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Abstract: Understanding the predator—prey relationship
is essential for implementing effective conservation
management practices on threatened species. Leopard is
a threatened apex mammalian predator that plays a
crucial role in ecosystem functions in India’s tropical
forest. We assessed the diet and activity pattern of leop-
ards in relation to their prey using diet analysis and
camera trapping data from Similipal Tiger Reserve,
eastern India. Our results indicated that leopard prefers
medium-sized prey such as wild pig, common langur and
barking deer represented 60% of the total biomass
consumed collectively. Results of 6413 camera trap night
in 187 locations revealed that leopards showed cath-
emeral activity pattern and exhibited positive co-
occurrence pattern and significant spatial and temporal
overlap with their main prey, the wild pig. However,
leopards showed very low spatial and temporal overlap
with the second main prey, the common langur. Leopards
avoided humans and showed low spatial and temporal
overlap with humans. Our findings reveal that a trade-off
might drive leopard activity between consuming prey
and avoiding anthropogenic disturbances like human
activity.
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1 Introduction

Apex predators play a critical role in any given ecosystem
due to their trophic cascade effects on prey species (Ripple
et al. 2014). Moreover, large carnivores can potentially in-
fluence prey abundance, distribution and behaviour
through predation (Ripple et al. 2013). Predation risk may
impose substantial costs on prey species’ behavioural
response, including spending more on antipredator
behaviour, limiting the time available for foraging and
changing time allocation patterns (Ordiz et al. 2013).
Despite several limitations such as imperfect detections
(Rowcliffe and Carbone 2008; Stephens et al. 2015) and
independence of sampling sites (Wearn et al. 2013),
camera-trapping surveys have been widely used to inves-
tigating predator-prey interaction using photographic
capture data (Delibes-Mateos et al. 2014; Linkie and Ridout
2011; Marinho et al. 2018; Porfirio et al. 2016; Ramesh et al.
2012a; Ross et al. 2013; Yang et al. 2018). Studies evaluating
interactions between large predators and their prey
through camera-trapping have found significant spatial
and temporal overlaps (Dou et al. 2019; Linki and Ridout
2011; O’Brien et al. 2003; Ramesh et al. 2012a; Ross et al.
2013). These investigations have suggested that predators
can adjust their activity to increase the probability of en-
counters with their prey, minimizing the energetic costs of
foraging (Eriksen et al. 2011; Foster et al. 2013; Harmsen
et al. 2011; Porfirio et al. 2016). Likewise, prey may alter
their activity patterns in response to predators (Carter et al.
2015; Ngoprasert et al. 2007).

The leopard (Panthera pardus), categorized globally as
Vulnerable on the IUCN Red List, has the widest distribu-
tion of any wild felid species, ranging from western and
southern Africa to the Russia Far East and Java (Stein et al.
2016). It is primarily a result of the species’ high adapt-
ability, as it can occupy diverse ecosystems ranging from
tropical rainforests to boreal forests and arid savannahs
(Stein et al. 2016). In the tropical forest of India, the leopard
is one of the apex mammalian predators. Previous studies
on the leopards’ prey preferences in different areas
revealed a wide-ranging diet from arthropods to large
mammals, and medium-sized ungulates generally



2 —— H.S. Palei et al.: Diet and activity pattern of leopard

dominate their diet (Hayward et al. 2006; Johnsingh 1992).
However, the activity pattern of these prey species and
their spatio-temporal interaction with leopard remain
unclear.

In the Indian subcontinent, most of the studies of
spatial and temporal activity pattern have focused on the
interactions within large carnivore guild (lion, tiger, leop-
ard and wild dog) with their potential prey (Chaudhary
et al. 2020; Kafley et al. 2019; Karanth et al. 2017; Ramesh
et al. 2012a); where subordinate competitors like leopard
reduce the limiting effects of dominants competitors by
avoiding them in spatial and temporal scale. However,
information is still scarce concerning leopard activity
pattern and their prey in the absence of any other large
carnivores. To help this information gap, we investigated
the diet and activity of the leopard population in relation to
their spatio-temporal activity of prey in Similipal Tiger
Reserve, eastern India. Palei et al. (2016a) found a very low
population abundance of tigers in the Similipal Tiger
Reserve, which indicates the limited role on leopard ac-
tivity and space use. In the absence of any large carnivore,
subordinate carnivore may maximize hunting opportu-
nities rather than as a tactic to avoid interspecific conflicts
(Ross et al. 2013). This condition provides a unique op-
portunity to assess the predator—prey relationship of
leopard and their prey, which is essential to understand
their ecology and conservation.

We used scat analysis and camera trapping to study
the diet and spatio-temporal interaction of leopard and
prey. We predicted that: (i) medium-sized prey species
would dominate the leopard diet; and (ii) high spatial and
temporal overlap between the leopard and their dominant
prey species.

