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Abundance. 1. Antifeedants

Richard W. Wrangham,!* Nancy Lou Conklin-Brittain,! and
Kevin D. Hunt?

Received June 3, 1997; accepted August 4, 1997

In order to understand dietary differentiation among frugivorous primates with
simple stomachs, we present the first comparison of plant diets between
chimpanzees and cercopithecine monkeys that controls for food abundance.
Our aim was to test the hypothesis that monkeys have a more diverse diet as
a result of their dietary tolerance for chemical antifeedants. Our study species
are chimpanzees, blue monkeys, redtail monkeys, and gray-cheeked mangabeys
living in overlapping ranges in Kibale National Park, Uganda. We indexed food
abundance by the percentage of trees having ripe fruit within the range of each
group; it varied widely during the year. Chimpanzees spent almost 3 times as
much of their feeding time eating ripe fruits as the monkeys did and confined
their diets almost exclusively to ripe fruits when they were abundant. Monkeys
maintained a diverse diet at all times. When ripe fruit was scarce chimpanzee
and monkey diets diverged. Chimpanzees relied on piths as their main fallback
food, whereas monkeys turned to unripe fruits and seeds. For each primate
group we calculated the total weighted mean intake of 5 antifeedants;
condensed tannins (CT), total tannins assayed by radial diffusion (RD),
monoterpenoids (MT), triterpenoids (TT), and neutral-detergent fiber (NDF).
Monkeys had absolutely higher intakes of CT, RD, MT, and TT than those
of chimpanzees, and their intake of NDF did not differ from that of
chimpanzees, appearing relatively high given their lower body weights. However
contrary to expectation, dietary divergence during fruit scarcity was not
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associated with any change in absolute or relative intake of antifeedants. For
example, fruit scarcity did not affect the relative intake of antifeedants by
cercopithecines compared to chimpanzees. Our results establish chimpanzees
as ripe-fruit specialists, whereas cercopithecines are generalists with a higher
intake of antifeedants. The low representation of ripe fruits in the diets of
cercopithecines has not been explained. An important next step is to test the
hypothesis that the difference between Kibale chimpanzees and cercopithecines
represents a more general difference between apes and monkeys.
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INTRODUCTION

Secondary plant chemicals are potentially important contributors to
dietary separation in primate communities (Ganzhorn 1989). We investi-
gated their role in separating chimpanzees and cercopithecines.

Several lines of evidence suggest that chimpanzees (Pan troglodytes)
are ripe-fruit specialists compared to cercopithecine monkeys. For example,
when ripe fruit is scarce, chimpanzee foraging parties often become small
(Chapman et al.,, 1994, 1995; Wrangham et al. 1996), whereas under the
same conditions in the same forests, foraging group sizes of arboreal cer-
copithecines are stable (Rudran, 1978a; Butynski, 1990; Struhsaker and
Leyland, 1979; Struhsaker, 1980; Waser, 1975, 1976, 1977). This comparison
suggests that the cercopithecines have alternative sources of food not avail-
able to chimpanzees. In line with this proposal, differences in the social
organization and ecology of frugivorous apes and monkeys conform to apes
having restricted diets (Gaulin and Konner, 1977; Temerin and Cant, 1983).
Thus apes have a relatively low population density, a low biomass, and
large home ranges (Clutton-Brock and Harvey, 1979). Finally, dietary stud-
ies support the idea that chimpanzees eat more ripe fruit than
cercopithecines do (Clutton-Brock, 1977; Ghiglieri, 1984; Rudran, 1978a,
b; Struhsaker, 1978; Waser, 1975, 1976, 1977). For example in Kibale Na-
tional Park, Uganda, the reported percentage of feeding time spent eating
ripe fruits varies between 71.7% (Wrangham et al., 1991) and 78%
(Ghiglieri, 1984). Lower figures are reported for sympatric cercopithecines
(43.6% for red-tailed monkeys (Cercopithecus ascanius); 42.7% for blue
monkeys (C. mitis), and <58.8% for gray-cheeked mangabey (Lophocebus
albigena) (Struhsaker, 1978).

These suggestive comparisons are weakened by the fact that no study
has directly compared the diets of chimpanzees and cercopithecines under
the same conditions of fruit availability. To solve this problem, we com-
pared diets of chimpanzees and cercopithecines from the same period and
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overlapping ranges, indexed to our own synchronous measure of food avail-
ability. We studied chimpanzees and three species of frugivorous
cercopithecines: red-tailed monkeys, blue monkeys, and gray-cheeked man-
gabeys in the Kanyawara area of Kibale National Park.

In theory, diets of sympatric competitors could either converge or di-
verge during periods of fruit scarcity. However, in a review of three
communities of frugivorous forest primates, Waser (1987) found divergence
to be more common: Krau, Malaysia; Makokou, Gabon; and Manu, Peru.
Waser’s survey included 23 specific pairs. In 21 pairs, diets diverged during
the dry season (when fruit was apparently scarce). Depressed fruit avail-
ability was also associated with greater dietary differentiation among
monkeys of French Guiana (Guillotin et al., 1994). Based on these obser-
vations, we expected that when preferred foods were scarce, diets would
be more different.

To understand the source of dietary differences, we investigated both
antifeedant and nutrient composition of plant food items. Primate diets
discriminate finely among food species, individual organisms, and plant
parts (Milton, 1980; Glander, 1982). However, Old World primates have
remarkably similar neural and physiological responses to sugars and sugar-
mimics (Rolls ez al., 1996), suggesting that responses to nutrients may not
vary widely among species. We rcport on nutrient composition of our study
species diets in a companion paper (Conklin-Brittain et al., 1998).

