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Abstraet Ranging behavior and habitat use by chimpanzees were stadied for ten months in
the Kasoje area of the Mahale Mountains National Park, Tanzania. The line transect method

was used to estimate the density and diversity of trees, lianas and herbaceous plants in the
families Marantaceae and Zingiberaceae to determine their distribution and availability as

food for chimpanzees. A principal components analysis of the transect plots using species

presence and absence and species frequency data identified seven distinc{ vegetation types

including five types of lowland forest and two types of woodland. Moisture was the vaiiable
best correlated with the dis{ribution of forest and woedland. Chimpanzees utilized both forest

and woodland, ingesting 70 food items which included 59 species of plants, 6 species of
animals, termite earth and water. Fruits were prefemed in the diet but other plant parts such as

leaves and pith were consumed to meet nutritiona! requirements and {o offsets periods when

fruit was scarce. Chimpanzee foods were classified as "major" or "minor" based on their
relative proportion in the diet The density of major food plants was highest in low!and fores{

while woodland contained a relatively higher proportion ef "minor" foocls. Therefore, forest

was determined to be the vegetation type most important to the chimpanzees in Mahale. Ranging

patterns were explained by the distribution of vegetation types and the density of seasonally

available foods. Chirnpanzees used forested areas intensively when fruits were available, and

ranged over a wider area and rnade less frequent visits to individual areas of the horne range

when fruits were less abundant. Differences in the densi{y and distribution of some food
species were explained by the presenoe of the exetic {ree Senna spectabilis. Quantification of

the occurrence of Senna relative to native vegetation revealed that this tree is a poor competi-

tor under established secondary forest but a suecessful invader of areas previously cleared for

farrnland.

Key words Chimpanzee, Diet Food availability, Mahale, Ranging pattem, Vegetation

Entroduction

    The Kasoje area is the site of long-term investigations into the behavior and
socioecology of the eastern subspecies of chimpanzee, Pan troglodytes schweinfarthii
(Nishida 1990). A number of descriptions of the chimpanzee habitat have been published

(Nishida 1968; Nishida & Uehara 1981; Collins & McGrew 1988; Itani 1990) and scien-
tists have collected and catalogued many of the plants in the area including those used by

the chimpanzees as food (Nishida & Uehara 19EB). Nishida & Uehara (1981) listed more
than 600 species of plants found at Kasoje and surrounding areas. Lovett (1994) estimated
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that there may be in excess of 2000 vascular plant species in the Park and among these are

probably numerous rare plants and endemics.
   It has been Roted that chimpanzees have an "affinity for forests" (Massawe 1992).

Kasoje has a higher propertion of forest relative to other vegetation types when compared

to sites to the north such as Bilenge and Gombe (Collins & McGrew 1988). However, no
data have thus far been available on the relative densities of resources or differential use

of these vegetation types by chimpanzees.

   Some studies have attempted to relate differences in the behavior of chimpanzees at
different sites to differences in their habitat (e.g. Suzuki 1969). Studies have shown that

chimpanzees living in lowland forests are mainly frugivorous (Nishida & Uehara 1983;
Goodall 1986; Isabirye-Basuta 1989 and others) while fruit constitutes a much smaller
propertion of their diet in montane areas (Yamagiwa et al. 1996). Variation in the spatial

and temporal availability of resources would be expected to have an impact on such char-

acteristics as population density, group movement aild home range size, however until

recently comparable measures across most chimpanzee populations have been lacking
(Collins & McGrew 1988). This paper provides a quantitative description of the chimpan-

zee habitat at Kasoje, and explores their ranging behavior and habitat use in relation to

food availability.

   The park lies within the transition zone between the chief West African and East
African subdivisions of the Ethiopian region. White (1981) classified the vegetation of

this area as "wetter Zambeziall miombo woodland" dominated by Brachystegia,
Julbernardia and Isoberlinia which extends over westem Tanzania, Zambia and Angola.
There are also patches of riverine, lowland, submontane and montane forest which are
mostly Guineo-Congolian in origin (Lovett 1994). Kasoje has been described as a "forest

island" in the midst of the miombo (Nishida 1990). Evaporative cooling of lake air sup-

ports extensive forest development on the western slopes of the mountains and permits

the existence of a number of moist forest species, many of which link the area to the

Guineo-Collgolian forests to the west. In drier areas of the coasta1 plain there are expan-

sive woodlands with affinities to the Zambezian region of endemism (White 1981).

   The general goals of the study was to analyze the structure and composition of veg-

etation in the habitat and quantification of the spatial availability of chimpanzee food

trees and lianas and to collect data on the ranging and feeding behavior of M group chim-

panzees.

Methods

   A tota1 of 10 months were spent in the field, from 23 July 1994 to 30 May 1995. Days

were divided between botanical sampling and following chimpanzees. The year was di-
vided into wet and dry seasons based on the amount of rainfall in each month. A "dry"

month was one in which total rainfall amounted to less than 1oo mm and a "wet" month
one in which total rainfall exceeded lOO mm (Myers 1980). Total raiRfall for the study

period (1586.8 mm; Fig. I) was below normal (mean of l975-1988 was 1835.5 mm;
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Takasaki et al. 1990). The monthly mean daily minimum and maximum temperatures
were 18.30C and 29.00C respectively. There was little variation between months (< 40C)
(Fig. 1). Humidity was high throughout the year, and usually ranges from 85-1009o at

0800 hours.

[fi'ansect studies

   Forest composition was studied by line transect. Transects were located within veg-

etation types previously classified by Nishida on the basis of physiognomy (Nishida 1977;

Nishida & Uehara 1981) at altitudes from 780 m to 1300 m. The vegetation of different
areas of the habitat including features such as slopes, valley bottoms, riverbanks and ridge

tops were sampled in a tota1 of 140 plots (18 transects with a combined area of 7 hectares).

Straight lines were cut through the vegetation on predetermined compass bearings and
distance markers were positioned every 50 m. All trees within 5 m of the transect's main

liile with a diametef of 10 cm or greater (measured at 1.3 m above the ground or above
buttresses) and all lianas with a diameter of 3 cm or greater (measured 1.3 m from where

the stem emerged from the ground; if there were several stems they were measured indi-

vidually and an average taken) were identified assigned identification numbers. The for-

est ground cover was sampled by recording the densities of herbs, shrubs, seedlings and
saplings within six hundreds 1 m2 plots nested within the transect plots. Altitude was

recorded and soil type and canopy cover were described. Trees were identified by refer-

ence to a list of plant names for Mahale (Nishida & Uehara 1981). The identification of

many species was confirmed on site by Mr. CK Ruffo of the National Tree Seed Programme,

Morogoro, Tanzania. Additional identification of botanical specimens was done by Dr. K

Vollesen of the Royal Botanic Gardens at Kew. For some trees which could not be identi-

fied during the study fertile voucher specimens were collected and identified with the
assistance of Dr. N Itoh.

   The following characteristics were considered to be iildicators of vegetation struc-

ture: densities and basal areas of trees, liana density, canopy cover and density of the

ground covez The density and basal area oftree and liana species considered to be impor-
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Fig. 1. Monthly distribution of rainfall,
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taRt sources of food for chimpanzees were used as measures of resource abundance in
each vegetation type.

Herbaeeous yegetatien
   To examine the availability of the herbaceous vegetation, Aframomum mala,
Aframomum alboviolaceum, Costus afer (Zingiberaceae) and Marantochloa leucantha
(Marantaceae) and one shrub, Psychotria peduncularis (Rubiaceae) were counted in 1 m2

plots (n=300) randomly 1ocated on transects in forest.

