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BIEGA NATIONAL PARK, DEMOCRATIC REPUBLIC OF CONGO

Juichi YAMAGIWA
Laboratory of Human Evolution Studies, Graduate School of Science, 

Kyoto University
Augustin Kanyunyi BASABOSE, Kiswele Prince KALEME

Centre de Recherche en Sciences Naturelles
Takakazu YUMOTO

Research Institute of Humanity and Nature

ABSTRACT  Monthly fl uctuations in the abundance of fruits eaten by a sympatric population 
of gorillas (Gorilla beringei gaueri) and chimpanzees (Pan troglodytes schweinfurthii) were 
estimated by a transect system and a fruit trail system in the montane forest of Kahuzi-Biega 
National Park, Democratic Republic of Congo. Fruit species eaten by gorillas and chimpanzees 
and their preferences were defi ned mainly by fecal analysis. Data were collected for 80 months 
from 1994 to 2002, with a period of forced inactivity due to the civil war in 1997. A belt 
transect 5,000 m long and 20 m wide was set up in the study area to pass through most of the 
vegetation types in which gorillas and chimpanzees range, and 2,033 trees, including shrubs 
and strangling fi gs, above 10 cm in diameter at breast height (DBH) of 49 species from 29 
families were identifi ed. Of these, fruits of 21 (6) species and 25 (12) species were eaten 
(preferred) by gorillas and chimpanzees, respectively. The fruit species preferred by gorillas 
were also preferred by chimpanzees. Monthly fruit index calculated from total basal area per 
ha and the proportion of the number of trees in fruit for each species shows a larger fl uctuation 
in the abundance of fruits eaten by chimpanzees than that by gorillas. Unlike the phenology of 
fruits in the lowland tropical forests, monthly fl uctuation in ripe fruit abundance negatively 
correlated with rainfall in some years. This tendency was more distinct for fruits preferred by 
gorillas in the primary forest. Fruit species preferred only by chimpanzees showed a distinct 
intra-specifi c synchrony in fruiting, while fruit species preferred by gorillas and chimpanzees 
did not. These differences in fruiting patterns may infl uence the foraging patterns of gorillas 
and chimpanzees. Gorillas tended to travel widely in a cohesive group and to increase their 
consumption of fruits in the primary forest during the dry season. By contrast, chimpanzees 
tended to continuously visit particular fruiting trees individually in a small home range 
throughout the entire year. Some tree species that have large basal areas and that bear fruits for 
a long period may be able to support the survival and sympatry of gorillas and chimpanzees.

RÉSUMÉ Les fl uctuations mensuelles de l’abondance des fruits mangés par les populations 
sympatriques des gorilles et des chimpanzés étaient estimées par le système de transect et de 
piste le long duquel la phenologie des fruits est observée dans la forêt de montagne du Parc 
National de Kakuzi-Biega, République Démocratique du Congo. Les espèces de fruits 
consommés par les gorilles et les chimpanzés et leurs préférences étaient défi nies principalement 
par l’analyse des matières fécales. Les données étaient récoltées pendant 80 mois, de 1984 à 
2002, avec une période d’inactivité due à la guerre civile de 1997. Un transect de 5.000 m de 
long et 20 m de largeur était installé dans le milieu d’étude passant dans les différents types de 
végétations que visitent les gorilles et les chimpanzés, et 2.030 arbres, comprenant les arbustes 
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4 J. YAMAGIWA et al.

