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The leopard cat (Prionailurus bengalensis) is the most widespread feline in Asia. It has
been recorded in a range of habitats, including monoculture landscapes, such as oil
palm plantations. Here, we report on a study on the presence, home range, activity
patterns and diet of the species in an oil palm landscape to assess their viability as
biological pest controller of rats. The study took place in United Plantations/PT SSS
estate in Central Kalimantan, Borneo, Indonesia. From July 2014 to March 2018, we
captured 11 leopard cats in purpose-built cage-traps and fitted them with VHF radio-
transmitters. They were tracked for a 44 months study period, during which we collected
a total of 2.031 GPS locations used for estimating the respective cats’ activities and
home-ranges. The cats are strictly nocturnal and prefer to hide and rest in thick bush,
primarily consisting of sword-fern (Nephrolepis sp.) during day-time, but forage both on
the ground and in the palm canopy at night. The average home range (95% FK) for male
leopard cats is 1.47 km2 (n = 7; SD = 0.62 km2) with slightly smaller home range for
females at 1.29 km2 (n = 4; SD = 0.28 km2). All individuals studied were recorded strictly
within the oil palm plantation landscape, although mangrove forest habitat makes up 7%
of the greater plantation landscape. In conclusion, leopard cats survive and reproduce
well in oil palm habitats and are effective biological controllers of rats that can replace
the traditionally used expensive and environmentally polluting chemical rat poisons.

Keywords: leopard cat (Prionailurus bengalensis), oil palm plantation, home-range, biological pest control,
activity

INTRODUCTION

The past decade has seen a significant increase in environmental degradation and loss of ecosystem
services in most parts of the world (Sodhi et al., 2004; Dobson et al., 2006; Kettunen and ten
Brink, 2006; Malcolm et al., 2006; Greenpeace, 2007; Koh and Wilcove, 2008; Bradshaw et al.,
2009; Butler and Laurance, 2009; Craft et al., 2009; Food and Agriculture Organization [FAO],
2009; Hoeinghaus et al., 2009; De Jong et al., 2015; Goodman and Mulik, 2015; Ghazali et al., 2016;
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Petrenko et al., 2016). In Southeast Asia, the main driver
of deforestation is industrial scale agriculture, specifically for
palm oil production (Miettinen et al., 2011; Hansen et al.,
2013; Stibig et al., 2014), pulp and logging (Abood et al.,
2015). This has resulted in habitat loss and fragmentation and,
consequently, in the loss of biodiversity (Kinnaird et al., 2003;
Canale et al., 2012; Gibson et al., 2013), with rivers, lakes
and peat forests suffering enormous siltation, pollution loading
and dehydration. Despite the formation of the Round Table
for Sustainable Palm Oil in 2004 and increasing attention to
environmental issues in operational practices (Laurance et al.,
2010; Traeholt and Schriver, 2011; Cattau et al., 2016), southeast
Asia’s biodiversity continues to suffer decline (Fuller et al.,
2004; Canale et al., 2012; Gibson et al., 2013). While some
species such as orangutan have enjoyed increasing conservation
attention along with some birds and mammals (Kinnaird et al.,
2003; Fuller et al., 2004; Koh, 2008; Phalan et al., 2009; Gibson
et al., 2013; Sasidhran et al., 2016), other taxon continue to
suffer decline.

Some mammal and bird species have been studied for their
use as biological pest-controller of rats in plantation landscapes
(Duckett, 1984, 1991; Silmi et al., 2013; Chua et al., 2016) and,
while scarcely studied, the leopard cat (Prionailurus bengalensis)
is often recorded in oil palm plantations. It is listed as “Least
Concern” on the IUCN Red-list and considered common in Asia,
where it ranges from southern India to Russia’s far east; to the
Indonesian islands of Sumatra, Borneo and Java (Sunquist and
Sunquist, 2009; Ross et al., 2015). It is found in a range of habitat
types from tropical lowland rain forests to coniferous forests in
the Himalayas or Amur region. Leopard cats are not restricted
to native habitats only, but have been reported in logged forests,
rubber estates and oil palm plantations (Lim, 1999; Rajaratnam
et al., 2007; Silmi et al., 2013; Wahyudi and Stuebing, 2013).
It is listed as a “protected species” in Indonesia (Indonesian
Law #07, 1999).

