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Part A: PTY year reflection
The PTY year has enabled me to gain significant experience in a wide range of
ecological skills, both within the lab and in the field. I have also increased my
scientific reading and writing skills greatly which I feel has improved me as a
scientist. This year has shown me the areas in which I enjoy and should aim my
future career aspirations and I believe the experience has been invaluable.
My PTY started at Foundazione Edmund Mach (FEM), Trentino, Italy for five months
then I moved to Danau Girang Field Centre, Sabah, Borneo for seven months where I
started and completed my project.
During my five months at FEM I gained considerable practice in small mammal
trapping, handling, dissection and gastro-intestinal parasitic worm collection, PCR
and general lab techniques.
For my project at DGFC, camera traps played a considerable part and thus I had a
great deal of practice and understanding with the use of camera traps as a wildlife
monitoring method. I was involved in site selection, have understanding of
appropriate camera positioning to target specific species and I am well versed in the
process of data collection and processing. Through data processing I have gained
additional skills with MS Excel and the use of ExifTool for metadata extraction of
camera traps images.
I have also received training in the trapping of small mammalian carnivores,
including trap placement and bait options. I have had repeated practice at assisting
the lead vet Dr Sergio Guerrero-Sanchez in anaesthesia and subsequent health
monitoring including the use of a pulse oximeter, measuring breathing rate and
taking temperature. I have also assisted Meaghan Harris with GPS collaring and
sampling of civets, including training in morphometric measurements, hair sampling,
mouth swabs, ecto-parasite removal and the subsequent handling and processing of
these samples. Following the GPS collaring of civets, I was involved in the tracking
and downloading of data from civets.
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I was also part of the clouded leopard team at DGFC, which involved the setting and
checking of traps.
Outside of my own project at DGFC I had the opportunity to practice other skills and
be trained in aspects that were not part of my project. These included radiotelemetry of nocturnal primates, monitor lizard trapping, handling and sampling,
crocodile basking site analysis, trapping and GPS tagging, and botanical plots.
As part of my PTY duties I assisted in the writing of the Jungle Times, a monthly
newsletter aimed at the public, which improved my skills in scientific public
outreach. I was also trained in the setting up and operating of a jungle canopy
platform, which taught me climbing skills. Together with the other PTYs I also helped
the running of field courses with their respective field course leaders and led primate
surveys, forest walks, spider surveys and gave presentations on my research.
My appreciation and knowledge of tropical ecosystems and the threats they face has
grown hugely over my PTY year and the experience has been invaluable. My desire
to enter the field of research has grown and has honed my interests to give me a
greater idea of my future career aspirations.

E1206/C1222331

BI9999

Page |5

Part B: Assessing activity patterns of sympatric mammalian carnivores and their
role in niche partitioning within the Lower Kinabatangan Wildlife Sanctuary
Abstract
Temporal partitioning of activity among sympatric mammalian carnivores can play a
vital role in facilitating species coexistence. High overlap of two species’ activity
patterns may indicate difference in other resource use, while low overlap may
indicate temporal avoidance to reduce interspecific competition. Camera trapping
was used to assess species assemblage, activity patterns and temporal overlap for
the carnivores of the Lower Kinabatangan Wildlife Sanctuary (LKWS), Sabah,
Malaysia. Between November-2010 and May-2015, intensive camera trapping was
conducted in the Kinabatangan floodplain. The study covered 24,506 trap nights
producing 2,327 independent events for 13 of the 25 Bornean carnivores. Kernel
density modelled activity patterns were created for 10 of these 13 encountered
species which included the first in-depth activity pattern produced for the Malay
badger (Mydaus javanensis). Activity patterns of carnivores in the LKWS were
generally in line with previously reported values. Overlap analysis was also
conducted between each of these 10 species and overlap varied greatly within the
species analysed. Temporal overlap within the Viverridae and within the Felidae
analysed was high, indicating niche partitioning occurs within a different ecological
dimension such as spatial or dietary. Certain overlaps, however, such as that
between the yellow-throated marten (Martes flavigula) and the leopard cat
(Prionailurus bengalensis) showed low overlap which may indicate temporal
avoidance to reduce interspecific competition. Of the 13 carnivores present, six are
Threatened on the IUCN Red List, indicating the importance of the LKWS as a
conservation area. The high species diversity and prolonged presence of charismatic
flagship species such as the Sunda clouded leopard (Neofelis diardi) and sun bear
(Helarctos malayanus) also adds weight to the biological importance of the LKWS.
The results of this study will allow a better understanding of the species diversity
persisting within fragmented landscapes and act as valuable baseline data for future
conservation actions.
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Introduction
What has allowed the evolution of vast natural diversity? How do sympatric species
of an order survive together? Such questions are the basis for the development of
niche partitioning theory. Niche partitioning theory states that natural selection will
drive competing species to display differing resource use and thus fill unique niches,
thereby facilitating species coexistence (Sahney et al., 2010). However, a finite limit
of resources in an ecosystem leads to a finite number of available niches, resulting in
competing species that cannot undergo niche partitioning. In this case, as the
competitive exclusion principle states that two species cannot share the same niche,
one species would be outcompeted and driven to extinction in that ecosystem
(Hardin, 1960). Therefore, the biodiversity within a stable habitat can be assumed to
have undergone niche partitioning such that species differ in how these limited
resources are used. Resource usage can be split into three dimensions: differential
habitat usage, varied prey selection by species or size, and a species’ activity pattern
(Chiang et al., 2012). When similar species fit the same niche in one dimension, it can
be assumed there is differentiation in another dimension in order to reduce
interspecific competition (Schoener, 1974).
A prime example of niche partitioning is seen in the order Carnivora. Within that
order, many species are sympatric and display similar ecology, yet a wide diversity
encompassing over 280 species exists. This order has shown sympatry resulting from
niche partitioning in all three dimensions. Within the habitat dimension, spatial
resource partitioning has been displayed between the red fox (Vulpes vulpes),
common genet (Genetta genetta) and stone marten (Martes foina) of Bussaco
National Forest, Portugal (Pereira et al., 2012). These species demonstrated
preference and avoidance trends in their selected habitats to minimise interspecific
competition. Niche partitioning within the diet dimension has been documented
between the golden jackal (Canis aureus) and striped hyena (Hyaena hyaena) in
western India (Chourasia et al., 2012). Both species consumed ungulates as a large
proportion of their diet, however, partitioning occurred with predators actively
selecting by prey size. Finally, an example of partitioning within the temporal
dimension was seen in high altitude deserts of the Andes between Andean cats
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(Leopardus jacobita) and Pampas cats (Leopardus colocolo) (Lucherini et al., 2009).
Pampas cats had proportionally higher nocturnal activity, whilst Andean cats were
proportionally more active in the daytime. This avoidance reduced direct
interspecific competition and allowed for the co-existence of these two predators.
An example of carnivore sympatry that is not yet understood is found in the
Southeast Asian island of Borneo, the third largest island in the world. Borneo is one
of the most speciose and diverse ecosystems in the world and is home to 25
members

