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Macroscopic Inspection of Ape Feces: What’s in a Quantiﬁcation Method?
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Macroscopic inspection of feces has been used to investigate primate diet. The limitations of this method
to identify food‐items to species level have long been recognized, but ascertaining aspects of diet (e.g.,
folivory) are achievable by quantifying food‐items in feces. Quantiﬁcation methods applied include
rating food‐items using a scale of abundance, estimating their percentage volume, and weighing food‐
items. However, veriﬁcation as to whether or not composition data differ, depending on which
quantiﬁcation method is used during macroscopic inspection, has not been done. We analyzed feces
collected from ten adult chimpanzees (Pan troglodytes schweinfurthii) of the Kanyawara community in
Kibale National Park, Uganda. We compare dietary composition totals obtained from using different
quantiﬁcation methods and ascertain if sieve mesh size inﬂuences totals calculated. Finally, this study
validates ﬁndings from direct observation of feeding by the same individuals from whom the fecal
samples had been collected. Contrasting diet composition totals obtained by using different
quantiﬁcation methods and sieve mesh sizes can inﬂuence folivory and frugivory estimates. However,
our ﬁndings were based on the assumption that ﬁbrous matter contained pith and leaf fragments only,
which remains to be veriﬁed. We advocate macroscopic inspection of feces can be a valuable tool to
provide a generalized overview of dietary composition for primate populations. As most populations
remain unhabituated, scrutinizing and validating indirect measures are important if they are to be
applied to further understand inter‐ and intra‐species dietary variation. Am. J. Primatol. 76:539–550,
2014. © 2014 Wiley Periodicals, Inc.
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INTRODUCTION
Macroscopic visual inspection of feces has been
widely used to assess dietary composition of mammals [Bower et al., 1983; Clauss et al., 2002; Fitzgerald & Waddington, 1979] including primates [Doran
et al., 2002; Hanya et al., 2003; Harcourt & Nash,
1986; Head et al., 2011; Moreno‐Black, 1978; Tutin &
Fernandez, 1993a].
One method commonly applied to analyze primate feces entails placing a collected fecal sample
into a metal‐meshed sieve, typically of 1 mm mesh
size [McGrew et al., 1988, 2009; Tutin et al., 1991],
and sluicing the fecal matter with running water to
remove soluble matter and matrix, exposing pulverized, partly digested and undigested food‐items
captured in the sieve. These contents are then
identiﬁed; however, food‐items can remain unrecognizable during analysis and therefore bias dietary
interpretations [Phillips & McGrew, 2013; Tutin &
Fernandez, 1993a]. Furthermore, smaller food‐items
(<1 mm in size) such as ﬁber and invertebrate chitin
can be washed away during the ﬂushing of fecal
matrix, so that some aspects of dietary composition
may be underestimated, yielding further biased
results.
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Food‐items in fecal samples are then quantiﬁed
using three methods, alone or in combination: (1)
weighing food‐items [Malenky et al., 1994]; (2) rating
food‐items on a scale of abundance [Gross‐Camp
et al., 2009; Harcourt & Nash, 1986; Rogers et al.,
2004; Stanford & Nkurunungi, 2003; Tutin et al.,
1991]; or (3) estimating percentage volume of food‐
items [Basabose, 2002; Doran et al., 2002; Duvall,
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2008; Hohmann et al., 2006; Yamagiwa & Basabose,
2006].
Various studies have compared totals calculated
from quantiﬁed food‐items in feces with observational feeding data to investigate seasonal variability and
dietary adaptability [Julliot & Sabatier, 1993;
McLennon, 2013; Rogers et al., 2004]. Data on the
dietary repertoire of many primates still remain
scarce. As most populations are unhabituated continued efforts will involve analyzing fecal samples
encountered, and opportunistic direct observations of
feeding by the study subjects; whether or not ﬁndings
across methods of macroscopic inspection versus
feeding are congruent is yet to be veriﬁed.
For chimpanzees, dietary composition calculated
from the quantiﬁcation of food‐items in feces [e.g.,
Stanford & Nkurunungi, 2003; Tutin & Fernandez,
1985] rarely has been compared with dietary
composition from direct observation of feeding at
community level [e.g., Morgan & Sanz, 2006] and not
before at individual level.
In this study, we calculated dietary composition
totals from macroscopic inspection data of fecal
samples and observational feeding data from ten
adult chimpanzees of the Kanyawara community in
Kibale National Park, Uganda. Our aims were to: (a)
assess inter‐method equivalency and (b) compare
quantiﬁed macroscopic inspection data with observed
feeding data to test the following hypotheses: in
assessments of chimpanzee diet composition using
macroscopic inspection, H1: current estimates of
frugivory are overestimated; H2: current estimates
of folivory are underestimated; and H3: current
estimates of faunivory are underestimated; with H0
being: current estimates for frugivory, folivory, and
faunivory accurately represent chimpanzee dietary
composition as measured by macroscopic inspection.
As macroscopic inspection has been commonly
applied to analyze primate fecal samples, further
aims of the study included to: (c) assess if each of the
above‐mentioned quantiﬁcation methods produced
different dietary composition totals; and (d) assess
the effect of sieve mesh size used on diet composition
totals. Sieves of multiple sizes have been widely used
for macroscopic inspection of feces in ruminants
[Clauss et al., 2002; Fritz et al., 2009; Hummel
et al., 2008] to assess chewing efﬁciency and ﬁber
digestibility, and in primate studies to assess food‐
item size in feces [Hohmann & Fruth, 2008; Julliot &
Sabatier, 1993], however, the effect of sieve size on
diet composition results is yet to be addressed.
METHODS
Research was done at Kanyawara in Kibale
National Park, Uganda from June to December 2008.
We describe elsewhere habitat and seasonality at the
study site, as well as background information on the
Kanyawara chimpanzee community [Phillips &
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McGrew, 2013]. Data collection of species eaten by
the ten focal individuals and concurrent fecal
samples, seed consumption, and passage rate of
food‐items are also outlined there.
Estimating diet composition ﬁrstly involves
listing the repertoire of food‐items included in the
diet of an individual by taxa, parts eaten, life‐form,
and habitat [McGrew et al., 1988]. Food‐items can
then be categorized into various components to
provide a composition total. This total, therefore,
provides a generalized overview of diet. We categorized all food‐items directly seen to be eaten and
all food‐items present in fecal samples into four
components:
1. Frugivory: Ripe and unripe fruit parts;
2. Folivory: Vegetative plant parts, such as leaf,
stem, pith, shoot, etc.;
3. Faunivory: Invertebrate and vertebrate parts; and
4. Other: Any food‐items not included in the above
three dietary components such as blossom, soil,
wood, honeycomb, and any other unidentiﬁable
food‐items.
Macroscopic Inspection of Feces
Our protocol entailed the removal of soluble
matter and matrix from each fecal sample (N ¼ 141),
by sluicing feces through Endecott soil test sieves
(20 cm diameter and 4.5 cm depth), and exposing
pulverized, part and non‐digested food‐items, as
described in McGrew et al. [2009]. When possible,
we identiﬁed food‐items to species [Phillips &
McGrew, 2013]. We completed macroscopic inspection of fecal samples at a gravel‐based, medium
ﬂowing stream, 1.3 km, southeast from the Makerere
University Biological Field Station.
We used a three‐tiered sieve system: 4 mm sieve
for separating large seeds from other food‐items, to
speed up counting and identiﬁcation; 1 mm sieve for
comparing ﬁndings with other macroscopic inspection studies, as this is the typical mesh size used; and
0.5 mm sieve placed under the 1 mm sieve to assess
and count food‐items that otherwise would have been
washed away (Fig. 1a).
Quantiﬁcation of Food‐Items
We quantiﬁed food‐item content in each sieve
using the three methods outlined above. First, we
rated food‐items in each sieve on a ﬁve‐point scale of
abundance. The scale was: (1) rare (<5%); (2) few
(<30%); (3) common (<60%); (4) abundant (<80%);
and (5) dominant (>80%). Second, we estimated the
percentage volume of each food‐item (i.e., its percentage [100%] of the total volume of food‐item content
per sieve) based on visual inspection rather than
volumetric unit. Finally, we counted items that could
be extracted individually from the sieve and weighed
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Fig. 1. Tiered sieve system used for macroscopic inspection of fecal samples from Kanyawara Chimpanzee Community, Kibale National
Park, Uganda, June–December 2008: (a) side view of three‐tiered sieve system. Water and fecal matter input depicted by large arrows on
top and smaller arrows in‐between sieves. Sieve dimensions and mesh size provided; (b) Ficus spp. seeds and ﬁber visible in water‐ﬁlled
9 cm diameter Petri dish, allowing further analysis and seed counting; (c) food‐items captured in 4, 1, and 0.5 mm mesh‐sized sieve post‐
sluicing and ready for analysis.