2 Materials and methods
2.1 Study area

The study was carried out between November 2012 and October 2013
in the Similipal Tiger Reserve (20° 17’-22° 34’ N and 85° 40’-87°10’ E),
located in the state of Odisha in eastern India (Figure 1). The tiger
reserve is divided into two distinct zones: a core reserve area of
1194.75 km? and a surrounding buffer zone of 1555.25 km? (Dash and
Behera 2018). Similipal Tiger Reserve has been included as a part of
the World Network Biosphere Reserve (WNBR) by UNESCO, well
known for its biodiversity with species diversity of 70 species of
mammals, 365 species of birds, 61 species of reptiles, 21 species of
amphibian, 66 species of fishes and 106 species of butterflies
(Baliarsingh et al. 2013; Mishra et al. 2016; Nair 2007; Palei et al.
2016a). The tiger reserve is dominated by sal (Shorea robusta) plants
with semi-evergreen, moist and dry deciduous forests occurring
successively along a rainfall gradient (Saxena and Brahmam 1989).
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The climatic condition of the study area experiences three distinct
seasons: monsoon (July—September), winter (October—February)
and summer (March-June). The area receives an average annual
rainfall of 1850 mm and the temperature ranged from 3 °C in winter to
38 °C in summer.

Similipal Tiger Reserve is one of the high-priority areas for tiger
conservation (Level I, Tiger Conservation Units) and has a known
leopard population (Wikramanayake et al. 1998). The wild ungulate
species in the study area are gaur, sambar, spotted deer (Axis axis), wild
pig, barking deer (Muntiacus muntjak) and mouse deer (Moschiola
indica) and two primate species: common langur (Semnopithecus
entellus) and rhesus macaque (Macaca mulatta) which serve as prey for
the carnivores according to Palei et al. (2016b).

2.2 Methods

2.2.1 Scat collection and analysis: The diet of leopard was deter-
mined by analysis of scats that were opportunistically collected by
walking along roads and trails. Based on size (diameter and length)
and other secondary characteristics such as pug marks and scrapes,
leopard scats were differentiated from other carnivore species
(Rabinowitz 1989; Ramesh et al. 2012b). Leopard scats were coiled
more than tiger scats, with relatively shorter distances between
successive constrictions within a single piece of scat (Harihar et al.
2011; Johnsingh 1992; Karanth and Sunquist 1995; Ramesh et al.
2012h). A total of 123 scat samples were collected and analysed. After
drying, scat samples were preserved in the tagged polythene bag and
later washed thoroughly using 1 mm sieve. The undigested prey re-
mains such as hairs, teeth, bones, hooves, quills, claws, etc. were
separated (Edgaonkar and Chellam 2002; Mondal et al. 2011). Prey
hair remains undamaged in carnivore scats can be used to identify
the prey species consumed (Harihar et al. 2011; Ramesh et al. 2012b).
At least 20 individual hairs were picked at random from each scat and
identified by microscopic examination of the cuticular pattern and
the medulla using reference publications (Bahuguna et al. 2010;
Chakraborty et al. 1999; De et al. 1998; Kuhn and Meyer 2010).

To quantify the scat content, we calculated the frequency of
occurrence (F) of the various prey species (the percentage of the total
number of scats in which a prey item was detected). However, this
method is known to be misleading (Harihar et al. 2011). We calculated
biomass (D) and the number of prey individuals (E) consumed by
leopards, using Ackerman’s equation, Y = 1.98 + 0.035X, where
Y = mass of prey (kg) per leopard scat sample and X = average mass of
an individual of a particular prey species (Ackerman et al. 1984). We
obtained the average weight (X) of prey species from Harihar et al.
(2011) and Karanth and Sunquist (1995).

A species accumulation curve based on scat samples was
plotted to assess whether the number of scats analysed accurately
reflected the leopard’s diet. We used the specpool and the specaccum
functions in the R package vegan to get extrapolated species richness
estimates and species rarefaction curves based on occurrence data
by randomizing 1000 times all scat samples. We used the Ivlev index
(E; Ivlev 1961) to determine the prey preference of leopards:
E = (r; — py)/(r; — p;), where r; is the proportion of the i-th prey item
consumed and p; is the proportion of the i-th prey type available in
that environment. The index values range from -1 to +1, with positive
values indicating preferences and negative values indicate avoid-
ance. We obtained information on prey densities (availability) esti-
mated by the National Tiger Conservation Authority (NTCA) and
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Figure 1: Study area showing locations of
camera trap stations in the Similipal Tiger
Reserve, India.

Wildlife Institute of India (WII) as part of the All India Tiger Moni-
toring Programme, using line transect surveys and distance sam-
pling methods (Jhala et al. 2015).

2.2.2 Camera trap data collection: To ascertain the status of large
carnivores and their prey, we established camera trap stations
covering the 16 forest ranges in the study area (Figure 1). We placed
one camera trap in each camera trap station (Moultry D55, GameSpy
Digital Camera, Alabaster, USA) along roads, animal trails, and foot-
paths. Cameras were set to operate 24 h per day with programmed to
delay sequential photographs by 30 s recording time, date and tem-
perature for each exposure. We checked all camera trap stations at
10-14 days intervals for battery replacement and photo download. To
avoid pseudoreplication, animal detections were considered inde-
pendent if it occurred more than 30 min after the last series of pho-
tographs for a species, unless individuals were distinguishable by
unique pelage patterns or colours and different sex or age class
(O’Brien et al. 2003; Rich et al. 2017; Yang et al. 2018). Photos with
more than one individual of similar species were treated as a single
event for the species.

