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My experience at Danau Girang Field centre
Should I pursue a career in conservation research, DGFC has definitely prepared
me for the prospect. The learning environment has been ideal for a hands on
education, especially with the variety of projects it can and does facilitate. I have
been able to assist Masters students and PhD students in their field work, giving
me skills in many areas of conservation research. I began my first few months at
DGFC assisting a PhD student in radio tracking tree shrews and collecting genetic
samples, this prepared me for when I carried out the same project with the
Western Tarsier a little later in the year with a master’s student. Alongside this, I
have also been involved in primate, crocodile and frog surveys, butterfly density
projects and small mammal trapping and identification. Being given the opportunity
to be a part of such a variety of projects has really increased my knowledge of
conservation and research. The skills gained have given me confidence in so many
areas of work in tropical forests, whether it be trekking through the jungle at night
looking for eye shine, preparing genetic samples, or completing habitat
assessments and preparing maps.
Apart from assisting research students, another of my roles at DGFC was to
accommodate any visitors and field groups that arrive at the centre. This includes
taking visitors on jungle walks, giving presentations, answering their questions,
assisting them, and taking them up to the canopy platform. In the non- busy times
of the year, I would carry out work involving maintaining the jungle trails and
various other essential maintenance work needed around the centre.
For six months of my PTY, I carried out my main project on the use of camera
trapping to assess carnivore diversity. Being in charge of my own project provided
me with self discipline and organisation skills and also matured me in the process.
Completing this project gave me a focus throughout the year, and most importantly
a taster in the life of a researcher. For this project I learned complicated statistical
analysis using the R programme software, and time management became key to
my efficiency when undertaking the project. It developed my GPS and habitat
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analysis skills, and of course my knowledge of the ecology of the Bornean
carnivores.
I was also fortunate enough to have professional riggers to train me in rope
climbing. This enabled me to not only take the guests of DGFC up to our canopy
platform, but it also led to my involvement in the orang-utan conservation project.
This research was a privilege to be a part of as it was a real contribution to
conservation. Other highlights of my time at DG included a breath-taking crocodile
release, elephant radio collaring, and learning Malay, which became very useful
throughout the course of the year! I was also the writer of DGFC’s informal
newsletter, The Jungle Times, where I could educate others in the importance of
the work carried out here.
Overall, the experience has been an incredible journey and learning curve. I have
gained so much more wisdom in the area of conservation and skills that I could not
have learned in any other situation. Learning to work in this kind of institute has
made me a stronger person, and I feel it has equipped me f or many areas of future
employment. I would love to return to DGFC as there is still so much more I want to
see and learn.
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Abstract
This investigation takes place in a secondary fragmented forest in the lower
Kinabatangan region of Sabah. It focuses on the placing of 36 camera stations
across two study sites in order to determine how carnivores are being affected by
habitat disturbance. The project aims to compare species richness in a corridor
and an isolated fragment, looking into the value of these corridors as dispersal
opportunities and the effect of proximity to plantations. Habitat factors of the two
study sites were also evaluated to see how forest structure determines species
richness. As well as camera trap images, opportunistic sightings of the carnivores
were also recorded.
The findings revealed 14 species in total across both study sites. Of these, 13
species were recorded using the corridor. This was higher than the isolated
fragment (9 species) and contained more threatened species such as the clouded
leopard (neofelis diardi), which was not found present in the isolated fragment.
Using the statistical programme R, three General Linear Models were created,
which suggested tree density to be influencing species richness. Proximity to oil
palm plantation had opposite effects on species richness in the two study sites. In
the corridor, a higher species richness was found at sites closer to the oil palm
plantations, whereas in the isolated forest fragment a higher species richness was
found further from the oil palm plantations.
These results provide important insight into how much carnivores rely on corridors
to expand their home ranges and reason why they should be protected and
enhanced. Although habitat structure appears to have little effect on species
richness, it still indicates the importance of tree density, especially for the many
arboreal carnivores. Threatened species, such as the clouded leopard, tend to be
forest specialists and hence also need more attention in conservation. Further
research should be done into comparing a larger range of fragmented forest types
with a larger sample, looking in more detail at the sensitivity of individual species
and developing camera trap efficiency to study threatened arboreal species.
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1. Introduction
1.1. Deforestation and fragmentation in South East Asia
Forest fragmentation as a result of human activity is thought to be one of the
largest threats to biodiversity in tropical regions (Goossens, 2005; Azlan, 2006;
Hilty et al, 2006). In South East Asia, habitat loss by human interactions is an
increasing problem, showing the highest rates of deforestation; 0.91% per year,
compared to the global average of 0.52% (Langer et al, 2007).The Malaysian state
Sabah, in the north-east part of Borneo, covers an area of around 7.37 million
hectares, of this 60% is currently covered in natural forest. Logging in Borneo
began in the mid 1950s reaching rapid rates of deforestation by 1970s, where
exposure to timber and conversion of forest for agriculture and plantations resulted
in a lost of a third of its forest by 1980 (McMarrow & Talip, 2001).
Malaysia today is one of the largest producers of Oil Palm (Elaeis guineensis),
which surrounds many of the forest fragments of the Kinabatangan floodplain of
Sabah. From 1995-2000, 86% of deforestation was to make way for oil palm
plantations, and by 2004 Oil Palm covered 30% of Sabah (Butler, 2006). Oil Palm
plantations in the state of Sabah has resulted in the significant ecological changes
resulting in fragmentation of the natural tropical forests, and has led to the decline
of many wildlife which rely on large areas of continuous forest. This decline is
represented by the lower species abundance and change of species composition
in oil palm, compared to natural forest. Although oil palm still holds a fair habitat to
disturbance species, it creates a threat to forest specialist species including some
of the top carnivores, which are most sensitive to alterations in habitat (Maddox &
Priatna, 2007)
Fragmentation becomes a main problem when it prevents a species from
expanding its home range, confining them to smaller areas of less resources, and
may be the reason why, proportionally, many Bornean carnivores are now
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endangered or vulnerable (Wilting, 2007; Wilting, et al., 2010; Sheil & Meijaard,
2005).

