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Abstract The forest fragments surrounding the Boab-
eng-Fiema Monkey Sanctuary (BFMS) in central Ghana
shelter small populations of Colobus vellerosus. Little is
known about these populations or the ability of the
fragments to support them, despite the fact that these
fragments represent potentially important habitat for
the colobus in this region. We compared the diet of three
groups of C. vellerosus in the fragments to two groups in
BFMS. We also examined the differences in plant species
composition and food abundance among fragments. The
study took place from June to November 2003. Dietary
data were collected using scan sampling. Plant species
composition and food abundance were evaluated using
tree plots and large tree surveys. As in BFMS groups,
leaves constituted the highest proportion of the diet of
fragment groups, yet the colobus in fragments fed on
more lianas than did those in BFMS. Over 50% of all
species observed eaten by colobus in the fragments were
not consumed in BFMS groups during the same season.
Food abundance was similar between fragments and
BFMS, although species composition differed. There
was no relationship between the density of colobus and
the density of food trees or percentage of food species,
suggesting that other factors may be influencing the
number of colobus present. This study highlights the
broad dietary range of C. vellerosus, which may be a
factor allowing its survival in these fragments.

Keywords Colobus vellerosus Æ Diet Æ Forest
fragmentation Æ Habitat quality

Introduction

Many primate species live in areas where rates of
deforestation are among the highest in the world (e.g.,
Africa, South America; FAO 2000). Deforestation is
associated with forest fragmentation. Fragmentation
does not only reduce the size of available habitat, but
can also create different conditions in the habitat. For
instance, the level of disturbance in fragments is often
greater than in continuous forests as a result of ‘‘edge
effects’’, which may lead to higher tree mortality or
microclimatic changes in the interior of the forest
(Lovejoy et al. 1986; Kapos et al. 1997), or increased
human activity (Struhsaker et al. 2004). Forest frag-
ments can have a higher proportion of pioneer species
and a lower proportion or smaller number of shade
tolerant species compared to larger forest blocks (Zhu
et al 2004). Overall plant diversity (Estrada and Coates-
Estrada 1996) and size of trees (Schwarzkopf and Ry-
lands 1989) can also vary between forest fragments, or
disturbed forests, as opposed to continuous forests.
These factors may influence food availability for specific
species using this habitat (Schwarzkopf and Rylands
1989; Menon and Poirier 1996).

Habitat quality, diet and dietary breadth are impor-
tant factors influencing the ability of primates to survive
in fragments or in disturbed forests (Lovejoy et al. 1986;
Menon and Poirier 1996). It seems that folivorous spe-
cies fare better in forest fragments than frugivorous
species (Lovejoy et al. 1986; Johns and Skorupa 1987;
Estrada and Coates-Estrada 1996; Gilbert and Setz
2001). However, it is not possible to determine whether
a fragment is able to support primates and in what
numbers until information is available on the dietary
range of a species, and characteristics of a particular
fragment such as its size, species composition, and forest
structure.

The Boabeng-Fiema Monkey Sanctuary (BFMS) in
central Ghana is a 192-ha forest fragment surrounded by
even smaller forest fragments, some of which are
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inhabited by Colobus vellerosus (the Ursine colobus).
The colobus apparently travel between some of the
fragments. Some of our groups have been observed
travelling partly on the ground. We have shown else-
where (Wong and Sicotte 2006) that fragment size or
isolation distance from BFMS were not sufficient to
explain colobus density in these fragments. Here, we
investigate whether food availability and habitat quality
could explain colobus density in this fragmented habitat.
We established which tree species were eaten by colobus
in BFMS and in forest fragments, documented potential
food sources in each fragment, and compared these
potential foods to what is actually eaten. We also com-
pared the plant composition and food abundance in
fragments with and without C. vellerosus to document
differences in habitat quality.