Diversity measures
   The measures used to evaluate diversity at Kasoje were chosen because they are
widely used and relatively easy to calculate and understand. Ordination techniques such

as principal components analysis are usefu1 for identifying the characteristic communities

and species present in a sample; however they do not difectly measure P diversity per se

(P diversity is the difference or similarity of a range of habitats or samples in terms of the

variety and sometimes the abundance of species in them (Magurran l988)). Measures of
6 diversity can thus be used to compare the diversity of different communities. One
widely used index is the Sorensen quantitative iRdex (2Nj / (Na+Nb)) wkere Na methe total

number of individuals in site a; Nb=the total number of individuals in site b; Nii=the sum

of the lower of the two abundances recorded for species found in both). The disadvantage

of qualitative similarity indices is that all species count equally in the equation wkether

they are abundant or rare (Magurran l988). The Sorensen index takes into account the
relative abundance of all species in the sample and is thus considered a better represeRta-

tion of the tfue diversity of the sample. The index is designed to equal 1 in cases of

complete similarity.

   Shannon's measure, H' = -2ipilogp, where p, is the proportiog of the ith out of S
species is also commonly used as aR indicator of species diversity (Grieg-Smith 1983).

Vegetation map
   A preliminary map of the vegetation in tlie study site (Appx. 1) was prepared using an

existing Tanzanian-Canadian government map of the area (Ministry of Lands series Y742
sheet 150/2 edition 1-TSD) aild results of the transect studies supplemented by aerial

photographs (provided by T. Nishida) and a Landsat TM image of Mahale takeR in 1984.

Chimpsnzee behavior
   The M group numbered approximately 60 individuals (8-9 adult males and 22-25
adult females) iR l994-1995. The data were collected during 460 hours of direct observa-

tioR during 207 days from August to Apri1. 0nce the maiR study group (the alpha male and

his followers) was located they wefe followed as long as possible, until they were lost or

made their night nests. Follows which lasted less than 1 houf were excluded from the
analysis. Feeding and ranging behavior of the group were sampled continuously. The
positioR aRd movement of the group were plotted on an existing map of the study site and

trail system divided into 250 m x 250 m quadrats. The length of a day journey was the
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distance traveled by the study group from the time they left their nests from the previous

night or were located to the time they made their new night nests or were lost. Home range

use was measured by counting the number of quadrats visited aRd revisited each day and

the cumulative number of different quadrats visited each month. Home range size was

measured by countiRg the cumulative number of differeRt quadrats entered during the
entire study. To study differential use of the vegetatioil by chimpanzees, the quadrat use

map was superimposed over the vegetation map and the numbers and vegetation types of
each quadrat entered were recorded. This iRformation was used to calculate the percent

use and seasonality of use of each vegetation type.

Definitions
   In this paper "forest" means a coRtiRuous stand of trecs at least 10 m ta11 consisting of

several layer or storeys. The crowns of individual trees interdigitate or overlap (White

1981) and "woodland" means a stand of "small to medium-sized tfees (8-20 m), with a

canopy cover of 70-909o, light foliage of compeund leaves, sparse woody undergrowth
and a more or less continuous cover of sun-loviRg grasses" (Menaut et al. 1995). The term

"semi-evergreeu forest" is used to signify that some canopy species are briefiy deciduous

although not all at the same time, while most members of the understorey are evergreen.

The term "mature" is used instead of "primary" which have been used to describe the
vegetation at Kasoje (Takasaki 1983; Itani 199e; Lovett 1994).

Statistics

   Transect plots were compafed by developiRg matrices based on 1) Jaccard's similar-
ity coeff!cieRt for presence/absence data U/(a+b-1),1' ----- the number of species found in

both plots; a = the number of species in plot a; b = the number of species in plot b) and 2)

Euclidean normalized distallce measure for frequency data and the mauices was ordinated

at the ERvironment Department, University of York, England using the principal coordi-

naÅíes analysis (PCA) R-package written by Pierre Legendre, University of Montreal,
Canada. Ordination is a multivariate statistical method used to arrange samples (species)

on axes by order of the amount of variation they contain. PCA rotates the data points such

that maximum variability iR the data is visible, thus identifying important gradients such

as moisture or altitude. The results can be displayed graphically where sites with similar

species compositions are nearby and dissimilar sites are far apart. Each axis has an asso-

ciated eigenvalue (also knowlt as latent root) related to the amount of variation explained

by the axis. With a complex data set each axis will not contain a large amount of the
variation, therefore multiple axes are used in the biological interpfetatioR of the data.

Results

Ordination
   The ordinatioR using presence absence data (see Methods) shows separation of data
points representing 3 distinct plant commuRities. Communities were distinguished as ei-

ther "forest" or "woodland" based on the presence or absence of indicator species, a well-
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defined set of species nearly resuicted to those formations (Lind & Morrison 1974; Palgrave

1977; White l981; Beenlje 1994). Woodland and forest are clustered and separated along

the positive and negative parts, respectively, ofAxis 1 (Fig. 2). The environmental gradi-

ents most closely associated with this separation are l) moisture, i.e. formations contain-

ing moist forest species are well-developed on the lower slopes of the mountains and
around permanent streams and 2) disturbance, with forest predominated by colonizing
species (such as Senna spectabilis and Croton sylvaticus found in areas of abandoned
farmland on the coastal plain.

   Axes 1 and 3 of PCA using species frequency data reveals dissimilarities in the com-

position of transect plots in woodland. Plots where Brachystegia bussei was abundant are

grouped oR the negative part of axis 3 and the positive part of axis 1, and separated from

plots where trees of the Combretum genera were abundant. The plots containing B. bussei

are classified as "miombo woodland" (Fig. 3). On this set of axes riverine forest domi-
nated by Ficus vallis-choudae also appears as a distinct cluster of data points high on the

positive part of axis 3.

   The ordination of species frequency data separated two forest communities which
were classified on the basis of the predominant tree species found in them: Erythrophleum

suaveolens) forest appears as a cluster on the positive parts of Axis 3 and Axis 2 with

Xylopia-Pycnanthus forest below it on the negative part ofAxis 3 and the positive part of
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Axis 2 (Fig. 4). Forest dominated by the exotic tree S. spectabilis also appears as a dis-

tinct cluster of data poiilts separated low oR the negative part of axis 3. The major vegeta-

tion types and the percent cover of each type are as follows: lowland forest (Xylopia-

Pycnanthus and Erythrophleum) (61.5qo); forest on abandoned farmland (S. spectabilis,

C. sylvaticus and other spp.) (11.59o); woodland (Combretum and other spp.) (19.29o);

Miombo (B. bussei) woodland (3.89o); and swamp (3.89o). For tree species representing

these vegetation types, see Appx. 2.

Forest and woodland structure
a. Tree basal area and diameters

   Basal area of trees calculated from diameters have been used as a measure of forest

maturity (Williamson 1988). The paR-tropical mean for mature forest is 32 m2/ha (Dawkins

1958, 1959 cited in Mabberly 1992). At Kasoje, basal area is very close to or at the mean

at 33.2 m2fha in Xylopia-Pycnanthus forest and 31.7 m2fha in Er ythrophleum forest.