1.2. Corridors as dispersal opportunities
For certain species to survive fragmentation of forest, dispersal opportunities are
essential to prevent a species from becoming isolated and extinct (Beier et al,
2008; MacArthur & Wilson, 1967). Corridors can slow the rate of extinction and
reduce species loss by increasing immigration (Gilbert et al, 1998).
Without these connections between fragments, populations are left in isolation,
leading to reduced genetic diversity as a result of inbreeding. Corridors provide a
means of individuals meet others and pass their genes to new populations.
Although inbreeding itself does not cause extinction, the inability to adapt to
changes of the environment can, and often does, lead to the disappearance of a
local population (Hilty et al, 2006).
In the region of the lower Kinabatangan in Sabah, little is known about the
carnivores that exist there and how they are coping with the alteration of their
habitat. In particular, it is needed to be known what species are using corridors and
their different reactions to fragmentation, so that these dispersal opportunities can
be developed and protected (Beier et al, 2008). Often, top carnivores act as
umbrella species and therefore focusing on the protection of their habitat can
indeed help the conservation of many other threatened species, and therefore
present a good model species to looking into ways of conserving wildlife in a
fragmented logged forest (Wilting, 2007).

1.3. The effect of fragmentation on carnivores as large mammals
Four families of carnivores exist in the forests of Borneo, including 25 confirmed
species, some of which have yet to be found in the Kinabatangan region. Four of
these species are considered by the IUCN as endangered and eight as vulnerable
(IUCN, 2010).
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The degree that carnivores are affected by fragmentation can depend largely on
the species’ sensitivity. A study on carnivores in Southern California found that not
all species were affected negatively by fragmentation; some species were tolerant
while others were even enhanced. As well as the level of sensitivity, the body size
and other ecological traits can also determine how a particular species may react
to fragmentation and therefore care must be taken to look at individuals of the guild
and not just the reaction of carnivores as a group (Crooks, 2002).
Larger mammals, in particular the carnivores, have larger home ranges than other
species and therefore, depending on the permeability of the matrix habitat, can be
highly affected by fragmentation. Larger mammals tend to avoid edge habitats
where human activity and disturbance are high (Kinnaird et al, 2003). In particular
Oil Palm and road construction in Malaysia has become the main cause of this
fragmentation, due to its barrier effects, and has shown to be a main cause of the
decline in large mammals such as carnivores (Azlan, 2006).
Carnivores, compared to non-predatory mammals, can suffer more by
fragmentation due their smaller population sizes and low mobility. A decrease in
fragment size can not only decrease animal abundance but can also decrease
species diversity (Pardini et al, 2005). In fragmented landscapes, carnivore
diversity is generally higher in connected forests, compared to isolated forest
remnants (Gilbert et al, 1998).
Populations can suffer from genetic drift as a result of inbreeding due to being
restricted to isolated forest remnants, which can further lead to population decline
(Bennett, 1990; Goossens, 2005). A study done on the Florida black bear showed
that habitat loss and fragmentation, due to anthropogenic influences, created
distinct barriers between populations. This reduction of gene flow resulted in
smaller less connected populations having lower genetic variation (Dixon & Oli,
2006).
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Another incentive to use corridors is to increase the home range of an animal,
especially when considering secondary forest. Larger bodied carnivores generally
have wide ranges and low densities making them particularly affected by
fragmentation when compared to other guilds (Crooks, 2002).
From previous carnivore research, home ranges increase for those in logged
