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Conservation of wildlife populations requires extensive knowledge of their
habitat requirements, efficient methods to evaluate habitat quality, and an
understanding of the value of fragments and edges. Kibale National Park,
Uganda has areas that differ in the densities of 2 species of frugivorous
monkeys—Cercopithecus mitis and Lophocebus albigena—including one
on an edge and forest fragments outside the park that lack both species. We
compared the basal area densities of important food trees with primate den-
sities. The density of Cercopithecus mitis correlates most strongly with the
basal area density of all types of food trees combined. The density of Lopho-
cebus albigena does not correlate with the basal area densities of any category
of food trees or with fruit availability. An index of their density—number of
groups seen per km walked—correlates to fruit availability but with marginal
significance. Lack of a relationship between the basal area densities of food
trees and density of Lophocebus albigena may be the result of a mismatch
in scale between the forest area measured and their large home ranges. We
compared the unused area of forest to the other areas of the forest and the
fragments and found it had higher basal area densities in all food tree cate-
gories for both species than the fragments and lower basal area densities of
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most categories than the other parts of the forest, indicating that the fragments
are poor quality and would probably be unused even if dispersal were likely.

KEY WORDS: Cercopithecus mitis; Forest edges; Fragments; Habitat assessment; Habitat
use; Kibale; Lophocebus albigena; Uganda. .

INTRODUCTION

Primates are currently of great interest to conservation not only
because of their potentials to act as flagship species (Karanth, 1992; Vargas
et al., 2002), but also because half of the world’s primate species are in
trouble for a variety of reasons (Chapman and Peres, 2001). Though
hunting is an important and widespread threat (Chapman et al., 1999a;
Peres, 1990), dependence of most primate species on tropical forests
(Mittermeier and Cheney, 1987) and the continuing devastation of forests
on a global scale (DeFries et al., 2002) make an understanding of primate
habitat requirements, limitations, and flexibilities in both primary and
degraded forests paramount for conservation.

Researchers have often viewed forest composition as the major factor
determining the abundance and distribution of forest-dwelling primates.
Some have conducted studies from this perspective in reference to the
changes initiated by logging (Chapman et al., 2000; Fairgrieve and Muhu-
muza, 2003; Olupot, 2000; Plumptre and Reynolds, 1994; Rao and van
Schaik, 1997; Skorupa, 1988; Wilson and Wilson, 1975), or with reference
to the unique characters of fragmented forests (Granjon et al., 1996; Marsh
and Loiselle, 2003; Medley, 1993; Norconk and Grafton, 2003; Onderdonk
and Chapman, 2000; Umapathy and Kumar, 2000; Woodwell, 2002). In
both cases, changes in food availability are often a main driving force
behind changes in primate densities. An exception is Onderdonk and
Chapman (2000). In fragments, many processes can cause changes in food
availability, such as greater windfall, the cutting of firewood, an increase
in proportion of unfavorable microclimate, demographic stochasticity,
distance from a main forest block, or the extinction of important seed
dispersers (Cordeiro and Howe, 2001).

Many previous studies are limited with respect to identifying key habi-
tat requirements because of the time lag between a dramatic disturbance—
logging or fragmentation—and a response by the species in question
(Brooks et al., 1999; Chapman et al., 2000; Gonzalez and Chaneton, 2002).
In fragmentation, the limitation is compounded by the difficulty of separat-
ing habitat requirements from dispersal abilities of a species. If a species of
interest is absent from fragments, it could be the result of either insufficient
resources or the inability of the species to transfer from the main forest or
among fragments.
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One can use the situation in Kibale National Park, Uganda to address
the issue of habitat requirements by relating habitat characteristics and het-
erogeneity of use in areas of the forest that have not been disturbed, thereby
avoiding the time lag issue. One can circumvent the dispersal issue by exam-
ining a fragment-like area that the species in question, Cercopithecus mitis
(blue monkey) and Lophocebus albigena (gray-cheeked mangabey), com-
pletely avoid but that is contiguous with inhabited forest.

We expected that, within Kibale National Park, the observed densi-
ties of Cercopithecus mitis and Lophocebus albigena would be related to
the abundance of their respective food trees. Given that there are for-
est fragments near Kibale inhabited by the same species of diurnal pri-
mates as the avoided area including an absolute lack of Cercopithecus mi-
tis and Lophocebus albigena (Onderdonk and Chapman, 2000), the ques-
tion arises as to whether C. mitis and L. albigena do not use these frag-
ments because of a lack of resources or because of their poor dispersal
abilities. By comparing the availability of resources within the fragments
with their availability in the used and unused portions of the contiguous
forest, one can evaluate the habitat suitability of the fragments. However,
if the fragments have poor habitat quality, one cannot reject the hypothe-
sis that distance from the main forest block may limit use of the fragments
by Cercopithecus mitis and Lophocebus albigena yet it is moot from a con-
servation perspective unless the habitat quality of the fragments increases
in the future.

METHODS

Study Site

Kibale National Park, Uganda (795 km2) is composed mostly of mid-
altitude moist tropical forest (elevation: 920–1590 m, rainfall in 1990–2003:
1741 mm/yr, latitude: 0◦ 13′–0◦ 41′ N) and has 2 rainy and 2 dry seasons
each yr, though the length and severity vary greatly. The fruiting of tree
species in Kibale is usually synchronous, though the timing of fruiting can
be irregular, subannual, annual, or superannual depending on the species
(Chapman et al., 1999b).