Methods

Study site

This study took place in five small forest fragments
within 2 km of the Boabeng-Fiema Monkey Sanctuary
(BFMS) in Central Ghana (7�43¢N, 1�42¢W): Akrudwa
Kuma, Bonte, Busunya, Akrudwa Panyin and Bomini
(Fig. 1), from June to November 2003. At the time of
the study, colobus monkeys inhabited all fragments ex-
cept Bomini and Akrudwa Panyin (Table 1; Wong and
Sicotte 2006). Some fragments also had small numbers
of Cercopithecus campbelli lowei (Akrudwa Kuma=3,
Bomini=2). BFMS is a dry semi-deciduous forest
fragment (192 ha), separated from any other large forest
block by 50 km (Beier et al. 2002). BFMS and sur-

rounding fragments are located in an area characterized
by a marked dry season from November to March.
Rainfall over 5 years (1985–1990) collected in Nkoranza
(20 km south of BFMS) was 1,250 mm (SD:21.1) (Far-
gey 1992). The long rains last from April–July, the short
rains fall in September.

The monkeys at BFMS (Colobus vellerosus and Cer-
copithecus campbelli lowei) are protected at the local le-
vel by a traditional taboo which translates into a hunting
ban (Fargey 1992; Saj et al. 2005). In 1974, the Ghana
Wildlife Division established BFMS as a ‘‘Monkey
Sanctuary’’, a designation that means this area is man-
aged to ensure ‘‘perpetuation’’ of the two monkey spe-
cies at the site (World Bank 1993). The same level of
protection is not extended to the forest (Fargey 1992; Saj
et al. 2005). It is possible that the colobus groups found
in the smaller fragments originated from BFMS (Wong
and Sicotte 2006). Predation pressure is low and likely to
be equivalent among the fragments and BFMS.

Data collection

Dietary data from the groups in the forest fragments
were collected from August to November 2003 by S.W.
Mean rainfall for these 4 months between 2000 and 2002
were respectively: 125 mm (range: 58.7–185.7 mm),
196.7 mm (range: 143.9–244.9 mm), 116.8 mm (range:
75.3–194 mm), 37.3 mm (range: 8.6–66 mm). Three fo-
cal groups were selected, one each from Akrudwa Kuma
(AU), Bonte (BO) and Busunya (BU). Full day follows
were conducted from 0600 to 1800 hours for 3 consec-
utive days once or twice per month (following Teichroeb
et al. 2003 and Saj 2005), for a total of 15 full-day fol-
lows for each group. Dietary data were collected for 8–
10 h each day. Scan samples were conducted every
15 min (Fashing 2001), and data on the behaviour of the
first five individuals spotted in the group were collected
(Davies et al. 1999). If the individual was feeding, the
plant species and part [leaf (includes leaf bud), fruit,
seedpod, flower (includes flower bud), pith, bark, sap,
petiole] being consumed were recorded. Five minutes
were allowed for finding the individuals and the group

31 ha

54 ha

34 ha

3 ha 

192 ha 

33 ha 

Fig. 1 BFMS and surrounding forest fragments. The presence of
roads is indicated by the thin lines. There is a village adjacent to
each of the small forest fragments (Akrudwa Kuma, Akrudwa
Panyin, Busunya, Bomini and Bonte). The villages of Boabeng and
Fiema are adjacent to BFMS

Table 1 Size and isolation distance of five forest fragments sur-
rounding the Boabeng-Fiema Monkey Sanctuary and the popula-
tion density and number of groups of Colobus vellerosus in each
forest

Forest Size
(ha)

Isolation
distance
(m)a

Population
density
(ind/km2)

No. of
groups

Boabeng Fiema 192 0 119 15
Busunya 54.1 1,138 50 4
Akrudwa Kuma 34.2 294 47 1
Bonte 33.5 1,064 51 1
Bomini 30.6 1,688 0 0
Akrudwa Panyin 3.2 677 0 0

aIsolation distance estimates are based on the closest points from
BFMS and each fragment
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was circled between scans to get a random selection of
individuals. Dietary data from BFMS were collected on
two groups (WW and B) from September to November
2000 and January to August 2001 using focal sampling
(Saj 2005).

