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Colobus vellerosus in aFragmented Landscape:
Population Status and Habitat Quality

ABSTRACT
The Boabeng-Fiema Monkey Sanctuary (BFMS) is inhabited by agrowing
population of Colobus vellerosus. Smaller forest fragments surrounding BFMS also
contain C. vellerosus and may provide important habitat for the monkeys. We determined
the population of C. vellerosus in BFMS and surrounding fragments by censusing the area
during 13 days in July 2003. The population was 217-241 individuals in BFMS and 58-62
individuals in fragments. We also assessed habitat quality in the fragments through
behavioural data (activity budget and ranging patterns) and ecological surveys (systematic
counts of trees in 12 quadrats and large tree surveys), and examined the effects of food
availability on colobus diet. Habitat quality was similar between fragments and BFMS.
Diet in fragments was characterized by leaves and ahigher proportion of lianas. The
fragments can likely support current numbers of C. vellerosus, but priority should be
placed on maintaining the integrity of the forests.
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Chapter I: Overview
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1.1 INTRODUCTION

The loss of tropical forest is occuring at arate of 9.4 million hectares per year (FAO
2000). In addition to the effects of habitat loss to forest dwelling species, deforestation
leads to the formation of forest fragments; small remnants of forest, surrounded by
unsuitable habitat for forest species (Didham, 1997). From 1990 to 2000, Africa was
losing its forests at arate of 0.34% per year from deforestation (FAO, 2000). This
deforestation is aresult of agriculture expansion to meet the needs of agrowing population
(FAO, 2003) and in countries such as Ghana, has resulted in pockets of forest existing in a
"sea" of agricultural land (Whitmore, 1997).
Although the impact of forest fragmentation on animal populations will differ
depending on the behavioural and ecological resilience of the species, forest fragmentation.
may result in areduction in size and genetic isolation of some populations (Lovejoy etal.,
1986). To implement conservation strategies, research must focus on identifying which
species are most vulnerable to extinction as aresult of fragmentation, and determine
fragment characteristics most able to support particular species (Onderdonk & Chapman,
2000). Many primate species are listed as threatened or endangered, thus the need to
determine how forest fragmentation affects their populations is critical (Lovejoy et al.,
1986).
This overview is meant to provide background information on forest fragmentation.
It begins by examining how fragmentation alters the forest structure and follows with a
discussion of possible primate and fragment characteristics that influence the persistence of
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discussion of possible primate and fragment characteristics that influence the persistence of
primate species in forest fragments. Ipresent acritical review on what is known about
fragmentation effects on the demography and behavioural ecology of primates in
fragments, and the limitations of our knowledge. Finally, Idiscuss the goals of my thesis.

1.2 FRAGMENTATION EFFECTS ON FOREST STRUCTURE

Fragmentation increases the proportion of exposed forest edge (Kapos et al., 1997)
and as aresult creates multiple impacts on the remaining forest, known as "edge-effects".
Edges lead to microclimatic changes in the forest interior, particularly when the forest is
surrounded by cleared land, such as pasture or agriculture fields (Kapos etal., 1997). An
increase in solar radiation and exposure to hot, dry winds blowing off the surrounding
clearing results in differences in relative humidity and air temperature between fragment
edges and 100 m inside the forest (Lovejoy etal., 1986). Soil moisture also varies, with
drier soils at the forest edge (Kapos etal., 1997). The degree to which forest interiors and
forest edges are affected by microclimatic changes will depend on the size, age and shape
(ratio of edge to area) of the fragment, edge orientation (i.e. south versus north facing),
latitude, and seasonal changes in temperature, rainfall and solar radiation (Turton &
Freiburger, 1997).
In response to increased light at the forest edges and increased exposed soil, pioneer
species (species that are generally the first to colonize adisturbed area) begin to sprout
thereby increasing the amount of secondary vegetation (Lovejoy et al., 1986). As aresult,
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edges provide temporary, higher abundance of food for folivores or insect-eating species
that benefit from secondary vegetation (Lovejoy et al., 1986). Changes in plant
composition within the interior of the fragments can also occur. For example, Zhu et al.,
(2004) found that secondary growth (e.g. lianas and microphanerophytes) was more
abundant in fragments than in continuous forest. In addition, mortality rates of trees with a
diameter at breast height (DBH) of greater than 10 cm were higher in fragments less than
10 ha than in continuous forest (Lovejoy et al., 1986). This can result in lower tree density,
alarger proportion of pioneer and cultivated species (Menon & Poirier, 1996), and lower
species diversity (Zhu et al., 2004) in forest fragments compared to continuous forest.

1.3 PREDICTORS OF PRIMATE SPECIES PRESENCE IN FOREST
FRAGMENTS

1.3.1 Primate Characteristics
Several characteristics may influence the ability of primate species to live and
reproduce in forest fragments. For example, home range size is often used to explain the
presence or absence of aspecies in afragment (Estrada & Coates-Estrada, 1996; Gilbert &
Setz, 2001). A species with atypical home range size larger than the area of the fragment
is unlikely to meet daily food requirements unless the fragment contains higher food
availability, quality, and abundance than normally found in the species' habitat.
Onderdonk and Chapman (2000) suggest that the ability to move between fragments must
also be considered when examining home range since daily food requirements can be met
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if more than one fragment is visited, thus allowing aspecies with alarge home range to
persist in aseries of fragments.
Group size may also influence aprimate's ability to live in fragments (Gilbert &
Setz, 2001; Onderdonk & Chapman, 2000). A larger group requires higher daily food
requirements than asmaller group and therefore is likely to travel over greater distances to
meet these requirements (Gilbert & Setz, 2001). If the fragment is too small for alarge
group to visit undepleted areas, the large group may not be able to maintain itself.
Body size can also be apredictor of aspecies ability to live in afragment (Gilbert
& Setz, 2001; Johns & Skorupa, 1987; Woitheim, 1983). Wolfheim (1983) offers three
reasons to explain the importance of body size in relation to the ability to survive in a
fragment: 1) larger animals generally require more food to meet daily requirements,
resulting in larger home ranges, 2) larger species take longer to mature and reproduce more
slowly than similar smaller species, thus potentially requiring larger areas to sustain viable
populations, and 3) humans generally prefer larger species when hunting (i.e. food, pelts),
therefore larger animals experience higher hunting pressure in fragments which are more
exposed.
The degree of frugivory may also determine the presence or absence of primates in
afragment (Gilbert & Setz, 2001; Estrada & Coates-Estrada, 1996; Johns & Skorupa,
1987). Fruit is patchily distributed both spatially and temporally (Onderdonk & Chapman,
2000), and often found in clumped, high quality patches separated by non-fruiting trees.
Therefore, frugivorous species typically have larger home ranges than folivorous primate
species (Milton & May, 1976), which can inhibit their presence in afragment. In addition,
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the increased amount of secondary vegetation found in fragments may favour the presence
of folivores (Lovejoy et al., 1986). Dietary flexibility is also important to consider; a
generalist species, able to feed on awide range of food or able to concentrate on only a
portion of the spectrum of "possible foods", is more likely to persist in forest fragments
than aspecialist species, constrained by the need to feed on specific plant species or parts
(Onderdonk & Chapman, 2000). In sum, we should expect folivorous primates with small
home ranges, and small group sizes to be more common in forest fragments, than
frugivorous primates with large home ranges, and large group sizes.

1.3.2 Fragment Characteristics
The characteristics of aforest fragment may dictate whether primate species can
survive in it or not. MacArthur & Wilson (1967) developed the theory of Island
Biogeography to explain varying immigration and extinction rates on islands. The Island
Biogeography Theory predicts that as isolation distance (distance from the island to the
'source' of biodiversity) increases, the rate of immigration decreases. Secondly, as the area
of the island decreases, the extinction rate increases. This theory thus suggests that islands
closer to the 'source' (such as the mainland) will harbour more species than islands farther
away and larger islands will contain more species than smaller islands (MacArthur &
Wilson, 1967; Whittaker, 1998). Whittaker (1998) described forest fragments as habitat
islands; not surrounded by water, but rather surrounded by amatrix of different landscape
composition than the fragment. The Island Biogeography Theory has been used to explain
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the presence or absence of particular species in forest fragments (Chapman et al., 2003;
Estrada & Coates-Estrada, 1996; Onderdonk & Chapman, 2000).
Although the Island Biogeography Theory seeks to explain species occurrence and
extinction, this theory may also predict certain effects at the population level. If extinction
rates increase with decreasing area, it follows that populations of aspecies may decrease
with decreasing area. Secondly, if immigration rates decrease with increasing isolation
distance, it follows that populations of aspecies may decrease with increasing isolation
distance. Thus far, empirical evidence suggests mixed results. Estrada & Coates-Estrada
(1996) found larger fragments supported more Alouatta spp. individuals and found limits to
the distances that howlers would travel on the open ground. No relationship between
isolation distance and the number of primate species in afragment was found in
Amazonian rainforest fragments (Schwarzkopf& Rylands, 1989). Chapman et al. (2003)
found that Procolobuspennantli and Colobus guereza occupancy increased with increased
fragment size, but that isolation distance had no effect on occupancy. By contrast,
Cercopithecus ascanius occupancy was independent of fragment size, but decreased with
increasing distance from alarge forest block (Chapman et al., 2003). The differences
between these two latter results may be influenced by the degree of arboreality of the
species in question. Laurence (1990) found that the ability of marsupials to use regrowth to
travel between fragments was dependent on the degree of arboreality; more arboreal
species were less likely to use linear remnant corridors. Thus the presence of arboreal
species such as P. pennantii and Colobus guereza in fragments may not be affected by
isolation distance since their movement between the fragments/source is restricted.
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Habitat quality, determined by the density, diversity, diameter at breast height
(DBH) and height of food frees, also influenced primate presence in aforest fragment
(Fahrig & Merriam, 1994). Following anatural catastrophe that led to loss of food frees,
Procolobus badius rufomitratus disappeared from forest fragments (Davies, 1994).
Likewise, the presence of Alouattapalliata was positively correlated with mean number of
large trees (Schwarzkopf& Rylands, 1989). Similar results were found by Estrada &
Coates-Estrada (1996) whereby plant diversity had asignificant positive effect on the mean
number of Alouatta spp. individuals in forest fragments and howlers demonstrated a
preference for large trees. However, correlation does not imply causation, and the removal
of large frees may have caused other changes in the forest, which resulted in adecline in
Alouatta spp. numbers. By contrast, food tree abundance was not asignificant predictor of
the number of Colobus guereza in fragments, nor apredictor of the occupancy of P.
pennantii or Cercopithecus ascanius (Onderdonk & Chapman, 2000). It should be noted
that most of these examples come from research conducted on highly arboreal species and
results may differ with terrestrial/low-canopy species. For example, if the preferred
substrate for locomotion is the ground or low-canopy, the density, DBH and height of trees
may not influence the presence of terrestrial/low-canopy species as much as arboreal
species, that require trees for locomotion and sleeping.
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1.4 EFFECTS OF FOREST FRAGMENTATION ON PRIMATES

While many studies have sought to understand the presence or absence of particular
primate species in forest fragments, fragmentation can also affect the demographics and
behavioural ecology of primate species persisting in fragments. Of the examples reviewed
below, some studies examined differences between pre- and post-deforestation (Clarke et
al., 2002a,b) whereas others compared forest fragments to continuous forest (Estrada et al.,
1999; Menon & Poirier, 1996; Onderdonk & Chapman, 2000; Tutin, 1999). Results
obtained in the latter studies may reflect factors other than fragmentation, such as
underlying differences in the study sites being compared (habitat type, temperature, soil
quality). By contrast, the results of the pre- and post-deforestation studies are more likely a
reflection of habitat disturbance effects, however they may not include the same dynamics
as found in fragments (e.g. differences in size, isolation distances). Since both
comparisons are used, one must keep in mind these differences while reading the following
review.

1.4.1 Demographics
Fragmentation and habitat disturbance can affect group size, group composition and
number of groups in aprimate population. Yet research has demonstrated that the direction
of change can vary; group size may increase or decrease in response to forest
fragmentation. Onderdonk & Chapman (2000) found significantly smaller group sizes of
Colobus guereza in forest fragments (n = 29, 5E = 6.2, s.d.

=

2.4) than the continuous forest
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of Kibale National Park (Clutton-Brock (1975): n= 4, iE = 9.3, s.d.
7, x= 10.7, s.d.

=

=

2.8; Oates (1977): n=

not stated; Teelen (1994: cited in Onderdorik & Chapman, 2000):

=

8.0; nand s.d. not stated). Struhsaker et al. (2004) found that mean group size of
Procolobus gordonorum in asmall, recently degraded forest (n =6, 5E = 18.6, s.d.
was significantly smaller than in larger, more intact forest blocks (n = 51, ii

=

=

2.55)

41.6, s.d.

=

2.38). By contrast, Menon & Poirier (1996) found that group size of Macaca silenus in the
forest fragment (n = 1, group size = 43) was larger than group sizes found in continuous
forest (n = 2, group size = 31, 14). Similarly, Singh et al. (200 1) found that group size of
two M silenus groups in aforest fragment increased in the three years following extensive
logging (group size 1= 40 to 51, group size2 = 13 to 17). Clarke etal. (2002b) found that
Alouattapalliata group size did not differ six years following deforestation (n = 34, 5E =
10.3, range =4-28), compared to pre-deforestation (n = 27, 5E = 12.7, range =2-45).
Group composition may also change in response to fragmentation and habitat
disturbance. For example, for Alouattapalliata, Clarke et al. (2002b) found that the
number of adults per group decreased following deforestation, resulting in asignificantly
higher immature to adult ratio (0.49 pre-deforestation to 0.80 post-deforestation). Changes
in the number of adults may have been due to the increase in adult female death and
decline in immigration, possibly as aresult of disturbed migration routes (Clarke et al.,
2002a). Struhsaker et al. (2004) found groups in small and degraded forests had higher
rates of female mortality than groups living in larger, intact and more mature forests. They
also found that mean birth rate in asmall, recently degraded forest (n =5, mean birth rate

=
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0. 19, s.d.

=

0.18) was lower than in alarger, more intact forest (n = 12, mean birth rate

0.41, s.d.

=

0.17).

=

The effect of fragmentation on population density also varies between species.
Tutin (1999) found that the density of Cercopithecus cephus was higher in forest fragments
(30.2 individuals/km2)than in continuous forest (6.2 individuals/km2). She suggested
Cercopithecus cephus was able to persist in such high densities because the monkeys in the
fragmented forest divided into subgroups while foraging, thus reducing intensity of feeding
competition. By contrast, Gonzalez-Kirchner (1999) found that Ateles geoffroyi
yucatanensis density in afragmented forest (14.5 individuals/km2)was lower than the
density found in more continuous forest blocks (26 -45 individuals/km2), likely aresult of
the lower plant species diversity found in the fragment.