them on a Kenex KX digital scale (400 g  0.1 g
capacity). We emptied items that could be not
counted individually (e.g., ﬁber) into a 9‐cm diameter
Petri dish and weighed them together on the digital
scale. If the contents did not ﬁt into the Petri dish, we
placed about a quarter in the dish and weighed (later
to be multiplied by four). To further assist in counting
seeds 2 mm in size, we added water to the Petri dish
(Fig. 1b) then gently tilted it in several directions, and
counted seeds with a clicker‐counter (if we only put
one quarter into the Petri dish, we multiplied total
counted seeds by four). This procedure caused
invertebrate chitin fragments to ﬂoat to the water’s
surface; we counted and also collected them when
possible. We determined total mass of seeds either by
weighing them or by using a pre‐calculated mean
single‐seed weight. Table I lists mean single‐seed
weight for 14 plant species.
We repeated this procedure for each sieve used.
We placed unidentiﬁed items into labeled plastic
vials (5 ml or 50 ml) ﬁlled with absolute ethanol for
closer inspection back at camp. We compared these
specimens with plant parts of different species
collected during the study, especially seeds for
species identiﬁcation.
We calculated diet composition (categorizing
food‐items as: frugivory, folivory, faunivory, and

“other”) and provided two totals from quantifying
food‐items in fecal samples: the ﬁrst is a combined
total of food‐items captured in the 4 and 1 mm sieves
to reﬂect other studies in which only a 1‐mm sieve
was used (termed below as >1 mm). The second is
total food‐items captured in all three sieves, to see if
adding the smaller 0.5 mm sieve size affected
composition totals (termed below as >0.5 mm). We
assumed that all food captured per sieve size would
have been captured if only the 0.5 mm sieve had been
used for macroscopic inspection of the 141 fecal
samples. We converted all quantiﬁed food‐item
proportions into percentages to compare totals from
rating by abundance versus estimating percentage
volume.
We further investigated totals obtained for the
four composition components (frugivory, folivory,
faunivory, and “other”) by examining proportions of
various food sub‐categories (N ¼ 13 listed below).
First, we compared how much (%) of each of the sub‐
categories had been captured in each of the three
sieves, for example, in one fecal sample no Ficus
spp. seeds were captured in the 4 mm sieve; 69%
were captured in the 1 mm sieve; and 31% were
captured in the 0.5 mm. Second, we compared the
median sum of these proportions from both totals >1
and >0.5 mm.
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TABLE I. Mean Sample Weight (g) per Seed, Mean Number of Seeds (N) per Fecal Sample
Plant species
Aframomum spp.
Celtis gomphophylla Baker
Cordia africana Lam.
Dovyalis macrocarpa Bamps
Ficus spp.
>4 mm
>1 mm
>0.5 mm
Maesa lanceolata Forssk.
Monodora spp.
Mimusops bagshawei S. Moore
Myrianthus arboreus P. Beauv.
Phytolacca dodecandra L’Hér
Pseudospondias microcarpa Engl.
Tarenna pavettoides (Harv.) Sim
Toddalia asiatica (L.) Lam.
Tabernaemontana pachysiphon Stapf

Weight of one seed (g) (mean  SE)

Sample (N)

Total seeds (mean  SE)

0.160  0.030
0.080  0.040
0.800  0.100
0.140  0.050

50
6
31
5

35.8  10.7
10.7  5.3
37.1  6.8
7.8  10.10

0.020  0.010
0.010  0.001
0.010  0.001
0.090  0.040
1.270  0.080
0.610  0.030
1.570  0.190
0.090  0.030
0.600  0.020
0.560  0.290
0.170  0.090
0.080  0.020

16
70
98
6
14
68
5
36
22
3
8
7

50.0  17.7
461.5  62.1
376.8  47.0
9.3  3.4
9.6  3.2
22.3  2.5
3.0  1.0
150.4  27.9
22.1  4.1
1.6  0.6
9.3  3.4
32.0  14.0

Note: Ficus spp. seeds present in all three sieves, weighed separately for each sieve size.