Before it became a national park, the area was a forest reserve with
the last logging in the natural forest occurring in 1969. Our study took place
in an unlogged compartment (K30) and a relatively untouched section of
a lightly logged compartment (K14) (Chapman et al., 2000). Outside the
national park, community-owned forest fragments provide habitat for many
of the forest primates (Onderdonk and Chapman, 2000).
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Forest Transects

We established a system of transects in the existing research trail grid
near the Makerere University Biological Field Station (MUBFS). Because
edges are increasingly prevalent sources of habitat heterogeneity, we placed
1 transect (transect 1) along the avoided forest edge and another along an
edge that both Cercopithecus mitis and Lophocebus albigena use (transect
8). We paired both edge transects with a nearby interior transect (transect
1 with transect 3 and 8 with 6) and connected each pair at both ends by 2
transitional transects (transects 2, 4, 5, and 7) (Fig. 1). Because of the lay of
the land and limitations of the existing trail system, transects ranged from
453 m to 1205 m long, with a mean of 767 m. Because transect 1 extends be-
yond the forest, for some analyses we considered only the area in the forest
to ensure that any observed difference did not simply result from the open
and unique character of parts of that transect. For analysis, we discarded
the section of transect 2 that ran through the area avoided by Cercopithe-
cus mitis and Lophocebus albigena—transect 1—to remove the influence
of the avoided area and make transect 2 representative of a utilized for-
est area. Because of the spatial arrangement of the transects, there is an
area of overlap at some of the corners, but it is quite small, accounting for
<0.5% of the total area measured; therefore we considered each transect as
independent.

Fragments

The human-dominated matrix outside Kibale National Park con-
sists mainly of small-scale nonindustrialized agriculture, large-scale tea
plantations, pastures, and fallow land with forest fragments surviving on
agriculturally undesirable land such as steep slopes and swampy lowlands
(Chapman et al., 2003). The surrounding people actively use the fragments
for fuelwood, poles, livestock fodder, and medicinal and food plants
(Chapman et al., 2003). The same primates inhabit many of the fragments
as inhabit the national park with the notable exceptions of Cercopithecus
mitis and Lophocebus albigena (Onderdonk and Chapman, 2000).

Primate Diets

We considered only specific dietary items, i.e., a specific part from a
particular species, that constituted ≥4% of the total diet Rudran (1978)
and Butynski (1990) reported for Cercopithecus mitis or Waser (1975) and
Olupot (1994) for Lophocebus albigena. We chose the cutoff of 4% be-
cause it included specific food items that our team and previous researchers
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Fig. 1. Locations of the 8 transects in Kibale National Park, Uganda. The transects
are shown with thick lines, roads with thin lines, and the discarded area of transect
2 with a dashed line. The Makerere University Biological Field Station (MUBFS) is
also labeled. The satellite image is a Quickbird (high resolution, 2.4 m) from Digital-
Globe, Inc., Longmont, CO, USA.



208 Worman and Chapman

Table I. Species specific food items constituting ≥4% of the total reported diet of Kanyawara
Cercopithecus mitis and Lophocebus albigena groups

Percentage of total diet

Species Part Cercopithecus mitis Lophocebus albigena

Celtis africana Fruit 4.1 (Butynski 1990)a — (Olupot 1994)
6.6, 6.8 (Rudran 1978) — (Waser 1975)

Celtis durandii Fruit — 12.4
4.1, 5.2 6.3

Croton macrostachys Fruit — 4.3
—, — —

Diospyros abyssinica Fruit — 6.2
—, — 22.6

Diospyros abyssinica Leaves 4.8 —
—, — —

Ficus brachylepis Fruit — 4.2
4.9, – 6.1

Ficus exasperata Fruit — 4.6
–,11.2 —

Markhamia lutea Young petioles 8.8 —
—, — —

Pancovia turbinata Fruit — —
6.6, – 4.1

Parinari excelsa Invertebrates — —
—, — 5.0

Premna angolensis Flowers — —
4.3, – —

Teclea nobilis Fruit — —
5.3, – —

Uvariopsis congensis Fruit — —
5.3, 8.5 —

Note: Butynski’s (1990) numbers are the averages of study groups 1–4. Rudran’s (1978) num-
bers are for groups 1 and 2, respectively. Olupot (1994) and Rudran (1978) reported percent-
ages of vegetable diet. We recalculated their numbers as percentages of total diet. The order
of sources is constant throughout the table with Butynski and Olupot above and Rudran and
Waser below for all foods.
aButynski (1990) reported only foods eaten at Kanyawara and ignored at Ngogo.

studying the species in the same area consistently considered important
(Butynski, 1990; Olupot, 1994; Rudran, 1978; Waser, 1975) while avoiding
incorporating large numbers of rarely used species. The criterion produced
10 specific dietary items for Cercopithecus mitis and 7 for Lophocebus al-
bigena (Table I). Though Olupot (1994) reported liana fruits as the second
most frequent dietary item for Lophocebus albigena (8.34%), he did not
differentiate by species so we ignored them because there are a variety of
species, liana species in general are poorly known and difficult to identify,
and the dominance of lianas measured in basal area is not comparable
to that of trees. We aim to show that it is possible to quickly and easily
index habitat quality with only a few most important food trees, which
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is especially valuable when the diets of populations or species are poorly
known