1.4.2 Diet
To persist in aforest fragment, species must adapt their diet composition to suit the
possible changes in food availability and abundance. For example, Passami & Rylands
(2000) found' that Callithrix geoffroyi in aforest fragment relied more heavily on the gums
of liana species than groups in more continuous forests. The high abundance of liana
species in this fragment suggests that C. geoffroyi consumed food more common in the
habitat. Tutin (1999) compared the diet of guenons (Cercopithecus cephus, C. nictitans),
mangabeys (Cercocebus albigena), black colobus (Colobus satanas) and chimpanzees
(Pan troglodytes) in forest fragments and continuous forest. She found the proportion of
time spent eating fruit and seeds by these species was lower in the fragments. Similarly,
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consumption of flowers by chimpazees and mangabeys was lower in the fragments.
Colobus, mangabeys and particularly guenons compensated for the reduction in fruit and
seeds consumed by increasing consumption of insects. Colobus and mangabeys also
increased consumption of leaves, and 'other' food such as bark, leaf petioles and pith of
woody branches. The changes in diet are likely areflection of the lower number of fruit
species available in the fragments (Tutin, 1999).
Estrada et al. (1999) demonstrated that Alouatta palliata also adapted to the
changes in resource composition and availability; they found that A. palliata in forest
fragments consumed ahigher species diversity than individuals in continuous forest. In
response to the difference in plant composition in the forest fragment, A. palliata shifted
their diet to eating foods more common in the fragment (Estrada et al., 1999). The effect
of fragmentation on the diet of Macaca silenus was also studied by Singh et al. (2001) who
found an increased dependence on non-native/pioneer plants as food items in the diet.
Onderdonk & Chapman (2000) found that tree species consumed most commonly
by Colobus guereza in the forest fragment were not important in the diet of colobus in
Kibale National Park (a continuous forest), despite their presence. Conversely, the three
species most commonly eaten by C. guereza in Kibale were almost entirely absent from the
forest fragment. However, the proportion of plant parts in the diet was similar for C.
guereza in Kibale and the forest fragment. Onderdonk & Chapman (2000) suggested that
the ability of C. guereza to feed on many different plant species, in addition to their
capacity to subsist on amonotonous diet, allows them to survive in forest fragments.
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1.4.3 Activity budget
Activity budgets within species are influenced by factors such as availability,
distribution, abundance and quality of food, which may differ in fragments compared to
continuous forest. For example, the proportion of time spent traveling or feeding may
increase if different populations increase time spent searching for foods or are eating lower
quality foods (Menon & Poirier, 1996; Onderdonk & Chapman, 2000). Menon & Poirier
(1996) found that Macaca silenus in fragments spent less time resting (16.0% vs. 27.8%)
and feeding (17.9% vs. 27.8%) and more time moving (34% vs. 15%), the latter making up
the smallest proportion of the activity budget for M silenus in continuous forest. However,
the authors could not determine whether the increased time spent moving was due to the
larger group size of the forest fragment group, or due to the environmental conditions and
human disturbance. By contrast, Estrada et al. (1999) found that the activity budget of
Alouattapalliata in forest fragments did not differ compared to A. palliata in continuous
forest. Likewise, comparisons between pre- and post-deforestation data showed that A.
palliata activity did not differ (Clarke et al., 2002a). Similarly, Onderdonk & Chapman
(2000) found the activity budget of Colobus guereza in aforest fragment was similar to
that inside Kibale N.P. The lack of difference in activity budget between fragments and
continuous forest for these latter species may be aresult of their flexible diet, such that they
switched their diet to incorporate species more common in their habitat.
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1.4.4 Ranging behaviour
Ranging behaviour, such as home range size and day-journey length (DJL), may
also change as aresult of habitat disturbance and forest fragmentation. Onderdonk &
Chapman (2000) found the home range size of C. guereza in aforest fragment (0.8 ha) was
smaller than that reported for groups in Kibale N.P. (15.1 ha). Clarke et al. (2002a) found
that DJL of A. palliata increased significantly following deforestation and suggested the
feeding on new resources and ashift in home range could have contributed to the increase.
The arboreal habits of A. palliata may also have been partly responsible for the increase in
DJL, since deforestation likely led to reduced tree density, which the monkeys would need
for travel. Comparing two groups of M silenus in aforest fragment, Singh et al. (2001)
found that one group (the smaller group) was restricted to the forest and had asmaller DJL
(734 m), while the larger group also frequented the tea and coffee plantations surrounding
the forest and had alarger DJL (1,211 m). The amount of time spent traveling on the
ground also increased for both groups (Singh et al., 2001). The difference in DJL may be
due to the difference in group size. Since larger groups are at lower risk to predation
(Terborgh & Janson, 1986), the larger M silenus group is likely at lower predation risk
while traveling over cleared areas.

1.5 THE GAPS IN OUR KNOWLEDGE

Studies of the effects of forest fragmentation on primate species often reveal
different results, as demonstrated in the review above, thus making conclusions about this
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topic difficult. To examine the effects of forest fragmentation on primates, we must first
address some key questions: 1) why it is difficult to generalize across studies/species? 2)
what are the limitations of these studies? and 3) what data are needed to better address
primate fragmentation issues?
The greatest limitation of our ability to fully integrate studies are differences in
context and methodologies. Most studies are specific to certain regions and species, and
making comparisons with other studies to form generalizations on primates and fragments
is difficult. As previously mentioned, some studies made comparisons between fragments
and continuous forests, others compared data pre- and post-deforestation. These methods
differ in the context under which the study occurs, making comparisons between them
difficult. In addition, the habitats and biotas studied range from lush, tropical rain-forest to
drier, semi-deciduous forests. Primates found in different habitats may experience
different limitations which may influence how and if they can survive in fragments.
Furthermore, comparisons of studies that examined terrestrial vs. arboreal species or large
vs. small species is difficult, since these groups may react differently to forest
fragmentation.
Within studies comparing fragments and continuous forests, there are limitations to
consider when reviewing the current data on fragmentation and primates that exists. The
matrices surrounding fragments differ; some are surrounded by agriculture, others by
regenerating forests, and still others by water (e.g. peninsula). This may affect the
dispersal abilities of primates and influence how they move in their environment. In
addition, the size and isolation distance of the fragments differ, as does the level of
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anthropogenic pressure on the forests. Onderdonk & Chapman (2000) proposed that
human presence may explain why the same species exhibit different levels of sensitivity to
habitat changes. Brashares etal. (2001) also found that extinction rates of animals (not
exclusively primates) in areserve were significantly influenced by human density. Effects
of human density are likely more notable if the surrounding human population hunts the
primate species in the fragment.
The history and age of the fragments, such as the manner in which the fragment was
formed, may also lead to differences in results. For example, the forest fragments around
Lope Reserve in central Gabon were formed gradually; savannah vegetation was colonized
by forest due to recent protection against fire (Tutin et al., 1997). This may have allowed
primates more time to adapt to the changing habitat. Conversely, the deforestation and
consequent forest fragmentation in Kibale N.P. occurred rapidly and continues to this day.
Primate populations in forest fragments may not be stable due to the constant change in
habitat (Onderdonk & Chapman, 2000). Moreover, since there exists atime-lag between
the time of disturbance and the effect on apopulation (Cowlishaw, 1999), results may be
dependent on how long after the disturbance the study was done and for how long the study
was conducted.
In addition to the differences in context, methodologies, and limitations to the
study, there remain many key gaps in our knowledge which would help us understand more
fully the effect of forest fragmentation on primates. For example, the majority of the
primate species studied are arboreal species. As previously mentioned, the extent to which
fragmentation affects terrestrial or low canopy species may differ. The density, DBH and
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height of trees may not influence the latter species as much as arboreal species.
Furthermore, the dispersal abilities of terrestrial/low-canopy species may be greater than
those of arboreal species, which are restricted in the substrate used for movement.
Bierregaard etal. (1997) identified several gaps in our knowledge about the effects
of fragmentation on flora and fauna, many of which can be applied to primates. At a
species level, vital life history information on many primate species is missing, such as
demographic data on survivorship and fecundity, yearly and seasonal fluctuations in
population sizes in natural habitats, and minimum home range size requirements.
Survivorship and fecundity data are critical for estimating the persistence of aspecies (e.g.
Population Viability Analysis). These data would allow us to estimate the size of aviable
population in different habitats and allow us to evaluate how best to maintain local
populations. Much of this information is missing for primates prior to
fragmentation/disturbance and gathering this information may become very difficult, if not
impossible for some species, as rates of deforestation increase.
On aresource management and conservation level, Bierregaard et al. (1997) also
identified some relevant questions that need to be answered. For example, they questioned
the efficacy and practicality of implementing corridors as asolution to fragmentation
effects if the minimum requirements for agiven species are not known. Furthermore, the
matrix surrounding fragments is often understudied. Primate research on the likelihood of
traversing different types of matrix habitat would allow quantification on the possible
dispersal between fragments and lead to abetter understanding of corridor "requirements",
if they were used.
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Clearly, it is difficult to study the effects of fragmentation on agiven primate
species by one study alone; and comparisons between studies is often difficult due to
differences in context/methodologies. This means that useful conclusions are sometimes
difficult to reach given the limitations of the studies and gaps in our knowledge. However,
as primate researchers continue to study the effects of fragments on the ecology, we will
approach abroader understanding of fragmentation and primates.

1.6 THESIS GOALS

1.6.1

Colobus vellerosus in Ghana and the Boabeng-Fiema Monkey Sanctuary

In the Brong-Ahafo Region of Ghana, many forest fragments are known to be
inhabited by Colobus vellerosus, which is listed as vulnerable by the IUCN (2004).
Boabeng-Fiema Monkey Sanctuary (BFMS) is the best known of these fragments. In
1975, anational law was passed that prohibited the killing of C. vellerosus throughout
Ghana. This law is enforced at BFMS by Wildlife Officers that are stationed there,
however bush fires, farm encroachment and cutting of trees for personal needs occurs in
areas of the forest that surround the core area of the grove (Kankam, 1997). C. vellerosus
populations are declining in its range of Côte D'Ivoire, Ghana, Togo, Bénin and Nigeria
(Saj & Sicotte, in review). However, from 1991 to 2000, the colobus population at BFMS
increased by 24.6% (Saj et al., in press). Smaller forest fragments around BFMS contain
C. vellerosus and may provide important habitat for the monkeys (Kankam, 1997),
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however, little is known about the current population status of colobus in the surrounding
forest fragments or the ability of these fragments to support colobus populations.
To ensure the long-term survival of C. vellerosus, it is critical to determine the
ecological limitations of this species, especially in an already fragmented landscape. The
objectives of this study were: 1) to determine the current population status of C. vellerosus
at BFMS and surrounding forest fragments and examine changes in demographics (Chapter
II: Population status of Colobus vellerosus in the Boabeng-Fiema Monkey Sanctuary and
surrounding forest fragments in Ghana), 2) examine differences in activity budgets and
ranging patterns of C. vellerosus in surrounding fragments and BFMS (Chapter III:
Activity budget and ranging patterns of Colobus vellerosus in different forest fragments in
Ghana), and 3) determine the plant composition and food availability of the forest
fragments and evaluate their influences on the diet of C. vellerosus (Chapter IV:
Comparison of habitat quality and diet of Colobus vellerosus in six forest fragments in
Ghana). These data were used to develop an initial assessment of mitigation strategies to
reduce long-term fragmentation effects. Long-term data collected at BFMS since 2000
were used as the basis of comparison (Teichroeb et al., 2003; Saj et aL, in press; Saj, in
prep.).

1.6.2 Details on Methodology
There are several details pertaining to the methodologies used in this study, which
are not mentioned in the following three core chapters. These are presented here to give
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the reader abetter background on the preparations and decisions made to conduct this
study.

1.6.2.1

The census

Access to the five forest fragments and BFMS was negotiated with the Senior
Wildlife Officer (Tony D. Assah) and the chiefs of each village upon'my arrival. Seven
research assistants' were trained for two weeks prior to the commencement of the census
and were taught how to distinguish between age and sex classes of C. vellerosus and
techniques to obtain accurate group counts. These assistants were routinely tested until I
was confident of their abilities. Nicolette Porter (another M.A. student at the site) and
myself rotated between each research assistant and completed the census with the assistant
to monitor reliability of data collection. Each assistant was accompanied by either N.P. or
myself at least three times.

1.6.2.2 Details of behavioural data collection
Three focal groups were selected for full day follows; one from each of the
following fragments: Akrudwa Kuma, Bonte and Busunya. Akrudwa Kuma and Bonte had
only one group and the group chosen from Busunya was the most habituated group of that
fragment. To facilitate behavioural data collection, these selected groups were habituated
to observation for one month prior, such that groups would not flush upon detecting

Seth Adomako, Effah Boa-Amponsem, Naomi Gyamfua, Charles Kodom, Dorcas Osei, Kwaku
Seidu, and Constance Serwaa
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observer presence. Three trained research assistants were used to help with behavioural
data collection. These assistants were used in previous studies of activity budgets at BFMS
(Teichroeb et al., 2003). Research assistants did not collect dietary or ranging data.
Each full day follow was divided into five time blocks (6:00-7:00, 7:00-10:00,
10:00-13:00, 13:00-16:00 and 16:00-18:00). One of three research assistants replaced me
for one of these blocks randomly each day, although Ialways worked from 6:00-7:00
except on two occasions. Assistants were alternated in such away that each worked each
time block at least once and worked different days within the three-day block. The evening
before each data collection period, the location of the focal group was determined so it
could be found quickly and easily the next morning (at 0600 hrs, the group was usually in
the same tree as the night before).
For each time block, Icompared the percentage of each activity of each observer
(including myself) using Friedman's test to determine if there were significant differences
among observers. This was done for all three fragments. The data from two observers
were discarded from all fragments, due to significant observer differences in activity
observations (higher proportion of movement and lower proportion of resting). It is likely
that these observers were approaching the groups too closely, despite reminders to maintain
agood distance from the groups (approach distance no greater than 15

-

20 m). Data was

kept from athird observer for Busunya and Akrudwa Kuma. Therefore, activity budget
was based on data collected by two observers for Busunya and Akrudwa Kuma and one
observer for Bonte, resulting in 82.3% daily coverage for Akrudwa Kuma (72.8% was
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covered by myself), 75.5% daily coverage for Bonte and 80.8% daily coverage for
Busunya (72.5% was covered by myself).

1.7 THESIS OUTLINE

My Master's research is presented in the following three chapters which make up
the core of my thesis. They are presented in aformat that will make them easily ready for
submission to peer-reviewed journals. My research is divided into the following sections:
•Chapter II: Population status of Colobus vellerosus in the Boabeng-Fiema
Monkey Sanctuary and surrounding forest fragments in Ghana, to be submitted to
Biological Conservation.
•Chapter III: Activity budget and ranging patterns of Colobus vellerosus in
different forest fragments in Ghana, to be submitted to International Journal of
Primatology.
•Chapter IV: Comparison of habitat quality and diet of Colobus vellerosus in six
forest fragments in Ghana, to be submitted to Biotropica.
Tania Saj, aPhD. candidate under the supervision of Dr. Pascale Sicotte, who
conducted field work at BFMS from June 2000 to August 2001, provided data primarily for
Chapter IV (and some for Chapter III) and is therefore listed as aco-author on this chapter.
A fifth chapter concluding my thesis presents ageneral discussion of the three core
chapters and suggests conservation management strategies
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Chapter II: Population Status of Colobus vellerosus at the Boabeng-Fiema Monkey
Sancturay and surrounding forest fragments in Ghana

Wong, S.N.P. & Sicotte, P.