Washed Away Items
To determine mean sample proportion washed
away during macroscopic inspection (expected to
include pulverized or fully digested food‐items), we
subtracted total food‐item weight per sample from
total fecal sample weight. The totals provided are
approximations as some water used for sluicing
samples may have remained absorbed within the
sieved food‐items (we gently pressed food‐items in
each sieve with gloved‐ﬁngers to remove as much
excess water as possible). By adding the 0.5 mm sieve
under the typically used 1 mm sieve during macroscopic inspection we could assess if any smaller food‐
items (<1 mm in size) were present. We also
processed ten fecal samples (
x ¼ 10.4  SE 1.6 g)
through the three‐tiered sieve system described
above at the McDonald Institute of Archaeological
Research, University of Cambridge. A solid metal
container under the 0.5‐mm sieve captured any fecal
matter that passed through all the sieves (i.e., was
washed away). We oven‐dried this washed away
component and analyzed its contents to further
determine if any visible food‐items (<0.5 mm in
size) were present. We counted Ficus spp. seeds in
the 0.5‐mm sieve contents and from matter that
passed through all the sieves and then calculated
percentage volume of food‐items in both (Supplementary material).

Observed Feeding Data
Measuring exact amounts eaten by a foraging
primate is challenging [Chivers, 1998], especially
when feeding rate varies per individual [Nakagawa,
2009], and when observation of feeding at close range
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is sometimes impossible. Visibility of amount of
arboreal food ingested sometimes was obscured, and
even at close range, rapid rate of food‐intake,
plus simultaneous harvesting of multiple food‐
items, also handicapped accurate recording of
amounts. Therefore, we used the common practice
of recording duration of observed feeding bouts. We
recorded feeding time from the ﬁrst ingested food‐
item when foraging and processing times before
ingestion of subsequent food‐items were not differentiated, unless ingestion and mastication ceased for a
minute or longer. This method has been criticized
[Kurland & Gaulin, 1987], but as bouts sometimes
lasted <1 min, recording repeated bouts of foraging
versus processing of food‐items was logistically
challenging.
We followed ﬁve male and ﬁve female fully
habituated adult chimpanzees individually from
when each arose from its arboreal bed in the morning
until they made another arboreal bed in the evening
[one focal sample, Martin & Bateson, 2007]. Each
focal sample (N ¼ 19; we followed nine individuals
twice for test–retest comparison) lasted up to three
consecutive days (
x ¼ 2.5  SE 0.2 days, range: 1–
3 days). Two focal samples were only one day in total,
as we could not locate the chimpanzee in question
during the following day of their focal sample. The
research adhered to guidelines as set down by the
Division of Biological Anthropology, University of
Cambridge, and the American Society of Primatologists’ principles for the ethical treatment of non‐
human primates. The Uganda Wildlife Authority
and Uganda National Council for Science and
Technology permitted data collection on the Kanyawara chimpanzee community in Kibale National
Park.
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Depending on the food‐item eaten, we then
categorized the time they had spent feeding on
each into the four dietary components: frugivory,
folivory, faunivory, and “other” to calculate diet
composition per focal individual; this then gave us
a mean value per focal sample (N ¼ 19, N ¼ 48 days in
total). We used data from only 29 of the 48 days, to be
able to compare feeding data with fecal data (outlined
below). These 29 days were the ﬁrst day during each
of the focal samples, and the second day for 17 of the
19 focal samples which were >1 day in length. This
yielded 68 hr of recorded feeding. We then calculated
a mean diet composition total for the 19 focal
samples.
Fecal Versus Observational Data
We calculated diet composition totals from 81 of
the 141 fecal samples. This smaller fecal sample‐set
includes all samples collected 24 hr after the ﬁrst
observed feeding bout during 17 focal samples (on the
second and third day of the focal sample). Analyzing
fecal samples collected after 24 hr allowed food‐items
eaten on the ﬁrst and second day of each focal sample
to be digested and passed and then identiﬁed in the
subsequent fecal samples collected. Similar to the
calculation process for feeding data, we categorized
food‐items in the 81 fecal samples into the four
dietary components: frugivory, folivory, faunivory,
and “other” to determine diet composition per focal
individual again, yielding a mean value per focal
sample. We then calculated mean diet composition
from the fecal samples for the 17 focal samples. We
compared calculated diet composition totals from
observed feeding data by the ten focal individuals
versus rating by abundance and estimating percentage volume of food‐items in the 81 fecal samples to
test the above hypotheses.
STATISTICS
Normality of data was determined using the
Anderson–Darling test. We used the Mann–Whitney
U‐test (two‐tailed, a ¼ 0.05) to investigate sex difference in feeding durations. We used Wilcoxon signed‐
rank test (two‐tailed) to compare matched‐pair
medians of food‐item weights per sieve size, and
proportions of food sub‐categories described below.
We also used this test to compare observational
feeding data versus fecal data, from the ten focal
individuals. When applicable, percentage data were
arcsine‐transformed, in order to apply parametric
tests. To compare intra‐ versus inter‐method, mean
sample diet composition totals found in both >1 and
>0.5 mm totals, we used a t‐test (two‐tailed) for
matched‐pairs. When multiple tests for matched‐
pairs were carried out, all P‐values were Bonferroni‐
corrected. MINITAB Release 14 was used for
statistical analyses.

RESULTS
Macroscopic Inspection
Mean fecal sample weight prior to analysis was
114  SE 5 g (range: 10–250 g; N ¼ 113). Combined
mean sample weight of food‐items, from the three
sieves, was 75  SE 4 g (range: 5–177 g; N ¼ 113) or
67% of total weight per fecal sample (N ¼ 113). Thus,
a mean weight of 39  SE 3 g, or 33%, of each fecal
sample was washed away during macroscopic
inspection.

