

Africa [Wrangham et al., 1994] including closed canopy rainforests [Boesch &
Boesch-Achermann, 1991] and woodlands [Goodall, 1986; Nishida & Uehara,
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1983], as well as habitats dominated by grassland [McGrew et al., 1981]. Across
these sites, large variations occur in diet, social patterning and tool use [McGrew
et al., 1996]. While some of this variation may be due to chance [McGrew et al.,
1997], site ecology apparently plays an important role in other cases [Boesch,
1994b]. Choosing among possible explanations requires site specific knowledge
of behavioral and ecological variables; yet, only 5 of the 40 chimpanzee sites
have long-term data on known individuals [Goodall, 1994] and all studies of ha-
bituated individuals come from woodland or forest regions [McGrew et al., 1988].
At open “savanna” sites [sensu Moore, 1992], population densities of lower than
one chimpanzee per km2 [Collins & McGrew, 1988; Moore, 1992] provide few
observations (367 sightings in 4 years at Mt. Assirik, Senegal [McGrew et al.,
1988]) as the animals actively avoid observers. Multiseason field studies in such
sites are extremely rare [Suzuki, 1969; McGrew et al., 1988] with general eco-
logical data compiled through shorter-term studies of nest site and floral map-
ping [Nishida, 1989; Sept, 1992]. Still, we lack basic subsistence information
necessary for testing hypotheses about chimpanzee behavioral ecology in open
sites, and by extension, in other sites as well.

Tree fruits are considered their basic food [Wrangham, 1977; Teleki, 1981;
McGrew et al., 1988], but actual intake levels are uncertain even at better stud-
ied sites because methods of diet assessment vary widely from feeding time
[Isabirye-Basuta, 1989; Wrangham et al., 1992; Chapman et al., 1994] to fecal
composition [Suzuki, 1969; Tutin & Fernandez, 1985; Tutin et al., 1991] to food
types [Wrangham, 1977; Nishida & Uehara, 1983; Goodall, 1986; McGrew et al.,
1988]. The uncertainty is compounded when preferred fruits are less available.
At such times, social groups can fission and some individuals can continue feed-
ing on fruit [Ghiglieri, 1984; Tutin et al., 1991], but diet breadth can also in-
crease to include food requiring greater processing (e.g., hard seeds [Suzuki, 1969])
or with lower caloric concentration (e.g., stems [McGrew et al., 1988] or pith
[Wrangham et al., 1991]). In open country sites, seasonal availability is expected
to be more variable than in better watered forests [Moore, 1996], although it has
not been possible to test this hypothesis.

Also, whereas leaves generally provide the main source of protein for large-
bodied primates [Hladik & Chivers, 1994], chimpanzees use many alternatives
including hard seeds [Suzuki, 1969] and insects or meat [McGrew, 1983; Boesch,
1994a; Stanford, 1996] with marked variation within and between sites
[Wrangham & van Zinnicq Bergmann-Riss, 1990; Stanford, 1998; Boesch & Boesch,
1999]. As with fruit-eating, actual intake levels of these protein sources is uncer-
tain. Meat-eating, when based on fecal evidence, may be underestimated [McGrew,
1992] due to sampling error [Boesch & Boesch, 1989] or completeness of diges-
tion [Stanford, 1996]. At the well-studied site of Gombe, only 5.8% of feces con-
tained mammalian remains [McGrew, 1992] even though meat is known to be an
important part of the diet for some individuals [Stanford, 1996]. Similarly, no
fecal incidence data are available for Tai (data in Table 7.1 in McGrew, 1992 are
probably based on a misinterpretation of Boesch & Boesch, 1989), another well-
studied site where meat-eating has been observed for over 10 years [Boesch &
Boesch, 1999]. At open country sites, the few indirect data suggest little depen-
dence on vertebrates and variable dependence on insects [Suzuki, 1966, 1969;
McGrew, 1983; Moore, 1992] but the accuracy of this interpretation cannot be
assessed.

Site composition probably affects food choice and behavior (Boesch, 1994b)
even though the exact relationships are far from clear. Many chimpanzee home
ranges encompass several ecological zones, which are used differentially [Suzuki,
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1969; Nishida, 1989; Tutin et al., 1991; Sept, 1992; Malenky et al., 1994]. At Mt.
Assirik, forest and woodland account for 40% of the chimpanzees’ range but over
80% of the food species chimpanzees are known to consume [McGrew et al., 1988].
In contrast, at Kasakati in Tanzania, forest and woodland account for 70% of the
total area and 95% of fecal volume [Suzuki, 1969].1 Forest and woodland food
species are overrepresented in both regions but the two regions apparently differ
from one another although actual intakes are unknown in both regions.

The combination of observational difficulty, lack of methodological standard-
ization, and spatio-temporal environmental complexity makes quantitative com-
parative analyses of chimpanzee diets difficult. Since relatively small differences
in diet may have profound evolutionary consequences (e.g.. [Wrangham et al.,
1996]), this is a serious problem for socioecologists. It is especially acute for
paleoanthropologists interested in ape models of hominid evolution, who would
like to gain an understanding of modern ape adaptation to savanna environ-
ments despite the absence of habituated chimpanzees at such sites [McGrew et
al., 1988; McGrew, 1992; Moore, 1992; Moore, 1996].

For this reason, we undertook a stable isotope study of chimpanzee hair from
animals living in two open country sites. Stable isotope ratios (13C/12C and 15N/
14N) in animal tissues are determined by the ratios in their diets [DeNiro &
Epstein, 1978, 1981]. The ratios vary across food items [Schwarcz & Schoeninger,
1991] in patterned, predictable ways, which underlie their increasing use in vari-
ous ecological investigations [Rundel et al., 1989; Lajtha & Michener, 1994; Pro-
ceedings, 1996]. The patterns occur because the natural abundance ratios of the
isotopes (13C/12C=1.1/98.9; 15N/14N=0.36/99.64) change as plants incorporate car-
bon dioxide and various nitrogen compounds from the atmosphere and soil fol-
lowed by subsequent changes between plants and animals [Hoefs, 1987]. The
alterations are consistent and predictable because the stable isotopes with the
heavier mass (e.g., 13C and 15N) react faster in chemical reactions than the ones
with the lighter mass (12C and 14N). The changes in the ratios are very small
(commonly 10–5) and partially for this reason, the ratios in samples (e.g., chim-
panzee hair) are compared directly to an international standard.2 The difference
between the sample and standard (i.e., the delta or δ as in δ13C and δ15N) is
expressed in per thousand or per mil notation (i.e., ‰).