Characterizations of the size and the species of the
trees in each fragment were conducted from July to
November 2003 by S.W. and two trained research
assistants to estimate species diversity and food abun-
dance (tree plots and large tree survey described below).
Tree plots in BFMS were done in September 2001 by
T.S. and two trained research assistants. Large tree
surveys of the home range of focal groups in BFMS were
also conducted, but comparisons with these surveys are
not included in this study.

Tree plots

Tree plots were placed at random in all fragments. All
plots were placed inside the home range of the focal
groups. Species and diameter at breast height (DBH)
were recorded for all trees DBH‡10 cm within the plots.
The size and number of plots per fragment were as fol-
lows: two 50·50 m plots in Bomini and Bonte, three
50·50 m plots in Busunya and Akrudwa Kuma and one
50·50 m plot and one 25·25 m plot in Akrudwa Panyin.
This represented a mean of 3.3% per fragment (2.2% in
Akrudwa Kuma, 1.5% in Bonte, 1.4% in Busunya,
9.9% in Akrudwa Panyin and 1.6% in Bomini) and a
mean of 9.9% of each group’s home range (3.8% in
Akrudwa Kuma, 7.7% in Bonte, 18.1% in Busunya). All
plots in BFMS were 50·50 m and the number in each
group’s home range were as follows: WW=5 plots
(10.4% of home range) and B=4 plots (9.1% of home
range).

Large tree survey

Trees with DBH‡40 cm were identified to species and
DBH was measured. Each tree was mapped with a
Trimble GeoExplorer 3.0 GPS receiver. The large tree
survey represented a mean of 89.6% of each fragment
area (63.9% in Akrudwa Kuma, 95.5% in Bonte, 100%
in Busunya, 100% in Akrudwa Panyin and 88.6% in
Bomini), and we concentrated measurements in areas of
the fragments used by the colobus. As a result of these
methods, the habitat quality in Akrudwa Kuma may be
over-estimated, since it does not include all the unused
areas of the forest (i.e., areas that may lack edible trees
or large trees).

Data analysis

The relative proportion of each species consumed was
calculated using the percentage of scans spent feeding on
each different species. The percentage of scans spent
feeding on different plant parts was also calculated and

compared to WW and B for August to November. The
fragment diet was compared to WW and B groups by
calculating: (1) the number of species consumed in
fragments but not BFMS, and of those species, which
ones were present in BFMS, and (2) the number of
species consumed in BFMS but not the fragments, and,
of those species, which were present in the fragments.
These comparisons were done using WW and B dietary
data from the same 4 months of the year (August–
November) and also from the complete list of the food
species used by both groups. Sorensen’s coefficient of
community (Smith 1992) was calculated for all pairs of
groups to compare relative similarity in diet. The num-
ber of new food species recorded each month for BFMS
groups was plotted to evaluate the proportion of dietary
elements that 4 months of data collection in the frag-
ments could potentially yield. The ten most commonly
eaten tree species for all five groups were also compared.

Spearman rank correlation tests were used to exam-
ine if a relationship existed between the frequency of
consumption and stem density and the frequency of
consumption and basal area for fragment groups, using
data from both the tree plots and the large tree survey.
Sample size for these correlations was limited by the
number of tree species consumed and whether stem
density and basal area could be calculated. All tests were
two-tailed and were significant at P<0.05. Tests were
performed using SPSS 11.5.

To assess the availability of food resources for colo-
bus (i.e., the ‘‘habitat quality’’), a variety of indices were
calculated from the tree plots and the large tree survey.
From the tree plots, we calculated: stem density of all
trees (food and non-food), Shannon-Wiener index of
diversity, density of potential food trees, average DBH
of food trees, the percentage of tree species that were
potential food trees, and the percentage of potential
food tree species consumed by that colobus group. Po-
tential food trees were all trees on which colobus have
been recorded feeding in any of the fragments or in the
BFMS. The same metrics were calculated for the large
tree survey as described above. This was done for both
the total area mapped and the home range of the focal
groups.