Food‐items captured in sieves
Food‐item weight was higher in the 4 mm size
compared to 1 and 0.5 mm sieve contents (Wilcoxon
signed‐rank test: 4 mm vs. 1 mm T ¼ 397.8, P < 0.01;
4 mm vs. 0.5 mm T ¼ 79.9, P < 0.01, N ¼ 141), but
larger seeds (>4 mm) and other food‐items captured
by this sieve were heavier. The weight of food‐items in
the 1 mm sieve exceeded the 0.5 mm sieve contents
(T ¼ 58.7, P < 0.01, N ¼ 141). Combining the food‐
item weights of 4 and 1 mm gave a mean percentage
of 83% of the total weight per fecal sample, versus
17% for the 0.5 mm (Supplementary material).
Food‐items captured in the three sieves fell into
13 sub‐categories: (1) whole fruit, (2) fruit skin and
ﬂesh, (3) non‐ﬁg seeds (whole and fragments), and (4)
ﬁg seeds (categorized separately as they occurred in
72% of samples, and across multiple sieve mesh sizes
used) for frugivory; (5) ﬁbrous matter, and (6) either
whole or fragmented leaves for folivory; (7) invertebrates and (8) vertebrates for faunivory; and for
“other,” (9) wood fragments, (10) honeycomb, (11) soil
fragments, (12) blossom, and (13) unknown plant
fragments.
Most sub‐categories were captured in the 4 mm
sieve, except for invertebrate parts. However, all sub‐
categories under “other” and vertebrate matter
occurred in 10 fecal samples. Quantitatively, most
of the larger food‐items (>4 mm in size, e.g., fruit skin
and seeds) were captured in this sieve, which made
identiﬁcation and counting faster (e.g., large seeds
were easier to count as they were free of ﬁbrous
matter that was captured in the sieve below, Fig. 1c).
All seeds listed in Table I as well as Psycotria
mahonii, Secamone africana, and Uvariopsis congensis were captured in 136 samples (96%). Also,
whole fruits were captured chieﬂy in this sieve
(N ¼ 28 samples; for 26 samples, whole fruits were
only captured in this sieve). We found whole or large
leaf fragments of Aneilema aequinoctiale, Lepistemon
owariense, Ficus asperifolia, and F. exasperata in 66
samples. Again, these leaves were free of ﬁbrous
matter, which made leaf‐type identiﬁcation much
easier.
In the 1 mm sieve, all sub‐categories were
captured except for vertebrate matter and honeycomb, but whole fruits from Phytolacca dodecandra,
woody fragments, blossom, and unknown plant
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fragments occurred in only 8 of samples. Most food‐
items were not captured exclusively in the 1 mm
sieve: leaf fragments occurred in 44 samples, but we
also found them in the 4 mm sieve for 31 samples.
Similarly, non‐ﬁg seeds occurred in 72% of samples,
but were captured only in this sieve in just three
samples. Fig seeds were captured in two‐thirds of
samples, but for none in this sieve size only. Nine of
the seed types listed in Table I were captured in the
1 mm sieve (excluded: Cordia africana, Dovyalis
macrocarpa, Monodora spp., Myrianthus arboreus,
Mimusops bagshawei) plus Hoslundia opposita.
In the 0.5 mm sieve, nine sub‐categories were
captured, but we found seeds, soil, leaves, wood,
unknown plant fragments, and invertebrate exoskeletons in 13 samples. Chitinous exoskeleton from
ants (heads) and ﬁg wasps (abdomens, legs, and
wings) were captured in 12 samples in this sieve size
only. Although 12 are few, this was 63% of the total
number of fecal samples in which invertebrate parts
were identiﬁed. If we had not added this sieve size,
invertebrate exoskeleton would have been captured
in only 7 of the 141 fecal samples. Fig seeds were
captured in 96 samples; for 19 samples, we found
them only in this sieve size. We would have missed
them in dietary composition estimates for these
samples, had we used only the 4 and 1 mm sieves.
Fibrous matter was the highest occurring sub‐
category for this sieve size, and was captured in
96% of samples. Total ﬁber content of 50% for 46
fecal samples (34%) was captured in this smallest
mesh‐sized sieve only. This plentiful ﬁber otherwise
would have been washed away, if we had used only
the typical 1‐mm sieve mesh.

Quantiﬁcation of food‐items in feces
Table II lists dietary composition calculated by
rating food‐items using a scale of abundance and also
by estimating their volume as a percentage. The
calculations are the mean sample proportions for the
four dietary components: frugivory, folivory, faunivory, and “other,” for the combined contents of the 4

and 1 mm sieves (>1 mm), and for all three sieves
(>0.5 mm). Findings from applying the ﬁrst quantiﬁcation method of rating food‐items, using a scale of
abundance, are referred to as “Rate‐Abun” in text
below. “Perc‐Vol” is used for ﬁndings from the second
quantiﬁcation method of estimating percentage
volume of food‐items.