of

the

order

Carnivora

encompassing

eight

Viverridae,

one

Prionodontidae, eight Mustelidae, two Herpestidae, five Felidae and one Ursidae
((Appendix I) (IUCN, 2015)). In comparison, Madagascar, the fourth largest island in
the world, has an extant carnivore species count of just 11 (IUCN, 2015). In order for
such large diversity of sympatric, tropical mammalian carnivores to occur in Borneo,
there must be mechanisms of niche partitioning in effect. Many of these
mechanisms are understudied within the Bornean carnivores, one of the least
studied guilds in the world (Schipper et al., 2008).
Furthermore, Borneo is undergoing vast and rapid deforestation from commercial
logging and estate agriculture (Brookfield and Byron, 1990, Langer et al., 2007,
McMorrow & Talip, 2001). Selective logging of primary forests has created tracts of
secondary forest, while the expansion of oil palm (Elaeis guineensis) plantations has
created a fragmented forest landscape (Wilcove and Koh, 2010), particularly in the
Malaysian state of Sabah (Abram et al., 2014). Habitat loss, such as this threatens
carnivores and has a great effect on species ecology (Azhar et al., 2014). Due to the
great threat of habitat loss paired with the notably high endemic species richness,
Borneo has been identified as one of the global priority areas for the conservation of
carnivores (Corlett 2007; Schipper et al., 2008a, b; Schreiber et al., 1989).
Understanding species composition and resource use in an area is of particular
interest to the study of degraded habitat ecology and its conservation. Forest
fragmentation can create wildlife ‘habitat corridors’ of thin stretches of degraded
forest connecting larger forest blocks. Species present in such thin corridors may
therefore face restriction within the habitat dimension of resource partitioning.
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These restrictions may then lead to adaptations of species’ ecology in comparison to
less degraded habitats. Therefore, the thin nature of small corridors may also lead to
a reduction in carnivore assemblage due to increased interspecific competition.
These eventual losses of species will only serve to further alter niche partitioning and
wider ecosystem functioning (Griffin et al., 2007). Therefore, documenting species
diversity and resource use can be critical steps in understanding the ecological health
of degraded habitats.
Carnivore composition and resource use is significantly understudied within many
regions of Sabah, to the extent that true species assemblages are undocumented
past anecdotal sightings. Furthermore, species’ resource use such as activity patterns
can be completely undocumented. Species’ activity patterns can act as the first layer
of species’ ecology required to understand niche partitioning and ecological
functioning in protected areas. This knowledge can help guide species conservation
plans and aid in assessing the effectiveness of conservation tools such as wildlife
corridors. This is of particular importance in the Bornean carnivores, with 15 of the
25 documented species being listed as Threatened or Data Deficient on the 2015
IUCN Red List (IUCN, 2015) (Appendix 2).
Assessing activity patterns can be undertaken by a number of methods including
observational studies (Altman, 1973), remote tracking technology (i.e. collar units fit
with accelerometer (Grassman et al., 2005)), and camera trapping. The use of
camera traps to assess activity patterns is well established (see: Cuellar et al., 2006;
Oliveira-Santos et al., 2008; Ridout and Linkie, 2008) and determined the most
accurate non-invasive method for assessing species’ activity patterns (Silveira and Ja,
2003). Camera trapping involves the use of remote camera units with a motion
detector to detect species for imaging. Images have a time and date stamp allowing
for analysis of when species are active. Modern camera trapping technology allows
cameras to operate for long periods of weeks or even months in the field depending
on capture rates and allows for the collection of many thousands of photos. Camera
trapping also requires limited effort and skills and has low relative long-term cost.
These factors have made camera trapping well-suited for long-term wildlife
monitoring studies (Ancrenaz et al., 2012).
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This study aimed to use camera trapping to quantify the Bornean carnivore
composition and develop diel activity patterns for as many species as possible within
a narrow riparian forest corridor in the Lower Kinabatangan Wildlife Sanctuary
(LKWS), Sabah, Malaysian Borneo. This protected forest currently does not have a
documented species assemblage or any previous work exploring niche partitioning.
Previous camera trapping of mammalian carnivores in tropical Southeast Asia has
shown a nocturnal lifestyle for most species (Cheyne et al., 2010; Ross et al., 2013),
but not all, with species such as mongoose (Herpestes sp.) and yellow-throated
marten (Martes flavigula) displaying diurnal lifestyles (Cheyne et al., 2010; Chiang et
al., 2012). It was hypothesised that species within the LKWS would show similar
activity patterns to the available literature. This study aimed to establish a more
refined and accurate documentation of activity patterns in a greatly understudied
guild. Overlap of these activity patterns was also assessed to indicate the possibility
of temporal niche partitioning amongst some species pairings, and is the first
example of overlap analysis between these study species. It was hypothesised that
overlap will vary greatly between species parings, and that the degree of overlap will
correspond with niche partitioning theory.
This study sought to provide data on carnivore species assemblage, activity patterns
and temporal overlap between species, which would provide the first key steps in
understanding niche partitioning within the fragmented landscape of the LKWS.
These results would allow for the assessment of the value of the wildlife sanctuary
and aid in continued conservation efforts of the Bornean carnivores.
Materials and Methods
Study area
The study was conducted in the Lower Kinabatangan Wildlife Sanctuary in the Lower
Kinabatangan floodplain of eastern Sabah, Malaysian Borneo (5◦10′–5◦50′N;
117◦40′–118◦30′E). The Malaysian state of Sabah has seen the greatest extent of
habitat fragmentation and degradation in Borneo due to its suitability for oil palm
plantations (Abram et al., 2014). To combat the issue of habitat degradation and
fragmentation, the Sabah State Government gazetted land in the Kinabatangan
E1206/C1222331
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floodplain as a wildlife sanctuary, in which logging and hunting are strictly illegal.
This protected area is referred to as the Lower Kinabatangan Wildlife Sanctuary
(LKWS) and is under the sole jurisdiction of the Sabah Wildlife Department. It is
currently recovering from several logging events and may be important to species
conservation. The wildlife sanctuary was gazetted in 2005, and encompasses
274.44km2 of protected forest lots adjacent to the Kinabatangan River. The
establishment of the LKWS joined pre-existing forest reserves (under the jurisdiction
of the Sabah Forestry Department) to create a large corridor connecting the east
coast to the large forest blocks still present at the centre of Sabah. Temperature
fluctuations were limited with a mean monthly temperature range of 210-340 Celsius.
Annual rainfall was high at an average of 3,000mm (Ancrenaz et al., 2004).
The study area consisted of fragmented semi-inundated forest and dry, humid forest
systems. This area is recovering from selective logging that has repeatedly occurred
over the past century (Brookfield and Byron, 1990). The floodplain also consists of
vast areas of oil palm (Elaeis guineensis) plantations. Running through the study area
is the Kinabatangan River, the largest river in Sabah (Röper et al., 2013).
Despite significant habitat degradation over the past century, the area is host to
particularly high levels of biodiversity, encompassing 129 species of mammals, 314
species of birds, 101 species of reptiles, and 33 species of amphibians (LackmanAncrenaz and Manokaran, 2008).
Danau Girang Field Centre (DGFC), where the study was conducted, is located within
Lot 6 of the LKWS. Established in 2008, DGFC is a research station focusing on
tropical ecology and conservation.