Primate Densities

We estimated primate group densities via a line transect method, which
is appropriate for easily detectable diurnal primates (Chapman et al., 2000;
National Research Council, 1981). We surveyed the transects for primates
once a fortnight for 1.5 yr (7/01 to 12/02). Observers walked the transects
at about 1 km/h in the morning (0730–1030) and recorded the species, the
observer to animal distance from the first individual seen, and the perpen-
dicular trail to animal distance. We noted solitary animals, but excluded
them from analysis. Trained and practiced field assistants estimated all dis-
tances under the supervision of the authors. We checked estimation accu-
racy against known measurements at the beginning and periodically during
the study. We recorded information for groups at transect intersections sep-
arately if we saw the group from both transects, or if it was likely we would
have seen the group but it moved at the approach of the observers.

Unfortunately, we did not see enough groups of Cercopithecus mitis
or Lophocebus albigena to use density estimating computer programs such
as Distance (Buckland et al., 1993), and there is debate over the most ap-
propriate method of estimating densities from line transect counts for pri-
mates (Chapman et al., 2000). Unlike the landscape available for travel
by large ungulates, that of arboreal primates is fully three-dimensional,
which can lead to unusual sighting-distance histogram profiles which in turn
are thought to overestimate group densities (National Research Council,
1981). To control for this difficulty, observer to animal distance is often
used instead of perpendicular distance (National Research Council, 1981),
a method that overestimates the area sampled and can exclude observa-
tions of groups seen in the sampled area but from a long distance, therefore
lowering density estimates. However, the histogram we generated via per-
pendicular distance and 5-m intervals is a classic Kelker histogram with a
plateau extending from 0 to a distinct shoulder and subsequent steep de-
cline in sightings. Therefore we used perpendicular distances to estimate
densities.

Because of the very few sightings of Cercopithecus mitis or Lophoce-
bus albigena, we used all primate sightings to produce the Kelker histogram
with the assumption that all species are equally visible. Even when we ex-
cluded unusual species, i.e., ground dwellers such as Papio anubis (olive
baboon) and Cercopithecus lhoesti (L’Hoest’s monkey) and species nor-
mally found in small quiet groups such as Colobus guereza (black-and-white
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colobus) and Pan troglodytes (chimpanzee), which often exhibits both char-
acters, the location of the histogram shoulder did not change.

The Kelker method assumes that 100% of the animals or groups within
a certain distance are detected, and one uses the distance, multiplied by the
transect length, to delineate the area sampled for density calculations. Ide-
ally, one determines the cutoff distance by the sharp drop-off of observa-
tions after an initial plateau in the sighting distance histogram. It is assumed
that the animals are distributed randomly in space—at least with respect to
the transect—so a drop-off in the probability of detection causes the drop-
off in observations. Previous studies often used an objective method for
determining the cutoff distance (Chapman et al., 2000), but the method
assumes a sudden decline in the probability of being seen with distance
from transect instead of a slow, consistent drop. Using the same objec-
tive criteria as Chapman et al. (2000), our cut-off would be 44 m, which
is almost twice the subjectively determined cutoff of 24 m and seems un-
reasonable for this area of forest. The violation of the assumption that no
groups within the cutoff are missed underestimates densities. There is no
correlation between distance from transect and number of groups within
the 24-m cutoff (1-tailed Pearson’s r = −0.157, p = 0.227, N = 25), indicating
that the assumption is not significantly violated. However, ≤44 m, there is a
significant negative correlation between distance from transect and num-
ber of groups seen (1-tailed Pearson’s r = −0.296, p = 0.024, N = 25), in-
dicating that 100% detectability cannot be assumed if a cutoff of 44 m is
used.

We did not take group spread into account because the assumption
that group spread is circular is often violated (Struhsaker, 1997) and the
reported group spread from Kibale varies tremendously (for Cercopithecus
mitis, 0–120 m; for Lophocebus albigena, 5–480 m; Struhsaker and Leland,
1979). Group spread also changes seasonally and by time of day and accord-
ing to Plumptre (2000) one should not incorporate it in density estimations.
Not accounting for group spread overestimates densities because groups
with centers outside the cutoff distance are still included if the first indi-
vidual seen was inside limits (the probability of being seen is greater for
peripheral than for center individuals; Fashing and Cords, 2000).

We used Pearson’s correlations to detect relationships between
densities of Cercopithecus mitis and Lophocebus albigena on each transect
and the average summed standardized fruiting intensity (Fruit Availability
below) for species-specific fruit trees, and the basal area density of all
trees, species-specific food trees, species-specific fruit trees, arthropod trees
(tree species used as invertebrate foraging substrate; Lophocebus albigena
only), leaf trees (Cercopithecus mitis only), and flower trees (Cercopithecus
mitis only) on each transect. In the analyses, we used 1-tailed probabilities
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because we had made clear predictions a priori. We used only the forest
area to represent transect 1 for the analyses.