Inter‐method comparison
First, comparing composition totals for all food‐
items >1 mm in size: mean sample proportion for
frugivory and folivory was statistically higher for
Perc‐Vol (t‐test for matched‐pairs: frugivory T ¼
2.02, P < 0.05, N ¼ 139; folivory T ¼ 2.39,
P < 0.05, N ¼ 139), but faunivory and “other” were
higher for Rate‐Abun (faunivory: T ¼ 2.67, P < 0.05,
N ¼ 5; “other” T ¼ 4.84, P < 0.01, N ¼ 42). After
adding the contents of the 0.5 mm sieve (>0.5 mm),
mean sample proportions for frugivory, faunivory,
and “other” were then higher for Rate‐Abun (frugivory T ¼ 72.76, P < 0.01, N ¼ 139; faunivory T ¼ 3.5,
P < 0.01, N ¼ 16; “other” T ¼ 5.35, P < 0.01, N ¼ 49),
but folivory did not differ between quantiﬁcation
methods (T ¼ 0.38, P ¼ 0.70, N ¼ 141).
Intra‐method comparison
When comparing totals from the 4 mm plus 1 mm
sieves (>1 mm) versus all of the three sieves
combined (>0.5 mm) to see if adding the smaller
0.5 mm sieve size affected composition totals: for the
folivory component, mean sample proportion was
higher for both quantiﬁcation methods (Rate‐Abun
and Perc‐Vol, Table II), while frugivory was lower (t‐
test for matched‐pairs: Rate‐Abun, folivory increase
T ¼ 9.79, P < 0.01, N ¼ 14; frugivory decrease T ¼
9.49, P < 0.01, N ¼ 141; Perc‐Vol, folivory increase
T ¼ 7.85, P < 0.01; frugivory decrease T ¼ 7.79,
P < 0.01, N ¼ 141). For “other” and faunivory, we
found no intra‐method differences for either method
(Rate‐Abun, “other”: T ¼ 0.28, P ¼ 0.83; Perc‐Vol,
“other”: T ¼ 0.58, P ¼ 0.57, N ¼ 42; Rate‐Abun, faunivory: T ¼ 2.07, P ¼ 0.08; Perc‐Vol, faunivory: T ¼

TABLE II. Dietary Composition Totals Calculated From Proportion (%) of Food‐Items in Fecal Samples Collected
(N ¼ 141) From 10 Adult Chimpanzees at Kanyawara, Kibale National Park, Uganda, From June to December 2008:
Mean Sample Proportion (%) for Rated (Using a Scale of Abundance ¼ Rate‐Abun) Food‐Items Versus Estimated by
Percentage Volume (Perc‐Vol)
Dietary composition of food‐items in fecal samples (%)
Mean  SE (range)
Method
Rate‐Abun
Perc‐Vol

Sieve size
Total
Total
Total
Total

for
for
for
for

>1 mm
>0.5 mm
>1 mm
>0.5 mm

Frugivory
63.0  1.2
58.6  1.1
63.3  1.8
57.1  1.6

(20–100)
(27.3–100)
(12.5–100)
(15–100)

Folivory
33.4  1.1
37.6  1.1
35.0  1.7
40.8  1.6

(0–80)
(0–72.7)
(0–82.5)
(0–81.7)

Faunivory
0.4  0.2
0.7  0.2
0.1  0.1
0.3  0.5

(0–21.4)
(0–14.3)
(0–15)
(0–16.7)

Other
3.2  0.6
3.2  0.6
1.6  0.1
1.8  0.5

(0–50)
(0–34.6)
(0–67.5)
(0–45)

Total
100
100
100
100

Notes: Sample range, and two totals for diet composition: (>1 mm) combined totals of food‐items captured in 4 and 1 mm mesh‐sized sieves; and (>0.5 mm)
combined total of food‐items captured for all three sieves.
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1.05, P ¼ 0.30, N ¼ 7). However, sample size for
faunivory was small, as vertebrates or invertebrates
were found in only seven samples in the 1 and 0.5 mm
sieve.
By examining proportions of the following food
sub‐categories in each of the three sieves: fruit skin,
ﬁg seeds, and non‐ﬁg seeds for frugivory, and ﬁber
content and visible leaf fragments for folivory,
analyses further revealed: ﬁg seed and fruit skin
content in just the 4 and 1 mm sieves was lower than
found in all three sieves for both methods (Perc‐
Vol: T ¼ 6,035.8, P < 0.01; Rate‐Abun: T ¼ 5,751.4,
P < 0.01; N ¼ 141, ﬁg seed; Rate‐Abun: T ¼ 3,615.3,
P < 0.01, N ¼ 141; Perc‐Vol: T ¼ 3,413.3, P < 0.01,
fruit skin). This contravenes the ﬁndings in
Table II, in which frugivory declined when we
included the 0.5 mm sieve contents. Median sample
proportion of non‐ﬁg seeds per sieve size may explain
this discrepancy: it was highest for the 4 mm sieve
(83%) which reﬂects the capture of larger non‐ﬁg
seeds by this sieve, versus the 1 mm sieve with 15%,
and the 0.5 mm sieve with 0 (range: 0–60%).
Unfortunately, we could not test statistically if the
inclusion of the 0.5 mm sieve content had any effect
on non‐ﬁg seed totals per sample, as the number of
matched‐pairs whose difference was not 0 was <6
[Fowler & Cohen, 1990]. Inclusion of ﬁber and leaf
fragment contents in the 0.5 mm sieve increased
folivory for both quantiﬁcation methods (Perc‐
Vol, ﬁber: T ¼ 6,732.1, P < 0.01; Rate‐Abun, ﬁber:
T ¼ 6,254.4, P < 0.01; Perc‐Vol, leaf fragments:
T ¼ 632.5, P < 0.05; Rate‐Abun, leaf fragments:
T ¼ 645.0, P < 0.05, N ¼ 141). As given above, ﬁber
occurred in 96% of 0.5 mm samples. Furthermore,
with a more signiﬁcant P‐value than leaf content, and
with a median sample value at 43% versus 37% for
the 1 mm and 7% for the 4 mm sieves ﬁber content in
the 0.5‐mm sieve strongly suggests upward revision
in the folivory component of the diet, for both
quantiﬁcation methods used (Supplementary
material).