To be submitted to Biological Conservation
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2.1 ABSTRACT

The Boabeng-Fiema Monkey Sanctuary (BFMS) is inhabited by agrowing
population of Colobus vellerosus, aspecies listed as vulnerable by the IUCN (2004).
Smaller, degraded forest fragments connected to BFMS also contain C. vellerosus and may
provide important habitat for the monkeys. Our objectives were to 1) determine the current
population status of C. vellerosus at BFMS and in five surrounding fragments, 2) examine
the differences in demographics between the fragments and BFMS, and 3) determine
whether arelationship exists between population density and fragment size and isolation
distance, using BFMS as the "source". The census was acomplete count of colobus and
was conducted over one month in July 2003. Each census route was walked for 13 days,
by trained research assistants and myself. The 2003 population estimate of C. vellerosus at
BFMS was 217-241 individuals (15 groups), aslight increase from the last census in 2000.
Numbers in the fragments (5 8-62; 6groups) have remained stable from 1997, the only
other census for the fragments. Mean group size of colobus did not differ significantly
between the fragments and BFMS. Larger fragments tended to have larger numbers of
colobus, but isolation distance had no effect on population density. Colobus can apparently
travel between fragments and conservation efforts should focus primarily on maintaining
habitat quality in the fragments.
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2.2 INTRODUCTION

The loss of tropical forest is occuring at arate of 9.4 million hectares per year (FAO
2000) and has resulted in many forest-dwelling species isolated in small forest fragments.
The survivorship of these species depends on their ability to adapt to this habitat and the
characteristics of the habitat itself (Bier et al., 2002; Onderdonk & Chapman, 2000; Sauer,
1998). Population monitoring using estimates from surveys or complete population counts
from censuses is auseful tool in conservation management and can provide important
information for identifying imperiled and recovered species (Gerber et al., 1999) and for
population viability assessment (Vucetich & Waite, 1998). Moreover, since there exists a
time-lag between the time of disturbance and the effect on apopulation (Cowlishaw, 1999),
continued population monitoring in recently disturbed forests is especially important to
evaluate the effects of disturbance.
Primate species in particular are vulnerable to forest fragmentation (Lovejoy, 1986;
Marsh, 2003). Forest fragmentation and habitat disturbance have been documented to
affect group size (Onderdonk & Chapman, 2000; Clarke et al., 2002b; Menon & Poirier,
1996; Struhsaker et al., 2004), group composition (Clarke et al., 2002b; Singh et al., 2001;
Decker, 1994; Struhsaker et al., 2004) and population density (Decker, 1994; GonzalezKirchner, 1999; Tutin, 1999). In addition, the size and isolation distance of the fragments
can influence whether aprimate species is present or not (Chapman et al., 2003; Estrada &
Coates-Estrada, 1996; Onderdonk & Chapman, 2000) based on the Island Biogeography
Theory (MacArthur & Wilson, 1967).
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Ghana's landscape has been described as pockets of forest existing in a"sea" of
agricultural land (Whitmore, 1997). Many forest fragments of the Brong-Ahafo Region of
Ghana are inhabited by Colobus vellerosus, which is listed as avulnerable species (IUCN,
2004) and is declining throughout most of its range (Saj & Sicotte, in review). However, at
the Boabeng-Fiema Monkey Sanctuary (BFMS) in central Ghana, recent studies have
shown that colobus numbers have increased in the past ten years (Saj et al., in press).
Smaller forest fragments around BFMS contain C. vellerosus and may provide important
habitat for the monkeys (Kankam, 1997), however little is known about their current status.
The colobus at BFMS and surrounding forest fragments may persist as ametapopulation,
wherein several subpopulations are linked together through immigration and emigration
(Hanski & Gilpin, 1997; Weins, 1996). In such asystem, BFMS may be acting as the
"source", exporting excess individuals to the fragments acting as sinks.
The objectives of this study were to 1) determine the current population status of C.
vellerosus in BFMS and surrounding forest fragments and compare these results to past
surveys, 2) compare group size, group composition and population density between
fragments and BFMS, and 3) examine the relationship between population density and
fragment size and isolation distance (BFMS being the "source").
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2.3 METHODOLOGY

•2.3.1 Study Site
This study took place at the Boabeng-Fiema Monkey Sanctuary (BFMS) (7° 43' N
and 1° 42'W) and five surrounding forest fragments (Akrudwa Kuma, Akrudwa Panyin,
Bomini, Bonte and Busunya) between June and July, 2003. BFMS is a192 ha dry, semideciduous protected forest, surrounded by alarger riparian forest (total area is about 5
km2) It is separated from any large forest block (> 1,000 km2)by 50 km (Beier et al.,
2002). The five forest fragments are all within 2km of BFMS and are much smaller in size
(less than 60 ha). C. vellerosus is protected under national law in Ghana and this is
enforced in BFMS and surrounding area by the Ghana Wildlife Division Officers stationed
there. Furthermore, C. vellerosus is protected against hunting by traditional taboos at
BFMS (Fargey, 1991; Saj et al., in press).

2.3.2 Data collection
In June 2003, the fragment boundaries were mapped using aGeographical
Positioning System (GPS) unit (Trimble Geo-Explorer 3). The GPS was set to record
positions every thirty seconds (recording positions in latitude/longitude) while walking the
perimeter of each fragment. The area of the fragment was defined by the area of forest
under local protection, where no agriculture was allowed. These data were integrated into
aGeographic Information System (GIS) database (ArcView 3.3) where fragment
characteristics (fragment area and distance between fragments) were calculated.

28
Due to time limitations, assessment of fragment connectivity with BFMS could not
be made formally. An estimate of the degree of connectivity was done by scoring each
fragment on the following scale: 0= no trees between BFMS and fragment, 1= sparse trees
on which arboreal travel would not be possible between BFMS and fragments, 2=
discontinous tracts of trees on which some arboreal travel would be possible, mixed with
sparse trees, 3= discontinuous tracts of trees on which some arboreal travel would be
possible, 4=continous distribution of trees on which arboreal travel would be possible.
The species which comprised the connection were also recorded.
A census was used to determine the population status of C. vellerosus as well as
group size, number of groups and group composition in the five forest fragments and
BFMS. The census was acomplete count of aknown population (Jarman, 1996) and was
completed using the same methodology as Saj et al. (in press). Existing trails in the forest
fragments and the trails used in the previous census at BFMS were used for the census.
New trails were also cleared and mapped in the fragments to ensure the census route
covered the entire forest and allowed for good visibility. Due to the small size of the
fragments and the good visibility, it was assumed that by the end of the census, all groups
were encountered and identified based on group location and composition.
Beginning July 2003, systematic walks of BFMS and the five forest fragments
(Akrudwa Kuma, Akrudwa Panyin, Busunya, Bonte and Bomini) were completed every
other day for 26 days, for atotal of 13 survey days. The census was continued once a
month for the next 11 months to monitor any changes to the population. Seven trained
research assistants, Nicolette Porter and myself completed the census. The census began at
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13:00 hrs when C. vellerosus is most active and lower in the canopy. All observers worked
on the same day, to provide asnap shot of individuals in the fragments and BFMS and
prevent re-counting of groups that may travel between fragments. The research assistants
always censused the same fragment, with N.P. and myself monitoring their work every two
to three days.
For each group encountered the following information was recorded: number of
individuals in the group, sex and age class (adult (including subadults), immature, or
infant), and location of the group. The maximum amount of time possible was spent with
encountered groups to ensure more accurate estimates of group size and composition. Poor
counts, due to inclement weather or monkeys obscured from view by vegetation etc., were
discarded from data analysis. In forests with more than one group, different groups were
identified based on location and group composition.

2.3.3

Data Analysis

The mean number of individuals and standard deviation were calculated for each
group. Estimates used the range given around the mean. Where better counts were
available (several groups in BFMS and three groups in the fragments were focal groups for
further observations in 2003), these counts were used instead (and later compared to the
other counts to evaluate census accuracy). The population density (number of
individuals/hectare) was determined by dividing the number of individuals in each
fragment by the size of each fragment.
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Population densities were compared between BFMS and forest fragments. Mean
group size of fragments and BFMS was compared using aMann-Whitney U Test. The
following were also compared between BFMS and the fragments to measure whether or
not group composition differed: percentage of immatures, ratio of adult females to
immatures, and ratio of males to females (for age/sex class identification, see Saj et al., in
press). The relationship between 1) number of colobus and forest area and 2) population
density and isolation distance were examined using linear regressions. All tests were twotailed and were significant at p <0.05. Tests were performed using SPSS 11.5.

2.4 RESULTS

2.4.1 Fragment Characteristics
The fragments ranged in size from 3to 55 ha, and distance from BFMS ranged
from 300 to 1,600 m (Table 2.1, Figure 2.1). The fragments were separated by agriculture,
but they were all connected to BFMS with varying levels of discontinuous tracts of trees.
Akrudwa Kuma and Akrudwa Panyin were the most connected (score of 3), Bonte, Bomini
and Busunya followed with scores of 2. Most of the trees outside the fragments were
savannah species (Daniella oliveri, Pterocarpus erinaceus, Angeissus leiocarpus), but there
also remained colobus food species in these areas between fragments such as Adansonia
digitata and Ceiba pentandra (Chap. IV). Due to the shorter isolation distances and greater
connectivity, Akrudwa Kuma and Akrudwa Panyin would likely allow more direct
movement from BFMS than Bomini and Busunya which are farthest from BFMS and were
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less connected. However, this does not take into account the degree of connectivity
between fragments, which is important to consider if colobus were moving from BFMS
through several fragments to reach their final destination (i.e. BFMS to Akrudwa Kuma to
Akrudwa Panyin to Busunya).

Table 2.1: Size and isolation distance of five forest fragments surrounding the BoabengFiema Monkey Sanctuary.
Forest
Isolation distance (m)*
Size (ha)
Busunya
54.1
1,138
Akrudwa Kuma
34.2
294
Bonte
33.5
1,064
Bomini
30.6
1,688
Akrudwa Panyin
3.2
677
Isolation distance estimates are based on the closest points from BFMS and each fragment.

Figure 2.1: BFMS and surrounding forest fragments.
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2.4.2 Population Status
The 2003 population of C. vellerosus in BFMS was 217-241 individuals in atotal
of 15 groups (Table 2.2). The population estimate using census data only (i.e. excluding
data from focal groups) was 189-225. Using the census counts only thus underestimated
group size by 10% to 33% (mean =23.5%), with the greatest error occurring with the
largest group. Three of the fragments (Akrudwa Kuma, Bonte, Busunya) contained C.
vellerosus for atotal of 58-62 individuals in 6groups (Table 2.2). The total population
density in BFMS (1.19/ha) was at least double the population densities in the forest
fragments (Bonte 0.51/ha; Akruwa Kuma 0.47/ha; Busunya 0.50/ha).
In August 2003, during the continued census, one group of C. vellerosus was found
in Akrudwa Panyin where there had previously been no colobus. This group was also
present in September and October 2003 and again in March 2004. The group contained 7-8
individuals. A second group appeared in Akrudwa Kuma in April and May, 2004, however
no counts are available. Due to the uncertainty in numbers and origin of these groups,
these data were not included in the analyses, but these results confirm movement between
fragments.

Table 2.2: Results from the July 2003 census of Colobus vellerosus in BFMS and surrounding forest fragments.
Fragment

#Groups

Total #
Individuals

#Adults

#1MM

#AM

#AF

BFMS

15

217-241

>130-154

> 60-69

>40-47

Busunya

4

25-29

17-19

7-9

Bonte

1

17

-40

-7

A. Kuma

1

16

-'9

A.Panyin

0

0

Bomini

0

0

Abbreviations are: 1MM
1NF

=

infant.

"-"

=

#IM

#IF

#INF

>69-82

2l-23

l8-23

21-28

>8-9

3

2

3

-'3

-'5

2

2

3

-'7

-3

-4

-2

-2

3

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Immature, AM = Adult male AF =Adult female, TM =immature male, IF = immature female,

indicates arough estimate. Estimates are arange given around the mean of "good counts".
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2.4.3 Population demographics
Results of group composition are presented in Table 2.3. The overall percentage of
immatures ranged from 28

-

44%. BFMS and Busunya were at low values and Akrudwa

Kuma and Bonte had higher values. The ratio of adult females to immatures was lowest
for Akrudwa Kuma and Bonte and highest for BFMS and Busunya. The ratio of females to
males including immatures was skewed towards females for Bonte and Akruwa Kuma,
whereas the ratio was skewed slightly towards males for Busunya and BFMS. The sex
ratio for adults only was skewed towards females for all fragments except Busunya.

Table 2.3: Differences in group composition for Colobus vellerosus in BFMS and
surrounding forest fragments.
Fragment

% of
Immatures

Adults
female/immature

Female/Male
(all individuals
included)

Adult
female/Adult
male

BFMS

28.17

1.17

0.98

Busunya

29.63

1.06

0.88

0.94

Akrudwa
Kuma

43.75

0.57

1.20

1.33

Bonte

41.18

0.71

1.50

1.67

.

1.74

Overailmean group size was 10.33 for fragments and 15.10 for BFMS, but this did
not differ significantly (Mann-Whitney U Test: n1=6, n2 = 15, z= -1.482, p= 0.138).
Mean group size had alarger range in BFMS (9 to 38 individuals) than in the fragments (3
to 17 individuals). Number of colobus tended to increase as fragment size increased (n = 5,
r
2 = 0.688, p= 0.083).

There was no relationship between isolation distance and

population density (n =5, 1
2 = 0.111, p= 0.584).
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2.5 DISCUSSION

Since 1991, the population of C. vellerosus in BFMS has increased by 78.9% and
nearly doubled in the number of groups (Table 2.4). From 2000 to 2003, the population
has increased by 14.5% and an additional group has appeared. This increase in population
can likely be attributed to the increase in ecotourism at this site since money generated by
entrance fees to BFMS and accommodation at the nearby guesthouse goes to community
projects, thereby raising interest in protecting the monkeys (Saj et al., in press). In
addition, the protection offered by the Wildlife Officers stationed there, who ensure
protection of the monkeys, enforce regulations on timber harvest within the boundary of
BFMS, monitor tourism and ensure entrance fees are paid, may also contribute to the
increase in the .colobus population.

Table 2.4: Population Trends of Colobus vellerosus in BFMS.
Year of Census

#Groups

Total #Individuals

Source

1991

8

128

Fargey, 1991

1997

10

163

Kankam, 1997

2000

14

189-211

Saj et al., in press

2003

15

217-241

This study

Past estimates in the five surrounding forest fragments are limited (Kankam, 1997),
but the total number of individuals in these fragments have decreased slightly, although the
number of groups has increased from four to six (Table 2.5). While numbers in Bonte have
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changed little from 1997 to 2003, total numbers in Akrudwa Kuma have increased by
167%. Conversely, Busunya's population has decreased by 40%, although total number of
groups has doubled (Table 2.5). Differences in numbers could also be attributed to the
difference in survey effort (number of survey replicates, length of time spent with
encountered groups, length of transects) between the previous census (Kankam, 1997) and
this study. Survey effort can influence group detection, thereby affecting population
estimates. From interviews with surrounding villages, Kankam (1997) estimated that
Akrudwa Kuma and Bonte first saw C. vellerosus in their forests in 1993/94 and C.
vellerosus returned to Busunya in 1983 after an absence since the 1940s.

