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Abstract
Camera trapping took place in a forest corridor connecting two forest fragments in the
Lower Kinabatangan Wildlife Sanctuary (LKWS) as part of an ongoing project run by Danau
Girang Field Centre in Sabah, Malaysian Borneo. The aims of the study were to 1. Record the
carnivore species present within the corridor 2. To determine the effects of habitat and
landscape factors on carnivore diversity within the corridor, with a view to improving
corridor design. The study took place across 8 months from the first of November 2011 to
17th of June 2012, reaching a total of 2942 trap nights. 10 carnivore species were recorded
including 3 species listed as vulnerable by the IUCN : N.diardi, H.malayanus and
H.derbyanus. Results point toward a higher than expected density of these species,
suggesting that they are dependent on the corridor for movement between forest
fragments. Landscape analysis showed a negative correlation between corridor length and
species richness, whilst habitat analysis indicated a preference for sites with more logs and
deadfall. Suggested improvements for future studies include a comparison between
different corridors, more detailed/objective habitat analysis and a different distribution of
trapping effort.

1.

Introduction

1.1- The Lower Kinabatangan
The Lower Kinabatangan floodplains are located in the Malaysian state of Sabah, Borneo
(see figure 1). Natural vegetation would have comprised of an almost complete cover of
lowland dipterocarp forest. However, since the late 19th century the area has been subject
to large scale deforestation due to logging and the development of palm oil plantations,
which reached a peak in the mid 1980's to 1990's (McMorrow and Talip, 2001). Today, the
remaining native vegetation exists as highly fragmented and degraded secondary forest,
surrounded by oil palm plantations. The Lower Kinabatangan Wildlife Sanctuary (LKWS) was
formed in 2005, when the Sabah wildlife department officially gazetted 10 forest lots in an
attempt to create a forest corridor along the Kinabatangan river. Despite the high level of
human driven habitat disturbance in recent decades, the Lower Kinabatangan floodplains
remain an important stronghold for biodiversity in Borneo (Bruford et al. 2010).

Figure 1- Map of the Lower Kinabatangan region (from Tenquist-Clarke,2011)

1.2 – Fragmentation and conservation corridors
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). This poses
a particular threat to forest specialists, including many carnivore species, which are highly
sensitive to alterations in habitat (Maddox and Priatna, 2007). Indeed, forest fragmentation
has been identified as one of the main reasons why many of the Bornean carnivores are
now endangered or vulnerable (Wilting, 2007; Wilting et al. 2010; Sheil and Meijaard, 2005).
Fragmentation can restrict species to small areas of remnant vegetation. If populations
become isolated it can lead to reduced gene flow and inbreeding, often causing a decline in
fecundity and reduced population viability which may eventually lead to local extinction. In
addition, forest fragments may lack adequate resources for hunting and foraging
(Lindenmayer and Fishcher, 2006). This is a particular problem for large bodied carnivores as
they generally have larger home ranges and lower densities compared to smaller mammals
(Crooks, 2002).
There is general agreement that increasing connectivity between fragments can help to
mitigate these negative effects (Taylor et al. 1993). The development of forest corridors is
one way of increasing connectivity, by providing links between otherwise isolated forest
fragments, thereby increasing gene flow and allowing species to expand their home ranges.
However, there is much academic debate over the effectiveness of such corridors and their
ability to maintain connectivity in highly fragmented landscapes (See Beier and Noss, 1998;
Hobbs, 1992; Mann and Plummer, 1995; Simberloff et al. 1992.)
Whilst landscape, habitat and ecological connectivity may be interlinked, they are not
necessarily synonymous with each other. Corridors increase landscape connectivity from the
human perspective, but this doesn't necessarily equate to habitat connectivity for target
species (Lindenmeyer and Fischer, 2006). Furthermore, the level of habitat connectivity
within a single corridor is likely to differ between species due to niche differentiation. It is
therefore important to understand the habitat preferences and ecological roles of target
species if corridor design is to be applied effectively.
Despite this ongoing debate, there is still a big push for corridors in management planning.
However, due to a lack of research, these conservation efforts are often based on theory
alone (Perault and Lomolino, 2000). If the potential negative effects of corridors are to be
avoided, then it is essential that corridors are designed in an informed way.