   The frequency distributions of tree diameters in forest (Figs. 5 and 6) and weodland
(Fig. 7) show that overall there are large numbers of trees iR the small diameter classes

and fewer large trees with a declining tendency from small to large diameters.

b. Tree densilies

   Tree densities in forest at Kasoje varied among vegetation types: The highest density

was in Erythrophleum forest (473 stems/ha) followed by C. sylvaticus forest (451 stems/

ha), Xylopia-Pycnanthus forest (437 stems/ha) and S. spectabilis forest (239 stems/ha).
Biochemical studies have revealed that S. spectabilis produces allelochemicals which may

interfere with the grewth of other plant life (H. Ohigashi pers. comm.) but it is not under-

stood whether that plays a factor in the very low density of trees in that vegetation type

compared to other types of forest at Kasoje. Tree density in Combretum woodland was
572 stems/ha., while density in miombo woodland was estimated at 480 steins!ha.

c. LiancLs

   Erythrophleum forest had the greatest numbers and species of liamas: 11 species (9
families) of woody climbers formed 269o of the total density and approximately 1 9o of the

tota1 basal area in plots. Several species of weody climbers sometimes formed "vine tow-

ers"  on isolated trees, tota11y covering the canopy. The same species of lianas found in

Erythrophleum forest were present in Xylopia-Pycnanthus fofest but they comprised a
much smaller proportion of the density (79o) and basal area (O.39o). Twenty eight lianas

of 6 species and 5 families were recerded in riverine forest. Large lianas such as S.

comorensis sometimes spanned the crowns of several trees. Lianas formed a very small
proportion of the total basal area (< 1 9o) in C. sylvaticus and S. spectabilis forest and were

absent omearly absent in rniombo and Combretum woodland.

Diyersity of tree species and vegetation types

   Diversity has two cemponents: the variety and the abundance of species. Species
richness (abundance) can be measured by a straightforward count of the number of spe-
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cies present. 2268 individuals of 129 species of trees and lianas representing 41 families

were identified oR transects. Caesalpiniaceae was represented by the highest number of

trees (Table 1). Together the Leguminosae (Caesalpiniaceae, Mimosaceae and
Papilionaceae) accounted for 209o of the tota1 density and 44% of the diversity (20 spe•-

cies). A plot of cumulative species diversity against the area sampled (Fig. 8) shows that

the number of Rew species encountered oR transects began to level off at about 4 hectares,

so it is possible to make some reasonable estimates about the diversity of trees and large

lianas at Kasoje.

   Diversity of tree species in S. spectabilis forest was slightly lower than other types of

forest but not extremely low at 36 spp.fha. The highest diversity was found in Erythrophleum

forest and Combretum woodland, both estimated at 48 spp./ha.

   A number of factors contribute to the diversity of the habitat at Kasoje. Fundamental
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variations in forest structure are further modified by seasonal, orographic, topographic,

edaphic and humaR infiuences. The Sorenson quantitative index was used to assess whether

there were significant differences between vegetation types. The Sorenson index for

Xylopia-Pyncnanthus forest and Combretum woodland was O.O13, showing that these
two vegetation types are very dissimilar in species composition and abundances. The
index for Xylopia-Pycnanthus and Ei ythrophleum forest was O.324, which indicates dis-
similarity even within forest types.

   Shannon's measure also revealed significant differences in the diversity of vegeta-

tion types (Table 2). A t•-test showed that there were significant differences in diversity

between most vegetation types (p <O.Ol). Again, Erythrophleum forest was the most di--

verse of the vegetation types. Shannon measures calculated for two other types of lowland

forest indicated that they were less diverse than Ei ythrophleum forest (C. sylvaticus for-
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est: H' = 2.906; S. spectabilis forest: H' = 2.643). Diversity was lower in miombo wood-

land, where one species, B. bussei, made up a large proportion of the density. Diversity in

Xylopia-Pycnanthus forest and Combretum woodland were slightly lower but similar to
Erythrophleum forest.

Ckimpanzee food availability
a. Density offood trees and lianas

   The proportion of food trees in the population was used as ail indicator of chimpan-

zee food availability in different vegetation types. Some studies have used Importance

Values (IVs; Williamson 1988) which combine measurements of relative density, basal

area and frequency into one value; however they are open to criticism in that the mode of
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combining is arbitrary and different situations can give rise to the same combined value

(Grieg-Smith l983). When detailed information on e.g. species abundance and biomass is

available it is considered more straightfofward to report the proportional abundance of

species in the habitat rather than possibly masking divefsity in IVs (E.C. Pielou pers.

comm.). Food species have been classified as "majof" (eaten for more than 309o of feed-

ing time in a given month) or "minor" according to their relative importance in the chim-

panzee diet based on long-term feeding records (Nishida 1991). Table 2 shows the rela-

tive density and basal area of major and minor food trees and lianas in all vegetation

types. Xylopia-Pycnanthus and Erythrophleum forests are particularly rich in foods con-

sidered key components of the chimpanzee diet, while C. sylvaticus forest and Combrelum

woodland have higker proportions of minor foods. Miombo woodland contains the low-
est density of chimpanzee foods (Table 2) due to the fact that one species, B. bussei,
makes up a large pordon of the total density and basal area in this vegetation type. Chim-

panzees have been noted to occasionally eat the seeds and bark ofB. bussei, however this

species is not considered an iraportant source of food for chimpanzees (Nishida pers.

comm.).

b. Distribution offood trees

   Many fruit trees occurred in clumps or patches as opposed to being more regular in

their distribution (Appx. 3). Complex analyses of pattern were beyond the scope of this

study, however some observations can be made. The widespread or "hyperdispersion" of
species such as S. comorensis and P. angolensis may be due to the high density of these

species and heterogeneity of forest composition in some areas. F. vallis-choudae, how-

ever, is fairly restricted, occurring along rivers or in moist valley bottoms and therefore

can be considered "patchy" or "contagious" in its distribution.

Table l Dorrt'nant favTilies of trees and liana$ iR Kasoje a$ a

proportion of the tetal denslty (2268 individuals) and the tctal basal

Farni}y No. of Species Density (%) Ba$ai area (%)

Caesalpinieceae

dmretaceae
Apocynaceae
kphorbiaceae

Annonaceae
Moraceae
&' gnonlaceae

rVlyristicaceae

Anacardiaceae

ibpilionaceae

Mrnosaceae

'i

2   i t4.9

to.o

8.2

8,1

6.6

6.2

5.4

4.5

4.0

3A
IS

ilil,

Total 60 72.9 35.8
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Table 2 Diversity of vegetation rypes and percentages of major and minor focxis at Kasoje.

Vegitation type Shannon index
of diversity (H' )

No. of

spplha
 Density
Major Minor

Total basal area (9e)

  Major Minor

Xylopia-Pycnanthus forest

Erythrophleum forest

Kverine forest

Croton sylvaticus forest

Senna spectabilis forest

Combretum woodland
Miombo woodland

2.88

3.65
2.25

2.91

2.64

Z89
2.08

ag

6,3,

,83

,

io3

zg

73/t o

g2

16

3g

   ,71i

c. Herbaceous vegetation
   The distribution of P. peduncularis, the fruits of which are consumed by chimpanzees

during the latter part of the rainy season and early dry season, was ubiquitous (759o of

plots) in Xylopia-Pycnanthus and Erythrophleum forest with densities ranging from one

to 20 stems per plot (mean density 4. 1 stems/m2) while stems of M. Ieucantha were patchy

in their distribution (169o of total density; mean density 5.6 stemslm2). The relative den-

sity of Costus afer was low (49o of total density) with stems concentrated in two small

patches of a few plots each. Although not common on transects, this herb was observed to

form dense stands up to 2 meters tall in marshy areas along streams. Species of ALframomum

were rare on transects, with only one or two stems in a small number of plots.