METHODS
Our study focused on two regions containing unhabituated chimpanzees. The

Ugalla region of the Tongwe Forest Reserve is located approximately 60–80 km
east of Lake Tanganika, just east of Kasakati, and about 100 km northeast of the
Mahale research area (Fig. 1) where long-term study has been conducted [Nishida
& Uehara, 1983]. The area receives about 1,000 mm rain/year with a single 5
month dry season (defined as <60 mm rainfall/month) during which most sea-
sonally flowing streams are dry. As such, it is similar to Kasakati which has
approximately 962 mm rain/year with a 6 month dry season [Moore, 1992]. Both
Kasakati and Ugalla are “miombo” woodlands dominated by leguminous species

1Suzuki’s annual figure is the average of monthly percentages [Suzuki, 1969; Table IV]. Recalcula-
tion as percent of total made no discernible difference.
2A δ value is defined as: d = Rsample/Rstd –1 × 1,000 ‰ read as per mil or parts per thousand, where
R is the isotope ratio 13C/12C or 15N/14N and the standard is the internationally recognized standard.
The international standard for carbon, 13C/12C, is Pee Dee Belemnite (PDB), a marine carbonate; the
standard for nitrogen, 15N/14N, is atmospheric nitrogen (AIR).
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with regularly spaced trees providing a thin, but nearly continuous, canopy over
broad areas underlain mainly by grass groundcover [Suzuki, 1969; Moore, 1992;
Moore, 1994]. Ugalla also contains approximately 1% evergreen forest [Kano,
1972], which, based on other regions, we thought might contain important foods.
At Mt. Assirik, 3% of the area is forest but it contains 30% of food species [McGrew
et al., 1988]. Also, at Kasakati, dense forest covers only 10% of the habitat but
forest foods contribute nearly 80% of fecal volume [see Table I, Suzuki, 1969]. In
a single, 9 day dry season survey at Ugalla, nearly 80% of observed night nests
were located in woodland [Nishida, 1989] but it is not known whether feeding
location associates with night nests and is woodland-focused or if it is forest-
focused as at Mt. Assirik and Kasakati. We used hair δ13C values, which corre-
late with forest canopy cover in arboreal monkeys and prosimians [Schoeninger

Fig. 1. Map of the Ugalla study area with Gombe National Park and the Mahale research area shown as
references. The shaded areas indicate places where chimpanzees have been studied or surveyed.
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et al., 1997, 1998] to determine whether the Ugalla chimpanzees feed largely in
closed canopy forest or in open woodland.

Once the location of feeding was determined using δ13C values, we used chim-
panzee hair δ15N values, which correlate with feeding on legumes and with trophic
position in several primate species [Schoeninger et al., 1998], to indicate overall
dependence on leguminous plants and omnivory (vertebrate versus insect-feed-
ing cannot be distinguished). At Kasakati, 11% (by volume) of 194 scat, collected
over 15 months, was leguminous with significant seasonal variation, one con-
tained a presumed bone [Suzuki, 1969] and the incidence of insect remains was
less than 10% [Suzuki, 1966]. Only two scat have been recovered at Ugalla; both
contain leguminous seeds and one of the two also contained mammal hair
[Nishida, 1989]. The vertebrate fauna at Ugalla includes species typical of both
open grassland (e.g., zebra, Equus burchelli) as well as forest (e.g. blue monkey,
Cercopithecus mitis) and insect species are abundant [Itani, 1979; Nishida, 1989;
Moore, 1994; Moore, unpublished].

The second region lies along the small perennially flowing Ishasha River,
which flows north into Lake Rutanzige, and forms part of the national boundary
between Uganda (Rwenzori National Park) and the Democratic Republic of the
Congo (ex-Zaire: Parc National des Virunga) (Fig. 2). The average annual rain-
fall is 750 mm per year with an average of 5 dry months each year (December–
February and June–July). A small population of chimpanzees (10–25, based on
nest counts [Sept, 1992; Steklis et al., 1992]) lives along the river, along with
baboons and other primates [Rowell, 1966]. The habitat consists of closed-canopy,
semideciduous (mixed evergreen and deciduous) gallery forest along much of the
river grading to dry forest or thicket and open wooded grasslands on the sur-
rounding plains and plateaus. Thirty-five belt transects along a 10 km stretch of
the river were surveyed during the dry season in July–August 1989 and the wet
and dry season in March–August 1990 [Sept, 1992; Steklis et al., 1992]. Nesting
evidence showed over 80% of chimpanzee nests were located in the riverine gal-
lery forest during the 6 months represented by survey [Sept, 1992, 1994]. The
analyses of 113 fecal samples [Steklis et al., 1992] taken during the 1990 field
season indicate that fleshy fruits from forest trees were the most common foods
with fruits from forest margin trees and shrubs also frequent. This is similar to
Kasakati where the majority of fecal volume came from dense riverine forest
which covers only 10% of the habitat [Suzuki, 1969]. Since the number of fecal
samples from Ishasha is small (4–10 per animal), however, and represents only
half the annual cycle, we used carbon stable isotope analysis to determine the
annual use of woodland versus forest.

The Ishasha fecal data also included seeds and pods from several legumi-
nous species in the closed gallery forest where leguminous trees are among the
dominant species and from one species in the dry forest margins. There was no

TABLE I. Fecal Evidence for Diet in “Savanna” Chimpanzees

Volume in feces Legumes are Legumes in
Vegetatin Percent of % by season dominant in droppings
type total Wet Dry % of area % of annual

Savanna 30% — — — —
Woodland 60% 07% 36% >90% 11%
Riverine 10% 93% 64% 60% —

*Data from [Suzuki, 1969] rounded to nearest whole percent.
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Fig. 2. Map of the Ishasha region. The study area is on the Congo (ex-Zaire) side of the perennially flowing
Ishasha river.
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evidence of meat-eating or insect-eating in either survey. The extent of foraging
away from the forest is unclear although observations by park rangers and local
informants, fresh feeding remains, food species distribution, and nests encoun-
tered during surveys indicate that such foraging occurs. We used nitrogen stable
isotope analyses to estimate dependence on leguminous plants and the level of
omnivory.

Stable isotope analysis was performed on twelve hair samples, collected by
JM at Ugalla, and ten hair samples, collected by JS at Ishasha. All samples
came from night nests except for one hair recovered from a fecal sample at Ishasha.
Samples were taken from widely dispersed nests to avoid sampling the same
individual more than once although some multiple sampling may have occurred
at Ishasha and the origin of the hair taken from the fecal sample is unknown. In
addition, two plant samples showing evidence of chimpanzee feeding and hair
from a red tail monkey (Cercopithecus ascanius) carcass were collected at Ishasha
by J.S. and analyzed for comparison. Hair growth in chimpanzees is not well
characterized and we assume a similarity to humans since chimpanzee hair grows
long and is not the result of seasonal molting (although observations on other,
smaller-bodied primate species suggest that hair may grow rapidly after the dry
season, Nash personal communication). In humans, individual hair follicles are
in a growing phase for approximately 3 years and in transitional or resting phases
for a total of about 4 months [Valkovic, 1977]. Single hairs, such as were ana-
lyzed in this study, should reflect an average of 3 years of diet unless there are
spurts to hair growth (we have found no reports, even anecdotal, that spurts
occur in chimpanzee hair growth). Assuming that chimpanzee hair grows in a
manner similar to humans, seasonal variation will be averaged out as will an-
nual variation over a 3 year period.