Radio-tracking studies of leopard cats have been undertaken
in national parks, wildlife reserves and sanctuaries in Sabah,
Malaysian Borneo (Rajaratnam et al., 2007), Thailand
(Rabinowitz, 1990; Grassman, 2000; Grassman et al., 2005;
Austin et al., 2007), and Japan (Sakaguchi, 1994). Camera trap
studies have focused on commercially used forests (Mohamed
et al., 2013) and mixed habitat consisting of forest, grass land,
agriculture land, and semi-urban areas, for example, in Taiwan
(Chen et al., 2016). Camera trap studies in oil palm plantations
on Borneo, reported that leopard cats were common (Rajaratnam
et al., 2007; Silmi et al., 2013) and Chua et al. (2016) recorded it
on Tekong island, Singapore. No previous studies have focused
on the activity and ranging behavior of leopard cats in a palm oil
estate, with an assessment of its potential value as biological pest
controller of rats.

MATERIALS AND METHODS

Ethics
The study was reviewed and approved by the Ministry of
Environment and Forestry, Indonesia, Central Kalimantan

Provincial Office for Natural Resources and Conservation
under permit No. 191/L/PB/XII/2019 and No.
106/L/PB/VII/2020, respectively.

Study Site
This study took place in Lada Estate, Central Kalimantan,
Indonesia (02◦34′ 53′′ S, 111◦46′ 21′′ E). The habitat consists
of 5000 ha oil palm estate, surrounded by 1179 ha mangroves,
small patches of peat-swamp and dry dipterocarp forests. The
landscape contains several small rivers and streams that run into
the main Kumai River (Figure 1). The area experiences a wet
season from November to April and a dry season from May to
October. We used a Vantage Pro 2TM weather station (Davis
Instrument, CA, United States) to measure the local climate
patterns from 2015 to 2017.

Leopard Cat Capture, Sedation, and
Radio Collaring
Trapping of leopard cats was undertaken intermittently from
July 2014 to June 2017 using seven units of Tomahawk steel-
mesh metal box trap with dimension 27 × 32 × 82 cm
(Tomahawk Live Trap, Hezelhurst, WI, United States). Live
rats (Rattus argentiventer) were used as bait and placed in a
protected separate compartment attached inside the Tomahawk
trap. Traps were set along harvesting paths in the estate fields
and activated at night before being recovered in the morning
to prevent possible theft. Bait rats were fed daily during the
trap sessions. Captured leopard cats were anesthetized using
a combination of ketamine hydrochloride (100 mg/ml) and
xylazine hydrochloride (20 mg/ml) administered intramuscularly
at a dosage of 10 and 1 mg/kg, respectively. We reversed it
with atipemazole hydrocloride (5 mg/ml) intramuscularly at a
dosage of 0, 1 mg/kg. Sedated leopard cats were aged, sexed
and we collected morphometrics and fitted each individual with
a radio collar. We used a 45 gr VHF-transmitter (Wildlife
Material Inc., Illinois, United States). Photographs were taken
to document each individual leopard cat before they were
returned to the trap for recovery and release after 3–4 h.
After 6–7 months or, when signal from a transmitter began
to weaken due to low battery, we recaptured each collared
individual and replaced the old radio collar with the new unit
for additional 6–8 months of tracking (Table 1). Since our aim
was to determine if leopard cats were resident breeders in palm
oil estates, we chose to follow fewer individuals over several
reproductive cycles rather than more individuals for a shorter
period of time. This also allowed us to record annual and seasonal
variation. In addition, with conventional radio-telemetry, we
did not have staff-resources to track, for example, 15 or more
individuals concurrently.

Tracking
Each Leopard cat was tracked using a directional 3-element Yagi
antenna fitted to a receiver (TRX-48S Wildlife Materials Inc.).
Cat locations were recorded a minimum four times per night
in the period from 18:00 to 05:30 h. To map the cats’ diurnal
activity patterns, we also recorded locations randomly from 06:00
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FIGURE 1 | The study area in “Lada Estate,” Central Kalimantan, Borneo.

to 18:00 h day time. Locations were recorded using a GPS
(Garmin Cs62) and tracking was done for six consecutive days
per week from July 2014 to March 2018. If direct observation was

impossible, the locations of the study objects were determined
by triangulation. When direct observation was possible, we used
night vision binoculars or spot light at a distance of ≤40 m
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TABLE 1 | Physical characteristics of leopard cats captured at the study site, Lada Estate.

