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Abstract An understanding of species ecology is vital for
effective conservation, particularly if the species forms an
important constituent of the lesser mammal guild and regu-
lates small mammal and bird populations. As the ecological
role of the leopard cat (Prionailurus bengalensis) in the
intricate eastern Himalayan habitats is not known, we
assessed the site occupancy, detection probability and activ-
ity pattern of leopard cats in Khangchendzonga Biosphere
Reserve, India, based on sign surveys and camera trapping.
The estimated site occupancy was 0.352±0.061 and detec-
tion probability was 0.143±0.0484. Occupancy modelling
indicated low elevation, high rodent abundance and tree
cover as best predictors for the occupancy of leopard cat.
Diet based on analysed scats revealed murids as the most
dominant prey (89.2 %). Information based on photographic
captures indicated that the leopard cat exhibited a nocturnal
activity pattern (peak activity between 0200–0300 hours),
which coincided with its principal prey (revealed through
diet analysis), but mainly contradicted with other sympatric
competitors, hence indicating a temporal partitioning of re-
sources among them. Ecological niche factor analysis indi-
cated that the leopard cat exhibits high global marginality
(1.32) and low global tolerance (0.275). The habitat suit-
ability map for leopard cats showed majority of the habitat
as unsuitable (1,959.44 km2) and predicted only 164.54 km2

areas of lower temperate forests as moderate to highly
suitable. As highly suitable habitats of the leopard cat are
in close proximity to villages, conflict issues are a major

threat and therefore need to be addressed in conservation
program for this felid.

Keywords Eastern Himalaya . Conservation . Habitat
suitability . Leopard cat . Occupancy modelling

Introduction

The leopard cat (Prionailurus bengalensis) is a small, rela-
tively common wild felid of Southeast Asia having the
widest geographical distribution among all Asian lesser cats
(Sunquist and Sunquist 2002). The species is adapted to
inhabit a broad variety of habitats, from tropical rainforest
to temperate broadleaf and marginally coniferous forest, as
well as shrub forest and successional grasslands (Nowell
and Jackson 1996). It also inhabits human-modified agricul-
tural landscapes, logged forests, and rubber and oil palm
plantations (Rajaratnam et al. 2007) and can extend into
rhododendron–oak–maple forests in Himalayas up to an
altitude of 3,254 m a.s.l. (Ghimirey and Ghimire 2010).
Despite its high adaptability to thrive even in altered and
harsh habitats, its population seems to be overall stable, yet
declining in some parts of its range (Sanderson et al. 2008)
due to increasing threats from habitat destruction, hunting,
trapping and live animal trade (Johnson and Jinping 1996).
There have been a number of studies focusing on the dif-
ferent ecological aspects of the leopard cat throughout its
geographical range (Inoue 1972; Rabinowitz 1990; Izawa et
al. 1991; Grassman 2000; Rajaratnam 2000; Austin 2002;
Khan 2004; Grassman et al. 2005; Rajaratnam et al. 2007;
Watanabe 2009), but no such information is available from
the intricate high-altitude habitats of Himalayas.

Effective conservation and management of species re-
quires sound understanding of its ecology and interactions
with its environment. But gathering such information on
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elusive species in remote and intricate Himalayan habitats
has always been challenging since conventional sampling
protocols have been proven inadequate in such areas
(Sathyakumar et al. 2011). Camera trapping has emerged
as an efficient noninvasive monitoring tool with wide appli-
cability in ecological studies in varied habitat conditions and
proved very effective in this study.

Habitat use by carnivores in general is known to vary primar-
ily with the availability, distribution and abundance of prey and
competitive species than other habitat features (Bothma et al.
1984; Johnson et al. 1996; Sunquist et al. 1989). In high-altitude
landscapes, both biological and geographical factors equally
affect the use of an area (Jackson and Ahlborn 1989; Chen et
al. 2009). Generating information on the habitat ecology of
carnivores in intricate and inaccessible areas is difficult, and also
challenging tomeet many assumptions of conventional sampling
methods (Singh and Milner-Gulland 2011). Resource selection
probability functions and occupancy models are powerful
methods of identifying areas within a landscape that are highly
used by a species (MacKenzie 2005, 2006; MacKenzie and
Royle 2005). Occupancy models estimate the probability of a
species occupying a sampling site whilst correcting for imperfect
species detection based on repeated detection/non-detection data
(MacKenzie et al. 2006). Camera trapping has been used to
generate such data in mountainous areas (Chen et al. 2009;
Davis et al. 2011) as a surrogate to conventional radio
telemetry-based assessment of habitat use by carnivores since it
can yield information on a larger part of the population (MacKay
et al. 2008).