et les fi guiers, dont le diamètre au niveau de la poitrine (DBH) est supérieur à 10 cm de 49 
espèces regroupées en 29 familles étaient identifi ées. De ceci, les fruits de 21 (6) espèces et 25 
(12) espèces étaient consommés (préférés) par les gorilles et les chimpanzés respectivement. 
Les espèces de fruits préférées par les gorilles l’étaient aussi par les chimpanzés. L’index de 
fructifi cation mensuelle calculé à partir de la surface à la base totale par hectare et la proportion 
du nombre d’arbres portant des fruits pour chaque espèce, a montré une plus grande fl uctuation 
de l’abondance de fruits consommés par les chimpanzés que celle des gorilles. Contrairement 
à la phénologie des fruits dans les forêts tropicales humides en basse altitude, la fl uctuation 
mensuelle de l’abondance des fruits mûrs était négativement corrélée avec la précipitation 
pendant quelques années. Cette tendance était plus claire pour les fruits préférés par les gorilles 
dans la forêt primaire. Les espèces de fruits préférées uniquement par les chimpanzés ont 
clairement montré une synchronie intra-specifi que en fructifi cation, pendant que les fruits 
préférés aussi bien par les gorilles que par les chimpanzés n’ont pas montré cette tendance. Ces 
différences dans les modes de fructifi cation peuvent infl uencer les modes de broutage des 
gorilles et des chimpanzés. Les gorilles avaient tendance à se promener en un groupe cohésif 
sur des grandes distances et d’augmenter leur consommation des fruits en forêt primaire 
pendant la saison sèche. Par contre, les chimpanzés avaient tendance à visiter continuellement 
des arbres particuliers portant des fruits, individuellement dans un espace réduit pendant toute 
l’année. Quelques espèces d’arbres avec des grandes surfaces basales et qui portent des fruits 
pendant une longue période seraient capables de supporter la survie et la sympatrie des gorilles 
et des chimpanzés.

Key Words: Fruit phenology; Synchrony in fruiting; Montane forest; Gorilla; Chimpanzee; 
Foraging strategy.

INTRODUCTION

Clumped fruiting is the general tendency for the majority of tree species in 
tropical forests (Daubenmire, 1972; Frankie et al., 1974; Foster, 1982). Seasonal-
ity in rainfall is the major characteristic of the tropical climates and may infl u-
ence seasonal fl uctuations in fruit production (Lieberman, 1982), although various 
factors, such as temperature, irradiance, activities of pollinators or seed dispers-
ers, and conditions of germination also infl uence fruiting patterns (Janzen, 1967; 
Rathke & Lacey, 1985; van Schaik, 1986). Seasonal changes in fruit availability 
play an important role in the survival of frugivorous primates in the dense trop-
ical forests (Gautier-Hion, 1990; Leighton & Leighton, 1983; Terborgh, 1983).

In the earlier studies on the sympatric populations of gorillas and chimpanzees, 
dietary separation had been regarded as the main factor allowing their coexistence 
in the same habitat. Gorillas usually feed on herbaceous vegetation in wet val-
leys or in the secondary regenerative vegetation, while chimpanzees are consis-
tent frugivores in the primary forest (Schaller, 1963; Jones & Sabater Pi, 1971). 
However, recent studies on western and eastern gorillas show their strong fru-
givory and extensive overlap in dietary composition with that of chimpanzees 
(Williamson et al., 1990; Tutin & Fernandez, 1993; Kuroda et al., 1996; Yamagiwa 
et al., 1996a).

In spite of their remarkable similarity in morphological features related to diet, 
such as gut morphology and gut passage time (Chivers & Hladik, 1984; Milton, 
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5Phenology of Ape Fruits

1984), gorillas and chimpanzees show different foraging patterns. Gorillas usually 
form a cohesive group that contains one male and several females with imma-
tures (Schaller, 1963; Yamagiwa, 1983; Parnell, 2002), while chimpanzees form 
a fl uid group including plural males and females based on individual foraging 
(Goodall, 1968; Nishida, 1970; Wrangham, 1979). Gorillas increase consumption 
of vegetative food and decrease day journey length during periods of fruit scar-
city (Tutin & Fernandez, 1993, Yamagiwa & Mwanza, 1994; Goldsmith, 1999), 
while chimpanzees use fi g fruits as fallback food and tend to change party size 
according to fruit abundance (Chapman et al., 1994; Conklin & Wrangham, 1994). 
These observations suggest that dietary constraints induced by fruit scarcity may 
differently infl uence their foraging strategies. However, the seasonal changes in 
fruit abundance and the phenology of fruits preferred by gorillas or chimpanzees 
have not yet been comprehensively reported. Knowledge of these differences is 
vital for understanding the sympatry of gorillas and chimpanzees and for taking 
appropriate measures for their conservation.