1.3 – Carnivores of the Kinabatangan
Borneo is home to 25 species and 7 families of the order Carnivora. Of these, 8 species are
considered vulnerable and 4 endangered (IUCN, 2012). Many of these species have yet to be
confirmed in the Kinabatangan region.
A better understanding is needed of the carnivore species present in the Kinabatangan
region, and their responses to human driven landscape and habitat changes. The effects of
these changes (such as habitat loss, degradation and fragmentation) can only be mitigated if
we have a better understanding of what species are present, their ecology and habitat
preferences.

1.3.1 – The ecological importance of carnivores
Traditionally, conservation management has been largely guided by resource-driven (or
“bottom up”) models of ecosystem regulation. According to this school of thought,
Carnivores are of little ecological importance as they sit at the top of the food chain, and
management strategies throughout the 20th century have largely reflected this (Miller et al.
2001).
More recently however, there has been a large amount of evidence in support of top down
models of ecosystem regulation (see Duffy et al. 2007; Estes, 1996; Miller et al. 2001).
According to this model, carnivores as predators play a vital ecological role by keeping
herbivore numbers in check. This increases the productivity of primary producers, which in
turn affect diversity and competition in communities of birds, mammals and invertebrates.
Whilst predation may reduce the abundance of individual prey species, the diversity of prey
species may increase due to the removal of competitive exclusion. In addition, the predation
of mesopredators by larger carnivores has an effect on numbers of small prey. This in turn,
either directly or indirectly, effects ecological factors such as seed dispersal, soil porosity,
soil chemistry, plant biomass and plant nutrient content (Miller et al. 2001).
In short, the loss of predator species may have consequences which cascade down trophic
levels, eventually having an impact on biodiversity and ecosystem functioning (Duffy et al.
2007; Estes, 1996; Miller et al. 2001.) The conservation of Carnivore species is therefore vital
to healthy ecosystems, and investing conservation efforts in them may have positive results
which extend to all levels of the ecosystems in which they live. Furthermore, Wilting (2007)
suggested that top predators such as carnivores often act as 'umbrella species' and may
provide a good model for conserving other wildlife in fragmented forest ecosystems.

1.4 - Previous studies and suggested improvements
The Kinabatangan corridor monitoring program involves the use of camera traps to monitor
carnivore biodiversity in the LKWS. During a 6 month survey period (November 2010 – May
2011), this project recorded 14 carnivore species, including the rare otter civet which was
not previously known to exist in the region.
The same study found the conservation corridor connecting lots 5 and 7 of the LKWS to
have a higher carnivore species richness than the isolated fragment of lot 6, suggesting that
the corridor is being utilized by carnivores in the area, and that larger, more connected
fragments of forest are capable of holding a higher diversity of carnivores than smaller, less
connected fragments (Tenquist-Clarke, 2011.Unpublished).
Data from the Corridor Monitoring Programme was also used to investigate the influence of
habitat variables on carnivore species richness, but statistical analysis showed no significant
relationship between the two (Tenquist – Clarke, 2011. Unpublished.) This is contradictory
to previous research which suggests that habitat variable preferences play a significant role
in carnivore distribution (Banks et al. 2005.) This disparity may be due to a number of
confounding factors, for example:



Only 3 months of data were collected at each site. It is possible that results may
differ with a longer sampling period, giving a more accurate representation of
species richness as well as taking account of possible seasonal variation.



Only 3 habitat variables were measured at each camera station, and of these the
number of trees showed a tendency towards significance. It is possible that more
detailed habitat analysis might provide more informative results.