Antifecedant concentration in plant items can influence diets impor-
tantly (Lindroth, 1989; Harborne, 1993; Provenza and Cincotta, 1993),
including those of primates (Oates ef al, 1977, 1980; Milton, 1979; Water-
man et al, 1980; Wrangham and Waterman, 1983; McKey et al., 1981;
Calvert, 1985; Davies et al., 1988; Marks et al., 1988; Kinzey and Norconk,
1993; Leighton, 1993; Rogers et al., 1992). Ganzhorn (1989) reported dif-
ferences in tolerance of antifeedants among some primate species, and
Wrangham (1980) suggested that cercopithecines may be more tolerant of
them than chimpanzees are. However, we are unaware of any relevant data
on physiological differences between forest cercopithecines and chimpan-
zees.

Accordingly, we tested the following hypotheses.

Hypothesis 1: Chimpanzees eat more ripe fruit than cercopithecines

do.

Hypothesis 2: When ripe-fruit pulp is not eaten, the diets of chimpan-

zees and cercopithecines diverge.

Hypothesis 3: In the diet as a whole, cercopithecines ingest more an-

tifeedants than chimpanzecs do.

Hypothesis 4: When ripe fruit is scarce, both chimpanzees and cer-

copithecines ingest more antifeedants.
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Hypothesis 5: When ripe fruit is scarce, cercopithecines ingest higher
loads of antifeedants than chimpanzees do.

The antifeedants that we discuss are ones that we were able to analyze
quantitatively: condensed tannins (CT), total tannins assayed by radial dif-
fusion (RD), monoterpenoids (MT), and triterpenoids (TT). Their
functions as feeding deterrents vary. In general, condensed tannins are di-
gestion-inhibitors, whereas terpenoids are more often toxic (Lindroth, 1989;
Gershenzon and Croteau, 1991), However, their roles as antifeedants de-
pend on several factors, including the taste system, salivary glands, and
digestive system of the forager. We refer to both digestion-inhibitors and
toxins as antifeedants. In addition to the four classes of secondary com-
pounds, we present data on a fifth antifeedant, neutral-detergent fiber
(NDF), which although not a secondary compound, also serves as a diges-
tion-inhibitor (Oates et al., 1977, 1980; Milton, 1980; Davies et al., 1988;
Rogers et al., 1992; van Soest, 1994).

METHODS

We studied 4 primate species in the Kanyawara sector of Kibale Na-
tional Park, Uganda, from July 1992 to June 1993. Observations were
focused in two adjacent compartments of Kibale, K14 (lightly logged in the
1960s) and K30 (not commercially logged). Together with a team of locally
trained field assistants, we observed the Kanyawara community of chim-
panzees, Pan troglodytes schweinfurthii, which ranged not only in K14 and
K30, but also in several other compartments (Chapman and Wrangham,
1993). In each month we also observed two groups of each monkey species,
one in K14 and one in K30. We thus observed one group of chimpanzees
and 6 groups of monkeys, as follows: chimpanzees (C); blue monkeys, Cer-
copithecus mitis stuhlmanni, in K14 and K30 (B14 and B30, respectively);
red-tailed monkeys, Cercopithecus ascanius schmidti, in K14 and K30 (R14
and R30); and gray-checked mangabeys, Lophocebus albigena johnstoni, in
K14 and K30 (M14 and M30). Monkey groups that were located in K14
sometimes moved during the observation day to K30, and vice versa. For
example, although B14, R14, and M14 were observed primarily in K14,
they were sometimes recorded in K30 also.

Chimpanzees were well habituated, allowing uninterrupted observation
when they were in trees. When on the ground, most adult males allowed
observers to sit about 5 m away, but even so, thick vegetation made viewing
of terrestrial foods difficult at times. None of the monkeys was as well
habituated as the chimpanzees, but all allowed observation of feeding with-
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out moving out of sight, and all groups could be followed all day without
being lost.

We observed the monkeys during three 12-hr periods per group per
month, each one week apart. The protocol required a pair of observers to
locate a group in the appropriate compartment, observe it until nightfall,
and resume recording the next day at dawn; on that second day, observa-
tions were terminated at the same time as they began on the first day.
Chimpanzees could not be located and followed predictably. Therefore, we
observed them whenever they could be found. The total number of plant-
food records was 10,338 (mean + SD per month: B14, 114.6 + 28.4; B30,
96.0 = 31.1; M14, 120.6 + 65.2; M30, 130.3 + 55.9; R14, 98.5 + 41.3; R30,
94.6 + 37.0; C, 207.0 £ 115.4).

We recorded feeding observations by instantaneous, focal-animal sam-
pling. Observations of focal individuals rotated through all individuals that
could be observed in the feeding party, changing targets every 10 min. At
the end of a 10-min focal-animal session, the observer located a new target
individual, the behavior of which had not been recorded for at least 20
min. After a target was selected, it was observed for 60 sec, at the end of
which its instantaneous behavior was recorded. Feeding was defined as
picking, handling or chewing a food item. When feeding was recorded, we
noted the food item as insect or plant part (fruit: ripe or unripe pulp, ripe
or unripe seed), leaf (young or mature, petiole, bud, or blade), flower (age
and part, e.g., ovule, petal), pith, bark, root, and wood. All new plant items,
such as unripe fruits of a species whose ripe fruits had not been eaten
previously, were brought back to the research camp for discussion and
evaluation. Plant species were identified by collection of specimens.