ID Sex Weight (Kg) Head and body
length (cm)

Tail length (cm) Right hind-foot
length (cm)

Ear (mm) Upper right canine
length (mm)

LC A ♂ 2.3 46 21 8.3 n/a 10.97

LC B ♂ 1.3 43 20 10.4 40.69 7.34

LC C ♂ 1.4 40 21 10.2 38.68 10.75

LC D ♀ 1.7 42 22 10 35.75 9.24

LC E ♀ 1.5 44 20 9.5 34.1 5.36

LC G ♀ 1.7 48 21 9.9 31.29 9.11

LC H ♂ 1.8 46 20 9.6 36.55 10.21

LC M ♀ 2.4 47 24 10.5 38.11 8.89

LC P ♂ 2.6 51 24 11.3 38.11 9.69

LC Q ♂ 1.8 45.5 22 10.3 39.02 7.54

LC R ♂ 2.1 46 22 10.1 37.75 Lost/Broken

to record cat behavior, with special focus on food and feeding
behavior as well as mating behavior.

Prey Selection
We recorded prey selection through direct observation while
tracking leopard cats. We used a Nitecore Tiny Monster TM26
with adjustable beam-strength to spot radio-collared cats at
night. None of the cat exhibited any sign of being disturbed
by the light-beam, allowing the team to record full hunts
(stalking, killing, and devouring) from direct observation. We
sorted prey into rats, birds, amphibians, snakes, lizards, and
“unidentified” categories.

Data Analysis
The study-site is almost flat (3–9 m absl), dominated by
monocrop oil palms planted in rows of 126 palms ha−1 and
with only 3–9 mabsl elevation difference with no obvious
physical barriers, we considered the habitat highly homogenous.
Therefore, we used Geospatial Modelling Environment (Ver.
0.7.2 RC2) to determine Minimum Convex Polygon (MCP) and
95% Fixed Kernel (FK). We assumed that core areas of 50%FK
indicate more frequently used areas in a home range (Powell,
2000). Overlap (% area and size) comparison were calculated
pairwise using 95%FK estimator for cumulative ranges following
Grassman et al. (2005) and Benavides et al. (2017). We estimated
movement by calculating straight-line distance between location
points and added these for average monthly movement.

The minimum known population density was estimated
using the number of collared leopard cats divided with 95%FK.
Habitat use ratio was projected by overlaying home range over
habitat type previously mapped from aerial photographs and
ground truthing. Independent t-test was used to test for possible
seasonal differences in movement patterns as well as possible
movement differences between sexes. Mann-Whitney U-test
was applied to test for possible differences between male and
female home-ranges. Statistical significance was determined at
a p-value of ≤0.05. Means are provided with ± SD. Monthly
leopard cat movement was analyzed using the open-source
GIS OpenJUMP software and correlated with the average
monthly rainfall.

RESULTS

Local Climate
Temperatures at the study site ranged from 26 to 34◦C with a
mean annual precipitation of 2,123 mm.

Home-Range
The 11 radio-collared leopard cats were tracked for 791
independent days during which we recorded 2031 GPS locations.
The average male (n = 7) home range size calculated using
MCP measured 1.94 km2 (N = 994 locations, SD ± 1.37, range
0.23–3.49 km2) and 1.36 km2 for females (n = 4), (N = 1,037
locations, SD ± 0.52, range 0.73–1.99 km2). The average male
home-range size calculated using 95% FK was 1.47 km2 (N = 994,
SD ± 0.62, range 0.61–2.04 km2) and 1.29 km2 for females
(N = 1,037, SD± 0.28, range 0.92–1.59 km2). The core area used
by males averaged 0.34 km2 (50% FK, SD ± 0.13, range 0.11–
0.46 km2) with females using 0.33 km2 (SD ± 0.1, range 0.18–
0.42 km2). There was no significant difference in home-range size
between males and females (95% FK, U = 9; P > 0.05).

Based on the 95% FK of the 11 study individuals, the total
area used was 5.09 km2, which results in a minimum leopard cat
density of 2.16 individuals/km2. The average home-range overlap
between males averaged 13.96%, (n = 23 pairs, SD ± 12.27 range
0.07–11.89%) and 10.59% between females (n = 4 pairs, SD± 7.24
range 0.18–15.59%). The average home-range overlap between
male and female leopard cat was slightly higher at 15.87% (n = 26
pairs, SD± 13.36 range 0.27–52.68%) (Table 2).

Home-Ranges of Dominant and
Subordinate Males
From our observations, male leopard cat LC-A exhibited
clear dominant behavioral characteristics. At 95% FK, LC-A’s
home-range overlapped with four breeding females (n = 4
pairs, SD ± 22.45 range 5.11–52.68%) (Figure 2), while only
overlapping sporadically with other males (n = 3 pairs, range
6.55–7.67%). LC-A was frequently observed scent marking,
which we considered to be part of territory defense. A rival
male, LC-H, overlapped LC-A’s home-range a modest 7.67% until
they had a fierce altercation. After the fight, LC-H established
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TABLE 2 | The number of recorded location points from each collared leopard cat
were used to analyze home range sizes using 100% MCP, 95%FK, 50%FK in the
study site, Lada Estate.