One can compare a relative index of density—groups sighted/km
walked during the surveys—to the density estimations for each species to
strengthen confidence in the density estimations (Chapman et al., 2000).
The small numbers of sightings may make density estimates particularly
susceptible to the influence of a single sighting and its inclusion or exclusion
due to distance from the transect; therefore we recalculated the Pearson’s
correlations via the index of relative density for both primate species. We
considered checking the results in this manner more important for Lopho-
cebus albigena because the relative index of density correlated less strongly
with calculated density for L. albigena (r = 0.736, 1-tailed p = 0.019, N = 8)
than for Cercopithecus mitis (r = 0.986, 1-tailed p<0.001, N = 8).

Though invertebrates generally form an important part of the diet of
Cercopithecus mitis (Twinomugisha et al., in press), we did not use inverte-
brates as a dietary category because the subjects did not use any particular
species of tree enough for invertebrate foraging to qualify as an important
food species. Therefore one should not take the lack of an invertebrate for-
aging substrate category in food trees to mean that invertebrates are unim-
portant, but as an indication that Cercopithecus mitis may not be as selective
about the species of tree in which they forage for invertebrates as they are
about the species of trees in which they forage for fruit, leaves, or flowers.

We do not give the results for the Pan troglodytes, Cercopithecus
lhoesti, and Papio anubis because they have more terrestrial habits, making
line transect surveys less appropriate, and we rarely saw them during sur-
veys, despite frequent observation of them or sign of them at other times.

Forest Composition

We identified the species and measured the diameter at breast height
(dbh) of all free-standing woody plants, including strangler figs, with a dbh
≥10 cm and ≤10 m of either side of a transect. Trees with a dbh ≥10 cm
were large enough for both species to forage in, 10 cm dbh was the smallest
tree fruiting during the study, and researchers have commonly used the cri-
terion to describe primate resources. We excluded snags from the analyses.
If a plant was in an area of overlap between transects, we counted it in each
separately. We attempted to measure above any pronounced buttressing,
and, though it was not always feasible to measure above large buttresses,
only a few of the largest trees of rarer species presented this sort of prob-
lem. We treated multiple stemmed plants as if each stem were a separate
individual.
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A Ficus with a diameter of >10 cm 3 m up on the host and with a
substantial crown could be supported by only small roots at breast height,
making dbh an inappropriate measure. If multiple roots converged into a
single trunk before the trunk started branching, we measured or estimated
the diameter of the single trunk. If the fig had large roots connecting above
the branching point—essentially multiple trunks but with a single crown—
we measured the main trunk and several of the large roots and combined
them to give a single dbh estimate. These huge figs are widely spaced and
rare. Most of the fig trees measured presented no unusual difficulties.

We converted the dbh of each plant to basal area and summed each
species to produce the total basal area by species for each transect. We
divided the total species basal area by the total area covered by a given
transect, producing a basal area density (cm2/m2) for each species for each
transect.

In the fragments, we did a complete census of every tree ≥10 cm dbh.
We compared the forest fragments and transects via bootstrapping analysis
to see if the forest composition of the unused transect was more similar to
that of the fragments or the rest of the forest. The variables we used to char-
acterize the transects and fragments for Cercopithecus mitis are the basal
area densities of all trees, all food trees of C. mitis, fruit trees, leaf trees, and
flower trees. Variables for Lophocebus albigena are the basal area densities
of all trees, all food trees of L. albigena, fruit trees, and arthropod foraging
trees. We assumed that the values for transect 1 would fall between those of
the fragments and the forest so we calculated the upper 97.5% confidence
limit for the fragment characters and the lower 97.5% confidence limit for
the transect characters and compared to transect 1 and transect 1 forest
only. For each variable, we created a sample population equal in size to the
original population by sampling the original population with replacement
10,000 times. We calculated the 97.5% confidence limits for each variable
from the distributions of the means of the sample populations.

To determine if the habitat of the fragments mirrored that of the main
block of forest, we classed the top 10 trees by basal area density for each
fragment and transect as edge/savanna if they occurred as only, primarily,
or commonly in forest edges or savannas as described in Hamilton (1991);
otherwise we classed them as forest trees. Eucalyptus sp. was the only ex-
otic in the top 10 lists and we treated it as an edge species because either
humans plant it or it disperses from the human-dominated matrix outside
the fragments. We did χ2 analyses on the frequency of edge/savanna or ex-
otic species or both in the 10 most dominant species in the fragments vs. the
transects. To be as conservative as possible, we included all of transect 1
in the transect group. One species, Markhamia lutea, formerly Markhamia
platycalyx, which Hamilton (1991) defined as “[a] very common forest edge
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species, sometimes found within forests, either where the canopy is fairly
open or where there has been a large gap,” is characterized by Struhsaker
(1997) as a late successional or old growth forest species. The disparity may
be the result of site-specific conditions so we did a second set of χ2 analyses
with Markhamia lutea defined as a forest interior tree.

Fruit and Flower Availability

Researchers commonly used fruit availability as an index of habitat
quality or productivity despite the inherent problems of combining species
that differ in the quality or quantity of fruit produced and the amount of
time required to assess patterns of phenology accurately (Basabose, 2004;
Butynski, 1990; Chapman et al., 1994; Doran-Sheehy et al., 2004; Felton
et al., 2003; Poulsen et al., 2001). We include an estimate of fruit availability
to compare its usefulness as an index of habitat quality with the quicker,
easier, and more stable basal area density measures.