forest, compared to unlogged forest, due to the lack of food supply, as shown in a
study done on the Malay Civet (Colon, 1991; Jennings et al, 2010). The fragments
of secondary forest will therefore not prove large enough to suffice as a home
range for majority of carnivores, forcing them to outreach further. Without corridors,
it is almost impossible for these animals to increase their home range to other
fragments, as obstacles created by human disturbances prevent them from doing
so.
Despite the emphasis on fragment size and level of isolation being the main
influence on species diversity, there are other aspects of fragmentation that need
consideration. In particular the matrix habitat needs to be considered as this can
have an equally high influence on carnivores’ sensitivity to fragmentation.
Depending on the habitat structure of the matrix, it can provide barrier which can or
cannot be penetrated by the species. If the matrix were to be a permeable habitat
barrier it can allow persistence of a species in a fragmented forest (Prugh et al,
2008).

1.4. The effects of habitat structural changes on carnivores
Habitat structure can play a major role in determining the species present at a
particular site. Fragmentation can create structural changes which can affect
foraging, nesting and perching, especially for arboreal species, affecting many of
the Bornean carnivores. Fragmentation can also create edge habitats, which
creates a new structural environment in itself. A long corridor strip can substitute as
an edge habitat depending on its width. Thin corridors, therefore, would tend to
provide a more disturbed unpredictable patchy forest structure unsuitable for
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carnivores to dwell but still provides a suitable forest it can travel through in order
to avoid the matrix habitat.
Little is known on the level of precise sensitivity of Borneo’s carnivores and what
classifies as an ‘ideal’ habitat. Some carnivores are likely to be more sensitive than
others, and therefore may require a wider more diverse corridor, while others will
make do with a corridor 40m in width with little variety in terms of plant species.
Many of the carnivore species within Borneo are arboreal, and so canopy cover will
play a major role in the suitability of the corridor as a means of passage (Laurence
& Laurence, 1999). A study on marsupial carnivores found forest type to be the
most influencing factor on population size, which therefore shows the importance
of the habitat structure of different forest remnants (Banks et al, 2005)
Previous studies have also suggested some species to be adapting to the human
activity (Azlan, 2006) and even plantations providing a suitable matrix for migration
between fragments and persistence of a species (Prugh et al, 2008).The clouded
leopard (neofelis diardi) and the leopard cat (Prionailurus bengalensis
borneoensis) in particular have been shown to prefer using existing open trails and
logging roads rather than traveling through dense forest (Gordon & Stewart, 2007)
Even though the openness of plantations makes carnivores exposed, it also is a
more efficient means of travel and increases their hunting efficiency, making it the
predominant habitat selection of leopard cats in Borneo (Rajaratnam et al, 2007).
Supporting this, carnivores in Southern California have been also been seen
preferring urban-edge sites, rather than the middle forest (Crooks, 2002).
Carnivores have relatively high metabolic rates making them more susceptible to
fragmentation, over the specific habitat structure. Therefore, this may be reason
why plantations do not stand as a barrier against them as they still provide
sufficient prey despite its less diverse forest structure. This view stands only for
those carnivores which are terrestrial and less sensitive; those which are arboreal
are likely to be more sensitive to habitat change due to their need for suitable trees
(Prugh et al, 2008). Despite some carnivores’ preference for plantations, such as
the leopard cat, they still require dense vegetation provided by forest remnants for
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resting sites and therefore do not venture far from the forest edge (Jennings et al,
2010; Colon, 2002).