Home range (km2)

ID Sex Number of
locations (n)

Av. monthly
movement (m)

95% FK 50% FK 100% MCP

LC A ♂ 390 10,332 2.03 0.41 2.91

LC B ♂ 31 2,731 0.61 0.17 0.23

LC C ♂ 48 2,957 0.62 0.11 0.48

LC D ♀ 196 4,678 1.35 0.38 1.45

LC E ♀ 96 4,895 0.92 0.18 0.73

LC G ♀ 643 5,814 1.35 0.36 1.99

LC H ♂ 36 4,945 1.92 0.46 2.93

LC M ♀ 102 4,714 1.59 0.42 1.29

LC P ♂ 170 8,784 1.61 0.44 1.41

LC Q ♂ 142 9,874 2.04 0.40 3.94

LC R ♂ 177 5,739 1.49 0.38 1.72

a new home-range far from LC-A with no more home-range
overlap (Figure 3).

Movement
Male leopard cats (n = 7) moved an average 7,421 m per month
(SD ± 6,974, range 717–39,184 m) and females (n = 4) 5,286
m per month (SD ± 4,315, range 120–18,149 m). There was
no significant difference in monthly distance moved between
males and females (t = 1.746, df = 88). There was also no
significant seasonal movement difference (t = 0.202, df = 10),
despite substantial difference in the amount of average rainfall
between the rainy season (November–April, 221.13 mm) and the
dry season (May–October, 132.79 mm).

Habitat Use and Prey Selection
Our study site consisted of two main types of habitat, oil palm
plantation and mangrove forest. During the study period 100%
of all recorded leopard cat GPS locations were from inside
the oil palm plantation. Using 95% FK home-range polygon
estimates a 93% use of plantation habitat and 7% use of mangrove
habitat (Figure 4).

The leopard cats predated on a variety of species from
amphibians, birds, reptiles and small mammals, with rats making
up by far the biggest diet component in terms of numbers as well
as biomass (Figure 5).

DISCUSSION

The average leopard cat home-range recorded in our study (∼140
ha FK95%/∼173 ha MCP) is much smaller than previous studies
in other locations. In Thailand, leopard cat home-ranges were
recorded to be 1,270 ha (Grassman et al., 2005) and 360 ha
(Grassman, 2000), with 319 ha in Malaysia (Rajaratnam et al.,
2007) and 350 ha in Japan (Schmidt et al., 2003). This is a clear
indication of the species’ adaptability under different ecological
circumstances with the home-range size likely influenced by

the food availability and breeding opportunity (Sandell, 1989;
Bailey, 1993; Davies et al., 2012). In an oil palm plantation, rat
populations are usually very high, to the extent that plantation
managers consider it a serious pest and are forced to combat it
with chemical application (Wood and Liau, 1984; Hafidzi and
Saayon, 2001; Wood, 2001; Wood and Chung, 2003; Puan et al.,
2011; Phua et al., 2017). In our study site, the team estimated
7.29 rats per hectare (Silmi et al., 2013). This is considered low
in a plantation, where numbers can often reach 50 rats per
hectare in areas without leopard cats, barn owls (Tyto alba)
or regular chemical application. However, in a logged forest
Rajaratnam et al. (2007) recorded only 5.16 rats per hectare, or
approx. 30% lower than in our study site. Whereas leopard cats
predate on a range of prey species, murids are considered the
main prey base for leopard cats (Yasuma, 1981; Sakaguchi and
Ono, 1994; Grassman et al., 2005). This trend was also observed
in our study site where there was a strong reverse correlation
between the number of rats and the number of leopard cats
(Silmi et al., 2013) and 73.60% (N = 72) of the recorded prey
consisted of rats (unpubl. obs). The relatively small home-range
sizes recorded in this study are likely due to the abundance of
food and extensive shrub growth ideal for shelter and hiding
kittens. With such ideal ecological conditions, there is no need for
large home-ranges. The very high population density recorded
(2.16 individuals/km2) supports this as well. The leopard cat
population density in an oil palm plantation on Tekong island,
Singapore, was also very high (2.86 individual/km2) (Chua et al.,
2016), whereas the leopard cat population density recorded in
a forest habitat Sabah, Malaysia varied from only 0.09–0.16
individual/km2 (Mohamed et al., 2013).