1.5 – Aims and objectives
The purpose of this investigation will be to determine what constitutes a 'good' corridor for
carnivore species in the Lower Kinabatangan region, so that corridor design can be
improved in the future. In order to do this the following questions need to be addressed:

Q.1:

What carnivore species are present in the Lower Kinabatangan region?

Q.2:

What are the effects of landscape and habitat factors on carnivore species
richness within the forest corridor?

Q.3:

Which habitat and/or landscape factors are preferable within the forest corridor?

2. Materials and Methods
2.1 Study Area

The Lower Kinabatangan Wildlife Santucary (LKWS; 5° 10’ to 5° 50’ N, 117° 40’ to 118° 30’ E) is
located in Eastern Sabah, and consists of 10 forest fragments (‘lots’) covering a total area of 270
km2 (Gossens et al, 2005). The forest lots are surrounded by a matrix of palm oil plantations, with a
few small villages and private farm land.
The habitat along the Kinabatangan river is highly heterogenous. It consists mainly of previously
logged secondary lowland dipterocarp forest, both riparian and seasonally inundated, punctuated by
open areas of riverine grassland, swamp and limestone outcrops. The area experiences typical
tropical climate with daily temperatures between 21 and 34 ̊ C and an average annual rainfall of
3000 mm (Ancrenaz et al, 2004).
This study focued on the forest corridor connecting lots 5 (74.21km2) and 7 (10.27 km2) along the
northern bank of the river ( lot area estimates from Ancrenaz et al, 2004). This strip of forest spans
2000m and varies in width from 140m to 2000m (measurments from google earth. It provides the
only connection between the two lots, and is not directly connected to any other forest fragments.
See figure 1 for a map of the study area.

2.2 Camera trapping
Surveys were carried out for a total of 8 months (November 2011 to June 2012) using Reconyx
HC500 Hyperfire digital camera traps to detect animal presence. 20 cameras were positioned along
the corridor at intervals of 1-2 km (See figure 2 for camera sites). Whilst efforts were made to
represent all habitat types along the corridor, swamps were avoided due to the threat of flooding.
All camera traps were set ~0.5 m from the ground, facing natural paths and trails in order to increase
the field of view. In order to avoid missing any animals, the cameras were programmed to take 3
pictures in succession after being triggered, with no delay between possible triggers. They were left
in place for the duration of the study and operational 24 hours a day (except in cases of camera
malfunctions or under-charged batteries).
The cameras were checked once every two weeks to replace batteries and retrieve memory cards.
Silicone gel sachets were used to protect against humidity damage, and these were also replaced on
a reguar basis. Any damaged or malfunctioning cameras were replaced as soon as possible. Stolen
cameras were not replaced in case of repeated theft.

Figure 2 - Map showing location of cameras along the corridor

2.3 Habitat Analysis
15mx20m Quadrats were set up at each site using string line. They were positioned on the northern
side of the camera to avoid the river . The following variables were measured within each quadrat :
1. Tree diameter
A tape measure was used to measure the circumference at breast height (CBH) of all
trees within the quadrat with a CBH of more than 10cm. This was converted to diameter
at breast height (DBH) using the equation:

𝐷𝐵𝐻(𝑐𝑚) = 𝐶𝐵𝐻(𝑐𝑚)/π
‘Breast height’ was defined as 1.3m from the ground. All DBH’s were avaraged to give a
mean DBH for each site.
2. Tree density
The number of trees >10cm CBH within each quadrat divided by the area of the quadrat
(to give the number of trees per m2) then multiplied by 10,000 to give the number of
trees per hectare for each site.
3. Understory vegetation density
Measured from four corners of each quadrat using a pole measuring 2m, painted with
50 black bands. The pole is held at 0.5m from the ground whilst an observer stood in the

centre of the quadrat and counted the number of black bands visible. This was
converted to vegetation density using the following equation:
𝑽𝒆𝒈𝒆𝒕𝒂𝒕𝒊𝒐𝒏 𝒅𝒆𝒏𝒔𝒊𝒕𝒚 = 𝟏𝟎𝟎% − (𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒃𝒍𝒂𝒄𝒌 𝒃𝒂𝒏𝒅𝒔 𝒗𝒊𝒔𝒊𝒃𝒍𝒆 × 𝟐 )
The four estimated percentages were averaged to give a mean percentage understory
vegetation density for each site.