1.5. Camera trapping as a method of research
Due to the elusive character of carnivores in tropical forests, camera trapping is the
best way to gain insight into the use of these corridors and fragments, especially
when the majority are nocturnal (Rovero & Marshall, 2009; Tobler et al, 2008;
O'Brien, 2008).
Camera trapping has recently been encouraged as a method of research and
becoming more popular as a method in discovering a particular species’ ecology.
Camera trapping is particularly appealing for it being a non-intrusive method of
research for elusive species, in which animals may be studied just form the images
that are produced. Many of the Bornean carnivores are threatened due to their low
population densities and sensitivity to habitat disturbance, which puts them as a
priority in conservation (Boonratana, 2010; IUCN, 2010). Camera trapping,
however, is not always the perfect method for species estimators. Capture
frequency of a species can depend on whether the species is arboreal, its level of
habitat sensitivity, its use of trails and the animal size. Even the animal’s home
range can determine the number of cameras it is captured on. These factors can
therefore influence the species inventory result (Tobler et al, 2008; Kelly, 2008).
Camera trapping can provide the information that is needed in order to conserve
the carnivores' habitat and protect their numbers from dwindling further.

1.6. Investigation aims and objectives
This investigation intends to use camera trapping to determine, firstly, whether in
fragmented tropical forest carnivore diversity is higher in a corridor connecting two
forest blocks, or in an isolated forest block. This will reveal the value of corridors in
a fragmented landscape and determine which carnivore species are actually using
these dispersal opportunities. During this study, a greater knowledge of the
ecology of these carnivores will also be discovered by evaluating their habitat
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preferences, as well as establishing the effect that proximity to oil palm has on the
presence of carnivores. I hypothesize, (1) that higher carnivore species richness
will be found in the continuous forest corridor compared to the isolated forest block,
(2) distance to oil palm will have the largest effect on carnivore species richness
due to most species having high sensitivity to human disturbance, (3) since only
comparison of logged forest was used, I predict that habitat structure will have little
or no effect on the overall carnivore species richness.

2. Materials and Methods
2.1. Study site
The Lower Kinabatangan Wildlife Sanctuary (LKWS), located in Eastern Sabah,
has an area of 41000 hectare divided into 10 fragmented forest Lots, varying in
size. In the surrounds of these forest lots also lies human impact from oil palm
plantations, private lands, farms and small villages. The 2 study sites of this project
are located in Lot 5, 6 and 7 of LKWS and have areas of 74.21km2, 26.73km2, and
10.27km2 respectively (Acrenaz et al, 2004). These lots vary in forest type some
parts are previously logged semi-inundated forest and others dry, riparian
dipterocarp forest. The area experiences typical tropical climate with high humidity
and temperatures range between 21-34 °C. Annual precipitation averages about
3000 mm (Acrenaz et al, 2004). Study site 1 is located in the thin stretch of forest
corridor between the river and Oil palm plantations. The corridor, which is part of
the classified area of Lot 5, is around 16km in length with its width ranging from
100m to 2.5km and is the only linkage system that connects the fragment of Lot 5
to Lot 7. Study site 2 took place in the isolated fragment of Lot 6, home to Danau
Girang Field Centre.
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a)

b)