Camera trapping
Biodiversity monitoring of the wildlife sanctuary was undertaken using camera traps
from 12-November-2010 until 09-May-2015. Despite near-continuous monitoring,
data were not well documented, so this study standardised and backlogged almost
five years of data. Camera trap stations varied in number between nine and 25
stations, but site set-up methodology remained consistent.
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Camera traps were situated within a thin strip of forest (part of Lot 5) situated along
the northern bank of the Kinabatangan River, which acts as a wildlife corridor
between two larger forest blocks. The corridor is flanked by the Kinabatangan River
and an oil palm plantation (Fig. 1).

Figure 1. Location of the camera trap stations along the northern bank of the
Kinabatangan River, Sabah, Borneo (Map by Meaghan Harris).
Each site consisted of two Reconyx HyperFire Professional Infrared (IR) passive
camera traps (Model HC500 or PC800, Reconyx, Holmen, USA) protected from
damage by armour casing. Cameras were set 0.5m above ground level on trees
facing each other but slightly off-set to avoid camera flash blinding the opposite
camera (Fig. 2).
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a)

b)

Figure 2. (a) An example of a camera trap fixed to a tree and covered with armour
casing. (b) An example of the value of camera trap armour casing in the Lower
Kinabatangan Wildlife Sanctuary, Sabah, Borneo where Bornean elephants (Elephas
maximus borneensis) are present. (Courtesy: DGFC).
Each camera detected movement of heat across the IR detection beam and took a
series of three photos at 1-second intervals when triggered. At times of low light
level, an IR flash illuminated the subject (fig. 3). IR flash was used as this allowed the
illumination of a subject without causing disturbance. The alternative of a white flash
is visible to species and well documented to cause disruption of natural behaviour
and aversion to the camera trap (Ancrenaz et al., 2012).
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Figure 3. An example camera trap image taken at night, illuminated by infrared (IR)
flash. The IR flash allows for illumination of the subject to a standard high enough for
species identification and reduces disturbance of the subject in comparison to white
flash. Image taken within the Kinabatangan Wildlife Sanctuary, Sabah, Borneo as part
of this study depicting a female Sunda clouded leopard (Neofelis diardi). (Courtesy:
DGFC).
Sites were selected on naturally occurring animal trails adjacent to the river and
were cleared of ground foliage to improve picture quality and reduce false camera
fire. Camera stations were checked monthly for battery changing and data collection.
Data entry and processing
Prior to analysis, metadata were extracted from the images, which included time,
date, moon phase, temperature, image number, and a range of image quality
specifics. Metadata extraction was completed using ExifTool 9.6.8.0. Every photo
was studied and species present were identified and logged on a standardised MS
Excel spreadsheet.
Each burst of three images was considered a single capture. Separate events were
determined by the presence of a new species or an interval of >30 minutes between
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photos of the same species to avoid pseudoreplication, per Yasuda and Tsuyuki
(2012).
Species’ events were compiled and the timestamp of the first photo in an event was
used to build an activity pattern for each species. Group size was not taken into
consideration when building an activity pattern (i.e. if a photo contained two
clouded leopards, this was considered a single event).
Day-night cycles remain fairly constant throughout the year in the study due to
proximity to the equator with sunrise and sunset occurring at approximately 06:00h
and 18:00h respectively, local time (GMT +8). Therefore, the day was quantified into
time periods that remained constant throughout the study period. In this study,
nocturnal activity was defined as 19:00-05:00h, diurnal activity as 07:00-17:00h and
crepuscular as 05:00-07:00h and 17:00-19:00h, following the design set by other
researchers within this region (Ross et al., 2013).
The total potential time camera traps were active is referred to as trap nights and
was calculated using date stamps from the camera trap metadata. Trap night data
were used to develop a species accumulation curve, a graph recording the
cumulative number of novel carnivore species imaged as a function of cumulative
study effort, which in this case is trap nights. These curves can help determine
sufficient study length and facilitate further analysis of species assemblage.
Statistical analysis
All statistical analyses were conducted using the statistical software R (version 3.2.1,