Animal hair δ13C values estimate dietary dependence on particular plants
growing under particular ecological conditions [Minson et al., 1975; Nakamura
et al., 1982; DeNiro & Epstein, 1978; Jones et al., 1981; Tieszen et al., 1983;
White & Schwarcz, 1994]. Across all plant species there is a bimodal distribution
of δ13C values. Herbaceous vegetation and trees, called C3 plants in reference to
the number of carbon atoms in the first metabolite formed during photosynthe-
sis, have δ13C values between –31‰ and –23‰ [O’Leary, 1988; Farquhar et al.,
1982]. Those growing in closed-canopy forests have values at the more negative
end of the range because the available CO2 is 12C-enriched due to input from
biomass degradation [van der Merwe & Medina, 1989; Broadmeadow et al., 1992]
and because light levels are low [Yakir & Israeli, 1995]. Plants of the same spe-
cies growing in open environments have values at the less negative end of the
range and those growing under drought conditions have the least negative val-
ues [O’Leary, 1981; Garten & Taylor, 1992].

In correlation with plant variation, hair values in non-human primates from
evergreen forests have the most negative values, those from deciduous forests
are intermediate, and those from a drought afflicted forest are the least negative
[Schoeninger et al., 1997, 1998]. This pattern holds true across a wide geographic
range and primate taxa (Table 2); therefore extremely negative chimpanzee hair
δ13C values (–25‰) would indicate that the majority of their diet comes from the
evergreen forest portions of their habitats. Less negative values (–24 to –23‰)
would indicate that the majority of feeding occurs in forested, but not evergreen,
portions of their habitats. If the hair δ13C values are close to the least negative
values (–21‰), it would indicate that the majority of chimpanzee diet came from
open woodland portions of their habitats.

A second set of plants (referred to as C4) is composed mainly of tropical grass
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species with δ13C values between –15‰ and –11‰ [O’Leary, 1988] because they
are relatively unresponsive to environmental variations [Marino & McElroy, 1991].
Succulents commonly use a third photosynthetic pathway, CAM or Crassulacean
Acid Metabolism [Kluge & Ting, 1978] and have values similar to C4 plants in
habitats like Ugalla and Ishasha [O’Leary, 1981; Ting & Gibbs, 1982]. Humans
and other primates eating C4 plants and succulents have hair [Schoeninger &
Moore, 1992; Schoeninger et al., 1998] and bone protein [Ambrose & DeNiro,
1986] δ13C values outside the range of animals feeding solely on C3 plants. Hair
from chimpanzees feeding on tropical grass seeds and corms or on grass-eating
insects and vertebrates should show δ13C values around –20‰ or less negative
[although see Carter, 1998].

The δ15N values in animal hair reflect diet [DeNiro & Epstein, 1981] distin-
guishing leguminous from non-leguminous plants [Virginia & Delwiche, 1982]
and meat from plants [Schoeninger & DeNiro, 1984]. Leguminous plants have
symbiotic bacteria in their roots that fix atmospheric nitrogen (0‰, by defini-
tion), directly [Virginia & Delwiche, 1982] and, with few exceptions [Vitousek et
al., 1989], have lower δ15N values than those common in other plants (5‰–7‰)
[Shearer & Kohl, 1994]. Arboreal primates observed feeding on legumes have
δ15N values that are significantly lower than those of other primates (see Table
III) and chimpanzee hair δ15N values should be around 3‰ if legumes are a

TABLE II. d13C in Hair Correlates With Canopy Cover*

Old World prosimians New World monkeys
Tropical forest type δ13CPDB δ13CPDB

annual rainfall ± s.d. (n) ± s.d. (n)

Drought deciduous –21.3‰ ± 0.89(9)
<750mma

Deciduous –23.1‰ ± 0.42(18) –23.5‰ ± 0.32(19)
<1500 mmb

Evergreen –24.8‰ ± 0.39(9)
4,000 mmc

*Data from: [Schoeninger et al., 1997, 1998].
aThe species analyzed is Lepilemur leucopus.
bThe species analyzed are Galago garnettii, Galago zanzibaricus, Alouatta palliata, and Brachyteles
arachnoides.
cThe species analyzed are Cebus capucinus and Ateles geoffroyi.

TABLE III. d15N in Hair Correlates With Diet*

Prosimians δ15NAIR Monkeys δ15NAIR

Diet ± s.d. (n) ± s.d. (n)

Insectivorous frugivorea 7.2‰ ± 1.02(18) 7.0‰ ± 0.14(4)
Frugivorous folivoreb 5.4‰ ± 0.51(12)
Folivorec 5.5‰ ± 1.09(9)
Frugivorous folivore 3.3‰ ± 0.49(12)

with 40% legumesd

*Data from: [Schoeninger et al., 1997, 1998].
aSpecies: Galago garnettii, Galago zanzibaricus, and Cebus capucinus.
bSpecies: Ateles geoffroyi and Brachyteles arachnoides.
cSpecies: Lepilemur leucopus.
dSpecies: Alouatta palliata.
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significant part of their diet. In the absence of legumes, an herbivorous chimpan-
zee should have δ15N values around 5.5‰.

Carnivores typically have δ15N values around 3‰ more positive than herbi-
vores [Schoeninger & DeNiro, 1984; Minagawa & Wada, 1984] and omnivorous
monkeys and prosimians have significantly more positive δ15N values than her-
bivorous species [Schoeninger et al., 1997, 1998; see Table III]. Chimpanzee in-
sect- or meat-eating should produce hair δ15N values around 7‰.

Metabolic factors have been proposed as complicating these relationships but
they should not affect the results of this study. Some ruminants eating low pro-
tein forage in arid regions had δ15N values about 3‰ higher than expected
[Ambrose & DeNiro, 1986; Heaton et al., 1986; Cormie & Schwarcz, 1996] and
birds that had lost nearly 40% of their body weight had δ15N values about 1‰
higher than expected [Hobson et al., 1993]. The effects of starvation and water
stress have not been evaluated in any primate species but there is no reason to
expect loss of 40% body weight in chimpanzees from either region and along the
Ishasha river, water stress is highly unlikely.

As in previous studies, hair samples were cleaned in detergent to remove
adhering soils or other material, rinsed with acetone to remove extraneous body
oils, rinsed in double distilled H2O, and freeze-dried. Complete hairs (>1 mg)
were weighed into quartz tubes with excess cupric oxide, copper, and silver. The
tubes were sealed under vacuum and the samples combusted at 900°C in a muffle
furnace for 2 hours. Tubes were allowed to come to room temperature and then
cracked on a glass vacuum line. Carbon dioxide and nitrogen gases were purified
sequentially, collected cryogenically on the vacuum line (nitrogen gas was col-
lected on molecular sieve), and analyzed on a Finnegan MAT 251 in M.J.S.’s
laboratory. A glycine laboratory standard analyzed repetitively at the same time
produced a standard deviation of 0.2‰ in δ13C and 0.3‰ in δ15N. Some of the
hair samples were too small to produce adequate nitrogen gas for mass spectro-
metric analyses and none were large enough for replicate analyses. Replicate
δ13C data are available on two samples. One showed identical δ13C values and
the second showed a 0.2‰ difference, well within precision limits.