Figure 2.1. A map showing the study area, and the two study sites within it; a) study site 1,
a continuous corridor and b) study site 2, an isolated forest block
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2.2. Camera trapping
Animal presence was recorded as images by Infra-red HC500 Reconynx camera
traps. The cameras took a picture every second for 3 seconds, once a movement
was detected with no delay in-between; this decreased the chance of missing an
animal. The survey existed of two study areas, each originally containing 20 sites,
although due to theft and unsuitable forest, sites had to be removed. Therefore, for
the duration of the study period, Study site 1 was equipped with 19 camera stations
and Study site 2 with 18 camera stations, each spaced 1-2km apart. Each site had
a single camera trap set around 30cm to 50cm above ground. Trails of at least
200m were prepared at each camera station, incorporating existing animal trails or
ridge trails where possible.
The cameras were set up in study site 1 from 12th November 2010 with a survey
period of 3 months. In study site 2, cameras were set up from 10th March,
throughout the dry season, again with a 3 month survey period. Although best
efforts were made to ensure each camera had an exposure time of 3 months, due
to weather conditions, camera malfunctions and theft of memory cards, days of
exposure and start date wasn't equal for the cameras and so this was accounted
for in the data analysis creating ‘days of exposure’ into an extra variable.
Cameras were checked every two weeks to change memory cards, batteries and
check their maintenance, despite this, humidity caused many camera malfunctions
resulting in premature battery loss.

2.3. Habitat analysis
At each camera station a habitat assessment was carried out along a 300m
transect, of this sub-transects were created of which included 200m along the
prepared animal trail, and 100m perpendicular to the trail from the camera point
into the surrounding forest. The following vegetation parameters were measured at
all camera stations: (1) DBH of all trees > 10 cm of diameter within 2m of the
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transect, (2) canopy openness using a spherical densiometer, and (3) understory
vegetation density using a vegetation density stick.
For all camera stations, using Google Earth and Map Source, the following
variables were measured at each camera station: (1) distance to oil palm
plantation, and (2) distance to the nearest large water body (i.e. rivers, lakes and
tributaries). This is to determine the influence of oil palm and human interaction
has on carnivores, the latter is to establish how water access affects the species of
the carnivores, such as for hunting or open areas.

2.4. Opportunistic sightings
For each opportunistic carnivore sighting, the species, time of sighting, forest type,
behavior and GPS point were recorded, but this data was not used in any statistical
analysis. The data received by the sightings in cooperation with the camera images
are to help gain insight to the ecology of different carnivore species and their use of
the matrix habitat, in this case, oil palm plantations.

2.5. Analysis of the results
2.5.1. Species richness comparisons
The species richness was compared between the corridor and the isolated forest
fragment. The ‘type’ of study site (corridor or isolated fragment) was used as a
categorical variable and put into a General Linear Model in statistical programme
'R' (version 2.12.1) to see if any difference in species richness between camera
stations was due to the study site they were in and whether this difference was
significant. Since data is non-parametric a Mann Whitney U-test was calculated to
test the hypothesis of a significant difference in species number between the two
study sites and to receive a quantifiable value of meaning. Box-whisker plots were
created in R to provide a visual comparison of medians and ranges between the
two study sites. Although, carnivore abundance was recorded at each camera
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station, the values were not used in any statistical analysis as distinctions between
a new capture and recapture could not be distinguished.
2.5.2. Effects of habitat structure and landscape attributes
The data collected from the habitat analysis at all the camera stations were
inputted into a basic General Linear Model using R to determine the habitat
variables that have significant effects on the species present. Landscape variables
including distance to rivers and lakes, and distance to oil palm plantations were
also put into the general linear model as variables. In total 3 GLMs were created,
one model including all the data from both study sites, and then separate models
for each of the study sites. The separate GLMs were done to see whether habitat
and landscape variables would affect the species richness differently depending on
the study site. Box-whisker plots and simple scatter-plots were created for
variables of particular interest which visually showed differences between the two
study sites.
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3. Results
3.1. Species richness comparisons
In total over both study sites 14 carnivore species were recorded, of this, 11 species
were recorded by the camera traps and 3 species by sightings only. A new species
discovery to the area of the Lower Kinabatangan Wildlife Sanctuary was also recorded,
the rare otter civet Cynogale bennettii (see appendix 1). The continuous corridor in this
study had a higher number of species, compared to the isolated forest block. The
corridor (study site 1), held a total of 13 species, with a range from 0-9 across the
individual camera stations. In study site 2, the isolated forest fragment, a total of 9
species was recorded, with a range of 0-5 (see figure 3.1b). The camera station with the
highest number of species was at site 22, which was a ridge site holding a single animal
trail with the highest altitude of around 70-100m (see figure 3.1a)
Figure 3.1a. A map showing the
relative species richness of all
camera stations across the two study
sites.