In this paper, we describe annual and monthly changes in abundance of fruits 
eaten by a sympatric population of gorillas and chimpanzees. Data were collected 
on fruits of trees above 10 cm in diameter at breast height (DBH) by monitoring 
them semi-monthly for 8 years in the montane forest of Kahuzi-Biega National 
Park, Democratic Republic of Congo. A transect was set to estimate tree density 
and basal area in each type of vegetation used by gorillas or chimpanzees. We 
used the fruit trail system, which monitors key species (Chapman et al., 1994) 
to estimate fruit abundance in the secondary and primary forests. A group of 
gorillas and a unit-group of chimpanzees were habituated and followed daily to 
observe their feeding and to collect their fresh feces. Preferred fruits by gorillas 
and chimpanzees were determined by direct observations and fecal analysis. Sea-
sonal changes in abundance of fruits and fruiting patterns of each species are 
discussed in relation to foraging strategies of gorillas and chimpanzees.

METHODS

I. Study Area

The Kahuzi-Biega National Park is located to the west of Lake Kivu and cov-
ers an area of 6,000 km2 at an altitude of 600 to 3,308 m (Fig. 1). The Park con-
sists of highland (600 km2) and lowland (5,400 km2) sectors, which are intercon-
nected by a corridor of forest. The study area covers about 30 km2 along the 
eastern border of the park at an altitude of 2,050–2,350 m, where four groups of 
gorillas (Gorilla beringei graueri) and a unit-group of chimpanzees (Pan troglo-
dytes schweinfurthii) have ranged sympatrically (Yamagiwa et al., 1996a). Forty-
four species of larger mammals, including ten primate species, are found in the 
highland sector (Mankoto et al., 1994).

The highland sector is made up of bamboo Arundinaria alpina forest, primary 
montane forest, secondary montane forest, Cyperus latifolius swamp and other 
vegetation, as described by Casimir (1975) and Yumoto et al. (1994). Meteoro-
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6 J. YAMAGIWA et al.

logical data are available from the Meteorological Station at the Centre de Recher-
ches en Science Naturelles (CRSN) (1,600 m above sea level), which is located 
4 km from the study area. The mean annual rainfall during the study period 
(1994–2002) was 1,660 mm (range: 1,409–2,180 mm) with a distinct dry season 
in June, July and August, in which the mean rainfall was below 50 mm (Fig. 2). 
The mean monthly temperature was 20.1°C (mean maximum: 26.5°C; mean min-
imum: 13.8°C).

II. Vegetation Survey

In order to estimate the diversity and density of woody species and to assess 
fruit availability, we made a vegetation survey by using a line transect. In August 
1994, we set up a belt transect 5,000 m long and 20 m wide in the study area 

Fig. 1. Map of study area.

2.indd   62.indd   6 2008/04/11   15:31:522008/04/11   15:31:52



7Phenology of Ape Fruits

to pass through most of the vegetation types in which gorillas and chimpanzees 
range. The length of the transect line corresponded to the area of each vegetation 
type. The bamboo forest, in which chimpanzees rarely ranged during the study 
period, was excluded from the analysis of this study. Every tree, shrub or strangling 
fi g above 10 cm in diameter at breast height (DBH) was identifi ed. The phenological 
data presented here are from two sets: set 1 from August 1994 to July 1996 and 
set 2 from February 1998 to December 2002. Data for set 1 involved 2,033 trees, 
including shrubs and strangling fi gs, above 10 cm in DBH of 49 species from 29 
families and one unidentifi ed species recorded along the transect (Appendix 1).

The density and basal area [(1/2 DBH)2×π] of each species were calculated. 
The top 10 species (basal area) in both secondary and primary forests were 
emergent trees of which the largest DBH was over 60 cm. One understory species 
(Galiniera coffeoides) was found among the top 20 species. Macaranga 
kilimandscharica was the most frequently represented (33%) species and was also 
ranked as having the largest basal area in the secondary forest. Neoboutonia 
microcalyx was the most frequently represented (14%) species, and Parinari 
curatellifolia was ranked as having the largest basal area in the primary forest. 
At least 31 species were classifi ed as zoochory, 10 species as anemochory, and 
5 as autochory according to the type of seed dispersal.

The presence of fruit was recorded for all identifi ed trees and shrubs twice 
each month. Data for set 2 involved 28 species (24 species in which fruit is eaten 
by apes and 4 species in which fruit is not eaten by apes). For each species, 
fruits (ripe and unripe) of at least 10 (range: 10–13) reproductively mature trees 
were monitored twice each month.