Each mo for 6 mo (June, 2002–November, 2002), we collected phe-
nological data—presence of ripe and unripe fruit and fruiting/flowering
intensity—from all transects, including the dbh of the fruiting trees (≥5 cm
dbh) important in the diet of either species within 10 m of either side of
the transects. We determined the fruiting intensity by assigning each tree to
a numerical class (1–5) based on the fruit density in the crown, with each
class indicating about twice the density as the next lower class and 3 being
the average fruit density of the species while in full fruit. Because basal area
correlates strongly with crown size (Anderson et al., 2000) and fruit produc-
tion (Chapman et al., 1992), we multiplied the basal area of each tree by
a factor (1/4,1/2, 1, 2, or 4, respectively) based on the fruit density class to
obtain an index of the total fruit load on each tree. We summed the fruit
loads, considering trees having both ripe and unripe fruits to have 1/2 ripe
and 1/2 unripe fruit, and divided them by the total area sampled to produce
a standardized monthly fruiting intensity for each species and transect for
both ripe and unripe fruit. The only flowering species the subjects ate fre-
quently, Premna angolensis, flowered during the study, but synchronously
for a short duration and our surveys missed it.

RESULTS

Primate Densities

Lophocebus albigena had the lowest average density over all the
transects and Cercopithecus mitis had the next lowest; however, densities
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Table II. Group densities of the arboreal monkeys of Kanyawara by transect

Group densities (groups/km2)

Transects
Cercopithecus

mitis
Lophocebus

albigena
Cercopithecus

ascanius
Colobus
guereza

Piliocolobus
tephrosceles

1 0.0 0.0 4.1 11.6 15.8
1 Field station 0.0 0.0 6.8 25.5 15.3

1 Forest 0.0 0.0 2.3 2.3 16.1
2 5.9 0.0a 24.8 10.6 16.5
3 5.3 3.9 14.4 3.9 7.9
4 5.2 2.1 8.3 8.3 8.3
5 3.4 0.9 7.7 4.3 6.8
6 0.0b 1.6 3.9 0.8 2.3
7 1.1 1.1 2.8 1.7 7.2
8 0.5 0.0b 6.4 3.5 4.4

Mean 2.7 1.2 9.1 5.6 8.7

Note. 1 Field station is the portion of transect 1 running through the Makerere University
Biological Field Station. 1 Forest is the portion of transect 1 that is in the forested area.
Transect 1 is the entirety of the transect. We calculated the means with all of transect 1.
aPresence noted with opportunistic observations.
bPresence noted during surveys but at distances of >24 m.

varied between transects. Cercopithecus ascanius (red-tailed monkey)
and Piliocolobus tephrosceles (red colobus) had the highest overall group
densities (Table II). The index of density—groups observed/km walked
(Table III)—showed the same pattern.

The density of Cercopithecus mitis on the transects correlated most
strongly with total food tree basal area density, but also correlated pos-
itively with fruit tree basal area density and leaf tree basal area density.
Density of Cercopithecus mitis does not correlate positively with average
summed standardized fruiting intensity, total tree basal area density, or with
flowering tree basal area density (Table IV). The Cercopithecus mitis index
of relative density—groups observed/km walked—also correlates positively
with total food tree basal area density, fruit tree basal area density, and leaf
tree basal area density but not with average summed standardized fruiting
intensity, total tree basal area density, or with flowering tree basal area den-
sity (Table IV).

Density of Lophocebus albigena does not correlate positively with av-
erage summed standardized fruiting intensity, total tree basal area density,
total food tree basal area density, fruit tree basal area density, or with inver-
tebrate foraging tree basal area density (Table IV). Similarly, the Lopho-
cebus albigena relative index of density—groups observed/km walked—do
not correlate positively with total tree basal area density, total food tree
basal area density, fruit tree basal area density, or with invertebrate for-
aging tree basal area density. However, there is a marginally significant
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Table III I. Groups of the arboreal monkeys of Kanyawara sighted/km walked by transect
during the monkey

Relative group density index (groups sighted/km walked)

Transects
Cercopithecus

mitis
Lophocebus

albigena
Cercopithecus

ascanius
Colobus
guereza

Piliocolobus
tephrosceles

1 0.0 0.0 0.36 0.92 1.18
1 Field

station
0.0 0.0 0.57 1.63 1.31

1 Forest 0.0 0.0 0.22 0.44 1.10
2 0.34 0.0a 1.25 0.85 1.30
3 0.25 0.19 0.76 0.32 0.76
4 0.30 0.10 0.60 0.60 0.60
5 0.16 0.12 0.57 0.29 0.70
6 0.04 0.11 0.37 0.04 0.22
7 0.08 0.19 0.29 0.16 0.59
8 0.05 0.07 0.40 0.24 0.36

Mean 0.15 0.10 0.58 0.43 0.71

Note. Transects are labeled as in Table II. We calculated means with all of transect 1.
aPresence noted with opportunistic observations.

positive correlation between the relative index of mangabey density and
average summed standardized fruiting intensity (Table IV).