To examine the relationship between the density of
colobus and habitat quality, linear regressions were used
to examine the relationship between: (1) colobus density
and density of all trees, (2) colobus density and density
of food trees, and (3) colobus density and percentage of
species which were potential food trees. This was done
using results from the large tree survey (using only data
from the fragments) and the tree plots (using data from
each fragments and pooling data from B and WW to get
one value for BFMS). The colobus density numbers for
BFMS derive from our 2003 census of the whole frag-
ment (Wong and Sicotte 2006).

The top ten species were determined for each frag-
ment from the tree plots. Similarities between BFMS
and fragments were examined from the tree plots only,
as the BFMS large tree survey was not available for
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BFMS at the time. The percentages of tree species found
in fragments and not BFMS and vice versa were also
calculated. For this comparison, species found in frag-
ments used data from both the tree plots and the large
tree survey. Data from the 2001 BFMS tree plots (Saj
2005) and the BFMS inventory (Abu-Juam et al. 1996)
were used for BFMS.

To examine the level of disturbance in fragments
compared to BFMS, comparisons between the propor-
tion of pioneer species and non-pioneer species were
made [distinction based on the classifications by Abu-
Juam et al. (1996) based on Hawthorne (1990)]. These
proportions were calculated for each fragment (using the
data from the tree plots and the large tree survey) and
BFMS (using data from the 2001 tree plots for B and
WW and for this analysis only, data from the BFMS
large tree survey).

Results

Diet

A total of 1,754 scans were recorded over 45 days (605
for AK, 555 for BO, 594 for BU). These scans yielded a
total of 1,528 individual feeding records for the three
focal groups (410 for AU, 583 for BO, and 535 for BU).
The diet of fragment groups and BFMS groups (from
August to November) consisted primarily of leaves
(mature and young) from both tree species and lianas
(AU=90.6%, BO=87.5%, BU=70.0%, WW=85.4%
and B=95.8%). BU consumed more fruit and seedpods
than any other group (Fig. 2). In addition, all fragment
groups consumed some insects (<1% in ‘‘other’’ cate-
gory), which had not been recorded for either WW or B
groups. Insects were usually licked but sometimes picked
off the bark of trees. Consumption of insects was rec-
ognizable because the colobus were obviously picking or

licking a moving target. The type of insect is not known.
A greater proportion of the diet consisted of lianas in the
fragments (AU=26.3%, BO=9.3%, BU=18.0%)
compared to BFMS (1.6%; Saj 2005). Fragment groups
also consumed two non-native species, Cassia siamea
and Azadirachta indica. Cassia siamea was the fourth
most consumed species in BU.

A total of 48 plant species were consumed by the
combined groups in the fragments (AU=31, BO=22,
BU=29) and 35 plant species were consumed in the two
BFMS groups (WW=29, B=19) from August to
November and 52 plant species (WW=42, B=34) were
recorded over 11 months (Fig. 3). A greater proportion
of the plants consumed by the colobus in the fragments
was not consumed in BFMS when only data from Au-
gust to November was used (Fig. 3). This was not true
when the full year data for BFMS was included (Fig. 3).
Of the species not consumed in BFMS, 40.9% (n=9)
were found in the home range of WW or B or both. Of
the 11 BFMS species (August–November) not consumed
in fragments, 6 were found in Akrudwa Kuma, and 2
were found in Busunya. Bonte did not contain any of the
unconsumed species.

The rate at which new species were seen to be added
to the diet of BFMS groups in relation to time showed
that after 7 months of data collection, the number of
new species began to plateau. After 4 months of data
collection at BFMS, 69.0% (WW) and 55.9% (B) of the
species consumed during the full year had been re-
corded.

Sorensen’s coefficient of community did not show any
clear trends in similarities of diet; most values were close
to 0.5 (Table 2). Only one species (Adansonia digitata)
was a top ten species consumed in all five groups. All
groups had at least two species in their top ten species
which were consumed exclusively in that group
(Table 3).