   The density and distribution of herbaceous fbods in S. spectabilis forest differed mark-

edly between secondary and other types of forest. Thirty seven species of herbs, lianas,

shrubs and tree seedlings ( <1 m tall) and saplings ( >1 m tall) were identified in 1842 m2

plots placed randomly on a transect in S. spectahilis forest. Seedlings and saplings of S.

spectabilis occurred in 439o of plots and formed 739o of the total density. P. peduncularis

was the second most frequent and second most common species (299o of plots; 149o of
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tota1 density). The two species showed little overlap in their distribution (Fig. 9). Other

species of chimpanzee foeds, i.e. M. Ieucantha and Aframomum spp. were rare.

   The pith of Pennisetum purpureum (Gramineae) is eaten by chimpanzees regularly
throughout the year (Nishida & Uehara l983). This species did not occur in any plots in

either matufe or secondary forest but rather is abundant in monodominant stands of sev-

eral hectares in what was formerly farmland.

Diet composition and diyersity
   At least 70 differeRt items including parts from 59 plant species, 6 ailimal species (2

mammal, 1 bird and 2 insect), soil from termite mounds and water were ingested during
the study period (Appx. 4). Fruit accounted for over 509o of the diet iR all months of the

study based on time spent feeding (Fig. 10). Chimpanzees ate the leaves and piths of 7

herbs and the fruit of one herb. Piths were harvested on the ground from large herbs of

Zingiberaceae and Pennisetumpurpureum (Graminae) and small lianas; the pith of 1 large

liana, S. comorensis (Apocynaceae) was eaten once. They also ate the leaves, flowers,
fruit, seeds, resin and bark of 52 species of trees, shrubs and lianas (see Appx. 4). Chim-

panzees consumed the fruits of 28 trees, 6 lianas, 2 shrubs and 1 herb. Fruits were har-

vested in the canopy, while foraging on the ground or collected from where they had
fallen and eaten either aloft or on the ground.

   Consumption of animal prey was highly seasonal. Chimpanzees hunted more in the
late dry and early rainy season (August to November) and ate ants of CrematogcLster spp.,
especially in September and October. In August to October they also ate insects (species

unknown) which formed galls on the leaves of the forest tree, Milicia excelsa.

   Chimpanzees fed on a larger number of food items during months of the late dry
season (August and September) when many trees in lowland forest did not bear fruit. The
proportion of fruit in the diet during those months remained high (Fig. i 1). Diet diversity

based on food items was not significantly correlated with the proportion of fruit or leaves

in the diet.

   During most rr}onths chimpanzees depended heavily on only a few, key items. Except
for August and September, more than 509o of feeding was conceRtrated on only 3 to 4
food items. A food item was determined to be important based on its proportional abun-
dance in the diet, the number of months it was eaten and its relative availability in the

habitat.

   Foods which were especially important to chimpanzees are as follows. Fruits and or
leaves of trees of the genus Ficus were eaten in 9 months during the study although the
overall importallce in the diet varied from month-to month. The fruit of the liana species

S. comorensis was eaten extensively in 9 months during the early to mid rainy season
when it comprised more than 209o of all feeding in each month. Large ground herbs of the

genus Aframomum were eaten in all months except October. Chimpanzees ate the fruit of
P. angolensis from September to January. The pith of Pennisetumpurpureum was eaten in

8 months but was especially important in February (13% of feeding). The ripe berries of

P. peduncularis were eaten in 3 montks but became especially important in April (18.6%
of feeding) as the availability of fruit in forest declined.
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Fig. 10. Proportional abundance of itefns in the chimpanzee diet during the entire study.
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Fig. 11. Number of food items eaten by chimpanzees during months of the study.

Chimpanzee home range size
   During a fourteen-month period chimpanzees visited a total ef 281 quadrats. A fur-

ther 3 1 quadrats not visited but bordered on at least two sides by ones which had been

were included in the final home range total of 312 quadrats. Home range size was esti-
mated to be 19.5 km2. This is smaller than Nishida's (1990) estimate of 21 km2 which is

based on long--term observations but very close to Hasegawa's (1990) estimate of 19.4
km2. The number of individuals in M group has declined from more than 1oo in 1989 to
less than 50 in 1998. ChaRges in group demographics no doubt have an affect on the size
of the territory the group needs and is able to defend (T. Nishida pers. comm.).

Day jeurlley length
   The total range of dayjourneys for the study group was 5eO m to 50oo m (Fig. 13;
mean 1811 m, s.d. 916, R = 208). When dayjourney length was compared on a month te
month basis (t-test) the followiRg observations could be made: 1) Mean day journey val-

ues were low in May, increased in June and decreased in July (no significant differences

between months); 2) Dayjourney length increased August and continued to increase in

September. The September monthly mean was significantly higher than the mean in all

months except August (April, May, Juiy and November p <O.O05; January and June p
<O.05; December p <O.02); 3) Dayjoumey length decreased significantly in October (p
<O.05) and continued to decrease in November; 4) Day journeys increased in December
and January. Chimpanzees were rarely sighted and no observations were possible for those

months.
   When dry and wet seasons were compared there was ilo significant difference in
mean monthly dayjourney length (mean dry : 1734 m; mean wet = l886 m).

Home range utilization
   An analysis of chimpanzee range use showed that they used different areas of their

home range at different rates and times during the study period (x2-test, p <O.OOI). The

281 quadrats in which chimpanzees were observed received a total of 2021 visi{s. The
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Fig. 13. Mean day joumeys by chimpanzees. Data not avaiaable for March 1995 due to infrequent sightings

of the main study group.

frequency and location of visits are shown in Fig. 14 and the distribution of visits is shown

in Fig. 15. The highest number of visits recorded to a single quadrat was 38. This quadrat

was in the area of the research camp which had been located on a travel route often used

by the chimpanzees. Fifty-four (19.29o) quadrats accounted for more than 509o of total

VISItS.

   The total number of quadrats of each vegetation type in the home range, number of
quadrats and the intensity of use by chimpanzees are shown in Table 3. A comparison of
vegetation in quadrats which were frequently visited (more than ten times) and those

which were not showed the following: Of the 31 quadrats in which chimps were not
ebserved two were in the permanently fiooded delta of a large river and one was in a

seasonally fiooded area where the vegetation was dominated by dense Pennisetum
purpureum and bamboo. Twenty three quadrats were in areas of hilly, forested terrain
above research trails, k is due perhaps more to the inaccessibili{y of these areas to re-

searchers than any other factor that chimpanzees were not directly observed in them; in

fact chimpanzee calls were heard coming from some mountainous areas that could not be
reached from the roads. Four quadrats which were not visited were on wooded hillsides
dominated by B. bussei and a final quadrat was in an area of forest at the northern bound-

ary of the home range. Forty one quadrats received 10 or raore visits. All of these were

located in lowland forest where the densities of fruit trees which are an important source

of food for chimpanzees are high.

   There were significant differences iR the monthly totals of visits and revisits per quadrat

(x2-test, p <.OO1). The months having the lowest total number of visits to all quadrats were

April 1994 and February and March 1995. These months have been noted as periods of
fruit scarcity when chimpanzees do not form large parties and feed mostly on terrestrial
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Table 3 Vegetation types and percent use of quadrats in vegetation types by chimpanzees during

the study.