RESULTS
The results (listed in Table IV and plotted in Fig. 3) show that neither of the

chimpanzee populations has δ13C values similar to primates living in closed canopy
evergreen forests and that the two sites differ significantly from each other (P>.001
level in two-tailed test). The samples from Ishasha have δ13C values that are 1‰
more negative than the samples from Ugalla and closely resemble those from
prosimians and New World monkeys living in dry, semideciduous forests (see
Table II). In contrast, the average δ13 value at Ugalla falls between those of pri-
mates living in semideciduous woodlands and those of prosimians living in a dry,
open deciduous woodlands. Two individual prosimians, observed feeding only on
C3 plants (others ingested CAM plants [Nash, 1997]), had δ13C values of –21.7‰
and –22.4‰. The chimpanzee values are equivalent (–21.6‰ to –22.3‰).

The two sites also differ significantly from each other in average δ15N values
(P>.001 level 2-tailed test) even when the two outliers from Ishasha are removed.
The Ugalla data have a range of variation similar to that reported for animals
raised on controlled diets [i.e., 2‰ DeNiro & Schoeninger, 1983], whereas at
Ishasha, the range is much larger (5.4‰) and includes two outliers (10.2‰ and
10.4‰; perhaps the same individual). Most of the samples fall in the range of
5.0‰ to 7.1‰ in two, small, groups which differ from each other by 1.5‰ (6.7‰ ±
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0.3 n=3 vs. 5.2‰ ± 0.2 n=4, P>.001 two-tailed test). The lower value is very
similar to those reported for herbivorous monkeys and prosimians and the higher
value is similar to those in omnivorous taxa. The Ugalla samples are 3‰ less
positive, on average, than the Ishasha samples with removal of two outliers.
They are also less positive than those from New World howling monkeys (Alouatta
palliata) that spend an average 40% of feeding time on legumes (Fig. 4).

DISCUSSION:
The results from both open country sites support previous observations that

chimpanzees are highly dependent on food from trees [reviewed in Peters &
O’Brien, 1981; Kortlandt, 1983; McGrew et al., 1988] because all of the isotope

TABLE IV. Stable Isotope Data

Site
species

common name and material Lab number δ13CPDB in ‰ δ15NAIR in ‰

Ugalla
Pan troglodytes

Chimpanzee hair 4,540 –22.2 3.3
4,357 –22.2 3.1
4,535 –22.1 2.5
4,534 –22.2 2.4
4,537 –21.8 2.3
4,536 –22.2 2.0
4,533 –21.7 1.7
4,539 –21.7 1.2
4,356 –22.3 —
4,532 –21.6 —
4,538 –21.6 —
4,542 –22.0 —

Averages ± s.d. –22.0 ± 0.31 2.3 ± 0.78
Ishasha

Pan troglodytes
Chimpanzee hair

4,062 –22.6 10.4
4,055 –23.4 10.2
4,060 –23.0 7.1
4,347 –23.1 6.7
4,061 –22.7 6.4
4,346 –23.4 5.4
4,350 –23.2 5.4
4,348 –23.1 5.1
4,345 –23.4 5.0
4,349 –22.9 —

Average ± s.d. –23.1 ± 0.31 6.9 ± 2.19
5.9 ± 0.87

Cercopithecus ascanius
Red tail monkey hair 3,983 –22.5 5.4

Ficus sp.
Fig from chimp feces 3,985 –26.4 6.8

Unknown fruit
Seed from chimp feces 3,986 –25.7 5.3
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data indicate ingestion of C3 plants or of animals feeding on C3 plants. Even so,
at neither site are they focusing solely on dense forest patches for their food. At
Ishasha, chimpanzee hair δ13C values indicate that the animals are feeding both
in the gallery forest closest to the river and the dry forest beyond. This conforms
to the distribution of sleeping nests in the dry season [Sept, 1992] and suggests
that wet season feeding is similarly focused on the two types of forest. As such,
Ishasha is similar to Kasakati where fecal data indicated that the majority of
feeding was restricted to the minor forest regions lining rivers [Suzuki, 1969]. In
contrast, the Ugalla hair δ13 values indicate use of the “miombo” woodland with
little or no use of the small area of forest within their habitat. This suggests a
difference in the pattern of habitat use between Ugalla and Mt. Assirik where
the 3% of the region that is forest is used heavily by chimpanzees [McGrew et
al., 1988] but isotope data from the Mt. Assirik chimpanzees are needed before
reaching final conclusions. The difference in habitat use between Ugalla and
Ishasha could not have been predicted on ecological grounds.

Fig. 3. Bivariate plot showing the δ13C and δ15N values in chimpanzee hair from Ishasha and from Ugalla.
Across the top are indicated the ranges in δ13C values previously reported for several primate species from a
closed canopy evergreen forest in Costa Rica, three deciduous forests (Costa Rica, Kenya, and Brazil), and
one drought deciduous forest in Madagascar [Schoeninger et al., 1997, 1998]. Along the Y axis, the ranges in
δ15N values for the same species are indicated: one species ate a significant amount of legumes; three ate
little to none; and three were omnivorous species. The shading shows the ranges of individual values. The
Ugalla chimpanzees are eating a lot of legumes in the open woodland region of their range whereas the
Ishasha chimpanzees are eating little to no legumes. The highest δ15N values at Ishasha may be a nursing
signal while the values around 7‰ suggest omnivory and the rest appear herbivorous.



308 / Schoeninger et al.

The data from both Ugalla and Ishasha indicate little use of open grassland
areas. For Ishasha, this suggests that non-survey observations, feeding remains,
nest placement, and food species distribution are reflecting sporadic, not signifi-
cant, use of such areas, perhaps because adequate, preferred food is available in
the forest regions. At Ugalla, however, it is surprising that no grassland signal is
apparent given the open, predominantly grassy groundcover. Insects or mam-
mals that feed on grass (e.g., grasshoppers or infants of ruminant grazers) would
have a grassland signal. The data suggest that these are minor parts of the diet
if they are present at all. Thus, these chimpanzees survive in open, grassy wood-
land habitats similar to those in which the last common ancestor of apes and

Fig. 4. Bivariate plot of δ15N values and the percent of feeding time devoted to leguminous plants in four
individual Lepilemur leucopus from Madagascar [Schoeninger et al., 1998] and the average for eight Alouatta
palliata for which individual feeding data were not available [Glander, 1979]. The dashed line is fitted by
eye to open symbols and chimpanzee points are placed on the line. No direct data on feeding time is avail-
able for any savanna chimpanzee (sensu Moore, 1992) population. Vertical bars indicate range and SD of
ape and monkey δ15N values.
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humans probably lived [Kingston et al., 1994; Moore, 1996] but without taking
advantage of C4-based foods. The pattern of chimpanzee habitat use also con-
trasts with hominids living after the initial divergence. By 3 mya, Australopithecus
africanus tooth enamel δ13C values indicate routine dependence on resources from
regions more open than Ugalla [Sponheimer & Lee-Thorp, 1999]. Such open re-
gions, which chimpanzees apparently avoid because they provide no sleeping trees,
include no required food items and/or expose them to large predators were suc-
cessfully exploited by early hominids. A deeper understanding of the basis for
these differences in resource exploitation and habitat use may help to clarify the
processes behind the initial divergence of apes and hominids [McGrew, 1991;
Moore, 1996] as well as subsequent adaptations within the hominid lineage.