Camera trapping has also been proven to be a useful tool
for providing information on the activity pattern of several
species, including leopard cats, based on the date and time
stamps on each photograph captured (Azlan and Sharma
2006; Cheyne and Macdonald 2011). There are various eco-
logical factors that contribute in shaping the activity patters of
carnivores, but in general, they adapt their activities for effi-
cient predation by coinciding themwith periods when the prey
is most vulnerable, whereas their prey must contend with the
conflicting demands of acquiring resources and avoiding
predators (Zielinski 1988; Harmsen et al. 2011) by changing
their daily activity patterns (Eccard et al. 2008; Gliwicz and
Dabrowski 2008). Using camera trap data, one can deduce the
activity pattern of the predator and also find a relationship
with the activity pattern of its principal prey. Considering the
fact that the diet of the leopard cat comprises small mammals
(murids) as their major prey species (Grassman 2000;
Grassman et al. 2005; Inoue 1972; Khan 2004; Rabinowitz
1990; Rajaratnam et al. 2007), we expected to find a corre-
spondence between the activity patterns of the cat and its
major prey in the photo-trapping data.

Ecological information on a species can aid in predicting
its geographical distribution over a larger area, which is
crucial for its conservation and management (Margules

and Pressey 2000). Yet, for most regions and taxa, detailed
information on species distribution is usually not available,
and collecting such data is costly and labour-intensive
(Prendergast et al. 1999; Bowker 2000). Spatially explicit
habitat models (Guisan and Zimmermann 2000) and multi-
variate models prepared with the help of geographic infor-
mation system (GIS) are very helpful in understanding the
habitat associations of a particular species and also in mak-
ing predictive habitat suitability maps (Lenton et al. 2000;
Hirzel et al. 2002; Marzluff et al. 2004).

In this study, we determined site and sampling covariates
influencing the occupancy and detection of leopard cats in
mountainous habitats. We also provide some insights into its
activity patterns and food habits and also tested for any
synchronisation in activity pattern with its principal prey.
We prepared a presence-only habitat suitability model and
predictive map for a larger landscape. Such ecological in-
formation on leopard cat from a high-altitude eastern
Himalayan landscape is rare and hence generates important
fundamental knowledge for its conservation and manage-
ment in this intricate landscape in the future.

Materials and methods

Study area

The study was carried out in the Prek Chu [river] catchment
of the Khangchendzonga Biosphere Reserve [2,620 km2

(national park=1,784 km2, buffer=836 km2)] located in
Sikkim, India (27°30′–27°55′ N, 88°02′–88°37′ E; Fig. 1).
The area is included in the eastern Himalayan global biodi-
versity hotspot (Myers et al. 2000) and also listed among the
important Global 200 Ecoregions (Olson and Dinerstein
1998). The Khangchendzonga Biosphere Reserve (BR) has
a sharp elevation gradient of 1,220–8,586 m, varying within
an aerial distance of just 42 km (Tambe 2007). The area of
Khangchendzonga BR is divided into seven catchments or
river subsystems, viz., Lhonak, Zemu, Lachen, Rangyong,
Rangit, Prek and Churong. Among these, Prek catchment
(27°21′–27°37′ N, 88°12′–88°17′ E; 182 km2) was selected
for intensive studies due to its similarity in habitat character-
istics with the entire Khangchendzonga BR (Sathyakumar et
al. 2011). The altitudinal range of Prek catchment varies from
2,200 to 6,691 m, with an average of 3,562 m. The area can be
characterized into six habitat classes, viz., mixed subtropical
(1 %), mixed temperate (16 %), sub-alpine (36 %), alpine
pastures (5 %), rock and snow cover (41 %), and water bodies
(1 %), and receives an average annual rainfall of around
2,230 mm (Tambe 2007). The study was conducted from
April 2008 to December 2009. The temperature during the
study period ranged from 2.5 to 23.6 °C, with an average of
13.34 °C.
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Occupancy: survey design and analysis