Quantiﬁcation by weight
Difﬁculties arose when separating out small
fragmented food‐items during the weighing process
(e.g., disentangling small fragments of fruit skin
from ﬁbrous matter). Therefore, we include data
from only 17 samples in which separation was either
unnecessary or successful. When we compared
frugivory versus folivory totals, there was no inter‐
method difference between all three quantiﬁcation
methods (Wilcoxon: P ¼ ns for all 12 tests, N ¼ 17).
Sample sizes were too small for inter‐method
statistical analyses for both faunivory and “other”
components.
During macroscopic inspection, ﬁbrous matter
found in some samples in the 0.5 mm sieve weighed
less than ﬁg seeds captured, but was more abundant
when it was either rated or given a percentage

volume estimate. For example, in one sample, ﬁber
weighed only 0.2 g: it was rated as scale “5,” being the
dominant food‐item, and volume was estimated at
80% of the sieve content. In contrast, ﬁg seeds
weighed 2 g yet it was rated as “few” (scale point 2)
and estimated at a volume of 19% of the sieve food‐
item content. From the analysis of a sub‐sample of 22
fecal specimens, mean sample weight for both food‐
items was 5  SE 1 g. Weighed ﬁber content (49%) did
not differ from the rated total (65%; Wilcoxon:
T ¼ 111.2, P ¼ 0.10, N ¼ 22), but percentage volume
estimate totals were higher at 72% (weighed vs. Perc‐
Vol: T ¼ 35.6, P < 0.01, N ¼ 22). Fig seed proportion
calculated by percentage volume estimates (28%) was
also statistically lower than the weighed total (47%),
but not when rated by abundance (35%, weighed vs.
Perc‐Vol: T ¼ 4.3, P < 0.01; weighed vs. Rate‐Abun:
T ¼ 124.8, P ¼ 0.23, N ¼ 22 samples). Results from the
sub‐samples show that smaller fragment proportions
of ﬁber and ﬁg seeds may give different dietary totals,
due to disparity in their actual weight versus visual
abundance in a sieve.

Food‐items 0.5 mm
Fig seeds and unknown plant fragments were
visible on the surface of the dried matter <0.5 mm in
size. In the ten sub‐samples analyzed, ﬁg seeds
captured in the 0.5 mm sieve versus “washed away”
matter did not differ, although a trend emerged for a
higher number of seeds in the 0.5 mm sieve (t‐test for
matched‐pairs: T ¼ 212, P ¼ 0.07, N ¼ 6). We identiﬁed fruit skin in both, but volume proportion (%) in
the 0.5 mm sieve was statistically higher (Wilcoxon:
T ¼ 260, P < 0.05, N ¼ 6). We found ﬁbrous matter
in the 0.5 mm sieve contents, but not in the
“washed away” matter. Therefore, in terms of the
diminishing returns of successively ﬁne‐grained
mesh size, the use of a 0.5‐mm sieve ensured that
captured food‐items remained identiﬁable to the
naked eye (58–90% of food‐items <0.5 mm in size
were unidentiﬁable at macroscopic level). However,
ﬁbrous matter and other food‐items probably were
present in the matrix but could not be identiﬁed at
macroscopic level.
Feeding Data
For each sex, feeding occurred for 26% of their
daily activity budget (median; female range: 16–47%;
male range: 13–53%). The median feeding time for
females was 2:06 hr/day (range: 1:28–4:18 hr/day,
N ¼ 12 focal sample days), and males, 2:07 hr/day
(range: 0:55–4:08 hr/day, N ¼ 17 focal sample days).
No sex difference in feeding duration occurred
(Mann–Whitney: W ¼ 256, P ¼ 0.98). The ten focal
individuals spent most of the time eating fruit parts
followed by foliage (Table III). Faunivory and “other”
dietary components each accounted for <3% of the
total feeding time.
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TABLE III. Mean and Median Diet Composition Totals (%) (Proportion of Food‐Items per Dietary Component for
Mean) From Rating (Using Scale of Abundance) Versus Estimating Percentage Volume of Food‐Items in Fecal
Samples (N ¼ 81) Collected 24 hr After First Feeding Bout, Over 19 Focal Samples: Food‐Items Captured in 4 and
1 mm Mesh‐Sized Sieves (>1 mm) and All Three Sieves (>0.5 mm)
Dietary composition from fecal samples and observed feeding data (%)
Mean  SE, median (range)
Method
Rate‐Abun
>1 mm
>0.5 mm
Perc‐Vol
>1 mm
>0.5 mm
Direct obs.

Frugivory

Folivory

Faunivory

Other

63.2  2.6
62.7
(48.8–79.2)
58.8  2.1
55.7
(46.2–76.1)

32.8  2.2
34.1
(20.8–50.1)
37.4  2.0
37.9
(20.5–49.7)

0.4  0.3
0.0
(0–4.3)
0.8  0.3
0.2
(0–2.9)

3.6  1.1
2.8
(0–14.9)
3.0  1.1
1.9
(0–15.5)

60.5  3.3
60.5
(33.7–83.7)
61.1  3.3
60.9
(36.3–81.5)
60.5  5.0
69.8
(28.8–85.6)

37.1  3.5
39.1
(16.1–66.3)
36.2  3.4
35.7
(15–63.5)
37.1  5.4
29.9
(5.7–71.1)

0.2  0.2
0.1
(0–3)
0.5  0.3
0.1
(0–3.3)
0.5  0.4
0.1
(0–6.2)

2.1  1.2
0.3
(0–14.5)
2.2  1.4
0.2
(0–20.3)
1.9  0.8
0.2
(0–10.9)

Total
100

100

99.9

100

100

Notes: Dietary composition calculated from observed feeding data per focal individual (N ¼ 10 individuals; mean of means percentage of feeding time per
dietary component over 68 hr).