The Ugalla values indicate a greater dependence on legumes than estimated
from fecal evidence at Kasakati (11% [Suzuki, 1969]). It is not possible to calcu-
late a specific intake level but comparative species’ data suggest that it is around
50% of the diet (Fig. 4). Such a high level of dependence has several implica-
tions. Many legumes contain secondary compounds including protein digestion
inhibitors [Glander, 1982; Stahl, 1984]. Unripe pods of Acacia hockii from the
Ishasha region, for example, contain high concentrations of total phenolics and
condensed tannins [Sept, 1990]. If the leguminous seeds at Ugalla contain any of
these secondary compounds, it implies a trade-off is required for chimpanzees
when eating the protein- and fat-rich legume seeds (Table V). Also, if, as we
assume, chimpanzee hair grows throughout the year, the data suggest that le-
gumes are eaten throughout the year. Even if they obtain excess protein from
legumes during the 5 dry season months, protein is required for hair growth for
the remaining 7 months since excess protein cannot be stored in the body. They
are probably also eating legume leaves and flowers which might not be identified
in scat. Feeding on leguminous flowers was proposed to account for observed
seasonality in aspects of chimpanzee reproductive cycles at Gombe during years
of high rainfall [Wallis, 1997] as legumes, in general., contain significant
phytoestrogen levels [Kurzer & Xia, 1997]. Future fieldwork should be directed
toward collecting feeding observations in leguminous woodlands and collection of
foods for laboratory assessment of phytoestrogen and other secondary compound
contents.

In contrast to Ugalla, two Ishasha samples have values above 10‰. We dis-

TABLE V. Nutritional Analyses of Representative Plant Food Samples

Species Part TNCa Lipid Protein     Source

Leguminous plants
Acacia hockii Green pods  7 1 17 [Sept, 1990]
Pterocarpus chrysothrix Seeds 33 21 28 [Suzuki, 1969]
Julbernardia globiflora Seeds 57 9 16 [Suzuki, 1969]
Cynometra sp. Seeds 64 5 8 [Suzuki, 1969]
Isoberlinia angolensis Seeds 65 3 11 [Suzuki, 1969]
Soybeans 27 18 34 [Suzuki, 1969]

Non-legumes
Capparis tomentosa Fruit flesh 37 0 7 [Sept, 1990]
Cucumis aculeatus Fruit flesh 12 2 8 [Sept, 1990]
Grewia similis Fruit flesh 23 0 8 [Sept, 1990]
Rice 72 2 7 [Suzuki, 1969]
Wheat 70 2 10 [Suzuki, 1969]

aTNC refers to Total Nonstructural Carbohydrate.
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count nutritional stress as a likely explanation for these values because >40%
weight loss in birds produced a mere 1‰ elevation in δ15N values [Hobson et al.,
1993] whereas our data are around 3‰ above expected values. The values could
indicate omnivory although omnivorous nonhuman primates commonly show δ15N
values ~7‰. The red tail monkey (Cercopithecus ascanius) from Ishasha (5.4‰)
is known to eat insects but the δ15N variation in some species (Table III) indi-
cates that more samples from this species are necessary to assess the signifi-
cance of this individual value. In contrast to other primates, omnivorous humans
typically have δ15N values around 9 to 10‰ [Schoeninger & Moore, 1992] prob-
ably because vertebrates provide the majority of faunal prey and protein intake
levels are generally high. At Gombe, some males can be expected to eat a level of
meat approaching that in some humans [Stanford et al., 1994] and if this oc-
curred at Ishasha, the high δ15N values could be due to high vertebrate protein
intake. Alternatively, the 3‰ elevation over other Ishasha chimpanzee δ15N val-
ues is equivalent to that in the fingernails (a keratin protein, like hair) of nurs-
ing human babies relative to their mothers [Fogel et al., 1989]. In the absence of
observational data regarding the age and sex of the individual(s) whose hair we
analyzed, we cannot be more conclusive.

Three other samples have values that approach those in omnivorous nonhu-
man primates and it is tempting to suggest inclusion of insects or vertebrate
fauna in the diet of some chimpanzee individuals. The remaining four samples
have δ15N values similar to those in general herbivores and to individual
prosimians that include minimal amounts of legumes (10%) in their annual diet.
This is consistent with feeding traces and fecal analyses in early dry season sur-
veys [Steklis et al., 1992].

The Ishasha isotope data contrast with Ugalla where feeding on leguminous
plants is a more significant part of diet, open woodland portions are emphasized,
and there is no indication of omnivory. Apparently, ‘miombo’ woodland chimpan-
zees eat seeds requiring mastication and, quite possibly, secondary compound
toleration in the dry season. In contrast, by 1.8 mya hominids were taking fairly
complete animal carcasses in open areas [Bunn, 1999] as a dry season resource
[Blumenschine, 1987]. Whether their use of such resources began earlier in the
Pliocene with the spread of C4 grasses and increased seasonality, either simply
as an equiprobable alternative or because carcasses were more available than
they are today [Marean, 1989], is highly debated. In either case, such a scenario
replaces the “taste for meat” as a selective force with the need to increase diet
breadth in the late dry season in a manner similar to open country chimpanzees
[Wallis, 1995] or to gorillas [Tutin et al., 1991]. The use of such a resource would
provide partial explanation for the success of our ancestors in open grassland
savannas while chimpanzees are restricted to wooded savannas and gorillas are
restricted to forests.

CONCLUSIONS:
1. Although both sites, Ugalla and Ishasha, fit the definition of ‘savanna’ by

being relatively open with grass as the common ground cover, stable isotope evi-
dence indicates that the two sites are used in different ways by the chimpanzees
that inhabit them.

2. At Ishasha, the chimpanzees are feeding largely in the riverine forest with
little feeding in the open, wooded grassland. In contrast, Ugalla chimpanzees are
feeding largely in the open, “miombo” woodland rather than in available forest
patches.
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3. At both sites, the chimpanzees are feeding mostly on tree products rather
than on open grassland shrubs or on animals (insects or infant mammals) feed-
ing on such shrubs or on grasses. This failure to exploit some classes of available
resources may be useful in interpreting the hominid-pongid divergence ca. 5 mya.