R Development Core Team, 2015) and species accumulation curves were graphed
using MS Excel.
Modelling of activity patterns was undertaken using the R statistical package
‘overlap’ (Meredith and Ridout, 2014) using kernel densities of species’ photographic
events. Due to the need for statistical power, a minimum threshold of 10 events was
set for the modelling of an activity pattern. Analysis of temporal niche overlap was
undertaken within R using the ‘overlap’ package. This analysis estimated a coefficient
of overlap (C.O.O) as the area lying under both of the kernel density curves as
E1206/C1222331
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proposed by Weitzman (1970) and reviewed by Ridout and Linkie (2009).
Bootstrapping of overlap analysis was run with 10,000 repeats for each overlap.
Subsequent analysis was run to acquire confidence intervals for each coefficient of
overlap; this was reported as Basic0 in R. In the event of confidence intervals that fell
outside of the 0-1 range, corrections were carried out on a logistic scale and back
transformed. These corrections insured confidence intervals fell within the logical 01 range. Choice of overlap coefficient (Dhat 1 or Dhat 4) was based on sample size of
the species with the smaller sample size (Dhat1 when n<50, Dhat4 when n>75).
Sample sizes that fell between 50 and 75 do not have a Dhat value that is intrinsically
more accurate. Therefore the Dhat used was that which the sample size was closest
to (i.e. 51-62 used Dhat1, 63-74 used Dhat4).
Ranges were assigned to the C.O.O values in order to group them into categorical
degrees of significance. A C.O.O between 0.00-0.25 was considered very low activity
pattern overlap, 0.26-0.50 as medium-low, 0.51-0.75 as medium-high and 0.76-1.00
as very high.
Results
Camera trapping overview
The camera trapping effort ran for 48 non-consecutive months resulting in 24,506
total potential trap nights (sum of active calendar nights x number of active camera
traps). This yielded a total of 596,240 images, of which 70.14% were wildlife images
(419,528 images). The remaining 29.6% of total images comprised of researchers
undertaking camera checks and false camera fire events. Species could not be
identified in 1,254 of the wildlife images (0.30%) over 239 unique events.
Thirteen carnivore species were documented, and these documentations comprised
5.18% of wildlife images (21,715 images) over 2,327 events (Table 1). The species
documented were five Viverridae, one Prionodontidae, three Mustelidae, one
Herpestidae, two Felidae and one Ursidae, with six of the 13 species being listed as
Threatened in the 2015 IUCN Red List (IUCN, 2015).
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Table 1. Camera trapping event data for mammalian carnivores captured within the
Lower Kinabatangan Wildlife Sanctuary, Sabah, Borneo.
% of
Species

Scientific name

Number of mammalian
events

carnivore
events

Malay

Viverra

civet

tangalunga

Common

Paradoxurus

palm civet

hermaphroditus

Banded

Hemigalus

palm civet

derbyanus

Otter-civet

Binturong

Cynogale
bennettii
Arctictis
binturong

Banded

Prionodon

linsang

linsang

Malay

Mydaus

badger

javanensis

Smoothcoated
otter
Yellowthroated
marten
Shorttailed
mongoose

Lutrogale
perspicillata

Martes
flavigula

Herpestes
brachyurus

Leopard

Prionailurus

cat

bengalensis

E1206/C1222331

Number of

IUCN Red

stations

List status

present

2015
Least

1,108

47.61

24

179

7.69

20

62

2.66

12

Vulnerable

1

0.04

1

Endangered

2

0.09

1

Vulnerable

1

0.04

1

470

20.20

18

140

6.02

12

11

0.47

6

28

1.20

11

28

1.20

11

concern
Least
concern

Least
concern
Least
concern

Vulnerable

Least
concern

Least
concern
Least
concern
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Sunda
clouded

Neofelis diardi

219

9.41

16

Vulnerable

78

3.35

11

Vulnerable

leopard
Sun bear

Helarctos
malayanus

Total
Total events:

2,327

stations:

25

Species sighted but not camera-trapped
Five species sighted in the LKWS had not yet been captured by this camera trapping
effort but have been otherwise observed by DGFC researchers. The small-toothed
palm civet (Arctogalidia trivirgata) has been sighted multiple times throughout the
diel (fig. 4a). The Malay weasel (Mustela nudipes) was spotted in the day several
times. The flat-headed cat (Prionailurus planiceps) has been spotted from the river
numerous times at night (fig. 4b). The Asian small-clawed otter (Aonyx cinereus) has
been imaged on a separate camera trapping study within the study area and signs
such as footprints have been identified. Lastly, the marbled cat (Pardofelis
marmorata) was also imaged a single time on a separate camera trapping study
within the area of this study.
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a)

b)