Potential sources of error include habituation, interobserver variance,
and sampling schedule. First, the 6 cercopithecine groups were not as fully
habituated as chimpanzees. However, given our results on ripe-fruit-eating,
the direction of error seems wrong. Lack of habituation might be expected
to lead to overestimation of ripe fruits in the diet because monkeys might
be most easily found and observed at dense concentrations of food, such
as fruiting trees. It is harder to see why it should lead to underestimating
the ripe-fruit component. Secondly, discrepancy could have occurred
among observers. To prevent this, food-coding by field assistants was
checked regularly by Hunt and Wrangham; field assistants worked in pairs,
checking each other; and new foods were brought back to base camp and
examined by all field assistants working with the different groups. Thirdly,
ripe-fruit eating by chimpanzees may have been overestimated by the fact
that observations were not distributed as evenly with respect to time of day
as were those of cercopithecines. Any effect appears small.
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Chemical Analysis

We collected samples of as many foods as possible and dried them
for complete nutritional analysis. Chemical assays were performed at Har-
vard University. Methods for assaying CT (condensed tannins), RD (total
tannins assayed by radial diffusion), and NDF (neutral detergent fiber) fol-
lowed Conklin and Wrangham (1994). The CT method (butanol/HCl) is a
chemical assay, with no index of biological activity. The RD method com-
plements this by measuring tanning activity (protein-binding), including
both condensed and hydrolyzable tannins (Hagerman, 1987). Additional
methods were developed to index monoterpenoids and triterpenoids.
Monoterpenoids (MT) were extracted in petroleum ether and reextracted
in methylene chloride (DCM). The DCM extract was spotted on aluminum-
backed, silica gel thin-layer chromotography plates and developed for 30
min in a 50:50 mix of toluene:chloroform. The developed plates were
sprayed with vanillin-sulfuric acid reagent and viewed with a densitometer.
The standard spotted with each plate was anise. The quantity of MTs was
calculated as the sum of the optical densities for all bands from a given
sample spot. This was then expressed as a percentage of the optical density
of the anise band.

Triterpenoids (TT) were extracted from the plant residue remaining
after the above petroleum ether extraction, with hot 100% methanol. The
methanol was evaporated until only 1 ml remained. Using as solvent a 50:50
mix of hexane:ethyl acetate, the concentrated extract was spotted, devel-
oped and quantified as described above. The plates were sprayed with
Liebermann-Burchard reagent and the standard was squalene.

We measured antifeedant (AF) concentrations in 194 plant items, rep-
resenting 60.8% of all plant items recorded as food. We calculated
weighted mean intake of antifeedants (WMIAF) in each month as WMIAF
= Z(pi*c;)/Z(p;), where p; is the percentage of the total plant-feeding time
spent eating the ith item for which the concentration of antifeedant was
known, and ¢; is the concentration of antifeedant in the ith item. Mean
values for Z(p;) across 12 months averaged 94.3% of plant-feeding time
across primate groups and antifeedants, with ranges as follows: CT, 90.5%
(R14) to 96.9% (B30); MT, 90.9% (C) to 96.6% (R14); NDF, 90.1% (C)
to 96.9% (B30); and TT, 90.1% (C) to 96.1% (B30).

Measuring Food Availability

To index food availability, once per month we monitored the presence
of ripe fruits, unripe fruits, flowers, young leaves, and mature leaves in 48
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permanently marked phenological transects (each 200 x 10 m = 0.2 ha).
The phenology transect system was that described by Chapman ef al. (1995),
except that we added 22 transects to the 26 established previously, in order
to intensify the sampling rate for each monkey group. We recorded phe-
nophases for all trees >10 cm DBH. For the purpose of analysis, we noted
the geographic range occupied by each monkey group during the observa-
tion year and recorded food availability for it using only transects that
occurred within its range. This procedure yielded the following number of
trees and transects monitored monthly per group: B14, 2539 trees, 24 tran-
sects; B30, 2887, 28; C, 4560, 48; M14, 3511, 34; M30, 3713, 36; R14, 2974,
27; and R30, 3609, 36.

We calculated monthly fruit abundance indices (FAI) as the percent-
ages of trees containing ripe fruits. FAIs that assayed all fruiting species
range from 0.51% (R14; May 1993) to 4.51% (R30; November 1992), and
were closely correlated across all primate groups (7 varied from 0.71 (C-
B30) to 1.00 (M14-M30; all P’s < 0.001). However, such FAIs, which assay
all tree species, include species of fruits not eaten by some primates and
are therefore a weak measure of food availability. Therefore, for analyses
conducted separately on each primate group, we calculated FAIs using only
the tree species whose ripe fruits were eaten by the relevant group at least
once during the study period. These FAIs are also closely correlated across
primate groups: r varied from 0.98 to 0.99; P < 0.001 for all comparisons.
FAls and sample sizes using this method are in Table I. Sometimes it was
desirable to use a single FAI that applied to all 7 primate groups; for this
purpose, we calculated the mean FAI per month across the 7 primate
groups (Table I).

RESULTS

Hypothesis 1: Chimpanzees Eat More Ripe Fruit Than Cercopithecines
Do

During the study period there were two peaks of ripe fruit availability
(Fig. 1). The levels of fruit availability differed little between primate
groups (Table I). However, across months the patterns of feeding differed
strikingly between chimpanzees and cercopithecines (Table II).

Ripe fruits were much more frequent items for chimpanzees than for
cercopithecines. In every month, chimpanzees had more ripe fruit in their
diets than in that of any of the 6 cercopithecine groups (Fig. 1). Averaged
over the year, chimpanzees spent about three times as much of their feed-
ing time on ripe fruit as cercopithecines did (74.6 vs. 24.7%; Table II).
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Table 1. Fruit Availability Indices (FAI's)?