Vegetation type Tota1 no.

  of
quadrates

9o use Relative use (9o)
      High Lowto Not
            moderate used

Lowland forest (Xylopia-Rycnanthus and
Erythrophleum)
Forest on abandoned farrnland (Senna spectabilis,

Croton sylvaticus and other spp)

Wbodland (Combretum and Brachystegia bussei)

Swamp

199

62

34

87.9

loo.e

g9 60•

6

20.6

45.2

gg

57.3

54.8

;22

o.o

o.o

?3 39s

Tota! 312 90.1

Each quadrat measures approximately 250 x 250 m. "High" use indicates chimpanzees were seen in the
quadrat le times or more; "low to moderate" use indicates less than 10 visks to a quadrat

herbaceous vegetation. April 1994 and March 1995 were also months in which the tota1
number of different quadrats visited was low. However, because of the infrequent sightings

of chimpanzees during these months it is not pessible to dfaw coRclusions about their
ranging behavior during these months.

   Sightings of chimpanzees in lowland areas increased significantly in May 1994 when
fruits of H. madagcLscariensis became available in secondary forest and wooded grass-

land. Althougk the total number of quadrats visited was higk, many quadrats were only
visited a few times. In June and July 1994 chimpanzees were observed in the eastern, hilly

part of their home range feeding on fruits of ALfrosersalisia cerasifera (Fig. 16). After A.

cerasifera trees finished fruiting and fraits of the forest tree P. angolensis became avail-

able, the Rumber of visits and revisits to quadfats in lowland forest increased, panicularly

in Septembef and October. Dufing this time chimpanzees concent!ated their search for
food in lowland areas, visiting and revisiting forest where the density of P. angolensis is

high. The total number gf visits and revisits to quadrats remained high in January and
February l995 when fruits of C. millenii and S. comorensis were also available in the
forest.

Discussion

Strueture and cemposition of the vegetation
   The Kasoje habitat is composed of a number of different forest and woodland types
which vary in structure and compesition. Most of the grassland and various successional
stages of forest are the result of earlier forest clearing for agriculture. Nishida (1990)

theorized that forest succession at Kasoje proceeded in the fellowiag manner: abandoned

field was replaced by Pennisetum purpureum (elephant grass) bush which would then be
colenized by pioneertng trees such as H. madagascariensis and Ficus spp., fellewed by P.
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Fig. 16. Numbers of visits to quadrats from April to August and from September to December 1994. Chim-

panzees ranged widely in the home range from Apri1 to August Visks to quadrats were concentrated in forest

when fruits of Pycnanthus angolensis and Cordia millenii were available.

angolensis dominated forest, and then a "climax" forest in which Albizia glaberrima,
Xylopia parvilflora and Julbernardia seretti were characteristic tree species. Although this

pattern has been observed to occur in some areas of lowland forest it has not occurred in

others (S Uehara pers. comm.). Some areas on the coasta1 plain which were disturbed
over a long period of time have been replaced by Imperata grassland (T Nishida pers.
comm.). The path that succession takes after forest has been cleared is likely to be influ-

enced by a number of factors. Ewel (1980) has pointed out that tropical succession seems

to be a nonlinear process that proceeds by "manifold routes" from pioneer phase to matu-

rity Differences in the pattern of succession at Kasoje may reflect 1ocal differences in

climate, soil, drainage and/or differences in the history of land use by humans. The com-

pesition of the initial regrowth also may depend on species present in the pre-disturbance

soil seed bank, the timing of disturbance in relation to the availability of wind-dispersed

seeds and the initial immigration of shade tolerant primary species (Swaine & Hall 1983).

The composition of forest on abandoned agricultural land at Kasoje is quite varied; where

the exotic tree S. spectabilis was introduced that species has spread to form large, nearly

monodominant stands while in other areas C. sylvaticus and other pioneering species
predominate.
    The density of trees in lowland forest at Kasoje (Xylopia--Pycnanthus and
Erythrophleum forest) was similar to that reported for forest at Gombe, while density in

Combretum woodland was higher than in vegetation types of similar composition at Gombe
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TTable 4 Density and diversky ef trees in rviendo woodland in Kasoje and ether sites in
Africa.

Lecation Sa le ar ea ha No. of tree$ ha No. of lha

Ka$o]e area, Mahale Mts.

Sin'bo Forest Reserva Plot no.
2S, Tabora region, Tanzanlai

Sirnbe Forest Reserve Plot no.
26, 17abora region, Tanzaniai

Shaba region, DervDcratie
Republic of Congo2

Geita region, Tanzaniai

O.55

3.3

4.2

?

O.1

452

1244

l31

447

l340

62

32

?

?

160

l: Borota, 1991; 2: Malai$se, 19 78.

(Clutton-Brock & Gillett 1979). The number of trees per unit area iR miombo forest shows

considerable variatioR according to the different localities in which it occurs (Borota 1991).

The density of miombo in lowland areas of Kasoje approximates that of forest in the
Shaba region in the southeastem part of the Democratic Republic of the Congo (Irable 4)

and is intermediate to areas of miombo in other regions of Tanzania. Differences in tree

density between Kasoje and other areas in Tanzania may be related to 1ocal difference in

soil, temperature and rainfall.

   Profiles of diameter classes of trees showed that there were overall large numbers of

trees in the smaller diameter classes with the numbers of trees iR each class declining from

small to large. This may be due to a previous history of forest clearing at Kasoje, however

the biological interpretation of stand tables is problematic (Bruuig 1983) and the same

patterns of tree diameter distribution can be seeR iR raaÅíure as well as young forest (Hall6

et al. 1978 cited iR SwaiRe & Hall 1983). In the absence of successive measurements on
sample plots, the size of a tropical tree is Rot a reliable indicator of its age (Longman &

Jenik 1987). One very comprehensive investigation iR a forest iR Southern Nigeria (Jones

1955;1956 cited in Longman & Jenirk 1987) found that Rumbers of shade-tolerant species

of the lower storeys decreased logarithmically, while light-demanding emergents were
deficient in some of the middle size-classes with sometimes no individuals of smaller

sizes. Frequency distributions of diameter classes in Xylopia--Pycnanthus and
Ei ythrophleum forest do not follow this pattern: there are large numbers of upper storey

as well as lower-storey trees in the smaller diameter classes. Much more information
about tree growth and underlying eRvironmenta1 factors would be needed to understand
forest succession and the pattems of density and diameter that are seen at Kasoje.

Tbeee and liana diversity

   It has been suggested that sampling is likely never to be comprehensive in terms of

the tota1 number of species recorded from an area unless almost the whole area is used as

the sample (Mabberly 1992). This is refiected by the fact that although it began to level



66 LINDAA. TURNER

Table 5 nensky and diversity of trees in forest in Kasoje anci other Afrlean farests

Location No, oftreeslha Basal ar ea ivie/ha No. ofs lha
Tanzan'ra
 Mahale Mountalns National Park (Kaseje)i

 GotTtxi Natlonal Park2

Cameroon
 Southern Bakundu Forest Reserve9

Gabon
 Lop6 Reserve4
Nigerla
 Okurrp Forest ReserveS

veanda
 Budongo Forest3
 Kibale National Park O<anyawara)fi

Detypefatic RepubSc of Ceftgo

 KahuzFBie a National Park

9:2

368

384

390

186-248

33

40

35

?2

109

35

70

zg

1: "rhis stuby; comparisons are rot' )Cvtcpt'a-S!yenanthus and E)'ytlv'qt ttiewn forest 2: CILrtton-8reck and Gillett,

197g; 3: Mabbct'tyt, 1992; 4: Williamson, 1988; S: Longnan andjenik, 1987; 6: Struhsaker, 1975; 7: \amagiyva,

et aL, 1996.

off, the area species curve did not reach a plateau even after 7 hectares of sampling.