Figure 4. Example images of two species (a- small-toothed palm civet (Arctogalidia
trivirgata), b- flat-headed cat (Prionailurus planiceps)) taken with a hand-held
camera by Stephen Edwards during the study period within the Lower Kinabatangan
Wildlife Sanctuary, Sabah, Borneo. Images provide photographic evidence of
presence despite not being imaged with camera-traps during the study effort.
Species neither sighted nor camera-trapped
Of the 25 carnivore species documented in Borneo (Appendix 2), 18 have been
confirmed to reside within the LKWS via camera trapping or anecdotal evidence.
However, also of importance are those species not documented within the area. Of
the seven undocumented species, two were Viverridae: the masked palm civet
(Paguma larvata) and the Hose’s civet (Diplogale hosei). Of the Mustelidae, three
species were undocumented: the ferret-badger (Melogale everetti), the hairy-nosed
otter (Lutra sumatrana) and the Eurasian otter (Lutra lutra). Of the Herpestidae, one
species was undocumented: the collared mongoose (Herpestes semitorquatus). Of
the Felidae, one species was undocumented, the bay cat (Catopuma badia).
Species accumulation curve
Over 24,506 total trap nights, 13 carnivore species were imaged, with the thirteenth
and final species imaged after 19,321 trap nights (Fig. 5). Initial capture rates of
novel species were rapid, such that 84.6% of carnivore species were documented
within 2.5% of the total trap nights. However, the rate of new carnivore species
captures decreased after 606 trap nights with novel species seen on average every
9,358 trap nights (38.2% of trap nights). The two final novel species to be captured
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were the banded linsang (Prionodon linsang) at 12,211 trap nights and the binturong
(Arctictis binturong) at 19,321 trap nights.

Species imaged

a)
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

19321

24506

12211
606
565
523
208
188
166
48
21

0

5000

10000
15000
Trap nights

20000

25000

b)
12
11
10
9
8
7
6
5
4
3
2
1
0

606
565

Species imaged

208

523

188
166

48
21

0

100

200

300
400
Trap nights

500

600

700

Figure 5. (a) Species accumulation curve for unique carnivore species recorded by
camera traps within Lot 5 of the Lower Kinabatangan Wildlife Sanctuary, Sabah,
Borneo. Point labels indicate exact trap nights for each point. (b) An enlargement of
figure 4a. The accumulation curve ends at 606 trap nights to better portray the
shape of species accumulation at the beginning of the study. Point labels indicate
exact trap nights for each point.
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Camera trap activity patterns
Activity patterns were modelled for 10 of the 13 carnivore species imaged by the
study effort (Fig. 5). Three species were omitted from activity pattern modelling
based on low sample size (otter civet (Cynogale bennettii, n=1), banded linsang
(Prionodon linsang, n=1) and binturong (Arctictis binturong, n=2)).
(a) Malay civet, Viverra tangalunga, n=1108
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(b) Common palm civet, Paradoxurus hermaphroditus, n=179
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0.02
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(c) Banded palm civet, Hemigalus derbyanus, n=62
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(d) Malay badger, Mydaus javanensis, n=470