Mean

Month C B14 B30 Mi14 M30 R14 R30 FAI
July 1992 03 0.5 0.5 0.4 0.3 0.5 0.4 0.4
Aug 1992 1.2 2.3 1.7 1.4 12 23 14 1.6
Sept 1992 2.0 2.3 34 2.8 2.2 2.3 2.8 2.5
Oct 1992 59 7.7 9.8 8.5 6.8 8.8 8.6 8.0
Nov 1992 82 10.5 12.8 10.8 8.5 123 11.5 10.6
Dec 1992 6.0 85 9.7 7.7 6.1 8.4 83 7.8
Jan 1993 4.6 53 79 52 43 5.6 7.1 5.7
Feb 1993 3.0 4.6 5.8 3.7 32 4.5 4.8 42
Mar 1993 1.7 2.4 34 2.0 1.8 23 2.4 23
Apr 1993 1.9 31 44 2.7 23 29 3.1 29
May 1993 14 14 29 1.6 1.7 14 23 1.8
June 1993 6.0 79 12.0 83 7.0 8.4 9.2 8.4
Mean 35 4.7 6.2 4.6 3.8 5.0 52 4.7

9Cells show mean percentage, across food-tree species, of trees having ripe fruit in each month.

A food-tree species is one whose ripe fruit was eaten by that primate group at least once
during the study year. Sample sizes for food-trees are: C, 17 species, 1252 trees; B14, 11 tree
species, 841 trees; B30, 10 species, 1188 trees; M14, 12 species, 1004 trees; M30, 15 species,
1252 trees; R14, 11 species, 890 trees; and R30, 12 species, 1501 trees. Mean FAI shows
mean FAI across the 7 primate groups. Primates: C, chimpanzee; B14, blue monkeys in
compartment K14; B30, blue monkeys in compartment K30; M mangabey (M14 and M30 in
K14 and K30, respectively); R red-tailed monkeys (R14 and R30 in K14 and K30,
respectively).

This comparison was made simultaneously for the 7 primate groups
in overlapping areas of forest. However, chimpanzees used a larger area
than those of the monkeys, and the areas used by each group of cercopi-
thecines were different. This means that each primate group experienced
its own unique pattern of fruit availability. Therefore, to check for possible
effects of differential fruit availability, we regressed the ripe-fruit compo-
nent of the diet against the mean percentage of trees having ripe fruit eaten
by each primate within its own range (Fig. 2). At all levels of fruit avail-
ability, chimpanzees had a higher proportion of ripe fruit in the diet than
that of any of the 6 groups of monkeys. Thus, chimpanzees ate more ripe
fruits than cercopithecines did in relation to fruit availability. Accordingly,
Hypothesis 1 is supported, because cercopithecines spent less time eating
ripe fruit than chimpanzees did in relation to availability.

Why did chimpanzees eat ripe fruits more than cercopithecines did?
One possibility is that chimpanzees include in their diet species of ripe
fruits that are unavailable to cercopithecines, e.g., fruits that are difficult
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Fig. 1. Ripe fruit in ape vs. cercopithecine diets: seasonal variation. Solid
lines, and left-hand scale, show percentage of feeding time (on plant items)
spent eating ripe fruit (upper line, chimpanzees; lower line, mean and ranges
for 6 monkey groups). Dashed line, and right-hand scale, shows mean

percentage of trees with ripe fruit for samples from the 7 primate groups
(i.e., mean FAI).

Table II. Chimpanzee vs. Cercopithecine Diets: Composition by Plant Part

Monkey
C B14 B30 Mi4 M30 R14 R30 mean

Ripe fruit 74.6 27.4 26.7 25.1 24.2 21.8 22.8 24.7
Unripe fruit 39 235 215 214 214 354 311 25.7

Seed 0.1 3.1 7.1 9.9 13.8 37 6.2 7.3
Flower 0.6 3.6 4.2 2.8 33 0.6 23 2.8
Leaf 9.3 2.3 40.6 37.4 33.3 385 375 383
Pith/stem 10.8 0.0 0.0 0.2 0.0 0.0 0.0 0.0
Bark 0.4 0.0 0.0 3.2 39 0.0 0.0 12
Root 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wood 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 99.9 99.9 100.1 100 99.9 100 99.9 100

“Cells show the mean percentage (across 12 months, July 1992 to June 1993) of feeding
observations spent eating each plant part. Fruit includes pulp or some other nonseed part
of the fruit (e.g., pod), without destroying the seed. Seed includes all records of seed
predation. Monkey mean gives the average for the 6 monkey groups (B14, B30, M14, M30,
R14, R30).

for the monkeys to open, or are palatable only to chimpanzees. In other
words, cercopithecines might have eaten as much as chimpanzees did from
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Table III. Ripe-Fruit Species Eaten by Chimpanzees and Cercopithecines?