Forest Composition

The 97.5% basal area density confidence intervals of the tree types—
all trees; Cercopithecus mitis fruit, leaf, flower, and total food trees; and

Table IV. Correlations between primate densities and relative densities and the basal
area densities of various tree categories and fruit availability (average summed standardized

fruiting intensity)

Basal area
density and fruit
availability

Cercopithecus
mitis density

Cercopithecus
mitis relative
density

Lophocebus
albigena density

Lophocebus
albigena relative
density

r p r p R p r p

Total tree 0.306 0.231 0.371 0.183 0.032 0.470 0.042 0.406
Food tree 0.745 0.017 0.824 0.006 −0.159 0.353 −0.126 0.383
Fruit tree 0.662 0.037 0.741 0.018 0.212 0.307 0.134 0.376
Leaf tree 0.630 0.047 0.685 0.031 — — — —
Flower tree −0.519 0.094 −0.572 0.069 — — — —
Invert. tree — — — — −0.441 0.137 −0.304 0.232
Fruit availability 0.239 0.285 0.237 0.289 0.399 0.164 0.596 0.060

Positive correlations significant at α= 0.05 are in bold font. Positive correlations significant
at α= 0.10 are underlined. We did not adjust significance for multiple tests as each test
was a planned comparison and addresses an independent hypothesis. Instead, we report all
results. In all cases N = 8
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Table V. The basal area densities (cm2 tree basal area/m2 land) of trees ≥10 cm dbh in
transect 1 and the forest section of transect 1 compared to the 97.5% confidence limits of

the fragments and the other transects

Fragments:
(mean) upper

97.5% confidence
limit

Transect
1

Transect 1
forest only

Transects 2–8:
lower 97.5%

confidence limit
(mean)

All trees (10.4) 14.9 22.0 30.4 30.8 (36.7)
Total food trees of

Cercopithecus mitis
(0.6) 0.8 2.2 3.6 10.7 (14.5)

fruit trees of
Cercopithecus mitis

(0.3) 0.6 0.9 1.4 6.0 (8.4)

leaf trees of
Cercopithecus mitis

(0.2) 0.3 0.9 1.5 3.6 (5.7)

flower trees of
Cercopithecus mitis

(0.001) 0.002 0.4 0.7 0.1 (0.4)

Total food trees of
Lophocebus
albigena

(1.1) 2.8 6.1 10.2 8.7 (10.8)

fruit trees of
Lophocebus
albigena

(0.2) 0.3 1.4 2.2 6.5 (8.7)

invertebrate foraging
trees of
Lophocebus
albigena

(0.9) 2.5 4.8 8.0 0.6 (2.1)

Lophocebus albigena fruit, invertebrate foraging, and total food trees—of
the fragments and the forest transects never overlapped and were separated
by large gaps, except in the case of Lophocebus albigena invertebrate for-
aging trees. Transect 1 and the forest part of transect 1 had higher basal
area densities than the fragments in every category. They had lower basal
area densities than the other transects in every category except Cercopithe-
cus mitis flower trees, Lophocebus albigena total food trees, and L. albigena
invertebrate foraging trees (Table V).

The 10 species with the highest basal area densities were more often ex-
otic (Eucalyptus sp.) (df = 1, χ2 = 5.6, p≤0.025), edge/savanna species (ex-
cluding Eucalyptus sp.) (df = 1, χ2 = 5.1, p≤0.025), or both (df = 1, χ2 = 6.0,
p≤0.025) in the fragments than in the forest even with the inclusion
of all of transects 1 and 8. A second set of analyses with Markhamia
lutea defined as an interior species confirmed the differences between the
fragments and transects (edge/savanna species excluding Eucalyptus sp.:
df = 1, χ2 = 6.8, p≤0.01; edge/savanna/exotic species: df = 1, χ2 = 10.2, p≤
0.01).
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Fruit Availability

Transect 1 had some species fruit during the study, e.g., one small Mon-
odora myristica, several large Parinari excelsa, and 2 individuals in a grove
of Diospyros abyssinica, but none of the important dietary species for Cer-
copithecus mitis fruited on these. For Lophocebus albigena, the only impor-
tant tree species to fruit was D. abyssinica, which fruited from July until
at least November, leaving May and June with no available fruit from im-
portant species. For both primate species, transects 3 and 7 had the highest
fruiting intensity overall, transect 2 having a large pulse from a single Ficus
exasperata in November. Celtis durandii was the only fruit available in every
mo in all transects, except for transect 1.

DISCUSSION

Primate Densities

We never observed or heard reports of the presence of Cercopithe-
cus mitis or Lophocebus albigena groups in the field station or the adjoin-
ing forest, despite the constant presence of potential observers over many
years. Researchers regularly see other primates the area. Correlations be-
tween density of Cercopithecus mitis and food tree basal area density, fruit
tree basal area density, and leaf tree basal area density suggest that, in the
case of the species, and potentially others, habitat quality might be indexed
dependably and quickly with a knowledge of local diet and corresponding
basal area measurements of only a few important food species (Siex and
Struhsaker, 1999). It is notable that total food tree basal area density corre-
lates more highly with monkey density than that of any dietary component
alone, which is not surprising considering the diverse diet of Cercopithecus
mitis.