Fig. 2. Monthly changes in rainfall and temperature (maximum and minimum) at Kahuzi from 1994 
to 2002.
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The monthly datum on the presence of fruit was the average of the two records. 
To estimate fruit abundance (biomass and number) of tree species, we used DBH 
(Chapman et al., 1992). We calculated a monthly fruit index (Fm) as

1

s

m km k
k

F P B
=

=∑

where Pkm denotes the proportion of the number of trees in fruit for species k in 
month m, and Bk denotes the total basal area per ha for species k. The fruit index 
was calculated in each month, and its seasonal fl uctuation was compared between 
primary and secondary forests.

III. Data on Ape Diet

In 1991, we found four groups of gorillas and a single unit-group of chimpan-
zees in the study area. These groups had extensive overlapping ranging areas 
(Yamagiwa et al., 1996a; Yamagiwa et al., 1996b). Since then we have tried to 
habituate a group of gorillas and the unit-group of chimpanzees. Until 1994, both 
groups had been semi-habituated and occasionally tolerated the presence of human 
observers when we stayed at a distance of 20–50 m. The total numbers of indi-
viduals were 17–25 in the gorilla group and 22–23 in the unit-group of chim-
panzees between 1994 and 2000.

The compositions of diet for gorillas and chimpanzees were estimated from 
direct observations, evaluation of feeding remains along fresh trails, and fecal 
analysis. Fresh (up to one day old) feces were collected mainly at nest sites, 
washed in 1-mm mesh sieves, dried in sunlight, and stored in plastic bags. The 
contents of each sample were examined macroscopically and listed as seeds, fruit 
skins, fi ber, leaves, fragments of insects, and other matter. Fruit seeds and skin 
were identifi ed at the species level macroscopically. Plant specimens were identi-
fi ed by T. Yumoto at the National Botanical Garden in Belgium (Yumoto et al., 
1994) and at the herbarium of CRSN at Lwiro, where vouchers of all the spec-
imens are kept.

Over 71 months from August 1994 to November 2000, 12,269 gorilla fecal 
samples were collected, averaging 173 fecal samples per month (range: 36–361). 
Over 78 months from January 1994 to December 2000, 7,212 chimpanzee fecal 
samples were collected, averaging 93 fecal samples per month (range: 17–427). 
Seeds or fruit skins of 21 species were found in gorilla’s fecal samples, and those 
of 25 species were found in chimpanzee’s fecal samples (Appendix 1.). The fruit 
preference by apes was determined from fecal analysis. The fruit species (fruit 
skin or seeds) found in more than 1% of the total fecal samples were defi ned as 
the preferred fruit by each ape species. Six species were preferred by gorillas 
and twelve species were preferred by chimpanzees. The fruit species preferred by 
gorillas were also preferred by chimpanzees.
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RESULTS

I. Diversity of Woody Plant Species and Fruits Eaten by Apes

We found similar numbers of woody plant species above 10 cm DBH in the 
secondary (41 species) and primary forests (39 species) (Table 1). Only fi ve spe-
cies were found in the swamp. The mean density was higher in the secondary 
forest than in the primary forest, while the basal area per hectare was lower in 
the former. This means that larger trees are distributed more sparsely in the pri-
mary forest.

The woody plant species in which fruit was eaten by gorillas or chimpanzees 
accounted for a considerable proportion in density and basal area of the top fi ve 
or ten species (Table 2). The top fi ve species made up nearly half and the top 
ten species comprised about three-fourths of the total woody plants and basal 
area in both secondary and primary forest. The species in which fruit was eaten 
by apes were found at higher density in the secondary forest than in the primary 
forest, while the basal areas of these species were mostly similar between the 
forests. These results are largely attributed to Macaranga kilimandscharica, which 
was found at the highest density in the secondary forest and at the eighth high-
est density in the primary forest. Macaranga Kilimandscharica is a pioneer spe-
cies that is frequently found in the secondary forest after deforestation. However, 
its fruit was not frequently eaten by gorillas or chimpanzees.

The fruit species preferred by gorillas and chimpanzees, which was found in 
the top fi ve species for density, was Bridelia bridelifolia in the secondary forest 

Table 1. Comparison of diversity, density and basal area of woody plant species above 10 cm DBH 
among different types of vegetation.