Density

0.00

0.02

0.04

0.06

0.08

0.10

0.12

Malay.badger

0:00

6:00

12:00

18:00

24:00

Time

(e) Smooth-coated otter, Lutrogale perspicillata, n=140
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(f) Yellow-throated marten, Martes flavigula, n=11
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(g) Short-tailed mongoose, Herpestes brachyurus, n=28
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(h) Leopard cat, Prionailurus bengalensis, n=28
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(i) Sunda clouded leopard, Neofelis diardi, n=219
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(j) Sun bear, Helarctos malayanus, n=78
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Figure 6. Kernel density modelling of 10 carnivore species’ activity patterns based on
camera trapping within Lot 5 of the Lower Kinabatangan Wildlife Sanctuary, Sabah,
Borneo. The x-axis begins at midnight, such that the centre of the axis coincides with
midday and the grey areas depict an extension of the diel to depict its circular
nature. Carpet marks along the x-axis represent raw unique event data used to
produce the resultant kernel density models. Adjacent to each activity pattern graph
is an example camera trap image from this study of the study species. (Courtesy:
DGFC).
Of the Viverridae documented, all three species displayed strongly nocturnal activity
patterns. Activity began to rise at 18:00 and falls quickly to very little activity around
06:00 for each of these species. Each displays a single peak in activity during the
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night; however, these peaks occur at different times. For the Malay civet (fig. 5a) this
peak occurs around 04:00, for the common palm civet (fig. 5b) it occurs around
23:00 and for the banded palm civet (fig. 5c) around 01:00.
Within the Mustelidae, the Malay badger (fig. 5d) also had a strongly nocturnal
activity pattern with activity beginning at 18:00 and ending at 06:00, however this
species experiences two peaks in activity through the night, the first around 21:00
and the second around 05:00. The other Mustelidae, the smooth otter (fig. 5e) and
the yellow-throated marten (fig. 5f), however, display diurnal activity patterns. The
smooth otter has activity beginning to rise in the crepuscular hours of 05:00-07:00
and peaking strongly at 07:00, which then falls throughout daylight hours with very
little activity after 19:00. The yellow-throated marten shows 2 peaks of activity, both
of which occur within the crepuscular time period. The first peak occurs at 07:00 and
the second at 17:00, with no nocturnal activity or activity during the late hours of the
morning around 11:00.
The only confirmed Herpestidae present in the LKWS, the short-tailed mongoose (fig.
5g), displays a strongly diurnal activity pattern. High density of activity remains
throughout the hours of sunlight with a broad peak occurring around 10:00. Activity
in this species begins and ends in the crepuscular time periods at the start and end of
the hours of sunlight.
Of the Felidae documented in the LKWS, the leopard cat (fig. 5h) and the Sunda
clouded leopard (fig. 5i) both show a nocturnal activity pattern. The leopard cat
displays no activity within the diurnal hours but activity occurs throughout the night
with steep peaks at 22:00 and 04:00. The Sunda clouded leopard remains active
throughout the diel, but displays a higher density of activity through the night.
Activity peaks twice for the Sunda clouded leopard, both of which occur in the
crepuscular hours, the first is around 06:00 and the second around 19:00.
The only Ursidae, the sun bear (fig. 5j) displays a nocturnal activity pattern with a
strong peak around 20:00. The sun bears’ activity pattern does stretch into the
diurnal hours with very low levels of activity shown until late morning and beginning
again in early afternoon.
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Temporal niche overlap
Carnivore activity patterns overlapped in the LKWS to a widely varying degree
ranging from 0.09 (short-tailed mongoose and Malay badger; yellow-throated
marten and Malay badger) to 0.89 (Malay civet and Malay badger) (Table 2).
Coefficient of overlap values covered all significance groupings, with 12 overlaps in
the very high range (0.76-1.00), 11 in the medium-high range (0.51-0.75), five in the
medium-low range (0.26-0.50) and 16 in the very low range (0.00-0.25). Graphs
depicting the nature of overlap between each of carnivore species can be found in
Appendix 3.
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Discussion
Species inventory
This study demonstrates that the LKWS is retaining a large diversity of carnivore
species which is critical to conservation efforts and the aim of the sanctuary itself.
Despite the highly fragmented landscape, the LKWS appears to have a diversity
count comparable with other, less disturbed areas within Borneo. For example, in
East Kalimantan in mixed primary and secondary forest, a diversity count of 12
carnivore species was found in 1,017 trap nights (Yasuda and Tsyuki, 2012). In the
same number of trap nights, this study found 11 species. Direct comparisons to
literature are difficult due to varying breadth of study, omissions of data and varying
study design. However, the comparisons that can be made with the limited available
data (Wells et al., 2005; Cheyne et al., 2010; Wilting et al., 2010; Cheyne and
Macdonald, 2011; Matsubayashi et al., 2011; Yasuda and Tsyuki, 2012) are promising
for the ecological health of the LKWS. Camera trapping was a valuable methodology
for cataloguing species assemblage in the LKWS; although, observational data was
shown to be an invaluable addition to data collection. With 27.8% (five species) of
the confirmed carnivores present in the LKWS only documented through
observations, it is clear that this camera trapping effort alone has not captured the
entire assemblage. The specific ecology of certain species, such as the small-toothed
palm civet and binturong, which are almost entirely arboreal, limits the effectiveness
of traditional camera trapping methodologies. This is a common problem found in
other studies and is combatable with supplemental observational recordings when
cataloguing carnivore assemblages (Wilting et al., 2010). Camera trapping however,
remains a cost-effective, long-term observation tool that proved highly useful and
remains the best tool for wildlife monitoring.
The species accumulation curve recorded in this study shows a steep drop-off in
novel species captured after 606 camera trap-nights. The final two novel species
imaged required a considerable increase in trap nights and are species in which their
ecology leads to imaging being unlikely. The banded linsang is usually found in dense
undergrowth a few metres off the ground and is thus unlikely to pass in front of trailE1206/C1222331
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based cameras, while the binturong is highly arboreal and thus also unlikely to pass
in front of cameras (Wilting et al., 2010). The species accumulation curve for this
study indicates that a large increase in study length would possibly help in acquiring
a more complete species assemblage. However, the length of time needed to
acquire species, of which their ecology makes capture unlikely, is very high and this
may not be a viable option for many researchers in terms of cost and effort.
The LKWS contained nine species listed as Threatened on the 2015 IUCN Red List
(IUCN, 2015), two of which are Endangered: the flat-headed cat and the otter civet.
Presence of so many Threatened species supports just how valuable the LKWS is to
species conservation despite habitat fragmentation. Further, the presence of the
otter civet provides a novel locality for this species of which little is known (Veron et
al., 2006). Accurate distribution of the species is dated, and as the species is thought
to be sensitive to habitat disturbance, its presence within the LKWS corridor gives
further credence to the conservation value of the sanctuary (Veron et al., 2006).
Species not documented by this study cannot be deemed absent within the LKWS to
a complete certainty, as lack of evidence cannot entirely confirm lack of presence.
There are, however, explanations for those species undocumented within the LKWS.
Within the viverrids, the Hose’s civet is thought to be a montane specialist and is
confined to montane forests and the surrounding lowlands (Matsubayashi et al.,