Table 2.5: Comparison between 1997 and 2003 results of Colobus vellerosus numbers in
forest fragments surroundiun BFMS.
Fragment

Year of Census: 1997 1
#Groups

Total #Individuals

Year of Census: 20032
#Groups

Total #Individuals

Akrudwa
Kuma

1

6

1

16

Bonte

1

15

1

17

Busunya

2

45

4

25-29

source: Kankam, I
2Source: This study
-

Group composition in BFMS and the fragments suggest that colobus numbers in
some of the forests may continue to increase. Fargey (199 1) and Saj et al. (in press) found
the proportion of immatures to be about one third in BFMS when the population was
increasing. BFMS and Busunya had less than one third immatures in 2003, suggesting
their numbers may be stabilizing. By contrast, colobus numbers in Bonte and Akrudwa
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Kuma may be increasing since percentage of immatures in these fragments is over 40%.
This, however, does not take into account changes in population caused by
immigration/emigration. Moreover, since females are often the limiting factor in
population growth in mammals (Campbell, 1993), the sex ratio results suggest ahigher
potential for population expansion in Akrudwa Kuma, Bonte and BFMS than in Busunya,
whose sex ratio is skewed more towards males. However, this is assuming no individual
movement between fragments, which may be afalse assumption.
The lack of difference in group size between the fragments and BFMS is not
consistent with other studies of colobus, which have found smaller group sizes of Colobus
guereza in degraded, fragmented habitats (Dunbar, 1987) and smaller group sizes in
fragments compared to continuous forest (Onderdonk & Chapman, 2000). BFMS is
degraded to some extent and could also be considered afragment, thus abetter comparison
of group size would be to determine group size in continuous forests of the same habitat
classification. Onderdonk & Chapman (2000) suggested the smaller group size in
fragments may be due to resource limitation, whereby larger groups must travel farther
than smaller groups to find food. The total number of individuals in Busunya has
decreased since 1997 but the number of groups in this fragment has doubled. If the forest
in Busunya has degraded significantly from 1997, the colobus may have fissioned into
smaller groups to avoid intra-group competition (Terborgh & Janson, 1987).
The high colobus density at BFMS is not unusual for colobus in fragments. Studies
of colobus in forest fragments have found Colobus guereza in extremely high densities (>3
individuals/ha) in East Africa (Dunbar, 1987; Onderdonk & Chapman, 2000; Schenkel &
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Schenkel-Hulliger, 1967). C. guereza has also been shown to exist in higher densities in
lightly logged areas rather than unlogged areas (Plumptre & Reynolds, 1994; Struhsaker,
1997) confirming their ability to flourish in disturbed areas. However, densities in Bonte,
Busunya and Akrudwa Kuma are less than half of BFMS. The larger size of BFMS
compared to the fragments may contribute to its ability to harbour ahigher density of
colobus, which is supported by the positive trend between fragment size and number of
colobus, as predicted by the Island Biogeography Theory (MacArthur & Wilson, 1967).
This has been demonstrated in Alouatta species (Estada & Coates-Estrada, 1996),
Procolobuspennantii and Colobus guereza (Chapman etal., 2003). The lower density in
the fragments may also be areflection of lower habitat quality than BFMS (see Chap. IV).
Dunbar (1987) found that good quality forest had higher densities of C. guereza
than the surrounding lower quality habitat. He also suggested the lower quality habitat
might be acting as an absorber of excess C. guereza, thereby resulting in lower population
density. Sink populations are only maintained through immigration from other areas;
source populations typically export excess individuals to other areas-such as sink habitats
(Pulliam, 1996). One of the key factors in asource/sink system is the ability of
recolonization (Weins, 1996). The sudden appearance of colobus groups in Akrudwa
Panyin and Akrudwa Kuma, suggests that dispersal between fragments and BFMS is
possible. The groups likely came from BFMS since all individuals in the other fragments
were accounted for and the level of habituation of the groups was high enough to suggest
that they came from an area frequented by people. If they had come from afragment other
than BFMS, they would presumably be more wary of people since it is unlikely they would
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be receiving the same level of protection as BFMS. Although one would expect anegative
relationship between isolation distance and density if dispersal was occurring (Onderdonk
& Chapman, 2000), the lack of this relationship in this study may be due to confounding
factors such as degree of connectivity, size of fragments, availability of unoccupied habitat
and the fact some fragments are closer to each other than to the source (BFMS). The extent
of dispersal and movement among BFMS fragments is unknown but genetic work may be
one method of testing metapopulation dynamics in this fragmented landscape.

2.6 CONCLUSIONS

The population of Colobus vellerosus at BFMS continued to increase between 2000
and 2003 and numbers in the fragments between 1997 and 2003 remained similar. While
monitoring will be an important step towards the long-term conservations of colobus, other
direct action conservation strategies have been proposed to ensure the persistence of
colobus in the region. In 1998, alocal conservation NGO (Nature Conservation Research
Centre in Accra, Ghana) proposed to link the forest fragments and BFMS with corridors, to
increase movement of colobus populations between the fragments, thereby increasing
potential habitat for the monkeys. Corridors connecting existing forest have been proposed
to reduce the risk of inbreeding depression in other animal populations (Laurence &
Laurence, 1999; Simberloffet al., 1992; Swart & Lawes, 1996). However, there continues
to be some debate as to their utility (Simberloff et al., 1992). This study suggests that
movement between fragments and BFMS is already occuring. To maintain aviable
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population, priority should be placed on maintaining the integrity of the forest fragments
and perhaps planting native food tree species in the fragments, rather than implementing
corridors.
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3.1 ABSTRACT

Forest fragmentation may affect the activity and ranging patterns of primate species
as aresult of differences in food availability, distribution, abundance and quality. Group
size may also influence activity and ranging patterns. The Boabeng-Fiema Monkey
Sanctuary (BFMS) and surrounding forest fragments contain Colobus vellerosus, however
little is known about the colobus in the fragments. The objectives of this study were to 1)
compare activity, ranging patterns and habitat use of three groups in forest fragments to
BFMS, and 2) explore the relationship between group size and activity, day-journey length
(DJL), and home range. Fragment groups spent similar proportions of time feeding and
socializing as BFMS groups, but less time moving and more time resting. DJL tended to
be longer for fragment groups, while home ranges tended to be smaller. Fragment groups
used trees of similar diameter at breast height (DBH) as BFMS, the majority' of which were
food species. No significant relationship was found between group size and 1) proportion
of time spent feeding, 2) moving, 3) DJL or 4) home range. Comparisons of activity
budget between fragments and BFMS suggest that habitat quality in the fragments was
sufficient to sustain current numbers, however habitat quality may be lower in the
fragments resulting in longer DJLs.
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3.2 INTRODUCTION

The loss of tropical forests is occurring at arate of 1.1% per year (FAO, 2000) and
has resulted not only in adecline of forest habitat, but in fragmentation of the landscape.
Forest fragmentation may cause local extinctions or aloss of genetic diversity (Lovejoy et
al., 1986; Sauer, 1998). Before local extinctions occur, habitat fragmentation can have
other, more subtle effects on the activity and the movements of the animals in their habitat.
Since the size at which afragment becomes insufficient to meet the requirement of a
species is species-specific and varies depending on whether or not the animals can move
between fragments, it is difficult to determine apriori what is a"good" fragment. Studies
on the behaviour and ranging patterns of species in fragments in comparison to larger forest
blocks can give an indication of habitat quality at least in the short term (Menon & Poirier,
1996; Zanette etal., 2000). For example, the proportion of time spent traveling or feeding
may increase if species must increase time spent searching for foods or are eating lower
quality foods (Menon & Poirier, 1996; Onderdonk & Chapman, 2000). An increase in the
amount of time spent foraging may result in adecline in social activity (Clarke etal.,
2002a). Lower food availability and density may also result in longer day-journey lengths
for individuals to meet nutritional requirements (Gillespie & Chapman, 2001; Watts, 1991).
Lastly, home range size may increase in lower quality habitats if species are required to
travel farther to meet their dietary needs (Dunbar, 1987).
Activity budget and ranging patterns are also known to be affected by group size
(Chapman & Chapman, 2000; Fashing, 2001; Isbell, 1991; Steenbeek & van Schaik, 2001).
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Groups of larger size sometimes incur ultra-group scramble competition for food (Terborgh
& Janson, 1986), which may result in longer day-journey lengths, larger home range or
more time spent feeding (Chapman & Chapman, 2000; Isbell, 1991; Steenbeek & van
Shaik, 2001, Teichroeb et al., 2003).
The Boabeng-Fiema Monkey Sanctuary (BFMS) is asmall forest surrounded by
smaller forest fragments and shelters apopulation of Colobus vellerosus (Saj et al., in
press). The surrounding fragments also harbour some groups of C. vellerosus (Kankam
1997, Wong & Sicotte 2004). Little is known about the ability of these fragments to
support current numbers of C. vellerosus. Our goal in this paper is to offer apreliminary
assessment of habitat quality in the fragments by comparing the activity budget, home
range size, day-journey length and habitat use of groups in the fragments vs. BFMS. We
also assess the effect of group size on activity budget, home range and day-journey lengths
in an effort to control for this factor. Data on habitat quality from an ecological perspective
is presented elsewhere (Chap. IV).

3.3 METHODS

3.3.1

Study Site and Study Groups

BFMS is located in the Brong-Ahafo Region of Ghana (7° 43' N and 1° 42'W). It is
a192 ha dry semi-deciduous forest surrounded by alarger riparian forest, whose total area
is about 5km2.Several forest fragments are found within 2km of BFMS, and some of
them shelter groups of C. vellerosus (Figure 3.1). Three focal groups from three different
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forest fragments were studied (Akrudwa Kuma (34.2 ha), Bonte (33.5 ha), and Busunya
(54.1 ha)). Three groups from BFMS were used in the comparisons (WW, B1, B2). The
size of the study groups were: WW: 30 individuals, Bonte: 17, Akrudwa Kuma: 16, 132: 15,
Bi: 8and Busunya: 8.

Figure 3.1: BFMS and surrounding forest fragments.

3.3.2 Data Collection
Data from the forest fragments were collected from August to November, 2003 by
myself and one trained assistant. Data from BFMS were collected from August to
November 2000 (WW and Bi) and 2001 (132) (Saj, in prep; Teichroeb et al., 2003). Fullday follows were conducted from 0600 to 1800 hrs for three consecutive days. These
three-day blocks were repeated five times for each group, resulting in 15 full-day follows
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for each group. The frequency method was used to determine activity budget (Davies et
al., 1999; Struhsaker, 1975; Teichroeb et al., 2003). Scan samples were conducted every
15 minutes (Fashing, 2001) during which age-sex class and activity (feeding, resting,
moving, social; definitions as in Teichroeb et al., 2003) were recorded for the first five
individuals spotted in the group. Five minutes was allowed for finding the individuals and
the group was circled between scans to get arandom selection of individuals. Once an
individual was spotted, the observer waited five seconds before recording the behaviour to
ensure eye-catching behaviours (such as movement) were not over-represented.
All trees being used by the group were also recorded every 15 minutes during the
scan sampling. These trees were previously identified and given acode and mapped in
2003 (using the Geographical Positioning System (GPS) Trimble Explorer 3.0). The
diameter at breast height (DBH) was also measured for each mapped tree (Chap. IV). The
center of the group's location was recorded every half-hour beginning at 0600 hrs by
walking the periphery of the group. Mapped trees were used as reference points. For a
different period of two to four hours each day, the center of the group's location was not
collected.

3.3.3 Data Analysis
Activity budgets for the groups in the three fragments were calculated by
determining the percentage of all scans spent in each activity. Results were compared to
three BFMS groups (Teichroeb et al., 2003).
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The minimum convex polygon method (Animal Movement Program (Hooge &
Eichenlaub, 2000) extension for Geographical Information System (GIS) ArcView 3.3.)
was used to calculate home range by constructing apolygon around outermost trees used
by each group (Jenrich & Turner, 1969). All trees used by the group during the 15
observation days were included.
Day-journey length (DJL) was calculated on the basis of the center of group
location. The location recorded every half-hour was plotted on the GIS generated map.
Total distance travelled was calculated using measuring tools in GIS and amean DJL for
the 15 days was calculated. Since DJL data had two to four hours with missing locations
(see above), the shortest distance from the last recorded position to the ensuing position
was used (sensu Fashing, 2001).
We also described the type of trees used by the groups. We calculated the mean
DBH of the trees used by our groups for each day and these daily means were averaged to
give an overall mean DBH of trees used (sensu Saj, in prep). Both resting and/or feeding
trees were used as the activity conducted in the tree was not recorded during data
collection. Resting trees were often used as food trees pre-/post- resting (pers. obs.). The
percentage of trees used which were food species was calculated.

3.3.4 Statistical Analysis
To explore differences in habitat quality, acomparison of activity budget, home
range, and DJL between two groups of equal size but different habitats was examined (one
from BFMS (B 1)

-

presumably ahigher quality habitat, and one from afragment
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(Busunya),

-

presumably alower quality habitat). We examined their time spent feeding

and moving as well as the size of the home range. We also compared DJL for the two
groups using the Mann-Whitney U Test. Habitat use in forest fragments was further
explored by conducting paired t-tests to determine if there was adifference between DBH
of used trees vs. DBH of unused trees.
The relationship between group size and proportion of time spent feeding,
proportion of time spent travelling, home range and DJL was investigated using
Spearman's correlation. All tests were two-tailed and were significant at p <0.05. Tests
were performed using SPSS 11.5.

3.4 RESULTS

3.4.1 Activity Budget
A total of 1,754 scans were recorded over 45 days (605 for Akrudwa Kuma, 555 for
Bonte, 594 for Busunya). These scans yielded atotal of 7,939 records (2,810 for Akrudwa
Kuma, 2,551 for Bonte, 2,578 for Busunya). The mean activity budget for the fragment
groups was 22.0% feeding, 68.6 % resting, 6.8% moving and 2.6% in social activities. The
proportion of time spent feeding and in social activity was similar between the fragments
and BFMS (Figure 3.2). Fragment groups spent alower proportion of time moving and a
higher proportion of time resting than BFMS groups. The comparison of the two groups of
equal size mirrored these trends. They spent similar proportions of time feeding (Bi

=

23.1%, Busunya =23.7%). However, Busunya spent less time moving (7.5%) than Bi
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(14.9%). Akrudwa Kuma and Bonte groups are also about the same size. Akrudwa Kuma
spent less time feeding (18.8%) than Bonte (23.4%) and more time moving (7.7%) than
Bonte (5.1%).

Figure 3.2: Comparisons between overall mean activity budget for BFMS and
surrounding forest fragments.
80
70

tu% Feeding

C)
C,

40

o% Moving
o% Resting

30

•% Social

C)

2 20

C)

0

100
BFMS

Akrudwa Kuma

Bonte

Busunya

Forest
BFMS data source: Teichroeb et al., 2003.

3.4.2

Ranging Patterns and Habitat Use

Akrudwa Kuma had the largest home range and Busunya the smallest (Figure 3.3).
In the three fragments, there appears to be no relationship between home range size and
fragment size; Busunya group had the smallest home range, but is the largest of the three
fragments. Home range size in relation to the size of the fragment was highest for
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Akrudwa Kuma (57.9 %), followed by Bonte (18.5 %), Busunya (7.8 %), WW (5.5 %), B2
(4.8 %) and Bi (4.6

Figure 3.3: Comparisons between home range size for groups in BFMS and forest
fragments.
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Akrudwa Kuma had the longest mean day-journey length, whereas Bonte had the
shortest (Table 3.1). At equal group size, Bi's home range was twice the size of
Busunya's, yet B had asignificantly shorter DJL than Busunya (Table 3.1: Mann-Whitney
U Test: nj

=

28, n2 = 15, Z = -2.650, p= 0.008).
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Table 3.1: Comparisons of day journey 1enth for
Forest

Mean Day-journey length (m)

Akrudwa Kuma

351.8 ± 133.0

Bonte

252.7± 120.1

Busunya

341.3+67.9

WW

308.2±111.5

B

260.6±93.6

B2

311.2±107.9

ata source: Saj, in prep.

The mean DBH of all used trees was similar between fragment and BFMS groups
(Table 3.2). Mean DBH of used trees was higher than mean DBH of all large trees (DBH 2
40 cm) and trees with DBH?: 10 cm (as calculated from the ecology surveys, see Chap.
IV). The DBH of used trees was significantly larger than the DBH of unused trees for
Akrndwa Kuma (t = 3.872, d.f. = 542,
and Busunya (t = 2.404, d.f.

=

p

<0.001), Bonte (t = 2.187, d.f.

=

75, p= 0.032),

129, p= 0.018). No statistical analysis could be conducted

for BFMS. Food trees comprised the majority of trees used for fragment groups.

Table 3.2: Comparisons between habitat use of groups in forest fragments and BFMS.
Forest
Mean
Mean DBH
Mean DBH of
Mean DBH
Mean % of
DBH of
of all large
unused large
of all trees
trees used
all trees trees (DBH
trees (DBH>
(DBH>
which were
used
> 40cm)
40cm)
10cm)
food trees
Akrudwa
94.9
79.7
75.0
37.1
83.8
Kuma
Bonte
92.2
82.0
61.9
29.8
98.9
Busunya
93.7
77.0
59.7
31.3
85.8
87 .7 T
WW
96.7
Not avail.
30.3
N/A
B group
98.8'
84.8
Not avail.
34.0
N/A
(BI +B2)
= mean 1)131-1 of food trees only. Mean DBH of all trees used included trees with
DBH ? 10 cm. BFMS data source: Saj, in prep.
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3.4.3 Effects of group size
There was no correlation between group size and the proportion of time spent
feeding (n =6, r= 0.58, p= 0.913) or moving (n =6, r
s= -0.232, p= 0.65 8). No
relationship was found between group size and home range size (n = 6, r = 0.493, p=
0.321) or DJL (n =6, r= 0.319, p= 0.538) for the fragments and BFMS groups.