Reconnaissance surveys were done in 2008 in different catch-
ments of Khangchendzonga BR to generate baseline informa-
tion on the presence and distribution of leopard cats based on
trail sampling and sign surveys (Sathyakumar et al. 2009).
Within the entire camera trap sampling duration, i.e. through-
out 2009 in the Prek Chu catchment, systematic camera trap-
ping for occupancy surveys was done for a period of 3 months
(March to May) covering all accessible habitat classes (from
1,500 to 5,000 m) of the catchment in a 2×2-km grid-based
design (Fig. 2). This design was followed by considering the
mean annual home range size of leopard cat to vary from 1.5
to 14 km2 (Grassman et al. 2005; Rabinowitz 1990;
Rajaratnam et al. 2007) and assuming that the occupancy
status of grids/sites remains constant during the survey period
(MacKenzie et al. 2006). In case the occupancy status of sites
change within the survey period and these changes are ran-
dom, the occupancy-based inference will still be valid provid-
ed the site occupancy is interpreted as the probability of site
utilization (Bailey et al. 2007). Due to limitations of camera

units (n=27), camera traps were deployed for at least 1 month
in each grid/site (n=41). Habitat characteristics were assessed
by laying a 10×10-m plot around the camera, and information
on GPS location, elevation, aspect, slope, habitat type, per
cent tree cover (ocular estimation) and per cent ground cover
(ocular estimation) was recorded. Through camera trapping,
we also recorded richness (presence) and calculated the photo
capture rates of the leopard cat’s main prey species and pos-
sible sympatric carnivores in the area and human presence at
each site. The photo capture rate was calculated as the number
of photographs of a species divided by the number of trap days
(24-h period) per site and represented per 100 trap days
(Carbone et al. 2001; O’Brien et al. 2003). For occupancy
analysis, a detection matrix (0=non-detection, 1=detection)
was created for each camera site for leopard cat occurrence. In
order to avoid numerical optimization of the likelihood (Hines
2006), all numerical variables were z-standardized and cate-
gorical covariates were dummy-coded. A logit link function
(Mackenzie 2006) was used to model leopard cat presence as
dependent on habitat covariates in the program PRESENCE,
version 4.0 (Hines 2006). We modelled the probability of

Fig. 1 Location of Khangchendzonga Biosphere Reserve in Sikkim showing the different watersheds including Prek Chu—the intensive Study Area
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occupancy (Ψ) and detection probability (p) as constant and as
a function of seven habitat covariates (sampling variables) and
one detection variable (Table 1). Model selection was based
on minimum Akaike information criterion (AICc) values (for
small samples), and all the models with ΔAICc<2 were
considered as equivalent models. The summed model weight
of each covariate in these equivalent models was used to
determine the most significant variables influencing the occu-
pancy of the species. The sign and standard error of logistic

coefficient (β) of each variable (positive or negative) was used
to determine the direction of influence of the variable.

Food habits

Scat collection and slide preparation

The diet of leopard cat was investigated through scat anal-
ysis (n=37). Scats were opportunistically collected along

Fig. 2 Deployment of camera
traps in a 2×2-km grid design
in the intensive study area for
occupancy modelling

38 Acta Theriol (2014) 59:35–47



trails, ridges, nullahs [streams] and at camera trap loca-
tions (2008–2009). Identification of scats was done on
the basis of their shape, size and presence of other signs
(pugmarks) nearby (Austin et al. 2007; Grassman et al.
2005). Differentiation from the scats of mustelids
[narrower, flattened, generally single units without sub-
divisions (diameter=0.46–1.32 cm)] and golden jackal
[Canis aureus; cylindrical, subdivided with blunt ends
(diameter=1.63–2.18 cm)] was easier compared to that
of other felid species. Felid scats (cylindrical, sausage-
shaped, subdivided and tapered at one of the extremi-
ties) with an average diameter of 1–1.5 cm were clas-
sified as leopard cat scats (Grassman 1997; Rabinowitz
1990) and used for diet analysis. Larger felid-like scats
(diameter=1.68–2.55 cm) were classified as of golden
cat (Pardofelis temminckii). The presence of jungle cat
(Felis chaus) was extremely rare and mostly above the
altitudinal limit of leopard cat distribution; hence, we
did not consider it to be a potential sympatric compet-
itor of leopard cat. Collected scats were washed through
a 0.5-mm fine-wire mesh to separate indigested prey
remains such as hairs, bones, mandibles, etc. Contents
were sundried and, later, the hair remains were stored in
70 % alcohol (for dehydration) followed by a 30-min
xylene treatment (to induce transparency). Hair samples
were mounted on a glass slide using a mixture of
distyrene, a plasticizer and xylene (used as a synthetic
resin mounting media) mountant and examined under a
microscope with ×10 and ×40 resolutions for cuticular
and medullary characteristics and compared with refer-
ence slides (Koppikar and Sabins 1976; Mukherjee et
al. 1994; Reynolds and Aebischer 1991).