Although there was no significant difference in average home-
range size between males and females, there were clear individual
variation with males’ home-ranges larger (MCP = 1.94 km2 or
95% FK = 1.47 km2) than females’ home-ranges (MCP = 1.36 km2

or 95% FK = 1.29 km2). This trend was also observed in studies in
Sabah, Malaysia (Rajaratnam et al., 2007), Thailand (Grassman,
2000; Grassman et al., 2005), Japan (Nakanishi et al., 2005), and
Taiwan (Chen et al., 2016) and is consistent with other felid
species (Tewes, 1986; Weisbein and Mendelssohn, 1990; Ferreras
et al., 1997; Goodrich, 2010). Female dispersal is likely limited
during the nursing period where she has to stay close to young
kittens and/or are unable to move larger distances (Sandell, 1989;
Nakanishi et al., 2005; Chen et al., 2016). Weighing 2.3 kg, LC-A is
a large dominant male that maintained an extensive home-range
overlapping 3–4 female home-ranges similar to that recorded for
other cat species (Stander et al., 1997; Sliwa, 2004; Simcharoen
et al., 2008; Goodrich et al., 2010; Anile et al., 2017; Nuñez-Perez
and Miller, 2019) suggesting that overlapping home-range results
from males attempting to monopolize access to females. In some
cases, LC-A overlapped a breeding female home-range 52.65%
and fought off a smaller male, LC-H (1.8 kg), at a time when LC-H
attempted to mate with a female inside LC-A’s home-range.

Leopard cats have been reported as strictly nocturnal (Silmi
et al., 2013; Chen et al., 2016). In this study, radio-tracking 11
individuals confirmed that none were active during daytime but
remained sheltered in debris rows, mainly consisting of stacked
palm fronds overgrown with sword-ferns (Nephrolepis sp.) and
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FIGURE 2 | Home range of male LC-A with overlapping females. Solid line illustrates 95%FK and color shaded indicates 50%FK. The proportion of LC-A overlap
with sympatric females is subject to individual variation.

FIGURE 3 | Home-ranges of two male leopard cats, LC-A and LC-H before and after an antagonistic encounter. Considering the small pre-fight home-range size
that is almost entirely within LC-A’s home-range, it is likely that LC-H was one of LC-A’s male offspring that was chased out when it began to rival LC-A.

other plants. Individuals that sheltered in such areas were not
even disturbed when plantation harvesters collected fruits and
stacked new fresh palm fronds on top of the debris in which a

leopard cat was resting. On several occasions we observed females
with 2–4 kittens in this type of bush and since there were no
seasonal differences in home-range size and activity patterns,
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FIGURE 4 | Leopard cat habitat use at the study site. Whereas there were plenty of mangrove habitat available in the larger plantation landscape, only a small
percentage of it was ever used.

FIGURE 5 | Leopard cat dietary composition recorded during radio-tracking the study individuals.

we assume that the debris rows provide excellent shelter during
monsoon rains too.

Although leopard cats have been reported to be common
in oil palm plantations (Lim, 1999; Rajaratnam et al., 2007;
Lorica and Heaney, 2013; Mohamed et al., 2013; Silmi et al.,
2013; Chua et al., 2016), some have speculated that leopard cats
only use oil palm plantations for foraging and has to return
to adjacent forest seeking refuge and for breeding (Rajaratnam
et al., 2007; Mohamed et al., 2013). In this study the home-
range of five leopard cats (4 males and 1 female) consisted
exclusively of oil palm plantation and six leopard cats (3 males
and 3 females) used both oil palm plantation and mangrove
forest. However, the adjacent mangrove forest only made up an
average of 7.10% of these individuals’ home-ranges and, due to
its relatively inaccessibility, is less important foraging grounds.

Within the oil palm plantation, we recorded leopard cats most
frequently in thick undergrowth consisting primarily of sword-
ferns (Nephrolepis sp.) that proliferate in stacks of palm fronds,
where they found refuge for kittens too.

The high population densities in our study site suggest that
the leopard cat is very adaptable to a variety of habitat types,
which stands in contrast to a number of other small felids
such as the ocelot, Leopardus pardalis (Di Bitteti et al., 2008)
and flat headed cat, Priornailurus planiceps (Wilting et al.,
2010). The combination of prey abundance and limited predator
pressure provides for ideal conditions for the species, although
we recorded a few adults falling prey to pythons (Malayopython
reticulatus) and expect snakes and monitor lizards (Varanus
salvator) regularly prey on kittens. Our results clearly reveal that
an oil palm habitat can sustain a high leopard cat population
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and that, with active micro-habitat management, the species
can be used as an effective biological pest controller of rats. It
offers an opportunity that oil palm growers should embrace as
complementary to barn owls (Tyto alba) in an effort to reduce
the dependency of toxic chemicals to combat rats.
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