2011). This is the same for the masked palm civet, which is thought to be rare in
lowland Borneo (Wilting et al., 2010). Very little is known of the collared mongoose
and its distribution in Borneo, and this study may indicate that its distribution does
not extend to the Kinabatangan floodplain. Both the hairy-nosed otter and the
Eurasian otter have been documented as being very rare in Borneo with low
distributions (Wilting et al., 2010). Identification of otters on camera traps is difficult,
yet the images were reviewed with this in mind and it is with confidence that all
otter images within this study are of the smooth-coated otter. The bay cat has also
been documented as being highly rare, with limited distribution and a paucity of
documented sightings. Lastly, the Bornean ferret-badger is also considered very rare,
with very little known of its distribution and ecology. Once thought of as a highland
species only found at elevations between 1,000-3,000 metres, there is evidence of
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presence within the Kinabatangan floodplain near the village of Sukau roughly
17.5km from this study site (Boonratana, 2010). Lack of presence of these species in
this study may indicate species-specific rarity, species’ ecological unsuitability to
lowland forests, or may be an indication of specific species behaviours conductive to
camera trap avoidance. Therefore, that there is not a complete assemblage of the
Bornean carnivores in the LKWS is not indicative of the LKWS having poor ecological
health. Presence of the entire Bornean carnivore assemblage has not been
documented at any site within Borneo, regardless of ecological health.
Activity patterns
This study has provided the largest data set for camera trap-derived activity patterns
for many of the documented species and the activity patterns described here hold
strong significance. Broad resemblance of activity pattern is seen for the vast
majority of species documented in the LKWS in relation to activity patterns available
in the wider literature (Appendix 4). This may be an indication that the LKWS is of
good ecological health and is comparable to other sites at which studies have taken
place. Slight variation is seen in specific timings of peak activity; however, this may
be a result of differing data collection methodologies such as radio collars, or
differing placement of camera traps. For example, the camera traps in this study
were placed along riverine trails and activity patterns may be affected by this in
comparison to cameras placed off trails, or away from water sources. The subtle
differences seen with differing data collection methodology can be seen between
the Malay civets modelled activity pattern in this study and the activity pattern
produced via radio-collaring of Malay civets in Danum Valley, Sabah (Colon, 2002).
Here, both sets of data provide evidence of strongly nocturnal activity patterns but
subtle differences are seen in activity peaks between the studies. These differences,
however, are to be expected. Radio-collaring uses accelerometer readings to assess
activity patterns and thus allows for detection of more subtle movements and are
not restricted to activity occurring on trails. Radio collars however, are expensive and
this reduces sample size greatly. This results in a data set that may be influenced by a
specific individual that may be an outlier, an issue that is not present with long-term
camera trapping. Variation in study site ecological health may also have effects on
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species’ activity patterns. A site with differing ecological health may affect species
ecology due to changes in prey availability, human disturbance and spatial
restriction. For example, changing prey availability has been demonstrated to cause
an alteration in varying otter species’ activity patterns (Kruuk, 2006). In this example,
otters changed their activity pattern to best match those of the available prey.
The 10 modelled activity patterns presented in this study all provide invaluable data
for understanding species’ ecology and some of these activity patterns are
particularly noteworthy. Sun bear photo captures demonstrated strongly nocturnal
activity pattern with very limited diurnal activity. In contrast, Frederick (2008)
reported sun bears to be primarily diurnal, with some site-specific variations. The
strongly nocturnal activity pattern seen in the LKWS therefore could be a result of
human disturbance, which has been proposed to cause an avoidance shift to
nocturnal activity in sun bears and other carnivores (Frederick, 2008; Lucherini et al.,
2009). This study also reports the first complete activity pattern of the Malay badger
beyond the basal statement that this species is nocturnal, providing crucial ecological
details for species understanding and conservation. The Malay badger shows patchy
distribution and records are low from many other sites (Rustam and Giordano,
2014). In the LKWS, the Malay badger was the second most imaged carnivore and
the activity pattern produced is therefore of high value and quality. This high
abundance may suggest that fragmented, degraded habitats, as found in the LKWS,
are important for Malay badger persistence.
Temporal overlap
Species activity pattern overlaps provided key insights into how niche partitioning is
in effect within the LKWS. Example overlaps can be used to indicate the processes of
niche partitioning in effect and display the value of activity patterns in the wider
understanding of niche partitioning. Coefficient of overlap (C.O.O) values were
assigned to groups to depict their degree of overlap. An example of very high overlap
was discovered between Malay civets and common palm civets (C.O.O = 0.85). These
species are documented to have roughly similar dietary behaviour (Payne et al.,
1985), and this study has shown that they also overlap highly in temporal activity.
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With this information, it would be assumed that partitioning occurs within the
spatial dimension of their biology. The Malay civet is a ground specialist and rarely
climbs, whilst the common palm civet is largely arboreal and shows morphological
adaptations suited for this (Payne et al., 1985). Therefore, these two species are able
to co-exist in the wildlife corridor of the LKWS. Other examples of high C.O.O include
the sun bear and Sunda clouded leopard (C.O.O = 0.79) and the leopard cat and
Sunda clouded leopard (C.O.O = 0.63). In both examples, temporal overlap is high
and each species is known to have similar spatial ecology, so niche partitioning
therefore should occur within the dietary dimension. The sun bear is documented to
have a diet consisting largely of small invertebrates and fruits (Frederick, 2008),
whilst the Sunda clouded leopard’s diet is entirely carnivorous and is made up of
many medium to large mammalian species including sambar deer, bearded pig and
long-tailed macaques (Ross et al., 2013). The overlap between the Sunda clouded
leopard and leopard cat falls into the medium-high range and this may be due to a
less well-defined separation in the dietary niche. In this species pairing, both species
are entirely carnivorous and consume a range of mammals, thus dietary overlap can
be reduced by specific prey size selection. Perhaps, the Sunda clouded leopard
selects larger prey, whilst the leopard cat consumes smaller prey such as rodents. An
example of low overlap is seen between the yellow-throated marten and the leopard
cat (C.O.O = 0.15). These species show similar spatial ecology and broadly share a
very similar diet of small mammals and birds (Payne et al., 1985). Therefore, niche
partitioning would be assumed to be present in the temporal dimension, as
documented in this study. Temporal avoidance such as this will reduce competition
for dietary resources and allow for species coexistence (Lucherini et al., 2009).
It is important to note that overlap values can be very low, but this may not reflect
temporal avoidance. This is shown between the smooth-coated otter and the Malay
badger (C.O.O = 0.12). Whilst these species differ greatly in temporal activity, they
also differ greatly in the spatial and dietary dimensions (Payne et al., 1985). In this
case, other factors have caused the differences seen in temporal activity. These
factors include predator avoidance, morphological adaptations or prey temporal
activity (Ross et al., 2013).
E1206/C1222331