4. The chimpanzees at Ugalla are feeding on a significant quantity of le-
gumes which have seeds that could provide energy and protein during the dry
season. The potential need for detoxification of unripe legumes needs to be ex-
plored as does the possible significance of phytoestrogen ingestion in legume-
feeding.

5. Among the chimpanzees at Ishasha, some individuals may have been nurs-
ing or eating significant amounts of insects and/or meat.

6. Because they average across seasons or years and are capable of showing
dietary discriminations, such as those reported here for unhabituated primates,
stable isotopes from hair and other tissues are of great potential utility for di-
etary studies of modern primates.

ACKNOWLEDGMENTS:
J.M. thanks Ramadhani Bilali, Frank Mbago, Juma Mkondo, Moshi Rajabu,

and Janette Wallis for assistance, and the Tanzania Commission for Science and
Technology (COSTECH) and Serengeti Wildlife Research Institute (SWRI) for
permission to work in the Tongwe East Forest Reserve (“Ugalla”). J.S. thanks
Dieter Steklis, Nyakabwa Mutabana, Mubalama Kakira, Paluku Mutakirwa
Alexis, Mugangu Trinto-Enama, Martha Holder, Netzin Gerald, Suzanne Cachel,
Leah Gardner, and Cheryl Fimbel for their collaboration and field assistance,
and the Institut Zairois pour la Conservation de la Nature et Tourism, Republique
du Zaire, for permission to conduct the research. M.S. thanks Jane Casamajor,
Kris Hallin, Urszula Iwaniec, and David Stolp for laboratory assistance. Finan-
cial support from the L.S.B. Leakey Foundation (J.M. and J.S.), The National
Geographic Society (J.S.), The Jane Goodall Foundation (JS), the Wenner Gren
Foundation (J.S.), the UC Committee on Research (J.M) and the U.WI. Research
Committee (M.J.S.) are gratefully acknowledged. We also thank Katerina
Semendeferi and Shirley Strum for comments on a preliminary version of the
manuscript and Craig Stanford and Christophe Boesch for unpublished data on
meat consumption.

REFERENCES
Ambrose SH, DeNiro MJ. 1986. The isoto-

pic ecology of East African mammals.
Oecologia 69:395–406.

Blumenschine RJ. 1987. Characteristics of
an early hominid scavenging niche. Curr
Anthropol 28:383–407.

Boesch C. 1994a. Cooperative hunting in wild
chimpanzees. Anim Behav 48:653–667.

Boesch C. 1994b. Hunting strategies of
Gombe and Ta; chimpanzees, In: Wrang-
ham RW, McGrew WC, de Waal FBM,
Heltne PG, Marquardt LA, editors. Chim-
panzee cultures. Cambridge, MA: Harvard
University Press. p 77–92.

Boesch C, Boesch H. 1989. Hunting behavior
of wild chimpanzees in theTa; National
Park. Am J Phys Anthropol 78:547–573.

Boesch C, Boesch H. 1999. The chimpan-
zees of the Ta; forest. Oxford: Oxford Uni-
versity Press.

Boesch C, Boesch-Achermann H. 1991. Dim
forest, bright chimps. Nat Hist 9:50–56.

Broadmeadow MSJ, Griffiths H, Maxwell C,
Borland AM. 1992. The carbon isotope ra-
tio of plant organic material reflects tem-
poral and spatial variations in CO2 within
tropical forest formations in Trinidad.
Oecologia 89:435–441.

Bunn H. 1999. Hunting, power scavenging,
and butchering by Hadza foragers and by
Plio-Pleistocene Homo. In: The early homi-
nid diet: the role of meat. Stanford C,
Bunn H, editors. New York: Academic
Press. in press.



312 / Schoeninger et al.
Carter ML. 1998. Sensitivity of stable iso-

topes in bone to dietary specialization and
niche separation of primates in Kibale for-
est, Uganda. Am J Phys Anthropol 26:18.

Chapman CA, White FJ, Wrangham RW.
1994. Party size in chimpanzees and bono-
bos: a reevaluation of theory based on two
similarly forested sites. In: Wrangham RW,
McGrew WC, de Waal FBM, Heltne PG,
Marquardt LA, editors. Chimpanzee cul-
tures. Cambridge, MA: Harvard University
Press. p 41–58.

Collins DA, McGrew WC. 1988. Habitats of
three groups of chimpanzees (Pan troglo-
dytes) in western Tanzania compared. J
Hum Evol 17:553–574.

Cormie AB, Schwarcz HB. 1996. Effects of
climate on deer bone δ15N and δ13: lack of
precipitation effects on δ15N for animals
consuming low amounts of C4 plants.
Geochim Cosmochim Acta 60:4161–4166.

DeNiro MJ, Epstein S. 1978. Influence of diet
on the distribution of carbon isotopes in ani-
mals. Geochim Cosmochim Acta 42:495–506.

DeNiro MJ, Epstein S. 1981. Influence of diet
on the distribution of nitrogen isotopes in ani-
mals. Geochim Cosmochim Acta 45:341–351.

DeNiro MJ, Schoeninger MJ. 1983. Stable
carbon and nitrogen isotope ratios of bone
collagen: variations within individuals, be-
tween sexes, and within populations raised
on monotonous diets. J Archaeol Sci 10:
199–203.

Farquhar GD, O’Leary MH, Berry JA. 1982.
On the relationship between carbon isotope
discrimination and the intercellular carbon
dioxide concentration in leaves. Australian
Plant Physiol 9:121–137.

Fogel ML, Tuross N, Owsley DW. 1989. Ni-
trogen isotope tracers of human lactation
in modern and archaeological populations.
Annual Report To The Director Of The Geo-
physical Laboratory Of The Carnegie In-
stitution Of Washington. p 89:111–117.

Garten CTJ, Taylor GEJ. 1992. Foliar δ13C
within a temperate deciduous forest: spa-
tial., temporal., and species sources of
variation. Oecologia 90:1–7.

Ghiglieri MP. 1984. Feeding ecology and so-
ciality of chimpanzees in Kibale Forest,
Uganda. In: Rodman PS, Cant JGH, edi-
tors. Adaptations for foraging in nonhuman
primates. New York: Columbia University
Press. p 161–194.

Glander KE. 1979. Howling monkey feeding
behavior and plant secondary compounds:
a study of strategies. In: Montgomery GG,
editor. The ecology of arboreal folivores.
Washington D.C.: Smithsonian Institution
Press. p 561– 574.

Glander KE. 1982. The impact of plant sec-
ondary compounds on primate feeding be-
havior. Yearbk Phys Anthropol 25:1–18.

Goodall J. 1986. The chimpanzees of Gombe:
patterns of behavior. Cambridge MA: Bel-
knap Press.

Goodall J. 1994. Foreword. In: Wrangham
RW, McGrew WC, de Waal FBM, Heltne
PG, Marquardt LA, editors. Chimpanzee
cultures. Cambridge, MA: Harvard Univer-
sity Press. p XV–XXI.

Heaton THE, Vogel JC, von la Chevallerie
G, Gollett G. 1986. Climatic influence on
the isotopic composition of bone nitrogen.
Nature 322:822–823.