A Mann Whiney U test was done to see if the difference in species number between the
two study sites was significant. Opportunistic sighting data was not used in the test due
to lack of habitat analysis data. Although the corridor site held 4 more species than the
isolated fragment overall, when only the species caught on camera were considered, the
test showed no significant difference between the two study sites at a 5% significance
level (U=185.5, U’ =137.5, see appendix 2).

3.2. Effect of habitat structure on species richness
A GLM (General Linear Model) was devised to determine the habitat features that most
influenced the species richness at each study site. When the data from both study sites
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was used in the model, no significant results were found, however, after the using the
drop 1 ‘F’ test, the number of trees suggested a trend towards significance at a 5% level,
and was significant at a 10% significance level (P=0.08138). If a larger sample size were
to be used, the number of trees may be proven significant at the 5% level. When the two
study sites had their corresponding data put into separate models, habitat structure
again played no significant role in determining species presence. The largest difference
in terms of habitat structure seen between the sites were their tree count, therefore this
was used as an indication in the difference in forest structure between the two study
sites. The isolated fragment had a higher number of trees as well as a more predictable
outcome, compared to the corridor site (see figure 3.2).
A Box-whisker plot representing the difference in the species number between the
corridor and the isolated fragment
Figure 3.1b. A box-plot showing
the differences between the species
number data between the corridor
and the isolated forest fragment.

A Box-whisker plot
comparing the tree number in
the corridor site and the
isolated forest fragment site
Figure 3.2 A box-whisker plot
representing the number of trees of
the two study sites; (1) ‘C’ the
corridor and (2) ‘F’ the isolated
forest fragment
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3.3 Effect of landscape attributes on species richness
Proximity to palm oil plantation was found to be the most influencing variable in both
study sites. In the corridor, species richness was significantly higher at camera stations
nearer the oil palm plantations when calculated using in a GLM (P=0.0162). On the
other hand, in the isolated forest fragment, there was a trend suggesting increased
species richness at camera stations further from the oil palm plantation (see figure 3.2.).
In both study sites, distance to the nearest large water body had no significant effect on
the species richness.

a) A scatter-plot to show species richness against distance to plantation in a corridor
Figure 3.2. Two graphs
representing how species
richness varies with distance to oil
palm plantation in a) a corridor
and b) an isolated forest
fragment.

b) A scatter-plot to show species richness against distance to plantation in an isolated forest
patch
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3.4. Opportunistic sightings
Opportunistic sightings occurred at night with a spot-light, in total 7 carnivore species
were sighted. The highest carnivore number was seen in the plantation edge habitats, of
which most were leopard cats. The heart of the plantation showed the lowest species
number and joint lowest species abundance. The forest and river bank showed the
highest species number, considering the riverbank habitat is forest also, it could be said
that, overall, forest habitats held the highest species number amongst the sighted data.

Figure 3.4. A Table of results showing the number of each carnivore species sighted in each habitat type
in the vicinity of Lot 5 and 6 of the Lower Kinabatangan Wildlife Sanctuary.

Carnivore species

Plantation

Plantation edge

forest

Riverbank

Leopard cat

3

8

1

2

flat headed cat

0

0

0

1

common palm civet

1

3

2

0

banded palm civet

0

0

3

0

malay civet

0

0

2

1

malay weasel

0

1

0

0

Small-toothed palm civet

0

0

0

1

Smooth otter

0

0

0

3

Total abundance

4

11

8

8

Total no. of spp.