Additionally, the chimpanzee habitat includes areas of moRtane forest which have yet to
be studied in detail; further research will undoubtedly contribute more to knowledge about

species diversity and vegetation types in Mahale.

    Estimates of the number of tree species in African forest range from 25 to 60 species

per hectare with the exception of particularly species-rich fofests such as that of Korup in

Camefoon (Whitmore 1990). Table 5 presents comparisons of forest diversity, tree den-

sity and basal area in Kasoje with other African forests. Diversity of Xylopia-Pycnanthus

forest at Kasoje falls in the middle of this continuum at 39 species/ha. This equals the

estimate for BudoRgo (Eggeling 1947) and is similar to estimates for Kibale (Struhsaker

1975) and Lope (Williamson l988).
   The proportion of the population formed by the teR most common species is some-
times used as a measure of diversity. Comparisons to forests in other areas shows that
diversity at Kasoje is similar in this respect to sites such as Kahuzi-Biega in Zaire and

Kibale in Uganda. A list of all tree and liana species identified on transects and fioral

overlap between the study site and other sites where chimpanzees and gori11as are studied

is given in Appx. 5. The greatest overlap was with Gombe (64.59e), followed by Budonge

(51.19o). Less oveflap (24.49o) was seen with the Ugalla, a much drier chimpanzee habi-

tat east of Mahale. The central and West African sites of Wamba (16.09o), Kahuzi-Biega

(11.49o), the Lope (13.79o) and Ndoki (8.49o) showed the least similarity to Kasoje.

   The level of diversity in lowland forest was similar to that calculated for the Lope

forest (H' = 3.34; Williamson 1988). The Shannon measure showed a level of diversity

for Xylopia-Pycnanthus forest and Combretum woodland (H' = 2.882 and H' = 2.893,
respectively) which is similar to that found at Kibale in unlogged forest compartments (H'

= 2.819; Struhsaker 1997).
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Fig. 12. Number of fruit species potentially available in the habitat compared to the number of fruit species

eaten by chimpanzees dwing months of the study.

Density and diversity of chimpanzee foods
   Although food appears to be abundant in all vegetation types seasonal rhythms in
food production must be considered. Temporal variation in fruit bearing by tropical trees

is well kaown (Lieberman 1982; Struhsaker 1997; Tutin & Fernandez 1993). In 1994 at
Kasoje, for example, chimpanzees fed intensively on the fruit ofALfrosersalisia cerasifera

trees in one part of their home range. IR l995, however, eight out of ten trees in the same

patch produced no fruit, and the amouRt of fruit produced by the remaining tvvo trees was

small.

   P. peduncularis, a shrub noted to be an importaRt source of ffuit for chimpanzees
when other fruits are scarce, was found to be common iR forest. The mean density of one

large forest kerb, M. Ieucantha, was higher than tke overall density reported for the

Kanyawara community of Kibale (Wrangham et al. I993) where it was noted to be an
important part of the chimpanzee diet. The sample area at Kakyawara was larger (900 m2)

and took into account differences in logging intensities in forest compartments and this

may account for the differences in densities. At the Lope where both gori11as and chim-

panzees live, Aframomum and Marantaceae were reported to be common throughout the
study area with a basal area of 7.7 m2/ha (Williamson 1988). Chimpanzees at Lop6 eat the

fruit and pith of Aframomum but not Marantachloa; both are considered impertant in the

gorilla diet ffutin & Femandez 1993). It was suggested that the high biomass of herba-

ceous foods at that site and of Visoke, Rwanda (8.8 m2/ha) is an important structural
component of the gori11a habhat (Williamson et aL 1990).

Diet of chimpanzees
   Although chimpanzees fed on a variety of foods most of their feeding was concen-
trated on a relatively small number of food items, and the availability of these resources

may be critical to their survival. Long-temi records show that chimpanzees at Mahale eat

the fruit of a large number of plant species (Nishida & Uehara 1983). The number of
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species which may bear fruit in any given month, however, was not correlated with the

number of species actually eaten by chimpanzees in the l994-1995 study season (r=O.467)

(Fig. 12). Chimpanzee foraging was not strictly optimal. Isabirye-Basuta (1989) found

that diet diversity in terms of the number of food items eaten by chimpanzees at Kibale

was heavily negatively correlated with the proportion of fruit in the diet. During the 1994-

1995 study period, however, the number of items in the diet and proportion of fruit were

actually positively correlated, although not significantly so.

   Availability of a potential food alone does not necessarily determine behavior. A sur-

vey of plant food use by groups of chimpanzees at Kasoje and Gombe revealed that of 143

plant food species available in both areas, only 85 (59.49(o) species were noted to be eateR

in both areas CNishida etal. 1983). Such differeRces in feeding have been attributed to

differences in plant densities between the two sites or interpreted as examples oflocal
tradition or "culture".

   The reliance by chimpanzees on a few key food items is undoubtedly infiuenced by
the availability of these items in the habitat. Use of a particular species, however, may not

be solely related to its abundance; nutritional content and even feeding preferences may

also play a role in a chimpanzee's choice of food. Indices of fruit abundaRce based on

feeding alone are unreliable; chimpaRzees living elsewhere have been observed to con-

tinue to exploit diminishing patches of fruit when other, more abundant fruit foods are
available (Isabirye-Basuta 1989). I luctuation in the abundance of plant reproductive parts

in tropical forest is kRown to be seasonal to markedly seasonal (e.g. Medway 1972; Terborgh

1983), with the greatest scarcity of ripe fruit in forest occurring at the end of the wet and

beginning of the dry season. The results of this study support previous findings by
Matsuraoto-Oda & Sprague (1999) that chimpanzees do not exist within a habitat where
the amount of resources at any given time can be simply characterized as "abundant" or

"scarce" . Chimpanzees must respond rather to an environment where change in the level

and availability of resources is a more-or-less continuous process.

Chimpanzee ranging
   Patterns of food disuibution may be the key element determining how chimpanzees
utilize their home range. AR analysis of range use showed that in months of fruit scarcity

chimpanzees traveled widely throughout the habitat in search of food, visiting many dif-

ferent areas infrequently, while iR months wheR major fruit foods such as P. angolensis,

C. millenii and S. comorensis were available visits to areas of forest where the density of

those species is relatively high increased in frequency.

   The size of the Kasoje chimpanzees' home range was similar te that calculated by
Hasegawa (1990) although this estimate reflects oRly the area that the chimpanzees were

actually observed to use. On many occasions when the chimpanzees could not be visually
located their calls were heard coming from remote and inaccessible areas of the habitat,

particularly areas of hilly terrain. Therefore, the actual size of the home range is probably

much larger. Kawanaka (1982) estimated that M group may use an area as large as 33 km2.

   The length of dayjourneys by Kasoje chimpanzees (range 2-6 km) was similar to
chimpanzees at Gombe (Goodall 1968; Wrangham 1975). Comparisons of monthly mean
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day journey lengths showed no obvious effect of climate on daily travel distance, al-

though chimpanzees were observed to halt travel when it poured rain. Whenthe chimps
were feeding on P. angolensis fruits (September-December) the distance between crops
affected the distance traveled in a day. This species can occur iR large patches of 30 or

more trees with distances of O.5•-2 km between patches, and chimpanzees may feed at
more than one patch in a day.