Wrangham, Conklin-Brittain, and Hunt

Species Form Eatenby CT RD MT TT NDF
Celtis africana T CBMR 01 0.0 4.2 1.7 15.7
Celtis durandii T CBMR 01 00 628 1.8 189
Ficus brachylepis T C,B,M,R 04 2.8 8.4 1238 30.8
Ficus exasperata T C,B,M,R 03 0.5 8.9 0.3 30.3
Ficus natalensis T CR 0.7 1.8 5.0 56 523
Linociera johnsonii T CMR 0.6 35 73 218 398
Mimusops bagshawei T CBMR 10 0.2 07 108 355
Pseudospondias microcarpa T CBMR 09 7.8 1.9 11 446
Teclea nobilis T CBMR 01 0.0 45 383 221
Uvariopsis congensis T CBR 0.0 0.0 6.7 109 393
Vangueria apiculata T CR 4.1 35 1.3 236 466
Aframomum spp. H C 0.9 0.3 3.0 70 258
Aphania senegalensis T C 6.3 5.0 0.9 74 370
Cordia abyssinica T C
Cordia millenii T C
Dichrostachys glomerata T C 16.3 264 1.4 75 295
Drypetes battiscombei T C 43 5.5 1.3 29 607
Euadenia spp. T C 1.9 38 0.6 49 357
Ficus brachypoda T C 7.8 139 191 2406  30.1
Ficus capensis T C 7.4 5.3 8.1 82 406
Ficus cyathistipula T C 1.1 00 277 148 390
Ficus dawei T C 2.0 30 144 291 449
Ficus stipulifera T C 3.7 28 154 192 385
Ficus urceolaris s C 0.2 02 13.0 254 167
Unidentified herb 153 H C
Unidentified tree 264 T C
Tabernaemontana spp. T C 1.2 00 1224 215 187
Balanites wilsoniana T M 0.2 4.7 02 102 13.6
Casearia engleri T MR 0.2 02 412 55 333
Celtis zenkeri T R
Chaetacme aristata T BR 182 222 1.6 6.6 225
Chrysophyllum gorungosanum T B M 53 6.2 2609 234 516
Unidentified liana 65 L M
Diospyros abyssinica T B MR 1.3 166 141 280 36.6
Dombeya mukole T M
Fagaropsis angolensis T B M 0.1 07 139 148 162
Unidentified fig 76 T B
Funtumia africana T BR
Pancovia turbinata T B MR 20 167 0.6 110 260
Polyscias fulva T M
Rauvolfia oxyphylla T B
Strychnos mitis T B MR 0.0 06 627 94 457
Symphonia globulifera T B 1.7 139 242 759 372
Unidentifed tree 322 T BR

2All species recorded during the study period are shown, listed alphabetically in three groups

(eaten by both chimpanzees and monkeys, by chimpanzees only, and by monkeys only). Form:
H, herb; L, liana; S, shrub; T, tree. Cells show antifeedant concentrations. CT (condensed
tannin) and RD (total tannins) are expressed as % quebracho dry matter units. NDF
(nuetral-detergent fiber) is % dry matter. MT (monoterpene) and TT (triterpene) figures
are scaled as described under Methods. Empty cells mean that no assays were performed.
Primates: C, chimpanzee, B, blue monkey; M, mangabey; R, red-tailed monkey.
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Fig. 2. Ripe fruit in diets in relation to fruit availability. Graph shows
the percentage of feeding time spent cating ripe fruit in each month,
plotted in relation to fruit availability (% trees with ripe fruit).
Least-squarcs regression lines are shown for chimpanzees (upper bold
line, with monthly data points shown) and 6 monkey groups.
Chimpanzee r = 0.70, N = 12 months, P < 0.05. Monkey groups, r
= -0.04, P ns (B14), 0.44, P ns (B30), 0.08, P ns (M14), -0.22, P ns
(M30), 0.72, P < 0.05 (R14), and 0.80, P < 0.01 (R30). The
percentage of trees with ripe fruit was calculated separately for each
primate group.

certain ripe-fruit (RF) species shared by both taxa, while forgoing other
chimpanzee-specific RF species, which might have been of lower quality:
Hypothesis 1A.

A first test of Hypothesis 1A is whether cercopithecine RF diets were
merely a subset of the chimpanzee ripe-fruit diet. Among a total of 44 RF
species, only 11 (25%) were caten by both chimpanzees and cercopithecines
(Table III). However, of the remainder, even more were eaten by cercopi-
thecines only (17 species; 38.6%) than by chimpanzees only (16 species;
36.4%). Thus, cercopithecine RF diets are not merely a subset of the chim-
panzee diet.

A second test of Hypothesis 1A is whether the RF species uniquely
caten by chimpanzees contributed disproportionately to the total RF feed-
ing time of chimpanzees. They did not (Table IV). In fact, RF species that
were unique to each primate group contributed very little to total feeding
time (8.5% for chimpanzees, mean of 4.3% for cercopithecines; Table IV).
Conversely, RF species that were shared between chimpanzees and cer-
copithecincs were eaten at a disproportionately high frequency. For
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Table IV. Overlap in Ripe-Fruit Diets: Percentage Time Feeding?

Monkey
RF eaten by C B14 B30 Mi4 M30 R14 R30 mean
Focal only 8.5 1.8 0.8 11.0 113 0.8 0.0 43
C 100 79.7 60.6 74.0 66.8 771 728 71.8

C, B, MR 759 71.7 559 66.4 64.2 76.0 712 67.6

“RF, ripe fruit. Cells show the percentage, of the total time eating ripe fruit, that was spent
eating ripe fruits of the category shown. Fruit-species categories: focal only—species eaten
only by the primate group listed; C—species eaten by chimpanzees; C, B, M, R—species
eaten by all four primates during the study period. Data are for July 1992 to June 1993,
averaged across 12 months. Monkey mean is the average for the 6 monkey groups (R14,
B30, M14, M30, R14, R30).

example, RF species eaten by chimpanzees accounted for a mean of 71.8%
of monkey RF feeding time.

A third test of Hypothesis 1A is whether RF species shared by chim-
panzees and cercopithecines are higher-quality than those eaten by
chimpanzees only. There is limited support for this: CT was lower in RF
species eaten by both taxa than in those eaten by chimpanzees only (¢ =
2.59, n; = 12, n, = 11, P < 0.02). There is no other difference (Table V).