Several factors may contribute to the lack of correlations between the
basal area densities of the tree categories and density of Lophocebus albi-
gena. All liana fruit combined was the second most important mangabey
food item of Olupot’s (1994) study, but is not accounted for here, weaken-
ing the predictive power of the food plant index. Certain species of lianas,
or lianas in general, may be important to understand mangabey habitat use
and should be a larger component of dietary studies than they have been in
the past. In addition, Lophocebus albigena home ranges are large (410 ha),
an order of magnitude larger than those of Cercopithecus mitis (61 ha;
Struhsaker and Leland, 1979), and the scale of the system of transects is
probably not large enough to match the scale at which the mangabeys for-
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age. One of the reasons for such wide ranging in Lophocebus albigena is
their exploitation of rare, intense fruiting events including those produced
by widely separated large Ficus spp. (Waser, 1975). The area of the transects
is most likely insufficient to accurately represent the occurrence of large,
widely spaced, and important figs. Increasing the size of the area studied to
include multiple home ranges could alleviate this problem. It is also possi-
ble that the diet of Lophocebus albigena changes substantially depending
on the level of production of various tree species from season to season, so
a long study spanning several years or several short studies might be neces-
sary to get an accurate picture of the mangabey diet.

We did not anticipate a strong relationship with the average summed
standardized fruiting and the densities of either monkey species because of
the assumptions inherent in calculating a fruit availability index for each
transect over a long period. By summing all fruiting species, we neces-
sarily assumed that to the frugivores the normal fruit load on individual
trees of a species is equivalent in value to that of any other species. We
also assumed that the value of the fruit does not change from one mo
to the next. Given that the assumption of normal fruit load interchange-
ability is almost certainly violated and that the assumption of unchanging
monthly fruit value is violated (Worman and Chapman, 2005), the near sig-
nificance of the correlation between number of mangabey groups seen per
km walked during the primate surveys and average summed standardized
fruiting intensity may be as much as can be expected. In view of the special-
ization of Lophocebus albigena on concentrated fruiting events compared
with the more diverse diet of Cercopithecus mitis, it is logical that use of
habitat by L. albigena would be more easily related to fruit availability and
use of habitat by C. mitis would be more related to the occurrence of all
types of food trees (Beeson, 1989). Fruit availability might be an acceptable
indicator of habitat quality for fruit specialists such as Lophocebus albi-
gena, but given the temporal variation in fruit load, long-term studies are
necessary.

Transect 1: A Primate Perspective

The area represented by transect 1 is a low-quality habitat for both
Cercopithecus mitis and Lophocebus albigena but low quality does not au-
tomatically exclude incidental use of or travel through the area by either.
To understand the absolute lack of use by troops of the monkeys, it is im-
portant to take a deeper look at their natural history.

Researchers have noted that home ranges of Cercopithecus mitis tend
to have obvious visual landmarks as boundaries, such as exotic plantations,
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swamps, roads, streams, and, of course, forest edges (Aldrich-Blake, 1970;
Butynski, 1990; Rudran, 1978). It not surprising that visually oriented pri-
mates, which probably do not mark boundaries with scent, might use nat-
ural, easily seen habitat changes and features for boundaries. The area
around transect 1 is cut off from the rest of the forest by a belt of swamp-
marsh that delineates the unused area and is the limit for Cercopithecus mi-
tis territories given by Butynski (1990) and our sightings of C. mitis (Fig. 2).
Thus, from the perspective of Cercopithecus mitis, the area of transect 1
might not be simply an area of low food, but an area of low food cut off
from the rest of the forest by a distinct boundary.

The case for Lophocebus albigena is less conclusive. They commonly
use marshes and swamps in other areas (Poulsen et al., 2001) and we saw
them in the middle of the swamp-marsh belt. One of their major fruit trees
(Diospyros abyssinica) fruited on transect 1, and their most important in-
vertebrate foraging tree (Parinari excelsa) has an extremely high basal area
density there. It is possible that Diospyros abyssinica rarely fruits in the
area, rarely did so in the past, or that the fruiting intensity is not worth the
trip considering how common fruiting trees of the species are throughout
the forest. However, given the use of fragments by Lophocebus albigena in
other areas (Tutin et al., 1997), the presence of at least some important fruit,
and their willingness to use swamps and marshes in this and other areas,
L. albigena is probably the more likely of the 2 frugivores to incorporate
the area of transect 1 into a home range.