Diet analysis

As reported in most food habit studies on carnivores, results
were expressed as the frequency of occurrence of the different
prey items (Ray and Sunquist 2001). Using programme
SimStat v2.5.8 (Peladeau 2004), we subjected the results of
the scat analysis to resampling using the bootstrap simulation.
Subsamples equalling the original sample size of scats were
iterated 10,000 times to generate means and bias-corrected
95 % confidence intervals for percentage frequency of prey
items in leopard cat scats.

Activity pattern

The activity pattern of leopard cat based on the date and time
information on the photographs was assessed by calculating
the daily activity index (DAI=number of photographs within
a duration×100/total number of photographs) of 1-h dura-
tions. Nocturnal activity was categorized as that which oc-
curred from 1800 to 0500 hours, the approximate times of
sunset and sunrise in the area during the study period. The
same protocol was followed for deriving the activity pattern of
the leopard cat’s main prey, other prey species and other
sympatric carnivores, with prior information generated from
the diet analysis. Rayleigh uniformity test was applied to
determine the uniformity in the activity pattern of the leopard
cat. The difference between leopard cat activity and that of its

Table 1 Habitat covariates against which leopard cat occupancy
and detection probability were modelled in the occupancy models
(abbreviations are used in Table 3)

Variables Description

Sampling variables

Elevation (E) Numeric (range=1,830–4,520 m)

Aspect (A) Categorical [warm–NE, E, SE, S
(denoted as 0); cold–N,
NW, W, SW (denoted as 1)]

Slope (S) Categorical (steep>30° denoted as 0,
gentle≤30° denoted as 1)

Tree cover (T, %) Numeric (range=0–80 %)

Broadleaf (B) Categorical (present, absent)

Rodent (R) Numeric (range=0–0.70/trap day)

Carnivore (C) Numeric (no. of carnivore species
present, range=0–5)

Detection variable

Human presence (H) Human sign (including direct and
indirect evidences): present or absent

Table 2 EGVs used for the ENFA of the leopard cat

Eco-geographic
variablea

Description

Elevationb Elevation (m) of individual 30 m2 pixel

Slopeb Slope (%) of individual 30 m2 pixel

Aspectb Aspect transformed into northness as
cos(aspect)

Index of
vegetation coverb

Normalized difference vegetation index
reflectance based on satellite data

Rodent
distributionb

Habitat suitability index (0–100) of individual
30 m2 pixel

Distance to
waterb

Shortest distance (m) from every 30 m2 pixel
to water sources (e.g. river, stream, lake)

Distance to
dense forest

Shortest distance (m) from every 30 m2 pixel
to the nearest pixel classified as forests
(including sub-alpine, temperate and
subtropical)

Distance to
open habitat

Shortest distance (m) from every 30 m2 pixel
to the nearest pixel classified as open
(including alpine meadow, rocky and snow)

Ruggednessb Index of ruggedness centred on each 30 m2

pixel

a Box–Cox transformation was carried out
b EGV used in final ENFA
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main prey was also tested through Watson’s U2 test in pro-
gram Oriana 4.0 (Kovach 2011).

Habitat suitability modelling

Generating the presence/absence data for leopard cat and
selection of appropriate habitat suitability modelling proce-
dure were the crucial parts of the process. Absence data in
particular are often difficult to obtain accurately for the
entire Biosphere Reserve since there is a possibility of
incorporating false absences due to imperfect detection
(McArdle 1990) and historical absence in suitable habitats
that can introduce considerable bias in the analysis (Hirzel et
al. 2002). Compared to this, reliable presence-only informa-
tion is much more available and requires much less collec-
tion efforts (Tsoar et al. 2007). Ecological niche factor
analysis (ENFA) operates on similar principles and requires
only presence data to compute suitability functions (Hirzel
et al. 2002) and was used as implemented in the program
BioMapper (Hirzel et al. 2002, 2007).