3.5 DISCUSSION

3.5.1 Activity Budgets and Habitat Quality
Fragment groups moved less and spent the same amount of time feeding as BFMS
groups, suggesting C. vellerosus was not being forced to travel longer for food or eating
lower quality foods (which might have translated into higher feeding time). This trend was
also found between groups of equal size (Busunya and Bi) despite their different habitats.
Based on activity budget only, it appears that the habitat in the fragments was of similar
quality as BFMS, or at least sufficient for their dietary needs, and was not affecting the
daily activity of C. vellerosus in fragments. The activity budget of C. guereza in forest
fragments surrounding the continous forest of Kibale N.P. was also similar to that found in
Kibale N.P. (Onderdonk & Chapman, 2000). Interestingly, more time was spent feeding in
Bonte than in Akrudwa Kurna, despite both groups and fragments being of similar size.
This suggests that the habitat quality of Akruwa Kuma may be higher than that of Bonte.
The fact that individuals showed less movement in the fragments may be aresult of
differences in diet, such as an increase in leaf consumption. If fragment groups were
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consuming higher proportions of leaves than groups in BFMS, longer periods of digestion
may be required, which Decker (1994) suggested may explain the decrease in movement
found in Alouatta groups post-deforestation. However, while Akrudwa Kuma and Bonte
consumed ahigher proportion of leaves than BFMS, Busunya consumed less (Chap. IV),
which suggests that the difference observed cannot easily be explained by asingle factor.
Alternatively the difference in movement observed may be due to the lower colobus
density in the fragments compared to BFMS, and the lower number of neighboring groups
(Chap. II). In Akrudwa Kuma and Bonte, no other groups existed, thus these fragment
groups were not facing between group competition for food. Although there were four
groups in Busunya, the population density in Busunya is half of that in BFMS (Chap. II).
The higher proportion of resting, mainly in Akrudwa Kuma and Bonte, may be
linked to the higher proportion of leaves in the diet (see above) as these two groups
consumed higher proportions of leaves than Busunya and BFMS (Chap. IV). Social
activity in C. vellerosus was low in BFMS (2.6%; Teichroeb et al., 2003), thus extra time
available due to lower proportion of movement could be used for resting, provided groups
were able to meet their dietary needs. Therefore, either food availability is sufficiently
high enough to sustain fragment groups without changes in feeding activity, or groups may
be compensating with changes in their ranging patterns.

3.5.2

Ranging Patterns and Habitat Quality

Comparisons of ranging patterns between fragments and BFMS suggest habitat
quality in the fragments is lower than in BFMS. For example, both Akrudwa Kuma and
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Busunya had longer DJL than groups in BFMS, suggesting an increase in foraging effort,
possibly due to lower food abundance or quality (Gillespie & Chapman, 2001; Onderdonk
& Chapman, 2000). Akrudwa Kuma also had the largest home range, which may be
reflective of lower habitat quality (Dunbar, 1987). Lastly, comparisons between two
groups of equal size found that the fragment group (Busunya) had asignificantly longer
DJL than the BFMS group (B 1), despite having ahome range half the size. This suggests
that the fragment group had to travel farther each day than the BFMS group, to fulfill the
dietary needs of its individuals, which may be aresult of lower food abundance. The
smaller home range of Busunya also suggests that the rate of revisits to trees was higher in
Busunya than B1, which would suggest that food depletion would be higher in Busunya.
This remains to be verified.
An alternative explanation would be that fragment groups are able to use more of
what is available rather than being restricted to asmaller portion of available habitat. For
example, although Bonte had the shortest DJL of all groups and the home range size of
Bonte and Busunya were smaller than the three BFMS groups, the fragment groups (in
particular the one-group fragments, Bonte and Akrudwa Kuma) used ahigher percentage
of habitat in relation to available habitat compared to BFMS.
Conversely, some of our results suggest that habitat quality in the fragments and
BFMS may be similar, or at least sufficient to meet the needs of the fragment groups.
Fragment groups utilized similar sized trees as groups in BFMS, the majority of which
were food species. The canopy of trees (crown size) is assumed to be correlated with DBH
(Barbour et al., 1999), thus larger trees have larger crowns and therefore ahigher
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abundance of leaves than smaller trees of the same species. Since colobus diet comprises
mainly leaves, the use of equally large food trees in the fragments suggest that food
availability may be similar to BFMS. Food availability in fruiting trees between fragments
and BFMS may also be similar since Chapman et al., (1992) have shown DBH to be an
indicator of food availability in fruiting trees. The use of large trees may not only be a
function of food availability, but large trees may also provide more safety from predators
and have the ability to hold more individuals.
Dunbar (1987) and Dunbar & Dunbar (1974) suggested that at higher densities,
colobus home range size will be smaller since groups will be limited by adjacent groups.
Thus, the higher amount of available habitat used by fragment groups may be aresult of
their lower density. The lack of other groups in Akrudwa Kuma, and to some extent Bonte,
may also partially explain the larger ratio of home range to forest size, since unlike the
study groups in BFMS, Akrudwa Kuma and Bonte groups were not limited in daily
movement by adjacent groups and could therefore exploit all parts of the forest.
The conflicting ranging results suggesting similaries and differences in habitat
quality between the fragments and BFMS may be aresult of subtle differences in diet.
Fragment groups may be consuming different species, which have different distributions or
abundance patterns, that are either not found or not used in BFMS. This may result in
different foraging strategies, causing differences in home range size and DJLs.
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3.5.3 Effect of Group Size on Activity and Ranging
As group size increases, net food intake should decrease due to within-group
competition, thereby setting the upper limit to group size (Terborgh & Janson, 1986).
Scramble competition (indirect, non-aggressive food competition) in folivores is expected
to be low, since leaves are more abundant and continuously distributed than fruit
(Wrangham, 1980). If scramble competition was occurring, larger groups would be
expected to have longer DJLs and/or spend more time feeding than smaller groups
(Chapman & Chapman, 2000; Isbell, 1991; Steenbeek & van Schaik, 2001).
This study suggests scramble competition in C. vellerosus in this area was not a
strong factor, at least during the period studied, since there was no positive relationship
between group size and activity, DJL and home range size. The lack of relationship may
be due in part to the low sample size (n = 6). It may also be due to the fact that the home
range of each group likely contains different species and this may influence how groups
react to changes in food availability (Steenbeek & van Schaik, 2001). However, high food
abundance may be contributing to the low level of scramble competition, since food
patches would not be depleted any faster by large groups than small groups. Leaves are
considered an abundant and continuously distributed food source. BFMS groups consumed
an average of over 80% leaves, an abundant and continously distributed food source
(Wrangman, 1980) and fragment groups consumed between 70- 90% leaves (Chap. IV),
which may result in low feeding competition. Indeed, low feeding competition seems to
characterize C. vellerosus. Teichroeb et al. (2003) found no relationship between group
Size and time spent feeding, resting or moving, although females were shown to eat for
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longer than males in the large group. In addition, Fashing (2001) concluded that scramble
competition was likely not occuring in C. guereza in Kakamega forest.

3.6

CONCLUSIONS

The proportion of time spent feeding was similar between groups in BFMS and the
fragments, suggesting that fragment groups were not forced to spend additional time
feeding to fulfill nutritional requirements. This suggests that habitat quality in the
fragments is not impacting daily activity. However, habitat quality in the fragments may
be lower than BFMS and fragment groups may be compensating for differences in habitat
quality by travelling longer distances each day to meet dietary needs. Comparisons of
activity and ranging patterns of fragments and BFMS is an indirect method of assessing
habitat quality, and needs to be complemented by ecological surveys that could more
accurately determine food availability, abundance and distribution. Each forest may have a
different species composition and each group may have different strategies to optimize
foraging effort and survival. Further investigation of food abundance and diet of the
fragment groups should contribute to understanding how these groups are able to survive in
the fragments, without impacting their activity.
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4.1 ABSTRACT

Small populations of Colobus vellerosus inhabit the Boabeng-Fiema Monkey
Sanctuary (BFMS) and smaller, surrounding forest fragments. Little is known about the
populations in the fragments or the ability of these fragments to support current
populations. This study compared the diet of C. vellerosus in fragments to BFMS and
examined the differences in species composition and food abundance and availability
between fragments and BFMS. Like BFMS groups, leaves constituted the highest
proportion of the diet of fragment groups, yet they fed on more lianas than BFMS. Over
50% of the plant species forming the diet in the fragments combined were not consumed in
BFMS during the same time of year. Fragment groups tended to eat species more common
to the fragments. Food abundance was similar between fragments and BFMS, although
species composition differed. There was no relationship between the number 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 demonstrates the dietary
flexibility of C. vellerosus, which may be afactor in its survival in these fragments.
However, the higher level of disturbance in the fragments underlines the importance of
maintaining or improving the integrity of the forests.
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4.2 INTRODUCTION

As aresult of deforestation, many species are reduced to living in forest fragments.
The effect of forest fragmentation on primates is of special concern, since many live in
areas where rates of deforestation are the highest in the world (Africa, Brazil: FAO, 2000).
Fragmentation does not simply have the effect of reducing the size of the available habitat,
but it can also create different conditions in the habitat. For instance the level of
disturbance in fragments is often greater than in continuous forests as aresult of "edge
effects", which may lead to higher tree mortality or microclimatic changes in the interior of
the forest (Kapos et al., 1997; Lovejoy et al., 1986). It has also been argued that another
indication of disturbance is ahigher proportion of pioneer species and lower proportion or
number of shade tolerant species in forest fragments compared to continuous forest (Zhu et
al., 2004).
Food availability for specific species can also be affected by fragmentation
(Schwarzkopf & Rylands, 1989; Menon & Poirier, 1996), as can plant diversity (Estrada &
Coates-Estrada, 1996), size of trees (Schwarzkopf& Rylands, 1989), and level of
disturbance (e.g. the number of tree stumps)(Struhsaker et al., 2004). Researchers have
found that habitat quality (Lovejoy et al., 1996; Menon & Poirier, 1996), as well as diet
and dietary flexibility are important factors influencing the ability of primate species to
survive in fragments. Folivorous species are more likely to flourish in forest fragments
than frugivor6us species (Estrada & Coates-Estrada, 1996; Gilbert & Setz, 2001; Johns &
Skorupa, 1987; Lovejoy et al., 1986). The absence of typically top food species from
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fragments leads species to shift their diet to include species more common in the fragments
(Estrada et al., 1999) or eat previously unconsumed species (Onderdonk & Chapman,
2000). The decrease in fruit availability in fragments may also result in ashift in the
proportion of plant parts consumed towards an increase in more plentiful food sources,
such as leaves (Decker, 1994; Tutin, 1999).
The Boabeng-Fiema Monkey Sanctuary (BFMS) in central Ghana is inhabited by
Colobus vellerosus. Surrounding forest fragments are also inhabitated by C. vellerosus,
however little is known about these subpopulations. By examining the diet of C. vellerosus
in combination with the habitat quality of the fragments, we can assess whether the
fragments can support current numbers. We also examined the diet of the fragment groups
in relation to BFMS groups to determine C. vellerosus dietary flexibiliy.
The specific objectives of this study were to 1) compare the diet of C. vellerosus, a
folivorous primate, between BFMS and surrounding forest fragments, 2) compare the plant
composition, food availability and abundance between BFMS and the surrounding
fragments; some of them sheltering groups of C. vellerosus, and some not, 3) examine
whether differences in habitat quality exist between fragments with and without C.
vellerosus and 4) evaluate the level of disturbance in the fragments compared to BFMS.
The long-term data collected from BFMS were used as the basis of comparison.
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4.3 METHODS

4.3.1

Study Site

This study took place at the Boabeng-Fiema Monkey Sanctuary (BFMS), located in
the Brong-Ahafo Region of Ghana (7° 43' N and 1° 42'W). BFMS is a192 ha dry, semideciduous protected forest, surrounded by alarger riparian forest (total area is about 5
km2). Five smaller forest fragments within 2km of BFMS were also studied (Akrudwa
Kuma, Bonte, Busunya, Akrudwa Panyin and Bomini) (Figure 4.1). Colobus monkeys
inhabit all fragments except Bomini and Akrudwa Panyin (Wong & Sicotte, 2004). The
feeding ecology of C. vellerosus in BFMS and the habitat quality of BFMS have been
documented (Saj, in prep.; Saj et al., in press).

Figure 4.1: BFMS and surrounding forest fragments.
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4.3.2 Data Collection
Dietary data from the groups in the forest fragments were collected from August to
November, 2003 by S.W. Three focal groups were selected; one from Akrudwa Kuma,
Bonte and Busunya. Full day follows were conducted from 0600 to 1800 hrs for three
consecutive days. The three-day blocks were repeated five times for each group, resulting
in 15 full-day follows for each group. Dietary data were collected for 8to 10 hours each
day using the frequency method (Davies et al., 1999; Struhsaker, 1975; Teichroeb et al.,
2003). Scan samples were conducted every 15 minutes (Fashing, 2001) and data on the
behaviour of the first five individuals spotted in the group were collected. If the individual
was feeding, the plant species and part being consumed (leaf, fruit, seedpod, flower, flower
bud, leaf bud, pith, bark, sap, petiole) was recorded. Five minutes was allowed for finding
the individuals and the group was circled between scans to get arandom selection of
individuals. Dietary data from BFMS were collected from September to November 2000
and January to August, 2001 following the same procedure (Saj, in prep.).
Ecology surveys in the five forest fragments were conducted from July to
November, 2003 by myself and two trained research assistants. Two types of ecology
surveys were conducted in each fragment to estimate species diversity and food abundance:
1) avegetation plot survey, which included all trees with diameter at breast height (DBH)
greater than 10 cm within the plots and, 2) alarge tree survey of all trees with DBH greater
than 40 cm. Food availability was assessed using phenological surveys, which were
conducted from August to November, 2003. Vegetation plot surveys in BFMS were done
in September, 2001, while food availability using phenological surveys were conducted
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from September to November, 2000 and January to August, 2001 (Saj, in prep.). 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.
Vegetation plot surveys: Vegetation plots were placed at random in all fragments.
All plots were placed inside the home range of the focal groups. The size and number of
plots per fragment were as follows: two 50 m X 50 m pidts in Bomini and Bonte, three
50 m

50 m plots in Busunya and Akrudwa Kuma and one 50 m X 50 m plot and one

25 m

25 m plot in Akrudwa Panyin. This represented amean 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 amean of 9.9% of each group's home range (3.8% in Akrudwa
Kuma, 7.7% in Bonte, 18.1% in Busunya). Species and DBH were recorded for all trees
DBH > 10 cm within the plots.
Large tree surveys: In each fragment, all trees with DBH >40 cm were identified
to species and DBH was measured. Each tree was mapped using the Geographical
Positioning System (GPS) Trimble GeoExplorer 3.0. Only trees in the study group's home
range were mapped in Akrudwa Kuma (15.6 ha of 34.19 ha of the forest) due to the large
size of this fragment. A small, unused section of Bonte (1.5 ha) and asmall section of
Bomini (3.5 ha) were also not mapped because of lack of time. The large tree surveys
represented amean of 89.6% of each fragment (63.9% in Akrudwa Kuma, 95.5% in Bonte,
100% in Busunya, 100% in Akrudwa Panyin and 88.6% in Bomini).
Phenological surveys: Phenological surveys were done in Akrudwa Kuma, Bonte
and Busunya to estimate food availability. These were conducted by myself and Anthony
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D. Assah (the primary observer collecting phenology data for all the researchers associated
with our project since 2000). The surveys were conducted after each three-day follow. In
theory, we wanted the phenology route to include five or six specimens of the top ten
species consumed in BFMS (Saj, in prep.). Since none of the fragments contained five or
six specimens of these ten species, additional species that the monkeys were observed to
eat, or which C. vellerosus was known to eat in BFMS were also included. All trees had a
DBH greater than 40 cm. Observers estimated the percent coverage of young leaves,
mature leaves, ripe fruit, unripe fruit and flowers for each tree in the survey. The percent
coverage was given avalue from 0to 4as per Sun et al. (1996) whereby the sum of all
values could not exceed 4(0: not present, 1: 1 25%, 2: 26
-

-

50%, 3: 51

-

75% and 4: 76

-

100%).