   Chimpanzees in forest habitats such as Kasoje and Gombe (Wrangham 1975) utilize
a relatively smaller home range than chimpaRzees iiving in dry habitats, which have been

observed to travel longer distances and range over a much larger area (Suzuki 1969; Izawa

l970; Kano 1972; McGrew et al. I981). Matsumoto-Oda & Sprague (1999) found that
feeding and grouping behavior of Kasoje chimpanzees showed similarities to chimpan-
zees living in lowland rain forest, while activity budgets in the dry seasoR were similar to

those of Mt. Assirik chimpanzees which live in a savanna habhat where it is dry year-
round (Baldwin et al. 1982). Chiinpanzees show a great deal of flexibility in their ranging

behavior and grouping patterns (Reynolds & Reynolds 1965; Nishida 1979; Goodall 1968)

and each habitat most likely presents a variety of challenges iRcluding seasonal differ-

ences in the availability of food to which they respond behaviourally (Chapman et al.

1995).

   One of the main goals of the study was to provide information on the diversity and
spatial availability of fOod in vegetation types at Kasoje. MagurraR (1998) notes that "Clas-

sifications of habitat type and resource use are often devised afresh for each study. Such

unique classifications will usually pfeclude a direct comparison between iilvestigations."

Efforts are being made to standardize methods for describing the habitats of all great apes

(Williamson l988; Malenky et al. 1993). It is hoped that the raethods used and informa-
tion provided in this paper will further the uRderstanding of the socioecology of chimpan-

zees living in tropical forest habitats.
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Appx 2 Theten species which are themest frequent, greata$t contributoTs to basal area and gs"eatest density in plots in

gach vogetation ty po. The most frequent spgeies oceurs in tho groatest numbor of ptots. Tho species which conthbutgs tho
greatest area has thg greatost eumulativa basal area. Tho percentage centribution of each speeies is given in parontheses
following the $pecies nnme,

Density

%of
Tctal Basal aroa

%of
Total Most froquent

% of
Plots

XyfopSe - Pycnesrttms ferest

   Xylepta ps)rvifiotg

   Pycnanthus angotensis

   Pseudospondins nv'crocitpa

   Tabs"naernontana holstii

   C)cranthus sp

   Syzrgiumguineense
   Anthocioista schvvoinfutthij

   Praceena mennii

   Etythtvphfeum suaveolens

   Steroospennumkunthianum

   Total

19.3

t7.6

1s.e

 7.5

 4.8

4.3

 2.9

 2.7

 2.4

 2.4

75.5

PycrMtnthus gngelensis

Pseudospondi"s microcerpa

Xylopi- pervi"era

Cordia mii!onii

Tebemaenrontana hofstii

Anthocleiste "cfrvvvinturthii

Cannriumsehvvoinfurfhii

Syzygium guineense

Atbizie giebem'me

Drac"ensi mennii

 2g
27,7

 6,6

 5.7

 4.4

 4.S

 3.7

 3,5

 2.9

 1.7

88,3

Pyenanthus angotensis

Xyjopie parvifiotu

Anthocteist- schwwinftitthii

Pseudospondias tnt-crocgipa

Dtaceena mennii

Etythrophleutrrsueyeotens

Lnndolphin sp

unk mtvventMra

eissus sp

Cordin mjltenii

iii

etythv ptteten torest

   Etythtophleutnsugveolons

   Seba cemorenJis

   Ciss"s sp

   Ctoton sylvedeus

   Spathodee cempanulate

   n'cvs capansis

   Myrienthus erboreus

   Bridalia fnicienthe

   Aftvsessatisig cerasifof:

   Dslbetgie malengensis

   Totml

t4.7

  B
 6.2

 5.8

 4.5

 4.2

 3.l

 2.9

 2.7

 2.7

54.8

Cordla mitlonil

Mytienthus ettK)reus

Mificia excefsa

Atbizia giebentma

Eiythroph;eumsueyeetens

Cnton srlvaticus

Pycnanthus engolensis

Tehemaemontene holstii

Srzygivm guineense

Ficus exsspateta

t5.6

i1,3

 8,1

 7.9

 8,7

 6.7

 5.8

 4,4

 4.l

 3,8

74,4

Erythtophleumsuavoolons

Sebe cotnc"ensis

Cissvs SP

Cteton sylvsticus

Delberpie matangensis

Spathodoa campanujgta

rvcus cspensjs

N'cus exesperafe

becoena mannii
ArJeserselisla cetssifetn

6BA
6e .4

632
47.4

47.4

47 .4

42.i

42.t

38.8

3t .6

Ctvton syNstictss tk)rest

   Ctnton sylvaficus

   SfeJvospennumkunthianum

   Cissus sp

   Cordig mitlanii

   Sonna spoc tnbilis

   Antldosmo mgtnbmnacoum

   Sgbe cemoronsis

   Sterculia tragacantha

   Harungana modagascationsis

   Piliostigma tbonningii

   Total

25.9

 9S
  7
  7
 5.1

 4.4

 3.8

 3.8

 3.2

 32
72.9

Cfvfon sylyaticus

Albizia glabem'ma

Stetpospem7umkunthianum

Sonne spoctgbitis

Pitiostigma thonninstii

Storcutia ttogacantha

Cerdie millonii

LecaniOdiseus ftgxinifolius

Annona sonogalonsjs

Acgcja atbl-da

l4.6

le.l

 e.s

 6.2

 6.2

 s.e

 5.7

 5,3

 4,7

 4.6

7fi ,7

Ctoton sylvaficu3

Stotoespaimumkunthianum

Storcutia tmgacantha

Alhi7ia glabentma

Cordia milionii

Glowia n7ollis

Saba eomotpnsis

Sonna spoetabllis

Annona sonogalensis

Antidosma msmmbrenacgun7

too

71 .4

57.1

42.9

42.9

42.9

42.9

42S
28.6

2e.6

Setma spectabl"s torest

   Sonna spectobilis

   Voecenge at}icena

   Annena senegalensie

   Azan2a goickeana

   rrema orientelis

   AntldesnM mernbranaceum

34.2

 7.2

 5.9

 5.9

 5.3

 4.6

Eigeis guineensis

Senna spectebitis

Atbixie glabentme

Acacia aibida

Voacangs efricane

Ficas vattis-choudae

4e,5

i5.6

 9,1

 7,3

  7
 5,7

Sonnn spectabilis

Aiania garckeane

Annoneeenegelensis

Stotoosparmumkunthianum
Trame erientelis

Vaecenge efticane

1OO

42.9

35.7

35.7

35.7

35.7
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tecaniodiscus haxinifolius