4. Midstory Vegetation density
Measured as above, except the pole was held at 1.5m from the ground.
5. Canopy height
An experienced field assistant estimated the height of the tallest tree of the canopy
layer within the quadrat, excluding emergent trees. The same person estimated at each
site to avoid observer bias. Heights should be taken as an index rather than an absolute
measurement.
6. Number of logs
The number of logs within the quadrat >5cm
7. Soil compaction
A stick was pushed into the ground in the centre of each quadrat and the depth reached
was was measured as an index of soil compaction.

2.4 Landscape Variables
Three landscape variables were measured at each site using GPS locations of camera sites and lot
boundaries on google earth.

1. Distance to nearest fragment
The distance from the camera site to the nearest forest fragment was measured following
the contour of the corridor (rather than a shortest-distance straight line) as it is more
representative of the path animals would have to take if they were dependent on corridors
for movement between fragments.

2. Corridor width
Width of the corridor at each camera station was measured as the shortest possible straight
line from the river bank to the edge of the forest on the opposite side if the corridor at each
camera site.
3. Distance to river
The shortest possible straight line from the river bank to the camera site.
4. Nearest forest fragment
A note was made of the closest forest lot to each camera site (lot 7 or lot 5)

2.5 Data Analysis

2.51 Pictures
All independent pictures were recorded on a database along with information on the species name,
date, time and site. Pictures were considered independent if they were not part of the same 3picture series and there was more than a minute between captures. Speceis were identified using
(reff book)

2.52 Trapping effort
The number of trap nights were used as a measure of trapping effort. It was defined as the number
of 24 hour intervals the camera was operational for. This was summed across all sites for the total
trapping effort.
A species accumulation curve was used to determine if sufficient trapping effort had been reached
during the study. It was constructed using the ‘specaccum’ function of the ‘vegan’ package for R .

2.53 Species richness
Observed species richness was simply defined as the number of different species recorded at each of
the sites, and within the corridor as a whole. Estimated species richness was calculated for individual
sites using the ‘estimateR’ function for the ‘vegan’ package in R.

2.54 Animal density
Animal density was used as a surrogate for abundance, as abundance is often difficult to measure
using camera trapping data. Mean trapping rate (MTR) was used as an index of density after Rovero
and Marshall (2009) :

MTR (pictures per 100 trap days) = (

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑖𝑐𝑡𝑢𝑟𝑒𝑠

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑎𝑝 𝑑𝑎𝑦𝑠

) × 100

2.55 Correaltion and regression analysis
Simple linear regression and Pearson’s correlation coefficients were used toinvestigatge
relationships between carnivore species richness and habitat/landscape variables. Both analyses
were carried out using minitab version 15.

3. Results
From the 1st of November to the 17th of June a total of 2492 trap nights were accumulated over 20
sites within the forest corridor. During this time a total of 321 independent pictures of carnivores
were captured. 10 carnivore species were recorded from 6 of the 7 families found in Borneo (See
table below).
Table 1 – Carnivore species recorded on camera traps during the study
Family
Ursidae
Felidae

Viverridae

Mustelidae

Species

Authority

Common name

IUCN classification

Pictures

Helarctos malayanus

Raffles, 1821

Sun bear

Vu

18

Neofelis diardi

G. Cuvier, 1823

Sunda Clouded Leopard

Vu

30

Prionailurus bengalensis

Kerr, 1792

Leopard cat

LC

2

Hemigalus derbyanus

Gray, 1837

Banded palm civet

Vu

14

Paradoxurus hermaphroditus

Pallas, 1777

Common palm civet

LC

64

Viverra tangalunga

Gray, 1832

Malay civet

LC

130

Martes flavigula

Boddaert, 1785

Yellow throated marten

LC

1

-

Otter sp.