2

3

4

5
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4. Discussion
4.1. Corridors and carnivore persistence
In this fragmented landscape, corridors have proven essential in allowing carnivores to
persist in the wild, as shown by the high number of species that uses them. The Mann
Whitney U-test revealed no significance between the species number of the two study
sites, however, this may be due to the relatively small sample size used and the
limitations of camera trapping for capturing arboreal species (see appendix 2). In the
Box-Whisker plot in figure 3.1b a smaller range was seen in the isolated fragment along
with less variety in terms of species number. The corridor revealed to have a less
predictable outcome with a larger range. In the box plot is can also be seen that the
median is equal to the upper interquartile range suggesting 25% of camera stations in
this site had 4 species. With these results, and a relatively small sample size, it would be
difficult to extrapolate values. Results still suggest a higher species number is present
where a corridor can provide a continuous forest, and can highlight the potential of
species extinction in isolated forest blocks where a corridor is not provided.
In particular, camera station 22 in the corridor site (see figure 3.1) had a unique
characteristic in that it was a 70m high ridge with an existing animal trail. This ridge trail
provided the only safe easy route from the corridor to the attached larger forest
fragment. In most cases, carnivores are not ‘corridor dwellers’ and so the aim of entering
corridors is to reach the larger area on the other side. Therefore, considering that this
ridge trail was the only means of travel provides explanation to this location holding the
highest species number recorded.
Many of the carnivore species using the corridor are currently threatened (IUCN, 2010).
Very little information has been collected on the felids of Borneo, and their reaction to
fragmentation remains unknown. The Sunda Clouded Leopard (Neofelis diardi) became
a species of particular interest as it was one of the only species that was found in the
corridor but not present in the isolated forest fragment. This could mean that forest
fragments without any dispersal opportunities are already preventing the persistence of
vulnerable species such as the clouded leopard. The corridor, however, has shown a
clear usage by the clouded leopards. Throughout a period of 16 days, the cameras
along the corridor recorded images of the same clouded leopard female and cub
travelling through the 15km stretch of the corridor (Appendix 1, image 1b). This
sequence of events implies that the clouded leopards were merely using the corridor as
a quick passage to increase their home range to an adjoining forest fragment where
more spacious, better quality, habitat awaits. The corridor holds on average, a lower tree
number compared to the isolated forest fragment (see figure 3.2), therefore, due to the
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arboreal nature of clouded leopards, it is unlikely the corridor would provide sufficient
habitat to settle in. However, it has proven sufficient enough for means of dispersal.

4.2. Influence of oil palm plantations on species richness
For carnivores in a fragmented habitat, the alternative means of dispersal, other than via
corridors, is to travel through the matrix habitat. In case of theft and damage, camera
traps were not deployed within the oil palm plantations, making it difficult to gather any
reliable data on how oil palms are affecting the carnivores. Regardless of this,
assumptions could be made from measuring proximity to oil palm plantation and
collecting information from opportunistic sightings. Results show that the reac tion of
carnivores to oil palm differed between the two study sites. In the corridor, it was found
carnivores preferring locations nearer the oil palm, with evidence from sightings showing
at least three species entering the plantation. Reasons behind this appear to suggest
generalist carnivores adapting to the infiltration of oil palm. However, it may be because
of the fragmentation, that species are being driven into the plantations in search for
prey.
In the isolated fragment, carnivores tended to avoid oil palm plantations and kept their
distance, unlike when in the corridor. This suggests that the corridor may not be used by
many prey and so causing carnivores to get their meals from the oil palm. However, if
fragmentation had not occurred, and a healthy larger forest still stood, carnivores would
be less obliged to enter the oil palm plantations. Therefore, when given a choice
between entering oil palm plantations or a larger forest area, carnivores would steer
towards forest. Based on the sightings and previous research, carnivores in the
corridors, in particular the leopard cat (Prionailurus bengalensis), enter the oil palm
plantations for easy hunting on the abundant rats and frogs most likely due to the lack of
prey in the corridor itself (Rajaratnam et al, 2007). Supporting this statement, when
studying the camera images for the corridor site it was found that it had a lower ‘typical’
prey abundance compared to the isolated forest fragment. Carnivore prey such as
ungulates and rodents are likely to be less affected by fragmentation due to having
smaller home ranges, and therefore fewer would be using the corridors.
Oil palm plantations can therefore provide some value for generalist species, where
sufficient forest habitat isn’t available, in that they provide irrigation ditches used by
otters or easy prey for civets. Plantations do offer little conservation value for forest
specialists such as clouded leopards, common palm civets and sun bears which rely on
trees for their arboreal tendencies, and for sun bears in particular whose main diet is
termites and ants, would struggle to find sufficient prey in oil palm plantations. As seen
in the sightings (figure 3.4) compared to the forest, which in total 6 species were seen
(including riverbank edge forest), only 3 species were seen in the plantations of which
considering abundances a large majority were on the edge. This suggests that all
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threatened carnivore species require natural forest for resting and ideally would prefer to
avoid human disturbed areas where given the opportunity (Jennings et al, 2010; Colon,
2002; Laurence & Laurence, 1999).