Secondary forest Primary forest Swamp

Length of transect 3,170 m 1,212 m 618 m
Number of species 41 39 5
Mean density 6.0/ha 4.8/ha 1.6/ha
Basal area per ha 136,250 cm2/ha 197,775 cm2/ha 3,148 cm2/ha

Table 2. Proportion of fruit species eaten by gorillas and chimpanzees in top fi ve and ten species in terms of 
density and basal area (proportion of the preferred fruit indicated in the parenthesis).

Fruit eaten (preferred) by

Gorilla Chimpanzee
Density Basal area Density Basal area Density Basal area

% % # species % # species % # species % # species %

Top 5 species/Total
Secondary forest 63.3 45.0 2 (1) 41.5  (8.8) 2 (1) 22.8  (6.4) 3 (1) 50.0  (8.8) 2 (1) 22.8  (6.4)
Primary forest 50.7 56.7 2 (1) 17.9  (6.0) 2 (1) 22.3  (7.8) 3 (1) 31.8  (6.0) 2 (2) 22.3 (22.3)

Top 10 species/Total
Secondary forest 81.2 69.1 5 (1) 50.1  (8.8) 6 (3) 41.0 (15.4) 7 (2) 63.3 (12.0) 6 (5) 41.0 (24.6)
Primary forest 68.2 78.4 5 (2) 28.5 (10.1) 6 (3) 38.0 (15.7) 7 (2) 46.2 (10.1) 7 (4) 44.0 (30.0)
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and Syzygium parvifolium in the primary forest. For basal area, the top species 
was Ficus oreadryadum in the secondary forest and Syzygium parvifolium in the 
primary forest. Newtonia buchananii was also ranked in the top fi ve as the pre-
ferred fruit by chimpanzees in the primary forest for basal area.

More preferred fruit species were included in the top ten species for basal area 
than for density. These results suggest that fruits of the large tree species (the 
large fruit patch) may be preferred by both apes. Adding to the top fi ve species, 
Ficus thonningii and Myrianthus holstii were preferred both by gorillas and chim-
panzees, and Allophyllus sp., Ekebergia capensis, and Maesa lanceolata were pre-
ferred by chimpanzees. The fruit species preferred by chimpanzees were found 
to have larger basal area than those by gorillas in both the secondary and pri-
mary forests. These suggest that chimpanzees tended to feed on fruits of larger 
tree species than gorillas.

II. Seasonal Change in Abundance of Fruits Eaten by Gorillas and Chimpanzees

Fruit index was calculated from fruit species preferred by at least gorillas or 
chimpanzees. Twelve species were preferred by chimpanzees (Allophyllus sp., 
Bridelia bridelifolia, Cassipourea ruwenzoriensis, Diospyros honleana, Ekebergia 
capensis, Ficus oreadryadum, Ficus thonningii, Maesa lanceolata, Myrianthus 
holstii, Newtonia buchananii, Psychotria palustris, and Syzygium parvifolium), and 
six out of these species (underlined species) were also preferred by gorillas.

Monthly change in fruit index calculated from the proportion of fruiting trees 
shows that the fruit index for chimpanzees fl uctuates more than that for gorillas 
in both the secondary and primary forests (Fig. 3). Annual differences in the fruit 

Fig. 3. Monthly change in fruit index for fruit species eaten by gorillas (square) and chimpanzees 
(circle) in the secondary forest (upper) and primary forest (lower) from 1994 to 2002.
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index for chimpanzees are also larger than those for gorillas. Exceptionally, from 
1994 to 1996 the fruit index for gorillas fl uctuates more than that of chimpan-
zees in the secondary forest. Monthly changes in fruit index highly correlate pos-
itively between gorillas and chimpanzees in the secondary forest (Regression cor-
relation, R2=0.357, p<0.0001), while there is no signifi cant correlation in the pri-
mary forest (R2=0.184, p=0.33).

Monthly changes in fruit index do not correlate signifi cantly with rainfall (goril-
las: R2=0.001 in the secondary forest and R2=0.001 in the primary forest; chim-
panzees: R2=0.009 in the secondary forest and R2=0.001 in the primary forest). 
Comparison within each year (1995, 1998, 1999, 2000, 2001, and 2002) shows 
that monthly changes in fruit index negatively correlate with rainfall for gorillas 
in the secondary forest in 2000 (R2=0.509, p<0.01).