Fecal Versus feeding data
Sample proportions of frugivory, folivory, and
faunivory did not differ for either macroscopic
method versus observational data for either >1 or
>0.5 mm totals (P ¼ ns for ten tests). Estimates for
“other” did not differ for either total between Perc‐Vol
versus temporal data (>1 mm: T ¼ 9.9, P ¼ 0.98;
>0.5 mm: T ¼ 8.4, P ¼ 0.93, N ¼ 14) or for the
>0.5 mm total for Rate‐Abun versus observational
data (T ¼ 2.0, P ¼ 0.06, N ¼ 14), but did for the >1 mm
total of Rate‐Abun, which was higher than the
observational data estimate (T ¼ 1.9, P < 0.05,
N ¼ 14).
DISCUSSION
We carefully observed feeding by focal individuals to compare their intake behavior versus results of
quantiﬁed food‐items in fecal samples. Our data do
not cover an annual cycle, so we discuss ﬁndings in
terms of previous dietary studies at Kanyawara.
Food‐item availability, especially for ripe fruits,
typically varies across study periods, although choice
does not necessarily reﬂect availability [Boesch
et al., 2006; Hohmann et al., 2006]. Furthermore,
as no sex differences were found in time spent
feeding, we discuss combined data from all focal
individuals.
The calculated mean of means of each of the four
dietary types (frugivory, folivory, faunivory, and
“other”) showed the chimpanzees to be mostly
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frugivorous over the 6‐month study period. This
ﬁnding agrees with those of previous studies for this
community (60% over 24 months in Isabirye‐Basuta
[1990]; 79% in 64% in Potts et al. [2011] and
Wrangham et al. [1998], respectively, both over
12 months; and 71% over 101 hr in Wrangham
et al. [1991]). It also concurs with studies of other
populations: 59% at Gombe [Wrangham, 1977]; 65%
at Budongo [Newton‐Fisher, 1999]; 57% at Goualougo [Morgan & Sanz, 2006]; and 61% at Fongoli
[males only, Bogart & Pruetz, 2011].
Also, for folivory, Potts et al. [2011] recorded a
similar proportion of feeding time at 30% for
Kanyawara chimpanzees, which compares well
with 37% for leaf and pith consumption by the ten
focal individuals in our study. Feeding time for
faunivory as well as soil, blossoms, honey, and dead
wood add up to a small proportion of total feeding
time for the ten focal individuals. These ﬁndings
concur with those from other dietary studies of
Kanyawara chimpanzees [Potts et al., 2011; Wrangham et al., 1998]. Thus, our observations of feeding by
the ten focal individuals generally resemble that of
previous studies of this community.
Diet composition quantiﬁed either by rating food‐
items in fecal samples on a scale of abundance, or by
estimating volume by percentage, was similar, but
some inter‐method differences emerged, in particular, for frugivory and folivory. This contrast between
the two dietary components likely is due to the
quantiﬁcation scale used in each method. The rating
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system has a larger range in percentage values per
scale point, for example, a food‐item rated at scale
point “2” (¼“few”) has a percentage value ranging
from 6% to 29%. If percentage volume of the food‐item
was estimated at 10%, there would be a difference in
percentage value of 4% (i.e., 10–6%) to 19% (i.e., 29–
10%) between the two quantiﬁcation methods. This
difference in “noise” may inﬂuence the diet composition total yielded by fecal samples. Inter‐method
quantiﬁcation differences in mean sample proportions, in particular for frugivory and folivory (which
make up most of the contents of primate fecal
samples) call into question study‐site comparisons.
These inter‐method differences in frugivory and
folivory may complicate or potentially invalidate
standard comparative studies on the diet of ape
populations.
Diet composition totals obtained from weighing
food‐items in fecal samples did not differ from those
from either rating abundance or estimating percentage volume, but this result was based on a small
sample size (N < 20 fecal samples). Weighing had
limitations; it was hard to separate some smaller
food‐items (<2 mm in size). Although we weighed
food‐items of 121 fecal samples, we could not extricate
small fragments of wood and fruit skin from the
ﬁbrous matter to weigh them individually. This
result led to our using a conservative, reduced sample
size of just 17. A further cost of this method was the
time required to separate out and weigh food‐items
individually from each of the sieves. To complete
macroscopic inspection of 11 fecal samples took a
full day, as the weighing process lasted 35–60 min for
each fecal sample. This process took much longer
than rating or estimating the percentage volume of
food‐items, which required only 35 min per sample.
Despite these limitations, this method is desirable, as
food‐items weighed individually can be compared
directly with total fecal sample weight.
Few studies break down dietary composition
based on fecal analyses alone. Morgan and Sanz
[2006] cited dietary composition totals for chimpanzees at 15 study sites, but these data were predominantly from direct observations of feeding. As a
conservative measure, we here compare our data
with only the three studies in which diet composition
was determined from macroscopic inspection of fecal
samples and feeding traces alone, which are: Bwindi,
Uganda [Stanford & Nkurunungi, 2003]; Belinga
[Tutin & Fernandez, 1985] and Lopé [Tutin &
Fernandez, 1993b], Gabon. Total food‐items identiﬁed per site vary greatly: 55 for our study, 174 for
Lopé, 60 for Bwindi, and 46 plant food‐items for
Belinga. These differences likely are due to inter‐site
variation in vegetation type, habitat, and therefore
food availability. Also, fecal sample size available for
analysis varied between sites due to encounter rate of
collected samples, which may have inﬂuence food‐
item diversity recorded. Finally, different methods of