No relationship existed between frequency of con-
sumption and stem density using data from tree plots
(P>0.233). There was a positive association between
frequency of consumption and basal area for Akrudwa
Kuma (n=16, rs=0.562,P=0.024) but not Bonte (n=10,
rs=0.576, P=0.082) or Busunya (n=13, rs=0.503,
P=0.079). Using data from the large tree surveys, the
frequency of consumption and stem density were posi-
tively associated in Akrudwa Kuma (n=21, rs=0.651,
P=0.001) and Busunya (n=20, rs=0.491, P=0.028) but
not Bonte (n=14, rs=0.207, P=0.477). There was also a
positive association between frequency of consumption
and basal area for Busunya (n=20, rs=0.801,P < 0.001)
but not Akrudwa Kuma (n=21, rs=0.382, P=0.087) or
Bonte (n=14, rs=0.341, P=0.233).

Habitat quality

The total number of species found in the tree plots for all
fragments combined was 69 (38 for Akrudwa Kuma, 25
for Bonte, 24 for Busunya, 17 for Akrudwa Panyin and
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Fig. 2 Percentage of plant parts consumed by Colobus vellerosus
other than leaves in fragments and BFMS. Comparisons made for
August to November. Leaves included leaf buds. Flower included
flower buds. *Other includes: petioles, bark, sap, pith, soil and
insects
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28 for Bomini). The tree plots in BFMS found 69 species
(WW=52 and B=38). Of the 69 species found in the
fragments combined, 51% were not found in the home

ranges of either WW or B in BFMS. The percentage of
overlap was 46.4%. All fragments had lower Shannon-
Wiener indices than WW and B (Tables 4, 5). Akrudwa
Panyin, with no colobus, had the highest mean DBH of
food trees and Busunya, with colobus, had the lowest.
All fragments had lower density of food trees than WW
and B, with fragments not containing colobus having the
lowest (Table 4). The percentage of the potential food
species was lowest for WW and B compared to the
fragments (Table 4). The percentage of food species
consumed was highest in Busunya and lowest in WW
(Table 4).

A total of 94 large tree species was found during the
large tree survey in all the fragments combined (67 in
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Table 2 Comparisons of similarities in the diets of fragment and
BFMS groups of Colobus vellerosus from August to November
using Sorensen’s coefficient of community (CC). Higher values
indicate greater similarity

B Akrudwa Kuma Bonte Busunya

WW 0.50 0.54 0.39 0.41
B 0.52 0.59 0.46
Akrudwa Kuma – 0.60 0.50
Bonte – – 0.47

Table 3 Top ten food species for forest fragments and BFMS groups from August to November

Rank WW B A. KUMA BONTE BUSUNYA

1 Aubrevillea kerstingi
(Mimosaceae)

Afzelia africana
(Papilionaceae)

Adansonia digitata
(Bombacaceae)

Albizia coriaria
(Mimosaceae)

Adansonia digitata
(Bombacaceae)

2 Albizia coriaria
(Mimosaceae)

Adansonia digitata
(Bombacaceae)

Cardiospernum
grandiflorum
(Sapindaceae)

Aubrevillea kerstingi
(Mimosaceae)

Ficus ardisoides
(Moraceae)

3 Hura crepitans
(Euphorbiaceae)

Ceiba pentandra
(Bombacaceae)

Aubrevillea kerstingi
(Mimosaceae)

Adansonia digitata
(Bombacaceae)

Cardiospermum
grandiflorum
(Sapindaceae)

4 Bombax buonopozense
(Bombacaceae)

Antiaris toxicaria
(Moraceae)

Celtis zenkeri
(Ulmaceae)

Morinda lucida
(Rubiaceae)

Cassia siamea
(Caesalpiniaceae)a

5 Thevetia peruviana
(Apocynaceae)

Albizia coriaria
(Mimosaceae)

Ceiba pentandra
(Bombacaceae)

Ceiba pentandra
(Bombacaceae)

Triplochiton scleroxylon
(Sterculiaceae)

6 Adansonia digitata
(Bombacaceae)

Milicia excelsa
(Moraceae)

Bombax buonopozense
(Bombacaceae)

Pterocarpus erinaceus
(Caesalpiniaceae)

Bombax buonopozense
(Bombacaceae)