Monthly changes in ripe fruit index (1998–2002) calculated from the propor-
tion of trees bearing ripe fruits also show that the fruit index for chimpanzees 
fl uctuate more largely than that for gorillas (Fig. 4). Monthly changes in ripe 
fruit index positively correlate between gorillas and chimpanzees in the second-
ary forest (R2=0.121, p<0.01), but not in the primary forest (R2=0.039, 
p=0.1427).

Monthly changes in ripe fruit index negatively correlate with rainfall only for 
gorillas in the primary forest (R2=0.108, p<0.05). Correlation with rainfall for 
gorillas in the secondary forest (R2=0.02) and those for chimpanzees in both the 
secondary and primary forests (R2=0.042, 0.005) were not signifi cant. Compari-
son within each year shows that the ripe fruit index negatively correlates with 
rainfall in the primary forest for gorillas (R2=0.430, p<0.05 in 2000; R2=0.660, 

Fig. 4. Monthly change in ripe fruit index for fruit species eaten by gorillas (square) and chimpan-
zees (circle) in the secondary forest (upper) and in the primary forest (lower) from 1998 to 2002.
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p<0.01 in 2002) and for chimpanzees (R2=0.334, p<0.05 in 2000).

III. Phenology of Fruit Species Eaten by Gorillas and Chimpanzees

Among the twelve species whose fruits were preferred by gorillas or chimpan-
zees, four species show signifi cant correlations of monthly changes in the pro-
portion of trees bearing ripe fruits with rainfall (Fig. 5). Ficus thonningii shows 
positive correlations (R2=0.105, p<0.05), and Bridelia bridelifolia (R2=0.089, 
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Fig. 5. Monthly changes in rainfall and the proportion of trees bearing ripe fruits for each tree 
 species from 1998 to 2002.
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p<0.05), Maesa laceolata (R2=0.125, p<0.01), and Myrianthus holstii (R2=0.220, 
p<0.001) show negative correlations with rainfall.

Monthly changes in the proportion of trees bearing ripe fruits show similar 
patterns between several species (Table 3). All signifi cant correlations are posi-
tive. Bridelia bridelifolia, Cassipourea ruwenzoriensis, Ekebergia capensis, Maesa 
lanceolata, Myrianthus holstii, and Psychotria palustris show signifi cant positive 
correlations (p<0.001) with each other. A high proportion of Ekeberigia capensis, 
Maesa lanceolata, and Psychotria palustris trees tended to bear ripe fruits for 
prolonged periods continuously. Ficus oreadryadum, Ficus thonningii, and New-
tonia buchananii also bore ripe fruits for prolonged periods (in more than 30 out 
of 56 months), although the proportion of fruiting trees was relatively low. These 
fruits available for long periods may constitute stable foods for the apes. Ripe 
fruits of Allophyllus sp., Bridelia bridelifolia, Cassipourea ruwenzoriensis, and 
Diospyros honleana were available within short limited periods.

Five out of six tree species preferred by gorillas tended to bear ripe fruit in a 
small proportion of the trees in any month. By contrast, fi ve out of six tree spe-
cies only preferred by chimpanzees tended to bear ripe fruits in a large propor-
tion of trees within a month.

Table 3. Correlation coeffi cients between each fruit species from the regression coeffi cient analysis on 
monthly changes in the proportion of trees bearing ripe fruits

B. bridelifolia C. ruwenzoriensis D. honleana E. capensis F. oreadryadum

Allophyllus sp. 0.015 0.057 0.008  0.088* 0.035
Bridelia bridelifolia    0.308*** 0.007 0.011 0.01
Cassipourea ruwenzoriensis 0.007   0.119** 0.025
Diospyros honleana 0.005 0.023
Ekebergia capensis 0.014
Ficus oreadryadum
Ficus thonningii
Maesa lanceolata
Myrianthus holstii
Newtonia buchananii
Psychotria palustris
Syzygium parvifolium