In sum, Hypothesis 1A receives no support from the list of RF species
eaten or the time spent eating RF species, and only limited support from
the antifeedant content of ripe fruits. There was no subset of RF species
that cercopithecines ate as much as chimpanzees. Cercopithecines simply
ate less ripe fruit in general than chimpanzees did.

Hypothesis 2: When Ripe-Fruit Pulp Is Not Eaten, the Diets of
Chimpanzees and Cercopithecines Diverge

Hypothesis 2 is supported (Table II). When not eating ripe fruits,
chimpanzees and cercopithecines tended to have strongly divergent diets.
Chimpanzees ate piths and stems of terrestrial herbs more than cercopi-
thecines did (10.8% versus 0 %, Table II). Conversely, there were three
major classes of plant part that all six cercopithecine groups ate more than
chimpanzees did: unripe fruits (25.7%), seeds (7.3%), and leaves (38.3%)
versus 3.9, 0.1, and 9.3%, respectively (Table II).

To find out which of these items were particularly important as fall-
back foods during periods of ripe-fruit scarcity, we regressed the percentage
of feeding time spent on different items against the fruit availability index
(FAI) for each group. Items examined are ripe fruits, unripe fruits, leaves,
seeds, piths, and flowers. We also created three larger categories: unripe
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Table V. Antifeedant Concentrations in Ripe Fruits®

Eaten by
All RF Chimpanzees Chimpanzees
species only Monkeys only  and monkeys
CT 31 4.4 43 0.8
RD 5.5 55 9.1 1.9
MT 237 18.9 46.6 10.2
TT 254 324 20.5 21.8
NDF 33.6 34.8 314 342
N 32 12 9 11

“RF species, ripe-fruit species. Cells show mean concentrations across plant species; sece Table
IV for units. N = number of species with chemical data. Antifeedant levels were compared
among RF species eaten by chimpanzees only, by monkeys only, or by both taxa.

fruits plus seeds (UF+S8), leaves plus piths (L+P), and bark plus wood
plus root (B+W+R). Fallback foods are items for which percentage of
time feeding is negatively correlated with the fruit availability index (FAI)
(P < 0.05, 2-tailed).

Using this criterion, we identified fallback foods for three groups.

For chimpanzees, they were piths (r = -0.66, n = 12 months, P <
0.05) or leaves plus piths (r = -0.67, P < 0.05).

For guenons, they were unripe fruits and seeds. For blue monkeys in
K30 (B30), they were unripe fruits plus seeds (UF+S) {r = -0.63, P =
0.0S). For red-tailed monkeys in K30 (R30), they were unripe fruits (r =
-0.75, P < 0.02) or UF+S (r = -0.78, P < 0.01). Unripe fruits and seeds
were also eaten less when FAI was high for B14 and R14 (r = -0.35 and
-0.50, respectively, ns). Accordingly, for blue monkeys and red-tailed mon-
keys, Hypothesis 2 is supported by evidence that when ripe fruits were
scarce, their diets differed increasingly from those of chimpanzees, with
chimpanzees using more vegctative matter (leaves and piths), while the
guenons ate more unripe fruits and seeds.

For mangabeys there was no evidence of any particular class of plant
items acting as fallback foods.

A seasonal shift toward a particular class of plant items is not the only
kind of response that has been documented to fruit scarcity. For chimpan-
zees, it has also been shown that dietary diversity increases when ripe fruit
is scarce (Basuta, 1989; Wrangham et al, 1991). We therefore compared
chimpanzees and cercopithecines by plotting dietary diversity, measured by
the distribution of time spent eating different items, against group-specific
FAls (Fig. 3). When fruit was abundant, dietary diversity was low for chim-
panzees. As fruit became scarcer, chimpanzee diets became more diverse (r
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= -0.64, n = 12 months, P < 02). In contrast, in all months cercopithecines
had diverse diets, i.e., they spread their feeding time as widely as chimpan-
zees did when fruit was scarce. This analysis shows that with respect to the
distribution of feeding time across different food items, Hypothesis 2 is re-
jected: chimpanzees and cercopithecines converged on a similar level of high
dietary diversity when fruit was scarce. Nevertheless, Hypothesis 2 is sup-
ported in terms of the particular items eaten.

Hypothesis 3: In the Diet as a Whole, Cercopithecines Ingest More
Antifeedants Than Chimpanzees Do

To test Hypothesis 3 we assayed levels of antifeedants (AF) in as many
food items as possible (Table VI) and combined them with monthly data
on time spent eating each itcm to yield a weighted mean intake of an-
tifeedants (WMIAF).

H 3 5 ‘/Monkeys
2
1 Chimpanzee
0 - : - - . :
0 4 8 12

% trees with ripe fruit

Fig. 3. Feeding-time diversity in relation to fruit availability. / is the
Shannon-Weiner diversity index, ie., H = Z{plog p;}}, where p; is
the proportion of feeding time spent on the ith plant food item. The
percentage of trees with ripe fruit was calculated separately for each
primate group. Least-squares regression lines are shown for
chimpanzees (bold, with monthly data points shown) and 6 monkey
groups. Chimpanzees: r = -0.64, n = 12 months, P < 0.05. Monkey
groups: r = -0.42 (B14), -0.51 (B30), -0.08 (M14), -0.03 (M30),
+0.01 (R14), and +0.04 (R30); none of the monkey regressions is
statistically significant.
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In the diet as a whole, chimpanzees had lower intake than any of the
cercopithecines for four classes of antifeedant (Table VII). ANOVA com-
parisons are significant for CT, RD, and MT (CT, F = 3.496, p = 0.01;
RD, F = 3984, p < 0.01; MT, F = 2.708, p < 0.05). For TT, differences
are not significant by ANOVA. However, TT intake was lower for chim-
panzees than for the 6 cercopithecine groups as a whole (¢t = 8.29, n; =
1, n, = 6, p < 0.001).