Herungane mectagascariensis

Acacia atbldat

Sfereospem7amkunthianum

Total

 3.9

 3.3

 2.6

 2.6

75.5

Myrfa nfhus atboreus

Aze"za garckeane

Ficus exespetata

Lecanibciiseus frexinifotius

Atbizie giaber"'ma

Anti'dbsine membranaeeum

Herungane madagaseatiensie

Cordia nN'11enii

2e.6

28,6

2e.6

2t,4

Riverine forest

   fi'cus vatli"chotfctee

   Saba comoreneie

   Ctoton sytvaficus

   Mrrienthus ethQteus

   CieJus sp

   Mucune gigantee

   Spetho(iee cesnpanufate

   Combeetum motte

   Keetie yeno"e

   Phytolacca ckxtecendra

   TotEl

48.5

 9.2

 5.4

 4.6

 3.S

 3.1

 2.3

 l.5

 t.5

 t.5

8t.4

Ficus veStis•choudae

Myn'enfhus atboreue

Miticie excefsa

Stetculia ttegscenthe

Spethockte cempanutela

Combretum snoJte

Croton sylyaheus

Pse{Kiospondiasmictvearpe

Steieospetmumkunthianum

Sridelia akoyiildis

73.4

tt.e

 3.3

 2.6

 t,2

 l,2

 1,t

 1,t

 O,9

 O.5

g7.1

fi'cus va!fis•Ghoudee

Seba comotensie

Myrianthus erboreus

Ciseus sp

Ctvton srivatioue

Muauma gigantea

Combtetum meile

Otuceene rnannii

Keetia yenosa

PseudQspondies rrv'oroaetpa

toe

77S
".4
33.3

33.3

33.3

222
222
22.2

222

Comhtettmiweoctand
   Combivtum co"inum

   Uapaca nitide

  Antldesmo mambranaceum

   Combretum mofto

  Mergatitan'e discoidee

   Combtetum sp

  Annona senegalonsis
   unk tuiongotolo

   Pen'nati eurafettffotia

   Stereospoimum k unthienum

   Total

10.B

 9.B

 9.5

 8.2

 4.2

  4
 3.6

 3.6

 3.3

 3.2

60.2

Uapaca nifida

Uepeca sens ibarice

Pan'riaricurateJlifolie

Combtstum collinum

Antidesrne metnbteneeeum

8ride}is micranthe

Combtotum molte

Cembtetum ep

Afzelig sp

A nnone sene ga fensis

 e.s

 zg
 7.7

 s.e

 5.7

 5.t

 4,9

 4,8

 4,e

 4,5

6o,e

Comhrofum molto

Antidesma membranaceum

Annona senegalensis

B n'dolia mic tp ntha

Comhretum coltinum

Mergen'taria disceicSea

Sfeteospatrnvmkunthianum

8euhiniepefersiene

Uepaaa nitide

Grewie motlis

li

Miotnbo woocland

   Bracbystegiebussei

   Brachretegie ept'cifonnie

   Oiplorhrnchus aondytocacpon

   Uapaca nitidN

   Steroospmnun?kunthian"m

   Anr)ena senegelensie

   Combretum motle

   Antidesme membranaceum
   Lennea schimperi

   Mergatilan'a discoidea

   Total

38.3

d2.5

 6.8

 4.9

 4.2

 3.e

 3.B

  3
 2.3

 2.3

81.9

Brachystegie busset'

Oiplorhynahusconclylogeooon

Brachystepia spicitbtrrti's

Annona senegatensis

U"pac" nifida

AfiticSessne membsuneeeum

Steteospem7umkunthianum

Parinerieurateififolia

Stercutie qainque2obe

Combretumsp

42,8

tS,7

tl,3

 4,9

 3,8

 3,5

 2,3

 1,8

 1,6

 1,6

e7,3

Brachystegie bussei

Di' plOthymohus condrtoeeipon

Uepece nitida

Annonasenegalensis

Antidesm" menthranacoun7

Sfeteospas7numkun{hienum

Combretum tnotle

Lennea schitnperi

Beuhinie petersiene

Brachysfegia spiaifortnis

ee

i,o

75
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Appx. 3. Distribution of some common tfee and
Mahale National Park.
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Apptc 4. ts"st ct plant spmces eeeltef} by cNmpanzees, life form and part eeteri. K: hei'b, L: liana or cther clli\ibef, S:

shrub, T: tree

BotaniÅëal mame Life fcrrn Part ealea

MONOeOrvLEDONEVNE
Acanthaceae
Asystssie ganoetl'ca (I.) T. Ai}ders.

Btepharis buchncw'i Linctau

Dyschoriste trich(rcaiJoc <aiv.} lindau

Asctepladlaceae
Ceropept's sp.

Convolvulaceae
tpomoea ruber7s Cboi sy

Dennstae(Stlaceae
Pteritftim sc uiiinum (L.} Kkhn subsp. Centeli Antcanum Hieron.

oramlnae
Pennt'sett"n ptxrluretim Schumach.

MarantacEIae
Marantocbloa teucam (K Schtxy}.> MIIne-Rech
$mllacaceee
Siniiex kraussiana Mei$n.

Zlnglberaceae
Aeamcvriurn aiboviolecetm7 <Ridqy} K. Schum.

Ajrarmt#n mele (K Schufn.}
Costus aAer' }<er-Gewvl

ANGIOSPmeRMAE
mcorvvapoNEsjaLE
Anacardlaceae
Meay'tior'a ind'ce L < sli en)

F'ksetxioslxmdias rnicrocarpe (A Rich.> Eng.

Annonftceae
Artabofrys mcntetoea ow iv.

Apoeynaceae
Dit"crbynchus cotxtyioc7erpan <Muell. Arg.) AerK)n

LsnvPhia ewEviensis P. Beattv.
Sebe ccvna'ensis {BQier} Mchon = Saba ficride (Benth) Bullock

rahet'naemontana pecbysipt7cxt Sapf= T. entstii K. Schum

Boraglnaceae
Ccrdia ati'ieana Lam = C. abyssirn'ce

Ccrdia miltettii Bak.

Caesalplnlaceae
Juibernerdia sp.

n'tiostign7a thotmingii (Schumach.} Mil"eRech.

Dioscc}reaceac
Disccrea odicratisima Pax

Euphorblaceae
Anti'dssme memkeanacetmi Muel 1. Arg.
Guttlferae
Garcinia buchanenii Bsk. = G. hui71ensis Oliv.

Hw'tAnspaa ine{iapascerierrsis Peir.

Malvaceae
Azanze gerckeene (F. Hoffm.) Scetl & ll#lcoat
Hitv'scus sp.

Metlaceae
Triciv'lie ptenianEt

Menlspermaceae
Tincxsp(xa canta (Miers) Trouy,ln

MImosacBae

ii' :I

 1eat

 1eaf

 1eaf

 plth

 ptth

 leaf

 plth
truit, plth

 ptth

  fruit
  fruit

  fruit

 seed
  frult
 ttuit, plfa

  fruit

  fruit
truit, fi ow er

  fruit

 secd

 fiower

  fruit

  fruit
  fruit

  fruit
  leaf

  leaf

  teat
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IUblzie pteberrime{Schtrn. & Thonn.> Beith. var. ptakeescens (Oliv.) Renan

Moraceae
F icus str Forssk. ua F. capensisThunb.

Ficus ccmgensis Ehg.
Ficus exasperata Vah1 .

Ficus vattis-cltouttae Del .

Ficus urceatbl'is Welw. eec. Hiorn.

Ficus ptumosa
Ficus ttntzningf)- emurne

Ficus sp
Ficus sp
MyrianttNts halstii Ehg .

Myslstlcaceas
bycnanfhus aavter;sis (Welw.> Warb.

Myrtaceae
PskWixn gliafave L. {alten>

Syzygy'txri guineense (Wild.) DÅë.

Paplllonma
Seplzi'e capparimuia Bak. smsp. Mutti#cra (Hatms) Rummitt
SytfTine abyssinice DC
PfiEy-ocarpus tinctcrjus Welw. var tinctcx'ius

Rublac eae
Keeb-a venosa (Oliv.) Bridson = CantiwbtxTi ve"asum (Oliv.} Hiern

Psyctx)tria pecttmeutaris ( S!tli sb.) Scyorm .

Rotharatinianratiganjae(Hiern.)

Rutaceae
Citr"s timon L N.L etirm. (a#en>
Citus eu"antium {alien)
Ctsusens anfsats {Wil1d.) Heak. f. e)c BerTth.

Sapotaceae
Atosersaiisia ceras"ii'e (Welw.) Autrev.

Miinuscps bagshavvet S. Moore
stei'cullaceae
SSerculia qllr' neabs (Gareke} K Schum.
Vltaceae
Ampelocissus cavicsdiis (Bak,) rwench

resin
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