F. thonningi M. lanceolata M. holstii N. Buchananii P. palustris S. parvifolium

Allophyllus sp. 0.011 0.005 0.039 0.003 0.045    0.318***
Bridelia bridelifolia 0.011    0.353*** 0.06 0.044    0.330*** 0.02
Cassipourea ruwenzoriensis 0.051    0.416*** 0.094 0.008  0.098* 0.002
Diospyros honleana 0.039 0.029 0.023 0.012 0.013 0.003
Ekebergia capensis 0.003  0.113*    0.313***   0.00005 0.001 0.022
Ficus oreadryadum   0.168** 0.025 0.003 0.036  0.0001    0.000001
Ficus thonningii 0.002 0.013  0.0002   0.00002 0.005
Maesa lanceolata    0.227*** 0.027    0.255*** 0.037
Myrianthus holstii 0.001 0.062 0.015
Newtonia buchananii  0.093* 0.002
Psychotria palustris 0.013
Syzygium parvifolium

* p<0.05, ** p<0.01, *** p<0.001: all signifi cant correlations are positive
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DISCUSSION

The diversity of tree species in the montane forest of Kahuzi-Biega National 
Park and that of fruit species eaten by gorillas and chimpanzees are low. We 
found only 49 species of trees above 10 cm in DBH in a transect of 20 m×5,000 m, 
in which 21 fruit species were eaten by gorillas and 25 fruit species were eaten 
by chimpanzees. In the lowland tropical forest at Lopé, Gabon, 345 tree species 
(above 10 cm in DBH) were counted on fi ve transects of 5 m×5,000 m, and of 
these, 65 fruit species were eaten by gorillas and 87 fruit species were eaten by 
chimpanzees (Williamson et al., 1990; Tutin et al., 1994; Tutin & Fernandez, 
1993). In the lowland extension of Kahuzi-Biega National Park (at an altitude of 
650 m), about 150 tree species (above 10 cm in DBH) were counted on a tran-
sect of 10 m×8,000 m, and 46 and 35 fruit species were eaten by gorillas and 
chimpanzees, respectively (Yumoto et al., 1994; Yamagiwa et al., 2003). Further-
more, the top 5 species accounted for half of the total basal area in Kahuzi. The 
montane forest of Kahuzi is characterized by its low diversity of trees and the 
few dominant tree species representing the major basal area, as observed in other 
montane forests in Equatorial Africa (Hamilton, 1975; Sun et al., 1996). These 
results suggest that seasonal fl uctuation in fruit abundance of these dominant tree 
species may have a great infl uence on the survival of gorillas and chimpan-
zees.

Among the top ten species in basal area, fruit species preferred by gorillas 
(Bridelia bridelifolia, Ficus oreadryadum, Ficus thonningii, and Syzygium parvi-
folium) did not show a marked intra-specifi c synchrony in fruiting. Five out of 
six tree species preferred by gorillas tended to bear ripe fruit in a small propor-
tion of trees in any month. These fruit species were also preferred by chimpan-
zees. However, in the fruit species preferred only by chimpanzees, many species 
showed synchrony in fruiting. Among the top ten species in basal area, Allophyl-
lus sp., Ekebergia capensis, and Maesa lanceolata showed marked synchrony. 
Five out of six species only preferred by chimpanzees showed clumped fruiting 
patterns. These differences in fruiting patterns may infl uence the foraging patterns 
of apes. Gorillas tend to travel widely and to visit fruiting trees opportunistically, 
while chimpanzees continuously visit particular fruiting trees for a prolonged 
period within a small area at Kahuzi (Yamagiwa et al., 1996b; Basabose & 
Yamagiwa, 2002).