Eco-geographical map preparation

GIS data layers for nine eco-geographical variables (EGVs)
believed to possibly influence the distribution of leopard cats
(Table 2)were generated. However, due to the occurrence of very
high eigenvalues and as suggested by software warnings, two
eco-geographic variables were discarded. ArcGIS 9.3 was used
to determine the slope, elevation, aspect and ruggedness index
for each cell of the study area using a 30-m cell resolution
digital elevation model of the study area (ASTER data, ver-
sion 2). As a surrogate to the vegetation cover, the Normalized
Differential Vegetation Index for each cell was calculated
from the satellite imagery of the study area (LANDSAT data
1990—no more recent image than 1990 was cloud-free).
Distance maps to different land cover classes were prepared
using ArcGIS 9.3 from the vegetation class map as reported in
Sathyakumar et al. (2009). As depicted in the food habit
studies, rodents are the major prey of leopard cats; hence,
rodent distribution in the study area was considered as an

Table 3 Photo capture rate (per 100 trap days) of the leopard cat, other
sympatric carnivores and prey species

Species Photo capture rate

Leopard cat 2.157±0.72

Golden cat 0.427±0.185

Yellow-throated marten 4.21±1.9

Stoat 0.623±0.27

Golden jackal 0.08±0.08

Murids 8.81±3.87

Sciurids 3.04±2.43

Pikas 3.10±1.43

Serow 1.037±0.7

Goral 5.05±2.96

Galliformes 0.525±0.2

Human 10.05±3.06

Table 4 Best models (with ΔAICc values <2 from the top model) for occupancy

Models AICc ΔAICc k (−2 LL) ψ (±SEM) p (±SEM) Est. ĉ

Ψ (ER), p (H) 174.54 0 4 166.54 0.355±0.058 0.144±0.048 1.2953

Ψ (ETR), p (H) 175.11 0.57 6 165.11 0.350±0.067 0.143±0.048 1.2722

Ψ (ET), p (.) 175.43 0.89 4 167.43 0.348±0.062 0.142±0.049 1.3153

Ψ (E), p (H) 175.77 1.23 4 169.77 0.361±0.053 0.143±0.049 1.2851

Ψ (EC), p (.) 175.93 1.39 4 167.93 0.346±0.065 0.142±0.048 1.3217

ΔAICc is the relative difference in AICc values compared with the top-ranked model, where AICc is Akaike’s information criterion corrected for
both small sample size and lack of fit, wi is the Akaike weight of the model, k is the number of parameters, −2 LL is twice the negative log
likelihood value, Ψ is estimated occupancy, p is estimated detection probability, ĉ is the overdispersion parameter (derived from 10,000 parametric
bootstraps, n=41). See Table 1 for abbreviations

Table 5 Summed model weight (∑), average β value with standard
error (SEM) and sign [positive (+), negative (−)] of each sampling
variable in the equivalent models listed in Table 3

Variables ∑ model weight Average β value (SEM)

Sampling variables

Elevation 0.8465 −3.088 (0.8315)a

Rodent 0.4321 +1.68 (0.8640)a

Tree 0.3435 +1.703 (1.068)

Carnivore 0.1231 +0.058 (0.441)

Slope NA NA

Aspect NA NA

Broadleaf NA NA

Detection variable

Human presence 0.5654 +0.554 (0.446)

NA does not appear in top models
a Significant
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important ecological variable to develop a habitat suitability
model for leopard cats. Using the aforementioned topographical
variables and vegetation index, a predictive habitat suitability
map of rodents in the study area was prepared in Biomapper
4.0. Presence locations of small mammalian prey mainly ro-
dents (rats, squirrels, porcupine), pikas and shrews as recorded
(59 GPS fixes) from all the habitat types and elevation zones of
Khangchendzonga BR through trail sampling (25 fixes) and
camera trap surveys (34 fixes) were used for the analysis.
McArthur’s broken-stick model was followed to select the
number of factors to be used in preparing the habitat suitability
model (Hirzel et al. 2007). This habitat suitability map for
rodents was cross-validated following the k-fold cross-
validation process as described by Boyce et al. (2002); a high
Boyce index (0.92±0.02) indicated the validity of the model.

Habitat suitability modelling for the leopard cat

The habitat suitability map for rodents was used as an eco-
geographical variable along with other eight eco-geographical

variables for ecological niche factor analysis and habitat suit-
ability map preparation for the leopard cat following the same
procedures of modelling. Presence locations of leopard cats
(photo capture, sighting, scats and pugmarks) as recorded
during trail sampling (53 fixes) and camera trap (14 fixes)
surveys were used to generate the species map for the analysis.
The predictive power and accuracy of the habitat suitability
(HS) model was evaluated by a Jackknifed 10-fold cross-
validation procedure (Fielding and Bell 1997) available in
Biomapper 4.0. Absolute validation index (AVI; 0 to 1),
contrast validation index (CVI; 0 to AVI) and continuous
Boyce index (−1 to +1, 0 indicating a random model; Hirzel
et al. 2006; Boyce et al. 2002) were used to provide a more
continuous and more reliable measure of the accuracy of the
model’s predictions.