analysis may have been applied. All of these factors
may have inﬂuenced diet composition totals reported,
which limits inter‐site comparison. All three studies
quantiﬁed food‐items by rating on a scale of
abundance of 1–4, and all used a 1‐mm sieve mesh.
In this study, food‐items rated by using a scale of
abundance captured in both the 4 and 1 mm sieve
(>1 mm total) yielded a frugivory component similar
to ﬁndings for the Ruhija community at Bwindi (63%
vs. 65%) [Stanford & Nkurunungi, 2003], but the
chimpanzee communities at Belinga and Lopé had
higher frugivory components, at 85% and 77%,
respectively [Tutin & Fernandez, 1993b]. Quantiﬁcation of food‐items during macroscopic inspection
reinforces ﬁndings that chimpanzees are ripe fruit
specialists [Wrangham et al., 1998].
Folivory, the second largest dietary component
for our ten focal individuals resembles the total for
Bwindi (33% vs. 28%) [Stanford & Nkurunungi,
2003]. Folivory in the diet of chimpanzees at both
Belinga and Lopé was lower, at 11% and 17%,
respectively [Tutin & Fernandez, 1993b]. Data
were not available for the other studies to compare
totals for faunivory and “other.” Kanyawara and
Ruhija chimpanzees live in the western Rift Valley of
Uganda. Their similarities in frugivory and folivory
totals may result from altitude, as both sites are
relatively high (1,500 m at Kanyawara, 2,000–
2,500 m at Bwindi), while the Gabon sites are much
lower. Both Kanyawara and Ruhija chimpanzees
occupy Parinari‐dominated forest and swamp forest.
For rated items in fecal samples, only one dietary
component, “other,” was signiﬁcantly higher than
composition totals from observational data (as
calculated from directly observed feeding on wood,
soil, unknown plant fragments, blossoms, and honeycomb). Thus, the null hypothesis is generally
supported, such that quantiﬁed proportions of
frugivory, folivory, and faunivory in fecal samples
are valid proxy measures of time spent feeding on
various food‐items for this study population. However, the null hypothesis needs to be slightly revised for
reasons outlined below.
The null hypothesis stands only if it is assumed
that ﬁbrous matter analyzed in the fecal samples
consisted of leaf, pith, and stem fragments only and
contains no parts from fruit (e.g., small fragments of
fruit pulp). Malenky et al. [1994] and Malenky and
Wrangham [1994] differentiated leaf and pith as
ﬁbrous matter in chimpanzee and bonobo feces, based
on the “reticulate venation patterns” of leaves and
“linear strands of pith.” Although these ﬁbrous parts
are recognizable, a comprehensive analysis of ﬁbrous
matter in ape fecal samples remains to be done. Most
terrestrial leaf and pith fragments remain unidentiﬁable to species level, and sometimes even to plant
part, during macroscopic inspection [Phillips &
McGrew, 2013]. We suggest [following Tutin &
Fernandez, 1993b] that microscopic inspection
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should be done to establish if ﬁbrous matter in feces
contains fruit matter that is invisible at macroscopic
level.
The null hypothesis may be explained by the
number of fruit species identiﬁed in the 81 fecal
samples when they are compared with what we saw
the focal individuals eat over the previous 1–2 days
per focal sample. We saw 39 plant species being eaten
by the ten focal individuals over 29 days, and for 24
species, they ingested the fruit parts [Phillips &
McGrew, 2013]. For the macroscopic inspection data,
we identiﬁed 24 plant species; 19 by fruit parts alone
[Phillips & McGrew, 2013]. Thus, the overlap was
high (79%) for fruit parts eaten versus those found in
fecal samples and this appears to reﬂect frugivory
composition totals. Regarding folivory, although we
identiﬁed leaf, pith or stem for only four species
during macroscopic inspection [Phillips & McGrew,
2013], the quantiﬁcation of ﬁbrous matter in fecal
samples appears to reﬂect observed folivory, if the
above assumptions on ﬁber content in fecal samples
are correct.
We saw little insectivory or meat eating which is
reﬂected by the small proportion of feeding time
recorded for faunivory. Also, parts observed to be
eaten versus those identiﬁed in fecal samples did not
correspond for this dietary component [e.g., intestines of red colobus monkey were seen to be eaten, but
hairs and small bone fragments were found in fecal
samples, Phillips & McGrew, 2013]. Therefore, care
must be taken when comparing data from observed
feeding versus food‐items in feces for faunivory.
Further work is necessary to test H3. Study of
habituated populations that show high prevalence
for insect and meat eating should scrutinize further
what is seen to be consumed versus what parts occur
in concurrent fecal samples from the same individuals. Hohmann and Fruth [2008] partly addressed this
with the study of meat eating by bonobos at Lui
Kotale, Democratic Republic of Congo. Therefore, the
null hypothesis should be revised to: “Current
estimates for frugivory and folivory appear to be an
accurate representation of diet composition for this
population using macroscopic inspection, if quantiﬁed ﬁbrous matter consists of leaf, pith, and stem
only.”
Macroscopic inspection and collection of observational feeding data may not provide a conclusive
measure of volume of food‐intake [Basabose, 2002].
The long recognized issue of certain food‐items
remaining unrecognizable in feces at this level of
inspection [Moreno‐Black, 1978; Phillips & McGrew,
2013] and variation in gut‐passage rate of foods
ingested, due to ﬁber and water content [Milton &
Demment, 1988], and the non‐digestion of foods that
are ingested but then spat out [e.g., food wages,
Moscovice et al., 2007], create challenges for comparing fecal ﬁndings with observed food‐intake data.
These limitations call into question granting inter‐
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method equivalence to these two forms of dietary
analyses. Our attempted validation of macroscopic
inspection ﬁndings in this study reﬂected most
aspects of dietary intake for this chimpanzee
community. However, given the limitations outlined
above, the quantiﬁcation of food‐items in feces using
the three methods outlined above provides only a
general overview of diet, not a precise breakdown.
As no dietary component in fecal samples,
quantiﬁed by estimating their percentage volume
was statistically signiﬁcantly different from that of
observational data, we recommend that this quantiﬁcation method be used. Percentage volume yielded a
greater sample range in dietary component proportions, and these ranges were more similar to those
found for feeding time proportions versus rated food‐
items.
Adding a sieve of 0.5 mm mesh under the
typically used 1 mm mesh sieve captured 17% more
food‐items that otherwise would have been washed
away. This extra mass increased folivory and
decreased frugivory proportions. For about a third
of the samples analyzed, inclusion of the smaller
mesh‐sized sieve captured greater or equal to half of
ﬁbrous matter. Both ﬁg seeds and chitin would not
have been recorded for 20% and 62% of samples,
respectively, without adding this sieve size. Adding
this sieve during macroscopic inspection much
improved the accuracy of the folivory component in
great ape diet. Fig wasp and ant chitinous exoskeleton captured was about <1% of dietary composition,
but this insectivory would have been missed without
the 0.5 mm sieve. Of the matter washed away
(<0.5 mm in size) further off‐site analysis is needed
to identify potential food‐item remains in fecal
matrix (which was not possible during macroscopic
inspection).
CONCLUSION
Most primate populations are unhabituated and
are likely to remain so, for good reasons: First, long‐
term commitment by researchers is needed to
accomplish habituation, due to the study subjects’
initial wariness [Bertolani & Boesch, 2008; Sommer
et al., 2004]. Second, some researchers choose not to
habituate animals in unprotected areas, so that they
remain cautious toward human hunters and farmers
[Deblauwe & Janssens, 2008]. Finally, the risk of
fatal disease transfer from human observer to subject
is a constant concern [Köndgen et al., 2008; Woodford
et al., 2002]. Researchers therefore depend on
indirect evidence, such as feces to glean insight into
the diet of unhabituated populations, so it is crucial
that methods applied are valid. We advocate that
researchers using macroscopic inspection consider
the effect of sieve mesh size used and the quantiﬁcation method applied on dietary composition totals
obtained for primate populations.
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