Vu - E

8

Gray, 1837

Short tailed mongoose

LC

7

* Lutra sp.
Herpestidae

Herpestes brachyurus

Mephitidae
Mydaus javanensis
Desmarest, 1820
Malay badger
LC
* All otter species grouped together due to difficulty in identifying them in camera traps. At least 2 species
recorded.

IUCN classifications: LC - least soncern, Vu - vulnerable, E - endangered (IUCN,2012)
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By far the most recorded species was V.tangalunga which was pictures twice as many times as the
next most abundant species P.hemaphroditus. N.diardi had a surprisingly high number of captures
despite being elusive and relatively rare. P.bengalensis had only two captures for the entire study
despite being seen frequently in the area along the river banks and in plantations.
3.1 - Trapping effort
Trapping effort varied between 62 trap nights (Site 9) and 227 trap nights (Site3) with a mean
trapping effort of 124.65 trap nights per site (N=20, ±9.82 SE) and a total effort of 2496 trap nights
across all sites (See figure 3) . Trapping effort wasn’t equal across sites due to malfunctioning
cameras, damage to cameras by elephants and macaques, under-charged batteries and theft.

Figure 3 – Trapping effort across 20 camera sites
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The species accumulation curve (shown in figure 4) didn’t reach an asymptote, suggesting that
trapping effort wasn’t sufficient to detect all species in the area.

Figure 4 : Species accumulation curve

3.2 - Diversity measures

Figure 5 : Observed and estimated species richness
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rounded to the nearest whole number.

The highest observed species richness was 6 species, at site 22 and 1 (at either end of the corridor)
and site 12 (middle of the corridor). Site 22 also had the highest estimated species richness. The
most often observed species richness was 5 species, recorded at 5 locations (sites 15,17,4 21 and 5).
The lowest observed species richness was 2 species, recorded at 4 sites (sites 16,7,10 and 88.) Sites
18,10 and 7 also has the lowest estimated species richness. See figure 5 for details.
The most diverse site in terms of species richness therefore was site 22 and the least diverse were
sites 7 10 and 18. Whilst sites with higher species richness are found towards the middle of the
corridor and closer to forest fragments, all of the lowest diversity sites occur towards the middle of
the corridor.

3.4 - Mean Trap Rates

Figure 6 – Carnivore density along the corridor
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Sites shown in order of their location along the corridor (left to right = West to East).

Figure 6 above shows that site 1 at the end of the corridor had the highest carnivore density, with
an MTR of 98 pictures per 100 trap days. The 4 sites with the lowest density (Sites 8 and 16, MTR = 1
picture 100 trap days -1; Sites 7 and 11, 3 pictures 100 trap days -1) were all aggregated towards the
centre of the corridor.

3.5 - Influence of corridor composition on carnivore diversity
Figure 7 – Relationship between corridor variables and species richness

6

distance to nearest fragment(m)

log10 (corridor width(m))

log10(distance to river (m))

understory density %

4

Species Richness

2
0

4000

8000
0

midstory density%

2

4

1

soil compaction (cm)

2

3

average DBH (cm)

50

75

100

trees per hectare

6

4

2
50

75

100 0

number of logs

6

10

20

10

15

20 1000

2000

3000

canopy height (m)

4

2
0

10

20 8

16

24

Species richness was compared with habitat and landscape variables, to try to assess the effect of
corridor compositition on carnivore diversity (See figure 7 above). Of all the variables measured, only
the number of logs per site and the distance to the nearest fragment showed any significant linear
relationship. Distance to the nearest fragment showed a significant negative correlation with species
richness (r=-0.529,P<0.05)and the number of logs per site showed a significant positive correlation
with species richness (r=0.597,P<0.05).
A simple linear regression was to determine how the distance to the nearest fragment affects
species richness (See figure 8 below). Results showed that the distance to the nearest fragment
explained 28% of the variance in Species richness (R2=28.0%) and the equation of the regression line
(species richness =4.920-0.000272distance to nearest fragment(m) ± 1.21612) was significant at the
95% confidence interval (F=6.98,p<0.05).