Results

Detection probability and occupancy

Leopard cat was detected in 14 out of 41 sites at elevations
below 2,750 m. The estimated site occupancy (Ψ=0.352±
0.061) of leopard cat was slightly higher than the naive
estimates (Ψnaive=0.3415), which is the proportion of sites
occupied by the species out of the total number of sites and
does not include detection probability for its estimation. On
the other hand, site occupancy estimation includes the de-
tection probability and, hence, should always be greater than
the naive estimate, as in the present case. The estimated
detection probability (p) was 0.143±0.0484. The overall
photo capture rate of murids (8.81±3.87/100 trap days)
was high compared to other prey species and sympatric car-
nivores (Table 3). Occupancy modelling showed that the
detection probability of the leopard cat was not influenced
by human presence at the camera site (Table 4). Elevation,
rodent abundance and tree cover were determined as best
predictors for the occupancy of the leopard cat. Elevation

Table 6 Per cent frequency of occurrence of prey items in scats of
leopard cats (n=37)

Prey item % Frequency occurrence SEM 95% Confidence interval

Lower limit Upper limit

Rodent 89.2 5.51 78.40 99.99

Pika 21.62 5.15 11.52 31.74

Cattle 2.70 0.1 2.50 2.89

Bird 10.81 4.13 2.71 18.90

Goral 5.4 2.75 0.01 10.79

UFMa 10.82 4.15 2.68 18.95

Dzob 2.70 1.37 0.015 5.38

Serow 2.71 1.35 0.064 5.36

Vegetation 8.1 4.13 0.005 16.19

a UFM=unidentified mammal
b Dzo=hybrid of a cattle and a yak

Fig. 3 Comparison of the
activity pattern of the leopard
cat with its prey species
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negatively influenced the occupancy of the leopard cat, whilst
rodent abundance and per cent tree cover had a positive
influence (Table 5).

Diet analysis

Food habit analysis of 37 scats revealed the occurrence of nine
prey items (Table 6). Of the scats, 51.35 % contained single
prey items, 43.24 % contained two prey items, whilst 5.4 %
contained three prey items. Small mammals (rodents and
Ochotona sp.) comprised 82 % of the mammalian prey con-
sumed by the leopard cats. Murids were the most dominant
prey items, occurring in 89.2 % of the scats, followed by pikas
(21.62 %) and birds (10.81 %).

Activity pattern

Information on the activity generated from photo cap-
tures (N=61) inferred that leopard cats exhibited a noc-
turnal activity pattern (87 % nocturnal activity). The
Rayleigh uniformity test indicated that the leopard cat
activity pattern was not uniformly distributed (Rayleigh
Z=25.68, p<0.0001), with peak bout activity occurring
between 0200 and 0300 hours (DAI=26.3; Fig. 3). In
addition, the activity pattern of the leopard cat coincid-
ed with its principal prey (murids=rats+mice), but not
with those of sciurids, ungulates, galliformes and other
sympatric carnivores (Figs. 3 and 4). Watson’s U2 test also
showed no significant difference in the activity pattern of the
leopard cat with its principal prey (U2=0.15, df=24, p>0.05).

Habitat suitability

Ecological niche factor analysis

The leopard cat exhibited high global marginality values
(1.32), indicating that it occupied a relatively small

portion of the set of habitat conditions (defined by the
EGVs) available in Khangchendzonga BR. Global toler-
ance index was low (0.275), indicating low tolerance
towards deviations from the species optimal conditions.
Table 7 showed the coefficients of each EGV on the
marginality and first specialization factors for the leop-
ard cat. Marginality explained 55 % of the total model
variance. The occurrence of leopard cat was highly
positively correlated with NDVI and rodent habitat suit-
ability index and negatively correlated with elevation
and distance to water (Table 7). The first specialization
factor (Table 7) explained 23 % of variation. Leopard
cats showed high level of specialization for elevation,
aspect and ruggedness as well as NDVI, suggesting their
major impact in limiting habitat suitability for leopard cat to
mountainous areas such as Khangchendzonga BR.