Hladik CM, Chivers DJ. 1994. Foods and the
digestive system, pp. 65–73. In: The diges-
tive system in mammals: food, form and
function. Chivers DJ, Langer P, editors.
Cambridge: Cambridge University Press.

Hobson KA, Alisauskas RT, Clark RG. 1993.
Stable-nitrogen isotope enrichment in avian
tissues due to fasting and nutritional
stress: implications for isotopic analyses of
diet. Condor 95:388–394.

Hoefs J. 1987. Stable isotope geochemistry.
New York: Springer-Verlag.

Isabirye-Basuta G. 1989. Feeding ecology of
chimpanzees in the Kibale Forest, Uganda.
In: Heltne PG, Marquardt LA, editors. Un-
derstanding chimpanzees. Cambridge, MA:
Harvard University Press. p 116–127.

Itani J. 1979. Distribution and adaptation
of chimpanzees in an arid area. In: Ham-
burg DA, McCown ER, editors. The great
apes. Menlo Park, CA: Benjamin/Cum-
mings. p 55–71.

Jones RJ, Ludlow MM, Troughton JH, Blunt
CG. 1981. Changes in the natural carbon
isotope ratios of the hair from steers fed
diets of C4, C3 and C4 species in sequence.
Search 12:85–87.

Kano T. 1972. Distribution and adaptation
of the chimpanzee on the eastern shore of
Lake Tanganyika. Kyoto Univ African
Studies 7:37–129.

Kingston JD, Marino BD, Hill A. 1994. Iso-
topic evidence for Neogene hominid pa-
leoenvironments in the Kenya Rift Valley.
Science 264:955–959.

Kluge M, Ting IP. 1978. Crassulacean acid
metabolism: analysis of an ecological ad-
aptation. Berlin: Springer-Verlag.

Kortlandt A. 1983. Marginal habitats of
chimpanzees. J Hum Evol 12:231–278.

Kurzer MS, Xia X. 1997. Dietary phyto-
estrogens. Annu R Nutr 17:353–381.

Lajtha K, Michener RH., editors. 1994.
Stable isotopes in ecology and environmen-
tal science. Berlin: Blackwell Scientific
Publications.

Malenky RK, Kuroda S, Vineberg EO,
Wrangham RW. 1994. The significance of
terrestrial herbaceous foods for bonobos,
chimpanzees, and gorillas. In: Wrangham
RW, McGrew WC, de Waal FBM, Heltne



Chimpanzee Subsistence Strategies / 313
PG, Marquardt LA, editors. Chimpanzee
cultures. Cambridge, MA: Harvard Univer-
sity Press. p 59–76.

Marean CW. 1989. Sabertooth cats and their
relevance for early hominid diet and evo-
lution. J Hum Evol 18:559–582.

Marino BD, McElroy MB. 1991. Isotopic com-
position of atmospheric CO2 inferred from
carbon in C4 plant cellulose. Nature 349:
127–131.

McGrew W. 1983. Animal foods in the diets
of wild chimpanzees (Pan troglodytes): why
cross-cultural variation? J Ethol 1:46–61.

McGrew WC. 1991. Chimpanzee material cul-
ture: what are its limits and why? In: Foley
HA, editor. The origins of human behaviour.
London: Unwin Hyman. p 13–24.

McGrew WC. 1992. Chimpanzee material
culture: implications for human evolution.
Cambridge: Cambridge University Press.

McGrew WC, Baldwin PJ, Tutin CEG. 1981.
Chimpanzees in a hot, dry and open habi-
tat: Mt. Assirik, Senegal., West Africa. J
Hum Evol 10:227–244.

McGrew WC, Baldwin PJ, Tutin CEG. 1988.
Diet of wild chimpanzees (Pan troglodytes
verus) at Mt. Assirik, Senegal. I. Composi-
tion. Am J Primatol 16:213–226.

McGrew WC, Ham RM, White LJT, Tutin
GEG, Fernandez M. 1997. Why don’t chim-
panzees in Gabon crack nuts? Int J Pri-
matol 18:353–374.

McGrew WC, Marchant LF, Nishida T., edi-
tors. 1996. Great ape societies. Cambridge:
Cambridge University Press.

Minagawa M, Wada E. 1984. Stepwise en-
richment of 15N along food chains: further
evidence and the relation between δ15N and
animal age. Geochim Cosmochim Acta
48:1135–1140.

Minson DJ, Ludlow MM, Troughton JH.
1975. Differences in natural carbon isotope
ratios of milk and hair from cattle grazing
tropical and temperate pastures. Nature
256:602.

Moore J. 1992. “Savanna” chimpanzees. In:
Nishida T, McGrew WC, Marler P, Pickford
M, de Waal FBM, editors. Topics in prima-
tology, Vol. I: human origins. Tokyo: Uni-
versity of Tokyo Press. p 99–118.

Moore J. 1994. Plants of the Tongwe East
Forest Reserve (Ugalla), Tanzania. Tropics
3:333–340.

Moore J. 1996. Savanna chimpanzees, refer-
ential models and the last common ances-
tor. In: McGrew WC, Marchant L, Nishida
T, editors. Great ape societies. Cambridge:
Cambridge University Press. p 275–292.

Nakamura K, Schoeller DA, Winkler FJ,
Schmidt HL. 1982. Geographical variations
in the carbon isotope composition of the diet
and hair in contemporary man. Biomed
Mass Spectrom 9:390–394.

Nash LT. 1998. Vertical clingers and sleep-
ers: seasonal influences on the activities
and substrate use of Lepilemur leucopus at
Beza Mahafaly Special Reserve, Madagas-
car. Folia Primatol 69:204–217, Supp. 1.

Nishida T. 1989. A note on the chimpanzee
ecology of the Ugalla area, Tanzania. Pri-
mates 30:129–138.

Nishida T, Uehara S. 1983. Natural diet of
chimpanzees (Pan troglodytes schwein-
furthii): long-term record from the Mahale
Mountains Tanzania. African Study Monog
3:109–130.

O’Leary MH. 1981. Carbon isotope fraction-
ation in plants. Phytochemistry 20:553–567.

O’Leary MH. 1988. Carbon isotopes in pho-
tosynthesis. Bioscience 38:328–336.

Peters C, O’Brien E. 1981. The early homi-
nid plant-food niche: insights from an
analysis of plant food exploitation by Homo,
Pan, and Papio in Eastern and southern
Africa. Curr Anthropol 22:127–140.

Proceedings C. 1996. Stable Isotopes and the
Integration of Biological., Ecological and
Geochemical Processes. Association of Ap-
plied Biologists Annual Conference in as-
sociation with The Society for Experimental
Biology and The British Ecological Society,
University of Newcastle upon Tyne.

Rowell TE. 1966. Forest living baboons in
Uganda. J Zool Lond 149:344–364.

Rundel PW, Ehleringer JR, Nagy KA, edi-
tors. 1989. Stable isotopes in ecological re-
search. New York: Springer-Verlag.