4.3. Forest structure
Fragmentation can create a broken habitat, where the structure of the forest can be
altered; the effect of this is more evident in primary rainforests where edge effects can
occur. Despite this, the structure of logged forest can still be disturbed by fragmentation,
especially when comparing a corridor and an isolated fragment. The thin strip of forest
created by fragmentation in the study area had parts as thin as 40m wide, enclosed by
the river and plantation. This can make for a very different habitat than a forest fragment
with a widest point of 6km. Where a thin corridor along a river can only provide riparian
habitat, the isolated forest fragment has a larger area to establish itself and create a
variety of habitats within it.
Depending on the sensitivity of the species in topic, a habitat has an ‘ideal’ composition
and structure. Despite previous research suggesting that habitat plays a large role for
carnivores, results of this study reveal otherwise (Banks et al, 2005). The insignificance
of habitat structure on species richness is likely to be due to a combination of
confounding factors; 1) the study took place in only secondary logged forest, therefore
differences between camera stations and the two sites is likely to be small, 2) Although
carnivores are of the same order, that does not necessarily mean they have the same
habitat preferences and so when individual species are grouped together it is hard to
see where those preferences lie. Despite this, results revealed that more trees
suggested higher species richness (see figure 3.2.). Many of the Bornean carnivores
have arboreal tendencies supporting the requirement for a high tree density within their
preferred habitat (Payne et al, 1985). The corridor site showed to have fewer trees with
a lower median and a less predictable outcome. This is likely due to the corridor being
slow close to oil palm plantation that it acts as one long edge habitat which has many
open grass patches and disturbed areas, thus unable to establish itself. The isolated
fragment, however, had in general more trees over a smaller range suggesting a more
consistent environment less influenced by change.
Distance to water bodies was another variable that did not appear to affect the species
richness; however the opportunistic sightings revealed the riverbank holding the highest
species number. The area where the study took place is a floodplain including a variety
of wetlands forest, with most camera stations being within 500m of some sort of water
feature, whether it is a tributary or lake. Therefore, distance to water bodies is more
likely to have a significant effect on species richness in areas where water is scarce and
wildlife that rely on water are more like to gather.
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4.4. Conclusion and improvements
Having a relatively small sample size in only one forest type opens many doors for
improvement. The results from this study give an insight to the underlying problem that’s
occurring in fragmented tropical forests. Further research needs to be done on how this
forest disturbance and penetration of oil palm affects the individual species within the
order Carnivora. For many of the species, outcomes of the results may be different
dependent on their personal ecology; the smooth otter and the flat-headed cat for
example would likely show a relationship with proximity to water bodies, and for the
more arboreal species, canopy cover and tree density would play a larger role, and if
sun bears were considered in a group on their own, the location of ant-and-termitefriendly trees would certainly have an effect. Limitations in camera trapping as a method
in calculating species richness of an area can make for less accurate and reliable
results. In this case where carnivores are being studied, it is difficult to get a true
representation of arboreal or water-based species, as camera traps could not be placed
in trees or too near to water. The small-toothed palm civet, for example, has a strict
arboreal tendency and hence the only record collected was from a single sighting along
the riverbank. New methods need to be created to successfully study these elusive
arboreal species, especially due to their strict criteria putting them in a vulnerable
position when considering the protection of their habitat.
Discussing the results found from this study highlights the importance of corridors for
mammalian carnivores in a fragmented environment and emphasizes how essential it is
to put work into protecting and enhancing them, especially for those carnivores which
are forest specialist and need the most conservation attention.
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Appendix 1 - Carnivore images
Image 1a: Otter civet Cynogale bennettii at site 10 in the corridor, new species
discovery to the Kinabatangan region

Image 1b- One of a sequence of images of a Clouded leopard mother and cub travelling
through the corridor at site 3.
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Appendix 2
Mann Whitney U test

N1=17; N2=19; T=290.5
Formula used:
U = N1N2 + N1(N1+1) - T
2
Results: U = 185.5; U’ = 137.5
U’ > 109 (critical value at 0.05 significance of one-tailed test)
Outcome: not significant