Species richness = 4.920 - 0.000272 distance to nearest fragment(m)
Regression
95% CI
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Figure 8 – Fitted line plot of regression analysis

In addition a T-test was carried out to investigate the effects of closest fragment size on species
richness (See figure 9 below). The mean species richness of corridor sites closest to lot 7 were
compared with the mean species richness of sites closer to the larger forest fragment of lot 5. The
results showed no significant difference between the two means (Lot 5: n=9, mean = 4.22 ±0.46SE;
Lot 7: n= 11, mean= 3.73 ± 0.43 SE; t= 0.78, P >0.05).
Figure 9 – Boxplot comparing specie richness of sites closer to lot 5 with sites closer to lot 7
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4. Discussion
4.1 Influence of corridors on carnivore abundance
Of the 10 species recorded in the forest corridor, three are listed as vulnerable by the IUCN
(IUCN,2012). Sunda clouded leopards, sunbears and banded palm civets were recorded on a
surprisingly regular basis. It is doubtful that animals with such large home ranges as the sun bear and
clouded leopard would choose to live in such high densities, or that the corridor itself would hold
enough resources for them to reside within it. The fact that these elusive and relatively rare species

were recorded with such high frequency suggests that they are dependent on the the forest corridor
for movement between fragments. In contrast the leopard cat, which was sighted regularly along
the river banks and in plantations near the study area, were only recorded twice on the cameras.
This may suggest that they are more tolerant of the surrounding palm oil plantations and therefore
are not dependent on the corridors for movement.
4.2- The effect of landscape and habitat factors on species diversity within the corridor.
The only habitat variable to show a significant correlation with carnivore diversity within the corridor
was the number of logs at each site. This may be due to the fact that some carnivore species are
dependent on logs for foraging and nesting. They may also be indicative of better quality forest,
which might be preferred by carnivore species. Scatterplots of canopy height seemed to indicate a
linear relationship with species richness, but this was not confirmed by correlation analysis. This may
be due to an extreme outlier at site 22. It seems unlikely that habitat factors have no influence on
the species present within the corridor, and lack of correlations may be due to a lack of accurate
sampling methods used during data collection.
As for landscape factors, a clear relationship was present between the distance from the camera site
to the nearest forest fragment, which suggests that corridor length has an influence on species
richness .This seems intuitive: As the distance between fragments increases, the number of species
able to travel the entire length of the corridor will decrease, depending on body size and ranging
behavior. However, this study is limited in that all observations were taken from one corridor, and
the relationship between landscape factors and species richness are likely to change from one
corridor to the next.
4.3- Limitations and suggested improvements
One of the major limitations, as already mentioned, is that all study sites were within one corridor.
Furthermore, there was a substantial difference in trapping effort between sites, which should be
taken into consideration when interpreting the results of the study as species richness increases with
trapping effort. Despite a high number of trap nights, the species accumulation curve didn’t reach an
asymptote, future studies may benefit from a different distribution of trapping effort. For example
trapping at each site for 50 days then moving the cameras to new locations to double the number of
sites surveyed. This would give a clearer representation of species richness across the corridor as a
whole, or could provide the opportunity to study more than one corridor.
4.4- Conclusions
The relationship between habitat and landscape factors and species diversity is likely to be far more
complex than could be interpreted by this study. In addition the project design is limited in that it
concentrated on differences within one corridor, rather than between corridors. Despite this ,
results pointed toward a negative correlation between the length of the corridor and species
richness. Future studies could be improved by 1. Comparing differences between a number of
corridors 2. Different distribution of trapping effort 3. More detailed, objective habitat analysis
methods
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