Monthly fl uctuation in abundance of fruits eaten by gorillas or chimpanzees 
did not correlate with rainfall. Although annual variations are large, monthly fl uc-
tuation in abundance of ripe fruits negatively correlated with rainfall in some 
years. These observations are inconsistent with other studies in the lowland trop-
ical forests, where fruiting often peaks in the rainy season or during the wettest 
period (Hilty, 1980; Sabatier, 1985). In the lowland tropical forests that both goril-
las and chimpanzees inhabit sympatrically, the dry season is regarded as a period 
of fruit scarcity (Tutin & Fernandez, 1993; Kuroda et al., 1996). The germina-
tion hypothesis predicts that more plants should time their fruiting to coincide 
with the start of the rainy season in seasonally dry forests (Garwood, 1983; van 
Schaik et al., 1993). In the Kibale Forest, Uganda (at an elevation of 1,500 m), 
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fruiting tended to peak at the end of the wet season and at the start of the dry 
season, probably because biannual rainfall may reduce water stress (Chapman et 
al., 1999). However, this is not the case for Kahuzi, where only one dry season 
was common. In the montane forest of Nyungwe, Rwanda (almost the same alti-
tude as Kahuzi), the peak of fruiting was extended from the major rainy season 
throughout the entire dry season (Sun et al., 1996). White (1994) suggested that 
species fruiting during the dry season tended to produce fruit over a long period, 
perhaps because environmental conditions limited the amount of fruit that could 
ripen at any given time. At Kahuzi, most tree species having a peak in fruiting 
during the dry season tended to extend the peak into the fi rst one or two months 
of the subsequent rainy season. This tendency may refl ect the strategies of these 
tree species to avoid intra-specifi c competition for animal dispersers. Apparently 
gorillas and chimpanzees play an important role in seed dispersal of these fruit 
species at Kahuzi.

Negative correlations of monthly fruit index with rainfall were more distinct 
for fruits preferred by gorillas in the primary forest. The seasonality of fruiting 
may infl uence a gorilla’s foraging patterns. At Kahuzi, gorillas tended to range 
in the primary forest and prominently increased consumption of fruits during the 
dry season (Yamagiwa et al., 1996a; Yamagiwa et al.,1996b). By contrast, chim-
panzees did not change ranging areas throughout the entire year, although they 
also increased consumption of fruits during the dry season. Monthly fl uctuation 
in abundance of preferred fruit was larger for chimpanzees than for gorillas. 
Chimpanzees rely on more unstable fruit food resources than gorillas. Fission and 
fusion grouping patterns and individual foraging of chimpanzees may mitigate 
within-group feeding competition, which is variable with these unstable foods.

White (1994) pointed out that tree species fruiting over a long period, such as 
Duboscia macrocarpa, may constitute a keystone food for apes in the lowland 
tropical forest at Lopé. Fig fruits in Kibale Forest and fruits of Musanga Leo-
errerae in Kalinzu Forest, Uganda, provide fallback food for chimpanzees due to 
their long availability, especially during periods of fruit scarcity (Wrangham et 
al., 1996; Furuichi et al., 2001). At Kahuzi, fruit species preferred by gorillas or 
chimpanzees tended to fruit for long periods. Among these, Ficus spp. Myrian-
thus holstii, and Syzygium parvifolium are ranked in the top ten species in basal 
area and were preferred by both apes. Adding to these species, Maesa lanceolata 
and Newtonia Buchananii are important for chimpanzees, representing a large 
basal area and bearing long lasting fruits.

In the montane forest of Kahuzi, gorillas inhabit the area at a higher density 
than do chimpanzees (0.43–0.47 gorillas/km2 vs. 0.16 chimpanzees/km2, Yamagiwa 
et al, 1992; Yamagiwa et al, 1993). This may refl ect a smaller home range of 
chimpanzees and wide areas unused by chimpanzees within the park (Basabose 
& Yamagiwa, 2002). In other montane forests neighboring Kahuzi, gorillas and 
chimpanzees inhabit the Virunga Vocanoes allopatrically, and only chimpanzees 
inhabit the Nyungwe Forest. Although human disturbance in the past may have 
various infl uences on the present distribution of apes, seasonal availability of 
high-quality foods may be one of the factors causing such consequences. The 
availability of fruits is the most important factor for the survival of chimpanzees. 
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In the Kibale Forest, where only chimpanzees inhabit the area at high density 
(1.5–2.5 chimpanzees/km2, Ghiglieri, 1984), fruiting is synchronous for 64% of 
the tree species (Chapman et al., 1999). At Kahuzi, fruit species preferred only 
by chimpanzees were synchronous, while fruit species preferred by gorillas were 
not. The low density of chimpanzees at Kahuzi may be attributed to the small 
biomass of tree species with synchronous fruiting and the presence of gorillas 
showing seasonal frougivory. Our study suggests that fruiting patterns may infl u-
ence the foraging strategies of gorillas and chimpanzees as well as their sympat-
ric coexistence. Monitoring of the important fruit species and maintaining these 
fruit resources are crucial tasks for conservation of the gorillas and chimpanzees 
and for wise management of national parks.
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