4.3.3

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. The fragment diet was compared to
BFMS 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 BFMS dietary data from the same fourmonths of the year (August to November 2000-2001; Saj, in prep.) and also from the
longitudinal data (i.e. complete list of the food species used by BFMS groups). Sorensen's
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coefficient of community (Smith, 1992) was calculated for all pairs of groups to compare
relative similarity in diet. The number of new food species recorded each month for BFMS
groups was plotted to evaluate the proportion of dietary elements that four months of data
collection in the fragments could potentially yield. The ten most commonly eaten tree
species for each fragment were also compared to BFMS.
Selection ratios for consumed species were calculated when possible to measure the
level of dietary selectivity. Selection ratios included the frequency of feeding on atree
species, expressed as percentage of total feeding scans, relative to its stem density and
basal area in agroup's home range (Fashing, 2001). Data from both the vegetation plot
survey and the large tree survey were used. Spearmans' rank correlations were used to
examine if arelationship existed between the frequency of consumption and selection
ratios. Sample size for these correlations was limited by the number of tree species for
which selection ratios could be calculated. All tests were two-tailed and were significant at
p<0.05. Tésts were performed using SPSS 11.5.
To examine whether the consumption of fruit, seedpods, flowers and flower buds
was related to availability of these plant parts, data from the phenological surveys were
used. Community-wide phenology patterns were expressed as the monthly density of trees
(D m)in the above phenophase as per Sun et al. (1996):
S

Dm =kl1D
where

Pkm

xdk

is the proportion of sampled trees in that phenophase for species kduring month

m, dk is the density of trees for species k, sis the total number of tree species. An
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individual was considered to be in agiven phenophase if it scored 1or more (Sun et al.,
1996; van Schaik et al., 1993). The density used was for trees with DBH ?40 cm.
To assess habitat quality, and more specifically, the availability of food resources
for colobus, avariety of metrics were calculated from the vegetation plot survey and the
large tree survey. From the vegetation plot survey, the following were calculated: stem
density of all trees (food and non-food), Shannon-Weiner 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. Potential food trees were all trees on which colobus have been recorded
feeding in any of the fragments or 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 number of colobus and habitat quality, linear
regressions were used to examine the following relationships: 1) number of colobus and
density of all trees, 2) number of colobus and density of food trees and 3) number of
colobus and percentage of species which were potential food trees. This was done using
results from the vegetation plot survey (using data from all fragments and BFMS) and the
large tree survey (using only data from the fragments).
The top ten species was determined for each fragment from the vegetation plot
survey. Similarities between BFMS and fragments were examined from the vegetation plot
survey only, as the BFMS large tree survey was not available for BFMS at the time. The
percentage of tree species found in fragments and not BFMS and vice versa was also
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calculated. For this comparison, species found in fragments used data from both the
vegetation plot survey and the large tree survey. Data from the 2001 BFMS vegetation plot
survey (Saj et al., in prep) 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 number of pioneer species and non-pioneer species were made. The
distinction between pioneer and non-pioneer species was based on the classifications made
by Abu-Juam et al. (1996) based on Hawthorne (1990). The percentages of pioneer species
and non-pioneer species were calculated for each fragments (using the data from the
vegetation plot surveys and the large tree surveys) and BFMS (using data from the 2001
vegetation plot survey and for this analysis only, data from the BFMS large tree survey).

4.4 RESULTS

4.4.1 Diet
A total of 1,754 scans were recorded over 45 days (605 for Akrudwa Kuma, 555 for
Bonte, 594 for Busunya). These scans yielded atotal of 1,528 individual feeding records
for the three focal groups (410 for Akrudwa Kuma, 583 for Bonte, and 535 for Busunya).
The diet of fragment groups consisted primarily of mature/young leaves from both tree
species and lianas (Akrudwa Kuma = 90.6%, Bonte =87.5%, Busunya = 70% compared to
BFMS

=

81.8%). Busunya consumed more fruit and flowers than BFMS groups (Figure

4.2). In addition, all fragment groups consumed some insects (<1% in "other" category),
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which had not been recorded for BFMS groups. A greater proportion of the diet consisted
of lianas in the fragments compared to BFMS (Figure 4.3). Fragment groups also
consumed two non-native species, Cassia siamea and Azadirachta indica. Consumption of
non-native species was most notable for Busunya group, as Cassia siamea was the fourth
most consumed species.

Figure 4.2: Percentage of plant parts consumed in fragments and BFMS.
35

• Other*
vt Seed pod
w Leaf bud
Flower bud

oFlower

I
BFMS

A. Kuma

Bonte

iFruit

Busunya

Forest
* = Other includes: petioles, bark, sap, pith, soil and insects. The difference between the
total % presented in the figure and 100% represents the proportion of leaves (young and
mature) in the diet. BFMS data source: Teichroeb et aL, 2003.
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Figure 4.3: Percentage of tree and liana species consumed in fragments compared to
BFMS.
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BFMS data source: Teichroeb et al., 2003.

A total of 48 plant species were consumed by groups in fragments (31 in Akrudwa
Kuma, 22 in Bonte and 29 in Busunya), whereas 35 plant species were consumed in BFMS
from August to November 2001 and 54 plant species were recorded for the full year
(Figure 4.4). A greater proportion of the plants consumed in the fragment was not
consumed in BFMS and asmaller proportion of plants consumed in BFMS diet was not
consumed by fragments when only data from August to November was used (Figure 4.4).
Of the species not consumed in BFMS, 40.9% were found in the home range of the BFMS
study groups. Of the 11 BFMS species (August to November) not consumed in fragments,
54.6% (6) were found in Akrudwa Kuma, and 18.2% (2) were found in Busunya. Bonte
did not contain any of the unconsumed species. The progression of recording new food
species in the diet of BFMS groups in relation to time showed that after seven months of
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data collection, the number of new species began to plateau. After four months of data
collection at BFMS, 65.5% of the species consumed during the full year were recorded.

Figure 4.4: Comparisons between species consumed in fragments and BFMS.
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Sorensen's coefficient of community showed that diets of fragment groups tended
to be more similar to each other than to BFMS, with the exception of Akrudwa Kuma,
however all values were still verymuch around 0.5 (Table 4.1).

Table 4.1: Comparisons of similarities in the diets of fragment groups and
BFMS using Sorensen's coefficient of community (Ccl
Akrudwa Kuma
BFMS
0.54
Akrudwa Kuma
Bonte
igher values indicate greater similarity.
-

--

--

Bonte
0.38
0.60
--

Busunya
0.40
0.50
0.47
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The top ten food species for each group compared to BFMS is found in Table 4.2.
Of the top ten food species, Bonte was most similar to BFMS with 6of the species being
the same. Akrudwa Kuma shared 3of the same top ten species with BFMS. Busunya
differed the most, sharing only 2of the same top ten species, and 3of Busunya's food
species had no records of consumption in BFMS (two of which were not present in BFMS).

Table 4.2: Top ten food species for forest fragments and BFMS.
BFMS Aug. to
Rank
BFMS
A. KUMA
BONTE
BIJSIJNYA
Nov.
Albizia
Adansonia
Albizia
Adansonia
1
Albizia coriaria
coriaria
digitala
coriaria
digitata
Adansonia
Afzelia
Cardiospernum
Aubrevillea
Ficus ardisoides
2
digitata
africana
grandorurn
kerstingi
Adansonia
Aubrevillea
Adansonia
Gardiospernum
3
Antiaris toxicaria
digitata
kerstingi
digitata
grandiflorurn
Ceiba
Morinda
4
Afzelia africana
Geltis zenkeri
Cassia siamea 1
pentandra
lucida
Aubrevillea
Aubrevillea
Ceiba
Triplochiton
Ceiba
kerstingi
kerstingi
pentandra
scieroxylon
pentandra
Trilepisium
Antiaris
Bombax
Pterocarpus
Bombax
6
madagascariense
toxicaria
erinaceus
buonopozense
buonopozense
Triplochiton
Ficus
7
Hura crepitans
Hura crepitans
scieroxylon
Celtis zenkeri
ottonjfolia
Bombax
Parquetina
Antiaris
8
Ceibapentandra
Papaya
buonopozense
iIgrescens
toxicaria
Bombax
Bombax
Milicia excelsa
Unknown #1
Misc unknown
buonopozense
costatum
* Misc unknown
Morinda
10
Morinda lucida
Grewia mollis Ficus exasperate
lucida
liane
*Khaya
grandfolia
* Milicia
excelsa
Names in bold indicate top ten species consumed in both fragments and BFMS. Names in
underline indicate species with no records of consumption in BFMS. 'Indicates non-native
species. * = tied in ranking.
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The frequency of consumption and selection ratios were positively associated using
stem density from both the vegetation plot survey (Akrudwa Kuma: n= 16, r
s= 0.768, p<
0.001; Bonte: n= 10, r
s= 0.685, p<0.001; Busunya: n= 13, r
s= 0.557, p= 0.048) and the
large tree survey (Akrudwa Kuma: n= 31, r
s= 0.594, p= 0.004; Bonte: n= 14, r= 0.878,
p<0.001; Busunya: n= 20, r= 0.666, p= 0.001). No relationship existed between the
frequency of consumption and selection ratios using basal area for the vegetation plot
survey (p> 0.352) or the large tree survey (p> 0.126).
In general, flower bud consumption reflected availability in all three fragments
(Figure 4.5

-

4.7). Based on availability, flower consumption was low in Akrudwa Kuma

and Bonte, but flower consumption in Busunya reflected availability (Figure 4.8

-

4.10).

The consumption of fruit reflected availability in two fragments where monkeys consumed
fruit (Figure 4.11

-

4.12). The consumption of seedpods was low in relation to availability

in Bonte (Figure 4.13) but reflected availability in Busunya (Figure 4.14).

Figure 4.5: Relationship between the consumption of flower buds and availability
in Akrudwa Kuma.
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Figure 4.6: Relationship between the consumption of flower buds and availability in
Bonte.
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Figure 4.7: Relationship between the consumption of flower buds and availability in
Busunya.
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Figure 4.8: Relationship between the consumption of flowers and availability in
Akrudwa Kuma.
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Figure 4.9: Relationship between the consumption of flowers and availability in Bonte.
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Figure 4.10: Relationship between the consumption of flowers and availability in
Busunya.
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Figure 4.11: Relationship between the consumption of fruit and availability in
Akrudwa Kuma.
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Figure 4.12: Relationship between the consumption of fruit and availability in
Busunya.
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Figure 4.13: Relationship between the consumption of seedpods and availability in
Bonte.
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Figure 4.14: Relationship between the consumption of seedpods and availability in
Busunya.
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4.4.2 Habitat quality
The total number of species found in the vegetation plot survey for all fragments
combined was 69 (38 for Akrudwa Kuma, 25 for Bonte, 24 for Busunya, 17 for Akrudwa
Panyin and 28 for Bomini). The vegetation plot survey in BFMS found 69 species. Of the
69 species found in the fragments combined, 51% were not found in BFMS. The
percentage of overlap was 46.4%. All fragments (except Busunya) had higher overall stem
density but lower Shannon-Weiner indices than BFMS (Table 4.3). The mean DBH of
food trees was higher in BFMS than in three of the five fragments. Akrudwa Panyin, with
no colobus, had the highest mean DBH of food trees and Busunya, with colobus, had the
lowest (Table 4.3). The percentage of the potential food species was slightly higher in the
three fragments with colobus than BFMS (Table 4.3). The fragments not containing
colobus had alower density of food trees than three fragments but higher than BFMS.

80
Only Bomini had alower percentage of potential food trees than the three fragments
containing colobus, but ahigher percentage than BFMS (Table 4.3).

Table 4.3: Summary of the vegetation plot survey results.
Shannon- Mean
Stem
Stem density
%
% Food sp.
Weiner
DBH
Forest
density
of food trees Potential
consumed
index of
of food
(#/ha)
(#/ha)
food sp.
by group
diversity sp.(cm)
A. Kuma
216
1.36
40.5
160
65.7
36.8
Bonte
234
1.08
34.5
166
64.0
40
Busunya
155
0.90
30.4
131
62.5
54.2
A. Panyin
285
0.82
44.9
83.2
64.7
Bomini
218
1.31
35.4
116
60.7
BFMS
192
4.41
38.8
107
56.5
52.2
Vegetation plot surveys included all trees with DBH > 10 cm within the plots. The
highest value for each category is in bold. Italics indicate fragments with no colobus.
BFMS data source: Saj et al.. in prep.

A total of 94 large tree species were found during the large tree survey in all the
fragments combined (67 in Akrudwa Kuma, 39 in Bonte, 64 in Busunya, 26 in Akrudwa
Panyin and 52 in Bomini). Overall stem density was higher in the home ranges of the
groups than in the entire fragments. Stem density of Akrudwa Panyin was within the
values for the home ranges of the groups, but stem density was lowest in Bomini (Table
4.4). Conversely, the Shannon-Weiner indices were lower in the home ranges of groups
than in the entire fragments (Table 4.4) and these indices were higher than in the vegetation
plot survey. The mean DBH of large food trees was higher in the home ranges of Akrudwa
Kuma and Bonte than the whole fragments (Table 4.4). Bomini with no colobus had the
lowest average DBH of food trees, but Akrudwa Panyin was within the range of the home
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ranges of Akrudwa Kuma and Bonte (Table 4.4). The density of food trees, percentage of
potential food trees (with the exception of Akrudwa Kuma), and the percentage of trees fed
on by focal groups was higher in the home ranges of the groups than in the entire fragments
(Table 4.4). 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 was higher than in the fragments containing no colobus.

Table 4.4: Summary of large tree survey (DBH> 40 cm) results.
Forest

Stem
dentity
(#/ha)

ShannonWeiner
in
of
diversity
1.58

Mean
DBII of
large food
sp. (cm)
81.0

Stem
density of
food trees
(#/ha)
20.64

1.51

86.0

1.29
1.12
1.48
1.23

A. Kuma
28.84
A. Kuma
33.37
HR
Bonte
9.05
Bonte HR
12.82
Busunya
8.41
Busunya
30.60
HR.
A. Panyin
31.44
Bomini
13.32
The highest value for each
HR =home range.

%
Potential
food trees

% Food sp.
fed on by
group

61.19

34.30

24.22

59.38

34.38

72.6
84.2
78.5

6.76
12.02
5.32

59.00
76.19
62.50

38.50
71.43
37.50

75.3

23.13

83.87

67.65

1.20
85.7
20.36
69.20
1.44
69.7
9.93
63.46
catagorie is in bold. Italics indicate fragments with no colobus.