Habitat suitability map

Three ENFA factors were retained after comparison with
a broken-stick distribution to construct a HS map (explaining
86.5 % of the total information) for the leopard cat. The HS
map (Fig. 5) for the leopard cat showed majority of the habitat
as unsuitable (1,959.44 km2) and predicted only 164.54 km2

Fig. 4 Comparison of the
activity pattern of the leopard
cat with its sympatric
competitors

Table 7 Coefficients of eco-geographical variables on the marginality
and specialization factor (first only) for the leopard cat

Eco-geographic variable Marginality Specialization

Elevation −0.348 0.652

NDVI 0.432 0.324

Aspect 0.15 0.536

Slope 0.065 0.01

Rodent distribution 0.557 −0.044

Distance to water −0.59 −0.109

Ruggedness 0.083 −0.411
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areas as moderate to highly suitable. Close inspection of the
HS map would reveal that all the suitable areas were confined
in the lower-elevation temperate forests situated in the south-
ern or southwestern aspects and near to the streams.

Cross-validation

The presence-only evaluators AVI and CVI were 0.53±0.15
and 0.52±0.15, respectively, indicating that the HS model

was able to discriminate between suitable and unsuitable
habitats and that the set of EGVs allowed distinguishing
specific habitats preferred by the leopard cat from the over-
all habitat available in Khangchendzonga BR. Boyce’s in-
dex (0.72±0.22) provided a more continuous assessment of
the model and predictive map accuracy. The positive and
high value of this index reflected the reliability of the model
predictions, and the low standard deviation indicated more
robustness.

Fig. 5 Habitat suitability map
of the leopard cat in KBR. Grey
colour (0–10) represents the
least suitable, whilst the dark
red colour (90–100) represents
the best suitable habitat

Acta Theriol (2014) 59:35–47 43



Discussion

Occupancy modelling suggests that leopard cats prefer areas
with high rodent abundance and high tree cover in the
intensive study area. Although rodents were distributed
widely in all the habitats of the study area, a strong negative
influence of elevation suggests that leopard cats are more
functional in lower reaches much below the tree line. The
species is otherwise capable of utilizing a broad variety of
habitat types (Nowell and Jackson 1996; (Sanderson et al.
2008). In the Himalayan context, the species has been
reported to extend into rhododendron–oak–maple forests
up to an altitude of 3,254 m in Makalu-Barun National
Park, Nepal (Ghimirey and Ghimire, 2010) and up to
2,928 m in Annapurna Conservation Area, Nepal (Appel
et al. 2012). In Khangchendzonga BR, the leopard cat is
restricted up to 2,750 m, indicating its preference for lower
elevations (temperate and subtropical habitats) in the wet
environments of eastern Himalaya. The insignificant influ-
ence of human presence on the detection of leopard cat
indicates that the species may be tolerant to human interfer-
ence, which is similar to the findings of Azlan et al. (2009)
in Deramakot Forest Reserve in Sabah, Malaysia, where
high photo capture rates were recorded in open areas along
roads. This argument can be further supported by the fact
that human habitations are largely located in the lower
temperate and subtropical habitats where leopard cats occur.
There was no significant influence of sympatric carnivores
on leopard cats with reference to site occupancy, and these
carnivores may be coexisting due to temporal segregation,
as revealed by the activity patterns. Future research on the
food habits and spatial distribution of other sympatric car-
nivores in the area can elucidate the results further.

The dietary composition of the leopard cat in our study
reveals similar results when compared to the food habit
studies conducted elsewhere, with murids contributing a
dominant proportion of the prey (Table 8). Since murids

dominate the terrestrial small-mammal communities in trop-
ical rainforests (Wells et al. 2004), leopard cats have
evolved to efficiently hunt small mammals, particularly
murids, as predominant food resources (Kitchener 1991)
for rapid energy maximization (Mukherjee et al. 2004).
The absence of herpetofauna and insects in the diet of
leopard cats also indicates high rodent abundance in the
area compared to other species, because of which leopard
cats do not require supplementing their main prey.