Forest Composition

The fragments have lower basal area densities of trees and higher
proportions of edge/savanna trees in their 10 most important species than
Kibale forest, making the fragments different in more ways than just being
physically isolated. Isolation in itself does not imply that the fragments are
unsuitable habitat for resident or transient groups of Cercopithecus mitis
or Lophocebus albigena, because both are found widely through equatorial
Africa in diverse habitats (Kingdon, 1997). Similarly, the fact that the frag-
ments are much smaller in area than home ranges of Cercopithecus mitis and
Lophocebus albigena at Kanyawara does not automatically exclude them
because other primates—Cercopithecus ascanius and Pan troglodytes—are
able to move among fragments to meet their needs (Chapman et al., 2003).
While the necessity of traveling among fragments to gather enough food
may have an impact on the use of the fragments by Cercopithecus mitis,
which rarely descends to the ground (Beeson, 1989; Kingdon, 1974; Rudran,
1978) or crosses open areas (Devos and Omar, 1971; Fairgrieve, 1995;
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Fig. 2. Territories of Cercopithecus mitis from the 1980s in relation to the unused area
of forest. Territories are outlined in thick lines (redrawn from Butynski, 1990). The
unused area of forest is outlined with a white dashed line. Note that it is separated
from surrounding territories by a band of swamps. Roads are shown with thin lines.
The Makerere University Biological Field Station (MUBFS) is labeled. The satellite
image is a Quickbird (high resolution, 2.4 m) from DigitalGlobe, Inc., Longmont,
CO, USA.
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Lawes, 2002), researchers have reported that Lophocebus albigena travels
among fragments and reaches densities in fragments similar to densities
in neighboring contiguous forest (Tutin et al., 1997). In addition, there are
larger fragments not available for the analysis of forest composition—Kasisi
(130 ha) and Lake Mwamba (28.7 ha)—that also lack both species
(Onderdonk and Chapman, 2000) despite being large enough to contain
the home range of ≥1 group of Cercopithecus mitis (25–44 ha; Butynski,
1990), though not the entire home range of a group of Lophocebus albigena
(441 ha; Waser, 1984). In any case, neither differences in forest structure
nor size apply to the area of transect 1 because a group from the adjoining
areas could easily use it. The fact that groups could use the unused area in
concert with populated adjacent areas and therefore would not be required
to derive all their resources from the unused area suggests that the unused
area does not produce resources at high enough levels to attract even casual
use.

If one examines the basal area densities of the important food trees for
both Cercopithecus mitis and Lophocebus albigena, it becomes clear how
different the fragments are from the inhabited forest. The area of transect 1
generally falls between the 2. The only exceptions to this pattern are given
by minor, though not necessarily unimportant, dietary components. In the
case of Cercopithecus mitis, transect 1 has the same basal area density of
flower-producing species as the mean of the other transects. Excluding the
field station simply increases the flower-producing basal area density. This
finding suggests that lack of flower-producing trees can be ruled out as a
possible reason Cercopithecus mitis avoids the area.

Likewise, the total Lophocebus albigena food tree basal area density is
different from the other transects only when one includes the field station.
The forest alone fits in well with the rest of the transects in this characteristic
and actually had a higher basal area density of invertebrate foraging species
than any other transect. However, the extremely high basal area density of
Parinari excelsa—the 1 important invertebrate foraging species for Lopho-
cebus albigena—in the area of transect 1 seems to drive the results. The high
density of Parinari excelsa in one of the fragments also drives the overlap
of the fragment and transect confidence intervals for invertebrate foraging
trees. The high density of invertebrate foraging trees in unused areas sug-
gests that invertebrate foraging substrate is, in this case, not limiting the
range of Lophocebus albigena.

Our findings support the hypotheses that the basal area density of fruit-
producing trees or, in the case of Cercopithecus mitis, leaf-producing trees
or a combination of the 2, drive the pattern of C. mitis and Lophocebus
albigena occurrence. It is not possible to rule out that the basal area density
of all tree species drives the pattern, but it seems unlikely given that both
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species use logged areas around Kanyawara that lack a closed canopy (the
transect 1 forest has a closed canopy).

The low fruiting basal area in the fragments is probably not the result
of a lack of fruit dispersers, as Cordeiro and Howe (2001) suggested, be-
cause large-bodied frugivores are still present (Onderdonk and Chapman,
2000), and almost certainly not the result of a lack of dispersers in the area
of transect 1. Here, it is the lack of fruiting trees that leads to a lack of
frugivores and not the other way around.

Ample evidence indicates that the fragments are a poor habitat and do
not contain enough food trees to support their use by Cercopithecus mitis or
Lophocebus albigena. That transect 1 has higher food tree basal areas than
the fragments and yet is completely unused by either species though they in-
habit the adjoining forest indicates how poor the fragments really are. This
suggests that even if the matrix between the fragments and the forest were
conducive to dispersal by Cercopithecus mitis and Lophocebus albigena, the
fragments would likely still be unused. That Eucalyptus spp. is 1 of the top
10 tress in 8 of the 12 fragments indicates the importance of human im-
pacts on the fragments. If native trees important to frugivores were found
to be suitable alternatives to Eucalyptus spp. for human use and planted
instead, the habitat value of the fragments might increase greatly even with
no change in extraction practices. Though managing the smaller fragments
for Cercopithecus mitis or Lophocebus albigena would be overly optimistic,
wildlife species that currently depend on the fragments could benefit from
management aimed at increasing native forest trees at the expense of Eu-
calyptus spp. and edge/savanna trees that are common in the surrounding
matrix.

In this case, it appears that forest composition has a major impact on
use of forest areas and fragments by Cercopithecus mitis and Lophocebus
albigena. Though it is currently unclear why the area of transect 1 differs
from the rest of the forest and how dispersal limited Cercopithecus mitis and
Lophocebus albigena are, human use of the fragments is probably the main
agent of change and could potentially degrade the fragments until they are
empty of the primates that still inhabit them.
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