7 Bombax costatum
(Bombacaceae)

Morinda lucida
(Rubiaceae)

Triplochiton scleroxylon
(Sterculiaceae)

Ficus ottonifolia
(Moraceae)

Celtis zenkeri
(Ulmaceae)

8 Celtis zenkeri
(Ulmaceae)

Ficus exasperate
(Moraceae)

Parquetina nigrescens Antiaris toxicaria
(Moraceae)

Carica papaya
(Acanthaceae)

9 Morus mesozygia
(Moraceae)

Spathodea campanulata
(Bignoniaceae)

Unknown no.1 Misc. unknown Bombax costatum
(Bombacaceae)

10 Antiaris toxicaria
(Moraceae)

Trilepisium madagascariense
(Moraceae)

Misc. unknown lianab Grewia mollis
(Tiliaceae)

Ficus exasperate
(Moraceae)

Khaya grandifolia
(Meliaceae)b

Milicia excelsa
(Moraceae)a

Names in bold indicate species exclusive to that group
The family name of each species follows in brackets. aExotic species, bTied in ranking
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Akrudwa Kuma, 39 in Bonte, 64 in Busunya, 26 in
Akrudwa Panyin and 52 in Bomini). In general, the
values of the habitat quality indices were higher in the
home ranges of the groups than in the entire forests,
with the exception of the Shannon-Wiener indices. Stem
density in Akrudwa Panyin, with no colobus, was within
the values of stem density in the home ranges of the
groups. Bomini, also with no colobus, had the lowest
stem density. Bomini also had the lowest average DBH
of food trees, but DBH of food trees in Akrudwa Panyin
was within the values of the home ranges of Akrudwa
Kuma and Bonte. The density of food trees (with the
exception of Bonte) and the percentage of potential food
trees (with the exception of Akrudwa Kuma) in the
home ranges of the groups were higher than in the
fragments containing no colobus. Of the 16 potential
food species available in Bonte’s home range, the group
consumed 15 of them (93.8%).

Using data from the tree plots (data from B and WW
were pooled to give one value for BFMS), there was no
relationship between the density of colobus (Table 1) in
the forest and the density of all trees (n=6, r2=0.297,
P=0.264), density of food trees only (n=6, r2=0.046,
P=0.683) or the percentage of species which were po-
tential food trees (n=6, r2=.003, P=0.914). For the
large tree survey (which does not include data from
BFMS), there was no relationship between number of
colobus in the fragment and density of large trees (n=5,
r2=0.200, P=0.450), density of large food trees (n=5,

r2=0.131, P=0.550), or percentage of species which
were potential food species (n=5, r2=0. 534, P=0. 161)

Considering the ten most abundant tree species found
in the trees plots in the fragments and in BFMS, the
plots in WW group’s range in BFMS had the least
overlap with other plots, with eight distinct top ten
species (Table 6). By contrast, Bonte’s plots had only
one distinct top ten species (Table 6). Many species
found in the fragments were not found in BFMS. For
example, of the 108 species found in all fragments
combined (using data from the tree plots and large tree
survey), 54 species (50%) were not found in WW or B
tree plots. When data from the BFMS inventory (Abu-
Juam et al. 1996) were included, there were still 27 spe-
cies (25%) from the fragments which were not found in
either WW or B’s home range. Of the 61 species which
were identified (8 species are unknowns) in BFMS (WW
and B combined), 20 (32.8%) were not found in the
fragments.

The percentage of pioneer species in the fragments
was higher than BFMS for both the tree plots and the
large tree survey (Table 7). The number of non-native
species per fragment found during the tree plots was:
Akrudwa Kuma=1 (2.6% of total tree species present),
Bonte=1 (4.0%), Busunya=1 (4.2%), Akrudwa Pany-
in=0 and Bomini=1 (3.6%). The number of non-native
species found during the large tree survey was Akrudwa
Kuma=2 (3.0% of total tree species present), Bonte=0,
Busunya=2 (3.1%), Akrudwa Panyin=0 and

Table 4 Summary of tree plot results (>10 cm DBH)

Forest Stem density
(no./ha)

Shannon-Wiener
index of diversity

Avg. DBH
of food
sp.(cm)

Stem density of
food trees
(no./ha)

% Potential
food sp.