Using data from the vegetation plot survey, there was no relationship between the
number of colobus in the fragment and the density of all trees (n =6, r
2= 0.132, p= 0.478),
density of food trees only (n =6, r
2= 0.044, p= 0.690) or the percentage of species which
were potential food trees (n = 6, r
2= .223, p= 0.344). 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, r
2 = 0.349, p= 0.294), density of large
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food trees (n = 5, r
2 = 0.236, p= 0.406) or percentage of species which are potential food
species (n = 5, r
2 =0.392, p= 0.259).
Comparisons between top ten species (i.e. most abundant) found in the vegetation
plot surveys for BFMS and the fragments are found in Table 4.5. The top ten species
found in each respective fragment and also BFMS ranged from 1(Busunya) to 3(Bomini)
(Table 4.5). Busunya had the most top ten species not found during the vegetation plot
survey of BFMS (6) while the other fragments had between ito 3. Of the 108 species
found in all fragments combined (using data from the vegetation plot survey and large tree
survey), 54 species (5 0%) were not found in BFMS during the vegetation plot survey.
When information from the BFMS vegetation plot survey and the BFMS inventory (AbuJuam et al., 1996) were combined, still 27 species (25%) from the fragments were not
found in BFMS. Of the 61 species which were identified (8 species are unknowns) in
BFMS, 20 (32.8%) were not found in the fragments.
The percentage of pioneer species in the fragments was higher than BFMS for both
the vegetation plot survey and the large tree survey (Table 4.6).

Table 4.5: Similarities and differences in top ten species found during the vegetation plot surveys for forest fragments
and BFMS.
Rank

BFMS

A. Kuma

Bonte

Busunya

A. Panyin

1

Cola gigantean

Hura crepitans

Angeissus leiocarpus

Cassia siamea 1

Citrus sp.

2
3
4

Angeissus
leiocarpus
Monadora
myristica
*Myri
an thus
arboreus
* Holarrhena
floribunda

6

**Grewja niollis

7

**Trilepisium
madagascariense

8

Pouteria alnjfolia

9
10

***Pycanthus
angolensis
** *Cal
onco ba
gilgiana

Holarrhena
floribunda
Lecaniodiscus
cupanioides

Cola gigantean
*Dichapetalum
guineense

Albizia con aria

*Kha
ya grand
*Cari
ca papaya

*

Adansonia digitata

**Triplochiton

*Morjnda lucida

scieroxylon
***Cass i
a siarnea 1
**pouteria alnifolia

*

***Elaies guineenis
*Celtis zenkeri

**

*Khaya grandfolia
*Azadirachta i
ndica

*

**Antiaris toxicaria
*Term i
nalia

*

glaucescenslucida

11
12
13

Elaies
guineenis
Khaya

Elaies guineenis
Cola gigantean

grandfolia
*Morjnda
lucida
*Mang ftra

Ficus exasperata
*Bon2 b
buonopozense
*Adanson i
a
digitata
*Spathodea
campanulata
*Bauhjnja
monandra
*Mangjfera indica
Carica papaya
*Sterculja
trigacantha
*Dan j
ella oliveri
*Trzplochjton

indica
**Albizia
coriaria
**Adansonia
digitata
**Grewja
MOMS
**pte,ygota
macrocarpa
**Milicja
excelsa
Holarrhena
floribunda

"

Bomini
Holarrhena
floribunda
Angeissus
leiocarpus
*D wendwenwa
(local name)
*Celtis zenkeri
*Aidia
genipjjlora
Cassia sieberiana
**Azadirachta
indica
**Ter,njnalia
glaucescens
***Fagara
xanthoxyloides
***Mor inda
*Grewj
a

**

moiis

scleroxylon

Vegetation plot surveys includes all trees with DBH > 10 cm within the sample plots. Names in bold indicate top ten species
in both fragments and BFMS. Names in underline indicate species not present in BFMS (according to vegetation plot surveys).
'Indicates non-native species.

,

=

tied in ranking
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Table 4.6: Comparisons between percentages of pioneer species and non-pioneer
species in the franments and BFMS.
Forest
Vegetation plot surveys
Large tree surveys
% pioneer
% non-pioneer
% pioneer
% non-pioneer
sp.
sp.
sp.
sp.
AkrudwaKuma
44.0
32.0
43.6
33.3
Bonte
55.6
27.8
45.0
25.0
Busunya
55.6
47.2
5.6
30.6
AkrudwaPanyin
38.5
38.5
36.8
36.8
Bomini
44.4
27.8
50.0
21.4
BFMS
29.3
61.0
33.3
55.6
Non-pioneer species includes shade tolerant species.

4.5

DISCUSSION

4.5.1 Dietary Response to Forest Fragmentation
This study demonstrates the dietary flexibility of C. vellerosus in response to forest
fragmentation, which likely contributes to its ability to survive in forest fragments, a
phenomenon also reported in C. guereza by Onderdonk & Chapman (2000). For example,
the range of potential food species seemed to be larger than the actual species fed upon, at
least during our four month study period. Species consumption reflected availability,
leading to ahigher proportion of leaves in the diet of fragment colobus compared to BFMS,
which indicates their ability to survive on amore monotonous diet when other plant parts
were not available. Furthermore, they used the available species (including non-native and
liana species) which suggests dietary flexibility.
The higher proportion of lianas consumed in the fragments compared to BFMS has
also been found in Callithrix geoffroyi living in fragments (Passami & Rylands, 2000) and
is not surprising given that forest fragments suffer from more "edge effects" and thus
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contain ahigher amount of secondary vegetation (Lovejoy et al., 1986), such as lianas
(Zhu et al., 2004). It has been suggested that this secondary vegetation is beneficial to
folivores and contributes to their ability to flourish in fragmented forests (Lovejoy et al.,
1986). Since the ecology surveys in the fragments and BFMS did not include lianas, it
cannot be confirmed whether lianas are more common in the fragments than in BFMS.
Although leaves constituted the highest proportion of plant parts consumed for all
fragments and BFMS, the proportion of other plant parts consumed were slightly different.
This shift in plant parts consumed in fragments or disturbed habitats has also been found in
other studies. Decker (1994) found that Alouatta spp. increased the consumption of mature
leaves in arecently deforested site. The increase of leaves consumed in Akrudwa Kuma
and Bonte may be due to areduction in the availability of other plant parts. By contrast,
Busunya consumed less leaves than BFMS and more fruit, flowers and seedpods. The
phenological surveys showed that the consumption of these parts reflected their availability
in their home range. Ficus ardisoides likely accounted for the increased fruit consumption
as it was the most selected for in terms of stem density. The higher proportion of seedpods
in their diet was due to Cassia siamea, which constituted 83% of the seedpods consumed
and whose consumption reflected their high abundance. Lastly, the consumption of insects
in fragments, which were not reported to be consumed in BFMS, has also been reported in
colobus, manguabeys, and guenons living in fragments (Tutin, 1999).
Estrada et al. (1999) found that Alouatta palliata in forest fragments consumed a
higher species diversity than individuals in continuous forest. In our study, each fragment
group consumed alower species diversity than BFMS, which has also been found in
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Macaca silenus living in forest fragments (Mellon & Poirier, 1996). The lower species
diversity in the diet may be aresult of the lower species diversity in the fragments;
Shannon-Weiner indices of the fragments were four times lower than that of BFMS. This
was also proposed by Bicca-Marques (2003) to explain the lower species diversity in the
diet of Alouatta species found in forest fragments.
The consumption of species in fragments which were not consumed in BFMS
despite their presence has also been documented in Colobus guereza in fragments
(Onderonk & Chapman, 2000) and further demonstrates the dietary flexibility of C.
vellerosus. Most interesting is the frequency of consumption of Cassia siamea in
Busunya, which is anon-native species introduced as firebreaks. This species dominates
the Busunya forest and is the fourth most consumed species in the forest. Macaca silenus
in fragments have also been found to use non-native plants as food items (Bicca-Marques,
2003; Singh et al., 2001), as have C. guereza in the Entebbe Botanical Gardens, Uganda
(Grimes & Paterson, 2000).
Alouattapalliata living in forest fragments was found to consume species more
common in those fragments (Estrada et al., 1999). This is likely true of C. vellerosus in
forest fragments surrounding BFMS as indicated by the lack of relationship between
consumption and selection ratios using basal area, although consumption and selection
ratios using stem densities were correlated. The use of basal area to determine the level of
selectivity is likely more reflective of colobus habitat use than using stem density. Trees
with larger DBH have larger basal areas, and C. vellerosus favours large food trees (Chap.
III). Thus using stem density as the basis of selectivity misrepresents how colobus forage,
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since all trees with DBH? 10 cm were included. The lack of relationship when using
only large trees or basal area indicates that C. vellerosus consumed species more common
in the fragments.
This study suggests that there was aseasonal effect on diet, since the four-month
comparisons resulted in ahigher percentage of shared food species between the fragments
and BFMS than acomparison using the longitudinal dietary data for BFMS. To more
accurately compare the diet of fragment groups to BFMS, afull year of dietary data
collection for the fragment groups would be necessary. However, results also showed that
four months of dietary data collection represented nearly 70% of total diet of the BFMS
groups, thus the dietary data from the fragment groups collected over four months can be
considered to represent agood basis for this first assessment of diet in the fragments.

4.5.2 Habitat Quality in the Fragments Compared to BFMS
This study showed that food abundance in the forest fragments containing colobus
was comparable to BFMS, despite the differences in plant composition. Mean DBH of
food trees, the density of food trees and percentage of food species in the fragments did not
differ from BFMS. Furthermore, the lack of relationship between the number of colobus in
fragments and density of large trees and food trees echoed results found by Onderdonk &
Chapman (2000) who showed that food tree abundance was not asignificant predictor of
the number of Colobus guereza in fragments around Kibale N.P., nor apredictor of the
occupancy of fragments by Procolobuspennantil or Cercopithecus ascanius.
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This being said, we would intuitively expect that the food abundance in the
fragments without colobus would be lower, if habitat quality was the limiting factor for
colobus presence. Although the vegetation plot survey showed that the density of food
trees was lower in the two fragments without colobus, these two fragments were not
consistently lower in other habitat quality indices, such as mean DBFI of food trees,
Shannon-Weiner index or percentage of food tree species. Furthermore, the lack of
relationship between density of food trees and the number 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 acombination
of food availability, isolation distance, fragment size or increased human intolerance in
Akrudwa Panyin and Bomini.
This study also showed that the home ranges of focal groups contained 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. The lack of difference in
percentage of food trees in Akrudwa Kuma versus the home range in Akrudwa Kuma may
be due to incomplete mapping (see Methods). The discrepancy between home range and
the entire fragment 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 & Brennan, 1993; Jones, 2001). Spatial analysis of used and unused/available
areas would allow us to identify other important aspects of habitat quality, which would
lead to abetter understanding of foraging and habitat use decisions of C. vellerosus in this
area.
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Finally, while this study demonstrates that food abundance in the fragments
was similar to BFMS, the level of disturbance in the fragments was higher than in BFMS.
The higher proportion of pioneer species in the fragments indicates that the area has been
more recently disturbed than BFMS (Zhu et al., 2004) and the lower amount of nonpioneer species suggests the fragments are in secondary succession and have not reached a
climax community (Molles, 1999). Furthermore, there were more non-native species and
species which are grown as commerical food crops (apple, orange) 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 (C.
siamea accounted for over 60% of the species composition in the vegetation plot survey) in.
Busunya combined with the low percentage of non-pioneer species (5.6%) suggests that the
Busunya fragment may,
be more disturbed than the other fragments and BFMS.
Nevertheless, since pioneer species constitued some of the top ten species in colobus diet
(Cassia siamea, Ceibapentandra, Morinda lucinda, Milicia excelsa and Grewia mollis), it
is unclear whether the abundace of pioneer species will inhibit or enhance colobus diet in
the long-term.
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4.6 CONCLUSIONS

Although species composition differs and the lower percentages of non-pioneer
species in the fragments indicates amore disturbed habitat, food abundance appears to be
similar to that of BFMS. This is aresult of C. vellerosus consuming species more common
in the fragments and exploiting the secondary vegetation, such as lianas. This study
suggests that C. vellerosus is able to integrate many species in its diet to meet the
differences in plant composition in the forests.
The difficulty in this study lies in assessing food availability, especially when only
tree species are surveyed. The system is not static and C. vellerosus demonstrates dietary
flexibility; consuming not only different species in each fragment, but also non-tree
species. Although the range of possible elements in C. vellerosus' diet suggests that this
species may not have strict ecological specialization, it would be wrong to think that C.
vellerosus has no ecological limitations. Further study of habitat selection of this species
might identify other important ecological factors for C. vellerosus, such as the distribution
of large trees, distance between large trees, or distance between food patches. A better
understanding of the foraging ecology and habitat use of C. vellerosus would help to
identify conservation priorities and development of management strategies of this species.
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Chapter V: General Discussion
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5.1 INTRODUCTION

Tropical rainforests are becoming increasingly fragmented as aresult of
deforestation, and conservation biologists must focus their efforts towards understanding
what effects this might have on forest-dwelling species. Primate researchers in particular
have begun to examine the effect of forest fragmentation on the demography and
behavioural ecology (Clarke et al., 2002a,b; Estrada et al., 1999; Menon & Poirier, 1996;
Onderdonk & Chapman, 2000; Struhsaker et al., 2004) of various primate species, mainly
in Central America and East Africa. However, little work on the effect of forest
fragmentation on primates has been done in West Africa. The overall goal of this study
was to examine the effects of forest fragmentation on Colobus vellerosus at the BoabengFiema Monkey Sanctuary (BFMS) and surrounding forest fragments, by determining how
differences in size, isolation distance and habitat quality of fragments affects the
demography and behavioural ecology of C. vellerosus.
This study provided the most current population estimate of C. vellerosus at BFMS
and one of only two population estimates of C. vellerosus in the five surrounding forest
fragments. These data can serve as baseline data for future monitoring in this area.
Monitoring of populations over time is an integral part in the development of mitigation
strategies to ensure viable wildlife populations. Furthermore, this study offered the first
examination of the behavioural ecology of C. vellerosus living in small forest fragments
(<100 ha), which will help us understand how this species adapts to different
environmental pressures. The assessment of the habitat quality in the fragments can serve
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as abaseline against which future changes in habitat quality in the fragments can be
compared. This chapter provides an overall discussion of the results presented in the three
previous chapters, including amore extensive look at BFMS and surrounding forest
fragments functioning as ametapopulation. Ialso make suggestions for future work, which
could complement this research.