For the fifth antifeedant, NDF chimpanzees and monkeys ingested
comparable levels throughout the year.

In summary, Hypothesis 3 is supported for condensed tannins (CT),
total tannins (RD), monoterpenoids (MT), and triterpenoids (TT) but not
for neutral-detergent fiber (NDF).

Hypothesis 4: When Ripe Fruit Is Scarce, Both Chimpanzees and
Cercopithecines Ingest More Antifeedants

To test Hypothesis 4, we regressed monthly WMIAF against fruit avail-
ability indices (FAI) for each primate group (Table I). A negative
correlation of WMIAF with FAI would support Hypothesis 4.

Hypothesis 4 is not supported. Only 1 of the 35 regressions (5 an-
tifeedants x 7 primate groups) of WMIAF versus FAI was significantly
negative (RD, for chimpanzees: r = -0.66, df = 11, P < 0.02), whereas
five of them, all for monkeys, were significantly positive (for RD, B30, M14,
and R14, p < 0.01; for MT, M14 and R14, p < 0.01).

It is possible that this overall rejection of Hypothesis 4 masks impor-
tant differences in the seasonal intake of antifeedant classes. At one
extreme, the clearest rejection of Hypothesis 4 is provided by MT, for which
all slopes were positive, including strong correlations for M14 (r = 0.78)

Table VL. Antifeedant Concentrations by Plant Part?

RF UF L S P FL

CT 3.1 4.7 5.8 3.6 0.5 6.2
RD 5.2 6.1 6.9 35 0.7 6.1

MT 23.7 17.3 5.9 9.6 1.1 8.2

TT 25.4 22.8 28.6 133 8.4 25.1

NDF 33.6 38.7 40.7 46.1 40.0 355
N 32 35 75 18 12 18

“RF, Ripe fruit; UF, unripe fruit (pulp, not seed); L, leaf (including petioles, young leaf, and
mature leaf), S, seed; P, pith; FL, flower. Antifeedant concentrations as in Table V. N =
number of species.
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Table VII. Mean WMIAF (Weighted Mean Intake of Antifeedants)”

CcT RD MT TT NDF
C 1207 1.9+ 18 54+35 97+68 33645
B14 20+£13 39112 13.8 £ 5.9 13.8 £ 4.8 323+29
B30 1.7+£08 37+13 13178 132 £ 38 33237
Mi14 21+08 3809 13.7 £ 6.2 133 +5.2 320+33
M30 3219 42+ 17 127 £ 69 135 £ 6.0 339+ 46
R14 1.9+ 09 35211 114 £ 6.0 13.2 £ 5.0 313+ 40
R30 28+18 44118 12.6 £ 5.7 12.6 £ 4.5 317+ 3.1

9Cells show means * standard deviations, across 12 months (July 1992 to June 1993).

R30 (r = 0.68). This suggests that monoterpenes may be particularly high
in the fruit component of the diet, as Table VI confirms.

In contrast to MT, all 7 primate groups ate more CT when fruit was
scarce. Although the correlation was not statistically significant for any of
the groups, the uniformly negative slopes mean that overall, intake of CT
declined with increasing fruit abundance, in support of the hypothesis (Sign
test, P < 0.02) and in line with the result for chimpanzec intake of RD.

Hypothesis 5: When Ripe Fruit Is Scarce, Cercopithecines Ingest
Relatively Higher Loads of Antifeedants Than Chimpanzees Do

The rejection of Hypothesis 4 means that Hypothesis 5 is unlikely to
be supported, though in theory it still could be. For each of the an-
tifeedants, we tested Hypothesis 5 by subtracting chimpanzee WMIAF’s
from cercopithecine WMIAF’s. Our prediction was that this cercopi-
thecine~-chimpanzee difference would be higher in months when ripe fruits
were scarce. Ripe-fruit availability was indexed by the mean FAL

The result is clear. Whether chimpanzec WMIAFs were compared
with the WMIAF for each monkey group separately, or with the mean
WMIAF across monkey groups, the cercopithecine-chimpanzee difference
never increased when fruits were scarce. Thus, Hypothesis (5) is rejected
for all 5 antifeedants.

DISCUSSION

Dietary separation among species of the same guild within primate
communities is normally discussed in terms of body size. Chimpanzees,
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which are larger than cercopithecines, might be expected to have a lower-
quality diet. We found the opposite.

The first major difference was in plant parts. Chimpanzees spent more
time eating ripe fruits than cercopithecines did, and their time spent eating
ripe fruit was more closely related to its availability than it was for blue
monkeys or mangabeys (Fig. 2). Conversely, chimpanzees spent little time
eating unripe fruit or seeds, whereas these were fallback foods for blue
and red-tailed monkeys and were major items in the diets of all cercopi-
thecines. Fruits selected by chimpanzees were scarcer than those selected
by monkeys. These results are the first simultaneous comparisons of the
diets of sympatric chimpanzees and cercopithecines. Because they take ac-
count of differences in fruit availability, the 1992-1993 data provide the
first controlled evidence for ripe-fruit specialization by chimpanzees.

Further data from other sites and other years will test our conclusions.
For example, in other years in Kibale we have recorded chimpanzees eating
unripe fruit of figs more than was recorded in this study, though apparently
not enough to challenge the principle of the difference seen here. In gen-
eral, the 1992-1993 diets of Kibale chimpanzees and cercopithecines appear
typical of those since our observations of chimpanzees began in 1987.