Information on the activity pattern of the leopard cat
revealed from our camera trapping study synchronizes with
the findings of Cheyne and Macdonald (2011) (camera
trapping) and Rajaratnam (2000) (radiotelemetry), reporting
65 and 85 % nocturnal activity, respectively, but contradicts
those of Austin et al. (2007) (radiotelemetry), Azlan and
Sharma (2006) (camera trapping), Grassman et al. (2005)
(radiotelemetry) and Rabinowitz (1990) (radiotelemetry),
which report a diurnal, crepuscular and arrhythmic activity
pattern. It has been established that the daily activity of
many felids is correlated with the activity pattern of their
main prey (Zielinski 1988). This has been observed in
leopard cats (Rajaratnam 2000) and Iriomote cats
(Prionailurus iriomotensis; Schmidt et al. 2009) preying
upon their main prey—nocturnal murids—and in the present
study as well. Such synchronicity increases the encounter
rates when the prey is active (Curio 1976) and hence ex-
plains the absence of sciurids and the negligible presence of
other prey species in their diet due to non-synchronicity in
their activity patterns in the present study.

Ecological niche factor analysis depicted the leopard cat
as a specialist species, at least in the perspective of
Khangchendzonga landscape. Though this species is wide-
spread in most of its range in India (Mukherjee et al. 2010),
in the Khangchendzonga landscape, its range is confined to
the lower limits of the entire landscape. The preference for
areas with high probability of rodent distribution was quite
explainable with respect to the results of food habit analysis.

Table 8 Comparisons with leopard cat food habits elsewhere and respective local temperatures of study sites

Study Sample size Main prey % contribution Temperature (°C) Locality

Min Mean

Present study 37 Murids 89.2 2.5 13.3 KBR, India

Fernandez and de Guia (2011) 25 Murids 96.0 – – NPFR, Philippines

Austin et al. (2007) 49 Rodents 93.8 17 23 KYNP, Thailand

Rajaratnam et al. (2007) 72 Murids 90.3 23 27 Sabah, Malaysian Borneo

Grassman et al. (2005) 53 Murids 85.0 −3 21 PKWS, Thailand

Khan (2004) 21 Murids 52.4 23 29 SEWS, Bangladesh

Tatara and Doi (1994) 350 Murids 91.6 4 15 Tsushima Islands, Japan

Rabinowitz (1990) 52 Murids 93.9 13.4 24.3 HKKWS, Thailand

Inoue (1972) 230 Murids 89.0 – – Tsushima Island, Japan
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Proximity to perennial water bodies was also regarded as a
crucial factor for the distribution of this cat (Sunquist and
Sunquist 2002; Mukherjee et al. 2010). However, the pref-
erence for lower elevation and cooler western aspects needs
to be explained in light of the effect of climatic variables,
particularly temperature, on the leopard cat distribution
(Mukherjee et al. 2010). Temperature played a great role
in subdividing the range of leopard cats in India between
two biogeographic zones, Himalayan and Northeast India
and Western Ghat (Mukherjee et al. 2010). The present
global distribution map for leopard cats as recognized by
IUCN depicted the entire Sikkim (including Tibetan mar-
ginal mountains) to be inhabited by them. Contrary to this, a
sharp decline in habitat suitability beyond temperate habitat
indicates that the lower part of Khangchendzonga BR may
represent the upper edge of leopard cat distribution in
Sikkim. However, the results of this study are correlational
and hypothetical, and there are likely to be other eco-
logical variables such as competition with other lesser
carnivores and habitat alterations that could explain the
leopard cat distribution in a more comprehensive man-
ner. Similar studies on the spatial distribution of sym-
patric small carnivores are very essential to describe the
reason behind this special pattern of leopard cat distri-
bution inside Khangchendzonga BR.

Conclusion

Leopard cats are mainly distributed and abundant in tem-
perate habitats (Sathyakumar et al. 2011) and, as deduced
from the results of occupancy and habitat suitability models,
exhibit a temporal partitioning of resources to overcome
competition with sympatric carnivores. The preferred tem-
perate habitats are situated mostly in the Biosphere Reserve
part of the protected area. Consequently, temperate habitats
are in proximity to the villages situated outside the PA
boundary and are therefore most prone to be impacted by
human disturbances. During our survey in these parts of the
Biosphere Reserve, we encountered evidences of poaching
(snares) and also recorded evidence of retaliatory killing of a
leopard cat by the villagers at Yuksam. The leopard cat is
regarded as least concerned by the IUCN red list category,
and this is the most abundant felid of Khangchendzonga
BR, but conservation actions in the forms of snare removal
and generation of awareness among the villagers are very
necessary to maintain the present conservation status of
leopard cats in the Khangchendzonga BR landscape. Strict
vigil in the temperate zone of the Biosphere Reserve part
(buffer zone) is needed to protect the species and other
associated lesser carnivores from threats such as poaching
for pelt (Sanderson et al. 2008), persecution and habitat
destruction.
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