Schoeninger MJ, DeNiro MJ. 1984. Nitrogen
and carbon isotopic composition of bone col-
lagen from marine and terrestrial animals.
Geochim Cosmochim Acta 48:625–639.

Schoeninger MJ, Iwaniec UT, Glander KE.
1997. Stable isotope ratios monitor diet and
habitat use in New World Monkeys. Am J
Phys Anthropol 103:69–83.

Schoeninger MJ, Iwaniec UT, Nash LT. 1998.
Ecological attributes recorded in stable iso-
tope ratios of arboreal prosimian hair.
Oecologia 113:222–230.

Schoeninger MJ, Moore K. 1992. Bone stable
isotope studies in archaeology. J World
Prehist 6:247–296.

Schwarcz H, Schoeninger MJ. 1991. Stable 9
Sept JM. 1994. Bone distribution in a semi-

arid riverine habitat in eastern Zaire: im-
plications for the interpretation of faunal
assemblages at early archaeological sites.
J Archaeol Sci 21:217–235.

Shearer G, Kohl DH. 1994. Information de-
rived from variation in the natural abun-
dance of 15N in complex biological systems,
In: Buncel E, Saunders WHJ, editors. Iso-
topes in organic chemistry: heavy atom
isotope effects. Amsterdam: Elsevier Sci-
ence. p 191–237.

Sponheimer M, Lee-Thorp JA. 1999. Isoto-



314 / Schoeninger et al.
pic evidence for the diet of an early homi-
nid, Australopithecus africanus. Science
283:368–370.

Stahl AB. 1984. Hominid dietary selection
before fire. Curr Anthropol 25:151–168.

Stanford CB. 1996. The hunting ecology of
wild chimpanzees: implications for the evo-
lutionary ecology of Pliocene hominids. Am
Anthropol 98:96–113.

Stanford CB. 1998. Chimpanzee and Red
Colobus: the ecology of predator and prey.
Cambridge: Harvard University Press.

Stanford CB, Wallis J, Matama H, Goodall
J. 1994. Patterns of predation by chimpan-
zees on red colobus monkeys in Gombe
National Park, 1982–1991. Am J Phys An-
thropol 94:213–228.

Steklis HD, Sept JM, Harris JWK, Cachel
S. 1992. Ethnoarchaeological investigations
of chimpanzees in a gallery forest in east-
ern Zaire. Research Report Submitted To
National Geographic Society.

Suzuki A. 1966. On the insect-eating habits
among wild chimpanzees living in the sa-
vanna woodland of western Tanzania. Pri-
mates 7:481–487.

Suzuki A. 1969. An ecological study of chim-
panzees in a savanna woodland. Primates
10:103–148.

Teleki G. 1981. The omnivorous diet and
eclectic feeding habits of chimpanzees in
Gombe National Park, Tanzania. p 303–
343. In: Harding RSO, Teleki G, editors.
Omnivorous primates: gathering and hunt-
ing in human evolution. New York: Colum-
bia University Press.

Tieszen LL, Boutton TW, Tesdahl KG, Slade
NA. 1983. Fractionation and turnover of
stable carbon isotopes in animal tissues:
implications for δ13C analysis of diet.
Oecologia 57:32–37.

Ting IP, Gibbs M., eds. 1982. Crassulacean
acid metabolism. Baltimore: Waverly Press.

Tutin CE. G, Fernandez M, Rogers ME,
Williamson EA, McCrew WC. 1991. Forag-
ing profiles of sympatric lowland gorillas
and chimpanzees in the Lope Reserve,
Gabon. Philos Trans R Soc London Ser B
334:179–186.

Tutin GEG, Fernandez M. 1985. Foods con-
sumed by sympatric populations of Gorilla
g. gorilla and Pan t. troglodytes in Gabon:
some preliminary data. Int J Primatol
6:27–43.

Valkovic V, editors. 1977. Trace elements in
human hair. New York: Garland Publishers.

van der Merwe NJ, Medina E. 1989. Photo-
synthesis and 13C/12C ratios in Amazonian

rain forests. Geochim Cosmochim Acta
53:1091–1094.

Virginia RA, Delwiche CC. 1982. Natural
15N abundance of presumed N2- fixing and
non-N2-fixing plants from selected ecosys-
tems. Oecologia 54:317–325.

Vitousek PM, Shearer G, Kohl DH. 1989.
Foliar 15N abundance in Hawaiian rain-
forest: patterns and possible mechanisms.
Oecologia 78:383–388.

Wallis J. 1995. Seasonal influence on repro-
duction in chimpanzees of Gombe National
Park. Int J Primatol 16:435–451.

Wallis J. 1997. A survey of reproductive pa-
rameters in the free-ranging chimpanzees
of Gombe National Park. J Reprod Fertil
109:297–307.

White C, Schwarcz H. 1994. Temporal trends
in stable isotopes for Nubian mummy tis-
sues. Am J Phys Anthropol 93:165–188.

Wrangham RW. 1977. Feeding behaviour of
chimpanzees in Gombe National Park, Tan-
zania. In: Clutton-Brock TH, editor. Primate
ecology: studies of feeding and ranging
behaviours in lemurs, monkeys and apes.
London: Academic Press. p 504–538.

Wrangham RW, Chapman CA, Clark-Arcadi
AP, Isabirye-Basuta G. 1996. Social ecol-
ogy of Kanyawara chimpanzees: implica-
tions for understanding the costs of great
ape groups, pp. 45–57 In: Great ape soci-
eties. McGrew WC, Marchant L, Nishida
T, editors. Cambridge: Cambridge Univer-
sity Press.

Wrangham RW, Clark AP, Isabirye-Basuta G.
1992. Female social relationships and so-
cial organization of Kibale forest chimpan-
zees, In: Nishida T, McGrew WC, Marler
P, Pickford M, de Waal F, editors. Human
origins. Tokyo: University of Tokyo Press.
p 81–98.

Wrangham RW, Conklin NL, Chapman CA,
Hunt KD. 1991. The significance of fibrous
foods for Kibale Forest chimpanzees. Phi-
los Trans R Soc London 334:171–178.

Wrangham RW, McGrew WC, de Waal FBM,
Heltne PG, Marquardt LA., editors. 1994.
Chimpanzee cultures. Cambridge: MA,
Harvard University Press.

Wrangham RW, van Zinnicq Bergmann-Riss
E. 1990. Rates of predation on mammals
by Gombe chimpanzees. 1972–1975. Pri-
mates 31:157–170.

Yakir D, Israeli Y. 1995. Reduced solar irra-
diance effects on net primary productivity
(NPP) and the δ13C and δ18O values in
plantations of Musa sp., Musaceae. Geo-
chim Cosmochim Acta 59:2149–2151.


	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION:
	CONCLUSIONS:
	ACKNOWLEDGMENTS:
	REFERENCES
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Fig. 1
	Fig. 2
	Fig. 3
	Fig. 4