The conclusion that chimpanzees are indeed ripe-fruit specialists com-
pared to cercopithecines is somewhat surprising because there is no obvious
reason why ripe fruits that are palatable to chimpanzees should not be
equally attractive to cercopithecines. Cercopithecines can sometimes eat
more ripe fruits than reported here, e.g., blue monkeys, 54.6% of feeding
time; red-tailed monkeys, 61.3%; Kakamega Forest, Kenya (Cords, 1986,
1987). However, even when ripe fruits were abundant and widely distrib-
uted, Kanyawara cercopithecines maintained high dietary diversity and
spent less time than chimpanzees eating ripe fruits. For example, in June
1993 there was a high density of Uvariopsis congensis fruit throughout K30,
yet no monkey group ate it as much as chimpanzees did. It appears that
cercopithecines were not prevented by fruit distribution from having a high
intake of ripe fruit. Instead, they were less interested in selecting ripe fruit
than chimpanzees were. It is not clear why this should be.

The second major difference was in dietary chemistry. For four classes
of chemicals assumed to be antifeedants, cercopithecines had absolutely
higher intakes: condensed tannins (CT), total tannins (RD), monoterpenes
(MT) and triterpenes (TT). For the fifth (NDF), intake did not differ be-
tween chimpanzee and cercopithecine diets (Table VII), but because
smaller animals are expected to eat less NDF, chimpanzees appear to have
had a relatively low NDF intake. Thus, although little is known about the
relative ability of chimpanzees and cercopithecines to digest fiber (Milton
and Demment, 1988; Maisels, 1993), among ruminants larger species tend
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to eat more NDF (van Soest, 1994). Our study cercopithecines were much
smaller than chimpanzees (estimated body weights (female-male): chimpan-
zees, 40-50 kg; blue monkeys, 3-6 kg; red-tailed monkeys, 3-4 kg;
mangabeys, 7-10.5 kg (Kerbis Peterhans et al., 1992; Struhsaker and Leland,
1979). Antifeedant intake by cercopithecines thus appears relatively high
for all five classes analyzed.

Is there a cost of antifeedants to cercopithecines, and if so, how can
they afford it? Unfortunately, it is difficult to predict how costly a particular
chemical is or how it will influence food selectivity (Freeland and Saladin,
1989). The differences in antifeedant intake between chimpanzees and cer-
copithecines are most easily explained by assuming that cercopithecines pay
a cost that chimpanzees avoid, but why the costs should differ among pri-
mates is unknown.

There are at least three possibilities. First, costs of antifeedant intake
may be reduced partly by behavior. For instance, by eating small amounts
at one time, animals can dilute the harmful effect of a particular an-
tifeedant, i.e., cafeteria-style feeding (Kingsbury, 1978). Thus, the higher
diversity of cercopithecine diets may contribute to allowing high antifeedant
intake.

Secondly, morphological adaptations are potentially relevant. For ex-
ample, cercopithecines have molars with high cusps and crowns, long
shearing blades, and large crushing surfaces relative to body mass (Kay
and Hylander, 1978). This may enable them to utilize NDF relatively ef-
fectively through fine comminution of vegetable matter. In support of this
idea, particle size in feces appears to be smaller in cercopithecines than in
chimpanzees (personal observation). However, tooth morphology provides
only equivocal support for this interpretation. All three of our cercopi-
thecines fall below a regression line for shearing crest length, well among
the frugivores (Kay, 1984). Red-tailed and blue monkeys fall closer to fo-
livores than to chimpanzees in a regression of incisor breadth and body
mass, but mangabeys are if anything farther into the frugivore zone than
chimpanzees (Kay and Hylander, 1978). Thus the adaptive significance of
NDF differences in the diets of the Kibale frugivores remains to be ex-
plored.

Thirdly, physiological adaptations for high antifeedant intake are likely
to be important. For example, in herbivorous mammals proline-rich salivary
proteins (PRP’s) protect against the nitrogen-reducing properties of dietary
tannins (Mole et al., 1990). Unfortunately differences in PRPs are unknown
for chimpanzees versus cercopithecines. Detoxification mechanisms can
vary adaptively and may do so among prosimians (Ganzhorn 1988) but are
unstudied for chimpanzees versus cercopithecines,
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Understanding such adaptations is important to resolve the effects of
antifeedants on the evolution of metabolic strategies. For example, contrary
to expectation, antifeedant intake did not vary systematically with ripe-fruit
abundance (except for RD in chimpanzee diets), even though food items
appeared to be lower-quality when fruit was scarce. This suggests that an-
tifeedant intake levels were maintained close to a physiological maximum
at all times, and therefore that the ecological role of antifeedant adapta-
tions is to set dietary breadth, rather than to modulate dietary costs. In
other words, the costs of eating antifeedants should be paid by evolutionary
adaptations, not by energetic losses at the time of eating (Andrews, 1981).
The high-quality diet of chimpanzees has been argued to allow them to
fuel a large brain (Aiello and Wheeler, 1995). Thus, specific differences in
antifeedant adaptations may be responsible for important issues in energy
allocation.

In sum, our data support the hypothesis that chimpanzees are ripe-fruit
specialists, whereas cercopithecines eat a lower-quality diet including higher
antifeedant intake. Such differences are significant for understanding eco-
logical separation within the frugivore community, socioecological
influences on grouping patterns, and evolutionary adaptations including
metabolic allocation strategies. An important next step is to find out
whether the chimpanzee—cercopithecine difference reported here occurs in
other African forests and, if so, whether it is an example of a more gen-
eralized difference between apes and cercopithecines.
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