5.2 POPULATION STATUS OF COLOBUS VELLEROSUS AT BFMS AND
SURROUNDING FOREST FRAGMENTS

The change of apopulation as aresult of forest fragmentation can be measured
most directly through population monitoring. The 2003 population estimate of C.
vellerosus at BFMS has increased since 1991. In the fragments surrounding BFMS, total
numbers have remained stable since Kankam's 1997 survey (the only other population
estimate available). Furthermore, the proportion of immatures to adults also indicates that
the populations in BFMS and surrounding fragments may be growing. However, this ratio
did not differentiate between infants and juveniles, which is an important point to consider.
Sfruhsaker et al. (2004) suggested that increased natality may be aresult of decreased
juvenile survivorship. Although natality is high, the population may not be growing, thus
they suggested that juvenile retention may be abetter indication of the direction of growth
of apopulation. To better determine the direction of population growth in the fragments
and BFMS, juvenile survivorship must be measured. Continued population monitoring in
this area will also help to identify the direction of population change in the forest
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fragments, if any. In addition, continued monitoring will hopefully lead to abetter
understanding of the dynamics of the BFMS/fragment system, such as movement between
fragments and BFMS. This would help to clarify the role of the surrounding forest
fragments in possibly maintaining aviable population and whether this system is
functioning as ametapopulation.
Hanski et al. (1995) proposed four conditions under which ametapopulation exists:
1) the subpopulations in the fragments are breeding, 2) recolonization is possible, 3) no
subpopulation is large enough to ensure long-term survival and 4) population dynamics are
such that it is unlikely that all subpopulations will become simultaneously extinct. It is
difficult to assess the latter two conditions for this site since more historical and life history
data would be needed. On the basis of this study and prior work (Kankam, 1997; Saj et al.,
in press), we know that all subpopulations in the fragments and BFMS are breeding (since
they all have shown the presence of infants). Therefore, Iwill focus my attentions on
condition #2.
If BFMS is acting as asource population, excess individuals will emigrate to
surrounding fragments (sinks) once carrying capacity (the maximum population size that
can be supported with available resources (Campbell, 1993)) is reached in the source. The
sudden appearance of acolobus group in Akrudwa Panyin and asecond group in Akrudwa
Kuma suggests that dispersal is possible in this area. The large tree survey showed that
Akrudwa Panyin had stem density, food tree stem density, and mean DBH comparable to
fragments containing colobus, suggesting this fragment constituted good colobus habitat.
Recolonization may already have occurred in the past. From interviews with surrounding
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villagers, Kankam (1997) estimated that Akrudwa Kuma and Bonte first saw C.
vellerosus in their forests in 1993/94 and C. vellerosus returned to Busunya in 1983 after
being reportedly absent since the 1940s. However, BFMS as the source of dispersal has
not been confirmed, and the ability of recolonization between BFMS and the fragments has
not been evaluated. This ability is akey factor in asource/sink system; too much dispersal
and the populations become homogeneous (i.e. no difference between source and sinks),
but too little dispersal and recolonization cannot occur (Weins, 1996). To confirm the
origin of the groups in the fragments, genetic studies could be done using fecal samples as
asource of DNA (Latbuilliere et al., 2001). This, in combination with continued
population monitoring would allow us to understand how (or from where) the colobus are
dispersing and perhaps, the rate at which it occurs.
Forest fragmentation is not the only concern for C. vellerosus in this area. If
anthropogenic pressure on BFMS increases and the colobus population continues to
increase, colobus in BFMS will eventually reach carrying capacity. Frequency of
intergroup encounters may be one indication that apopulation's density is approaching its
limits. Intergroup encounters have been shown to increase with increased density in
Brachyteles arachnoides (Strier et al., 1993) and Macacafuscata (Sugiura et al., 2000).
To predict the carrying capacity of BFMS for C. vellerosus, long-term information on the
population trends, age of maturity, rate of reproduction, birth rate and mortality rate, in
association with continued data on diet and habitat quality would need to be collected.
If the populations in the fragments begin to increase, continued monitoring may
shed insight into social strategies undertaken by C. vellerosus under limited resources. For
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example, both Bonte and Akrudwa currently have one group, but as the groups grow,'
individuals must adapt to new social and ecological pressures. The groups may eventually
fission to reduce intra-group competition (Terborgh & Janson, 1987; Singh et al., 2001), or
may remain large to avoid inter-group competition, as has been observed in Macaca silenus
whose group size was larger in fragments than continuous forest (Menon & Poirier, 1996).
Continued monitoring of fragment group size compared to BFMS may also provide abetter
understanding of the habitat quality in the fragments. Struhsaker et al. (2004) found that
group size was also influenced by habitat quality (tree density, degree of deciduousness and
forest size).

5.3 ECOLOGICAL LIMITATIONS TO C. VELLEROSUS

Forest fragmentation can also affect the behavioural ecology of aspecies, which
can indirectly lead to changes in population size. The similarity in the proportion of time
spent feeding and resting for groups in BFMS and the fragments suggest that C. vellerosus
is not having to compensate in their daily activity as aresult of living in small fragments.
Their ability to eat awide range of plant species demonstrates their resilience in this
fragmented and disturbed environment. Furthermore, it appears that differences in habitat
quality between the forest fragments are not having anegative impact on the behavioural
ecology of C. vellerosus in the short term.
Nevertheless, along-term study may result in different conclusions. Only three
groups from BFMS and three fragment groups could be compared in this study, with group
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sizes ranging from 8to 30 individuals. The examination of forest fragmentation effects
on the behavioural ecology of C. vellerosus in this area would benefit from larger sample
sizes and alonger period of observation. Group size has been shown to affect activity
budget in primate species (Chapman & Chapman, 2000; Fashing, 2001). Comparisons of
activity budget between three different-sized groups of C. vellerosus at BFMS showed an
effect of group size on female feeding; females in larger groups ate longer than males
(Teichroeb et al., 2003). Group size effects on C. vellerosus feeding time has also been
documented (Saj, unpublished). A longer study period would ensure that seasonal changes
in food and species availability would be taken into account in the diet of the fragment
groups. This would provide amore complete picture of the diet in these fragments and
may show if some periods are more prone to show abottleneck effect for some key
resources, and hence an influence on foraging behaviors (either achange in feeding time or
DJL).
Habitat quality in the fragments will also influence the behavioural ecology of a
species and the ability of aspecies to persist in the fragment. Our attempt to evaluate
habitat quality differences between the forest fragments and BFMS was done by comparing
food availability, abundance and species composition among sites. Results showed that
food availability and abundance in the fragments and BFMS were similar. The lack of
difference in group size between fragments and BFMS suggests that the fragmented habitat
is of similar habitat quality as BFMS; group size has been shown to be affected by habitat
quality in other colobus species (Struhsaker et al., 2004). Moreover, considering
populations in BFMS and fragments are reproducing, that the proportion of time spent
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feeding is similar to BFMS, and that there is movement between fragments, it is most
probable that fragments are able to support current numbers of C. vellerosus. However,
limitations in our examination of habitat quality means that this conclusion must be
tentative at this point.
Firstly, only two to three ecological plots were sampled in each fragment,
representing amean of 3.3% of the fragments (a mean of 9.9% of each group's home
range). There was alarge degree of variation in the percentage surveyed between
fragments: 9.9% of the forest in Akrudwa Panyin was surveyed, but only 1.4% of
Busunya's forest was surveyed. This suggests that results for Akrudwa Panyin were more
representative. There is no set rule as to what percentage of ahabitat must be surveyed to
be adequately represented, but many primate researchers survey less than 1% of the habitat
to evaluate vegetation composition (Ciani et al., 2004; Estrada & Coates-Estrada, 1996;
Menon & Poirer, 1996; Singh et al., 2001), however Onderdonk & Chapman (2000)
surveyed amean of 4.5% of the habitat (range of 12.5% -0.35%) and Decker (1994)
surveyed 100% of a17.75 ha fragment, and 5.9% of a220 ha fragment. The proportion of
habitat surveyed appears to depend on the size of the area to be surveyed; for example, to
survey more than 1% of aforest 500 km2 requires agreat deal of time. The BFMS data
used as the basis of comparison in this study represented 10% of the home range of groups
in BFMS (Saj, in prep.). The percentage of habitat sampled in this study is higher than
most primate studies, but lower than other studies surveying forests of similar size.
Furthermore, the plots used may not adequately reflect food species composition if
the distribution of plant species in the fragment is not homogenous. For example, some
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species found in the fragments grow in clumps, such as Hura crepitans (pers. obs.).
Thus, using smaller but more numerous vegetation plots may have provided amore
accurate assessment of species composition.
Secondly, the fact that we did not include liana species in our evaluation of habitat
quality may have affected our examination of food availability and abundance since groups
in fragment consumed ahigher proportion of liana species than groups in BFMS. Our
decision not to include lianas in our assessment was based on the fact that lianas were not
consumed in BFMS in the years prior to this work. This has since changed, as C.
vellerosus in BFMS has now been documented to consume lianas (Teichroeb, pers.
comm..). The other factor motivating our decision, however, was the inherent difficulty in
identifying and quantifying lianas (Da Silva, 1999; Putz & Windsor, 1987). This being
said, because we did not measure lianas in our habitat quality assessment, it is not known
whether consumption of liana species by C. vellerosus reflects abundance or is selected for.
This would be necessary to better understand the important of liana species in C. vellerosus
diet.
Evaluation of habitat quality may not just be restricted to food abundance and
availability alone, but should perhaps be measured in combination with other variables,
such as fragment size and isolation distance. The Island Biogeography Theory was of
limited use in predicting species abundance in this study, yet the inclusion of habitat
quality and "edge effects" in models arising from Island Biogeography Theory, may
provide amore complete picture. No work was done to study "edge effects" in this study,
but perhaps the inclusion of "edge to core" ratios would be helpful in evaluating habitat
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quality. Furthermore, although we examined the effect of isolation distance to BFMS
on number of colobus, we did not take into account the distance between the fragments
themselves and how they were clustered. This type of "stepwise" arrangement of
fragments may influence dispersal.
Lastly, it is difficult to assess habitat quality when we are not able to understand
how the animals themselves view their environment. While our assessment followed
methodologies used in other primate studies to determine food availability and abundance
(Di Fiore, 2004), this approach does not take into account the spatial distribution of food
resources and may therefore miss key elements of how animals select their environment.
Habitat selection is the behavioural processes of organisms that result in non-random
habitat use to maximize survival and fitness (Hutto, 1985; Block & Brennan, 1993; Jones,
2001). A number of factors influence habitat selection such as food, shelter, breeding
habitat, morphological and physiological constraints as well as landscape stimuli such as
water, vegetation or special landscape features (Hildén, 1965). For example, in the case of
primates, many food trees may be equally available for use by monkeys, but not all food
trees will be used equally and some not at all, therefore other factors may be affecting the
use of space within the forest.
Non-random habitat use of C. vellerosus is illustrated in each of the forest
fragments (Figures 5.1

-

5.3). Nearly all of the trees found in the home range of the

Busunya group are used (Figure 5.3), however, there are distinct areas of high, low and no
use in the home ranges of Bonte and Akrudwa Kuma groups (Figures 5.1, 5.2). In
Busunya, the use of food trees may be affected by the home ranges of adjacent groups,
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such that the focal group in Busunya is forced to use most of the trees in their home
range. However, the reason for using only asmall proportion of what we might consider
available habitat by Bonte group is not known. Clumping or patchy distribution of food
trees may cause monkeys to forage differently in different forests. Other factors such as
the distribution of large trees, or distance between food trees/patches may be as important
to habitat quality as food abundance and distribution of food within afragment. Spatial
analysis of used and unused/available areas would provide amore detailed examination of
habitat selection and would allow us to identify other important aspects of habitat quality.
This would have important consequences for our understanding of the species biology and
the basis for some of its foraging/habitat use decisions. As aresult, it might help in the
development of management and conservation strategies.

Figure 5.1: Tree use frequency by Colobus vellerosus in Akrudwa Kuma.
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Figure 5.2: Tree use frequency by Colobus vellerosus in Bonte.
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Figure 5.3: Tree use frequency of Colobus vellerosus in Busunya
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5.4 CONSERVATION AND MANAGEMENT IMPLICATIONS FOR C.
yELLER OSUS IN BFMS AND SURROUNDING FRAGMENTS

In 1998, alocal conservation Non-Governmental Organization, the Nature
Conservation Research Centre in Accra, Ghana, proposed to link the forest fragments and
BFMS with corridors (NCRC, 1998). The proposal was designed to increase movement of
colobus populations between the fragments, thereby increasing potential habitat for the
monkeys. To date, no actions have been taken to implement these corridors. To reduce the
risk of inbreeding depression, the use of corridors connecting existing forest has been
proposed (Laurence & Laurence, 1999; Simberloffet al., 1992; Swart & Lawes, 1996).
Laurence & Laurence (1999) examined the use of corridors by leaf-eating, arboreal
marsupials in Australia and found that species that are dependent on primary forest were
less adapted to use linear remnant corridors than species that fed on successional trees or
vines. This suggests that species with the ability to survive in degraded/fragmented habitat
may be more likely to move between forests using corridors.
Despite evidence illustrating the effectiveness of corridors for conservation, there
remain important factors concerning corridor use that must be weighed. For example, the
size and composition of the corridor appropriate for one or several given species must be
evaluated before using corridors as aconservation strategy (Laurence & Laurence, 1999).
The cost of implementing and maintaining corridors is amajor factor to consider
(Simberloffet al., 1992), especially in adeveloping country such as Ghana. Furthermore,
the ability of aspecies to use acorridor must be considered (Laurence & Laurence, 1999).
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Some of the main factors affecting the ability of aspecies to use acorridor are: movement
patterns (Beier & Noss, 1998) and degree of arboreality (Laurence & Laurence, 1999).
Although C. vellerosus is arboreal, they have been seen travelling on the ground in our
study site (pers. obs.). Thus, unlike some arboreal species, C. vellerosus may not require
forest corridors to disperse. Currently, the fragments are separated by agriculture, but they
are all connected with varying levels of discontinuous tracts of trees (pers. obs). Most of
these trees are savannah species (Daniella oliveri, Pterocarpus erinaceus, Angeissus
leiocarpus) but monkeys have been shown to feed on these species. There also remain
some species which are amain food source such as Adansonia digitata and Ceiba
pentandra (Saj et al., in press). Furthermore, movement between fragments already
appears to be occurring, thus the development of corridors in this area may be redundant.
However, the maximum distance that acolobus would travel on the ground is currently not
known and would be ahelpful element to see if and how to maintain corridors
The single most important measure to maintain C. vellerosus populations may lie in
maintaining the integrity of the forest fragments. Although Wildlife Officers are
responsible for ensuring the protection of the monkeys, they are not responsible for the
protection of the forest fragments themselves. The cutting of two mahagony trees in
Akrudwa Kuma for commercial profit, which occurred during my stay, exemplifies the lack
of protection of these small forests. Furthermore, encroachment on the forest due to bush
latrines and expansion of farms and homes is also of concern. This is most evident in
Busunya where areas within the boundary of the forest are being converted to farms.
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Likewise, much of the remaining forest in Akrudwa Panyin has been converted to orange
plantations, aspecies which the colobus do not use.
These trends do not inspire hope that the fragments will remain for very long. If the
maintenance of C. vellerosus populations in the fragments is apriority for Wildlife
Divisions, communities, eco-tourism projects and local NGOs, then conservation priorities
should be placed on the maintenance and perhaps planting of native food species in the
forest fragments rather than implementing corridors. Currently, the fragments receive only
asmall fraction of the profits of ecotourism at BFMS (T. D. Assah, pers. comm.). If the
villages surrounding the fragments were more highly compensated financially for
preserving the colobus habitat, this may alleviate some of the need for infringing
agriculture and inhabitants may recognize the benefit of maintaining their forests.

5.5 CONCLUSIONS

Our results suggest that C. vellerosus populations can grow and survive in forest
fragments and also provides the initial step for understanding the effect of forest
fragmentation and habitat quality on this species. Nevertheless, these results may be areaspecific. C. vellerosus found in the northern parts of Ghana (e.g. Mole National Park),
where the habitat is dominated by more savannah species, or C. vellerosus in the larger
remaining blocks of evergreen and tropical forests in the south of Ghana, may be affected
differently by forest fragmentation. Comparisons of behaviour of Barbary macaques
(Macaca sylvanus) living in different habitats found that energy expenditure was higher in

109
the poorer quality site than the richer quality site (Menard & Vallet, 1997). If C. vellerosus
in Mole N.P. are living in apoorer quality habitat compared to BFMS, individuals may not
be able to adapt to additional pressure from forest fragmentation if they are living at the
threshold of their limitations. At BFMS and surrounding area, we are presumably dealing
with re-population of forests that have been deserted or emptied because of hunting. The
fact that this pressure has been reduced (perhaps as aresult of eco-tourism, traditional
beliefs or simply better protection) now allows monkeys to use this area again.
Regardless of the gaps in our knowledge concerning the dynamics of the
BFMS/fragment system, it is likely that the surrounding forest fragments offer important
habitat for C. vellerosus. At aminimum, we know that the fragments harbour at least 58

-

62 individuals, which form asignificant portion (20%) of the total monkey population in
this area. Mbora & Meikie (2004) demonstrated the importance of unprotected forest
fragments to Procolobus rufomitratus which they suggest provided habitat at least as good
as that found inside the protected reserve. Thus, rather than view the fragments as a
secondary area for this species, we must begin to view them as equally important in this
system and worthy of maintenance, especially in areas where very few large blocks of
forest remain.
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