% Food sp.
consumed
by group

A. Kuma 216 1.36 40.5 160 65.7 60.0
Bonte 234 1.08 34.5 166 64.0 62.5
Busunya 155 0.90 30.4 131 62.5 86.7
A. Panyin 285 0.82 44.9 83.2 64.7 –
Bomini 218 1.31 35.4 116 60.7 –
WW 253 4.65 37.1 202 57.7 40.4
B 180 4.16 40.5 180 57.9 63.6

The highest value for each category is in bold

Table 5 Summary of large tree survey (>40cm DBH) results

Forest Stem dentity
(no./ha)

Shannon-Wiener
index of diversity

Avg. DBH of
large food
sp. (cm)

Stem density
of food trees
(no./ha)

Potential
food
trees (%)

Food sp.
fed on by
group (%)

A. Kuma 28.8 1.58 81.0 20.6 61.2 56.1
A. Kuma HR 33.4 1.51 86.0 24.2 58.7 56.8
Bonte 9.1 1.29 72.6 6.8 59.0 65.2
Bonte HR 12.8 1.12 84.2 12.0 76.2 93.8
Busunya 8.4 1.48 78.5 5.3 62.5 60.0
Busunya HR 30.6 1.23 75.3 23.1 83.9 76.9
A. Panyina 31.4 1.20 85.7 20.4 69.2 –
Bominia 13.3 1.44 69.7 9.9 63.5 –

The highest value for each category is in bold
aIndicates fragments that do not contain a resident population of colobus. HR indicates values calculated in the home range of the
fragment group only, as opposed to the whole fragment
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Bomini=2 (3.8%). The non-native species found most
commonly was Cassia siamea.

Discussion

This study documents the diet of C. vellerosus in central
Ghana (in BFMS and five surrounding smaller frag-
ments) to determine if differences in habitat quality and
presence of potential food could explain differences in
colobus densities between these small forests. Since the
study in the fragments surrounding BFMS lasted only
4 months, the results should be considered preliminary.

Diet of C. vellerosus in the fragments compared
to BFMS

Leaves constituted the highest proportion of plant parts
consumed for all fragments and BFMS. The proportions
of other plant parts consumed were slightly different.
For example, BU consumed less leaves than any other
group and more fruit and seedpods. The higher pro-
portion of seedpods in their diet was due to the high
abundance of Cassia siamea, which constituted 83% of
the seedpods consumed. Insects were eaten in the frag-
ments, which has also been reported for Colobus satanas
living in fragments (Tutin 1999). The groups in frag-
ments also consumed a higher proportion of lianas than
the BFMS groups, a tendency which has also been
found in Callithrix geoffroyi living in fragments (Pass-
ami and Rylands 2000). Forest fragments suffer from
more ‘‘edge effects’’ and thus contain a higher amount of
secondary vegetation (Lovejoy et al. 1986), such as li-
anas (Zhu et al. 2004). It has been suggested that this
secondary vegetation is beneficial to folivores and con-
tributes to their ability to flourish in fragmented forests
(Lovejoy et al. 1986). Oates (1977) found that second-
ary-growth species and forest edge species were common
in the habitat of C. guereza in different localities, though
species composition changed among sites. Since the
abundance of lianas in the fragments and BFMS was
not evaluated, it cannot be confirmed whether lianas are
more common in the fragments than in BFMS.

During our 4-month study, the number of potential
food species was greater than the actual species fed upon
for all groups, with the exception of Bonte. The same
phenomenon was reported in Colobus guereza in frag-
ments (Onderonk and Chapman 2000). The number of
plant species consumed from August to November was
within the same range between fragment and BFMS
groups. C. vellerosus also consumed non-native species,
which has been reported in other species in fragments
(Macaca silenus; Bicca-Marques 2003; Singh et al. 2001)
and human-altered environments (C. guereza; Grimes
and Paterson 2000). This finding suggests that C. velle-
rosus is able to adjust species in its diet to accommodate
the differences in plant composition in the forests. This
form of adaptation is supported by Oates (1977) whoT
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suggested that while C. guereza is adapted to ‘‘marginal’’
forest habitat, the species is able to exploit vegetation in
mature forests.