BI9999

P a g e | 32

Despite this, temporal overlap between sympatric carnivores remains a valuable
factor in understanding niche partitioning and species ecology in the LKWS. These
results suggest that active niche partitioning is occurring in both the temporal and in
alternative dimensions within the wildlife corridor. These data, in turn, elucidate the
mechanisms for the persistence of high carnivore diversity in protected areas. This
study was the first of its kind within the LKWS and has provided invaluable baseline
data. The data will help inform conservation efforts both within the area and on a
wider scale where similar corridors may be considered. The study is also one of the
largest of its kind in terms of trap nights and provides a valuable insight into the
long–term use of camera trapping.
Future considerations
This study succeeded in cataloguing and assessing the activity patterns and overlap
of a large number of carnivores; however, data collection relied on cameras set on
riparian trails within a thin wildlife corridor. Future studies could combat this issue
with a comparative study utilising cameras set within a forest block in addition to the
riparian trail based cameras used in this study. A sub-set of cameras should also be
set off trail to reduce reliance on animals using pre-existing trails for movement. Full
cataloguing of species assemblage by camera traps was restricted in this study due
to the limitations of traditional methods. Future studies could utilise an arboreal
camera trapping method run alongside traditional camera trapping methodologies in
an attempt to catalogue a greater proportion of the actual carnivore assemblage.
Census surveys conducted along transects could also be adopted alongside
traditional camera trap methods to improve cataloguing, as this study proved
observations are an important part of acquiring full species assemblage. This study
also succeeded in gaining a greater understanding of niche partitioning within the
LKWS; however, the temporal overlap analysed here is just a single variable in a
complex ecological process. In order to gain full understanding of this process, future
studies must be undertaken to document dietary and spatial ecology of the LKWS
carnivores.
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Appendix
Appendix I. A note on the confirmed wild Bornean carnivores.
There is considerable debate over the confirmed number of wild Bornean carnivores.
The debate surrounds the status of the Hose’s mongoose (Herpestes brachyurus
hosei), and whether it should be listed as a separate species or a sub-species of the
short-tailed mongoose (Herpestes brachyurus). The Hose’s mongoose is confirmed
from just a single specimen and is listed in Payne et al., (1985) as a species; however
it is not recognised by the IUCN and is listed as a sub-species elsewhere. Therefore,
for the purpose of this report the Hose’s mongoose is not considered a confirmed
Bornean carnivore and is omitted from the list.
Also omitted from the list are the domestic dog (Canis lupus familiaris) and the
domestic cat (Felis catus). Despite their presence in the LKWS, these species were
not considered truly wild due to being domesticated.
Appendix 2. The 25 confirmed wild Bornean carnivores and their IUCN Red List 2015
listing.
Species

Latin name

IUCN Red List 2015 status

Malay civet

Viverra tangalunga

Least Concern

Common palm civet

Paradoxurus
hermaphroditus

Least Concern

Banded palm civet

Hemigalus derbyanus

Vulnerable

Masked palm civet

Paguma larvata

Least Concern

Hose’s civet

Diplogale hosei

Vulnerable

Otter civet

Cynogale bennettii

Endangered

Arctogalidia trivirgata

Least Concern

Binturong

Arctictis binturong

Vulnerable

Banded linsang

Prionodon linsang

Least Concern

Malay badger

Mydaus javanensis

Least Concern

Ferret badger

Melogale everetti

Data Deficient

Small-toothed palm
civet
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Yellow-throated marten

Martes flavigula

Least Concern

Malay weasel

Mustela nudipes

Least Concern

Smooth otter

Lutrogale perspicillata

Vulnerable

Asian small-clawed otter

Aonyx cinereus

Vulnerable

Hairy-nosed otter

Lutra sumatrana

Endangered

Eurasian otter

Lutra lutra

Near Threatened

Short-tailed mongoose

Herpestes brachyurus

Least Concern

Collared mongoose

Herpestes semitorquatus

Data Deficient

Leopard cat

Prionailurus bengalensis

Least Concern

Marbled cat

Pardofelis marmorata

Vulnerable

Flat-headed cat

Prionailurus planiceps

Endangered

Bay cat

Catopuma badia

Endangered

Sunda clouded leopard

Neofelis diardi

Vulnerable

Sun bear

Helarctos malayanus

Vulnerable

Appendix 3. Kernel density modelling of mammalian carnivore species’ activity
patterns based on camera trapping within Lot 5 of the Lower Kinabatangan wildlife
Sanctuary, Sabah, Borneo. Each graph depicts the activity pattern of two species and
the grey areas depict area of overlap in activities, corresponding to the coefficient of
overlap (C.O.O).
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Appendix 4. Literature sources for activity data of the Bornean carnivores assessed
in this study.
Species
Malay civet
Common palm civet

Latin name
Viverra tangalunga
Paradoxurus hermaphroditus

Banded palm civet

Hemigalus derbyanus

Malay badger

Mydaus javanensis

Smooth-coated otter
Yellow-throated marten
Short-tailed mongoose

Lutrogale perspicillata
Martes flavigula
Herpestes brachyurus

Leopard cat

Prionailurus bengalensis

Sunda clouded leopard
Sun bear

Neofelis diardi
Helarctos malayanus
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