Alouatta palliata living in forest fragments consumed
species more commonly available in those fragments
(Estrada et al. 1999). The relationship between fre-
quency of consumption and either stem density or basal
area (from the tree plots and the large tree survey) shows
mixed results. Only Bonte consistently showed no rela-
tionship between these variables, suggesting this group is
not consuming species more common in the fragment.
The other fragment groups showed at least one positive
relationships between consumption and some measure
of food abundance.

Habitat quality in the fragments

We would intuitively expect that the food abundance in
the fragments without colobus would be lower, if habitat
quality was the limiting factor for the presence of colo-
bus. Although the tree plots showed that the density of
food trees was lower in the two fragments without col-
obus, these two fragments were not consistently lower in
other habitat quality indices, such as mean DBH of food
trees, Shannon-Wiener index, or percentage of food tree
species. Furthermore, the lack of relationship between
density of food trees and the density of colobus suggests
that the absence of C. vellerosus in Akdrudwa Panyin
and Bomini cannot be explained by food abundance
alone. The absence of colobus in these fragments may be
due to a combination of food availability, isolation
distance, fragment size, or increased human intolerance
in Akrudwa Panyin and Bomini. Alternatively, it may
simply be an artifact of the short duration of our study,
as groups may be using some fragments seasonally.

The home ranges of the fragment focal groups con-
tained higher food abundance than the rest of their
fragment since the DBH, density and percentage of food
trees was higher in their home range than in the entire
fragment. This demonstrates habitat selectivity, i.e., the
behavioural processes of organisms that result in non-
random habitat use to maximize survival and fitness
(Hutto 1985; Block and Brennan 1993; Jones 2001).

Spatial analysis of used and unused/available areas
would allow us to identify other important aspects of
habitat quality, such as the distribution of large trees,
distance between large trees, or distance between food
patches, which would lead to a better understanding of
foraging and habitat use decisions of C. vellerosus in this
area.

Food abundance in the forest fragments containing
colobus was comparable to BFMS, despite the differ-
ences in plant composition. However, the higher pro-
portion of pioneer species in the fragments suggests a
higher level of disturbance than in BFMS. Furthermore,
there were more non-native species and species that are
grown as commercial food crops in the fragments than
in BFMS. Many non-native species are more tolerant of
disturbance than native species, and can overwhelm
native forests and outcompete indigenous species (Sauer
1998). The level of disturbance in Busunya seemed
particularly high. Cassia siamea, which was the most
common species in Busunya, is an introduced, pioneer
species. Its high abundance in Busunya combined with
the low percentage of non-pioneer species suggests that
the Busunya fragment may be more disturbed than the
other fragments and BFMS. Nevertheless, since pioneer
species constituted some of the top ten species in colobus
diet, it is unclear whether the higher abundance of pio-
neer species will inhibit or enhance colobus survival and
reproduction in the long-term.
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Table 7 Comparisons between percentages of pioneer species and non-pioneer species in the fragments and BFMS

Forest Tree plots Large tree surveys

Pioneer
sp. (%)

Non-pioneer sp.
(includes shade
tolerant) (%)

Unknown
(%)

Pioneer
sp. (%)

Non-pioneer sp.
(includes shade
tolerant) (%)

Unknown (%)

Akrudwa Kuma 28.9 21.1 34.2 25.4 19.4 41.8
Bonte 40.0 20.0 28.0 23.1 12.8 48.7
Busunya 41.7 4.2 25.0 26.6 17.2 43.8
Akrudwa Panyin 29.4 29.4 23.5 26.9 26.9 26.9
Bomini 28.6 17.9 35.7 26.9 21.4 46.2
BFMS 17.4 36.2 40.6 18.6 30.9 44.3
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