Spatio-temporal activity patterns of leopard and seven prey
species were extracted from the camera data, including five ungulates
(sambar, spotted deer, barking deer, mouse deer and wild pig), one
primate (common langur) and one rodent (porcupine). Several previ-
ous studies demonstrated the importance of these potential prey
species in leopards’ diet in India’s tropical forest (Hayward et al. 2006;
Johnsingh 1992; Ramesh et al. 2012b).

2.2.3 Leopard and prey species co-occurrence pattern: The leopard
and prey species co-occurrence patterns were analysed using the
probabilistic model of species co-occurrence (Veech 2013), which al-
lows analytical (without randomization or simulation) determination
of the probability that two selected species co-occur at a frequency
either less than or greater than the observed frequency of co-
occurrence. These probabilities can be obtained analytically under
the condition where a species probability of occurrence at each site is
equal to its observed frequency among all sites. When the observed
frequency of co-occurrence is significantly large and greater than ex-
pected, a positive association is indicated; if co-occurrence is signifi-
cantly small and less than expected, a negative association is
indicated; or if observed and expected co-occurrence is not signifi-
cantly different and approximately equal to expected a random as-
sociation is indicated (Veech 2013). We analysed to determine the
pairwise association between leopard and prey species. Analysis of
species co-occurrence patterns was conducted using the R packages
co-occur 1.3 (Griffith et al. 2016).

2.2.4 Leopard and prey species spatial overlap: To investigate the
spatial overlap between leopard and prey species, we calculated the
relative abundance index (RAI) for each camera trap site as the
number of detections per 100 camera-trap days for every species
(O’Brien et al. 2003; Pianka 1973). The data were organized into a
matrix where each row represents a species, each column represents
a camera trap site, and each entry represents a RAI of the species.
In this matrix, we calculated the average pairwise overlap among
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leopard and its prey species using the Pianka niche overlap index
(Pianka 1973):
1/2
Oi = Oy = YP; Puc | (SP;3Py)

where 0y, is the Pianka niche overlap index of species j over species k,
Ojr is the reciprocal overlap of k over j. P; is the proportion of the ith
resource used by j, and Py is the proportion of the ith resource used by
k. Pianka’s index (0) varies between O (total separation) and 1 (total
overlap).

We used the R package ecosimR (Gotelli and Ellison 2013) to
calculate the Pianka niche overlap index to test the leopard and prey
species’ spatial overlap. We tested for significance spatial niche
overlap by comparing observed values with values obtained by
randomizing the original matrices (1000 interactions), using the
default procedure (RA3) of the ecosimR (Gotelli and Ellison 2013). For
each pair of species compared, if the observed O value greater than
expected value, we concluded the two populations were aggregated
distribution and spatial overlap. If the observed O value was less than
expected value, we concluded that the populations were segregated
distribution and spatial overlap (Surkova et al. 2018). For each species
pair, we also calculated the standardized effect size (SES), as follows:

SES = observed index — mean of simulated index/
standard deviation of simulated index

Following this, 1000 randomized species pairs values were
averaged, where the positive SES values indicate aggregation and
negative SES values indicate segregation.

2.2.5 Leopard and prey species daily activity pattern and overlap: We
followed two steps to study the daily activity pattern and temporal
overlap between the leopard and prey species (Linkie and Ridout 2011;
Ridout and Linkie 2009). First, a non-parametric kernel-density esti-
mation was used to describe temporal activity of the leopard and their
prey species. This method considers each photographic record as a
random sample of an underlying continuous distribution, instead of
grouping photographic records in blocks of predefined discrete-time
categories (Ridout and Linkie 2009). Second, the coefficient of over-
lap, A, which ranges from 0 (no overlap) to 1 (complete overlap) were
used to measure the overlap for leopard and its prey species (Ridout
and Linkie 2009). We used A; for small samples (<50 detections);
otherwise, we used A, as suggested by Linkie and Ridout (2011) and
Ridout and Linkie (2009). The overlap accuracy coefficient was esti-
mated creating 95% confidence intervals generating 1000 simulations
with the nonparametric estimator bootstraps (Ridout and Linkie
2009). The analysis was performed using package overlap imple-
mented in R version 3.5.1 (Meredith and Ridout 2017).

3 Results
3.1 Diet composition

In total, 123 leopard scats were collected from the study
area. A total of 145 individual prey items were identified,
representing 11 mammalian prey species. Most (82.1%)
scats from leopards contained only one prey item, whereas
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the remainder 17.9% of scats contained two prey items. The
species rarefaction curves reached the asymptote and sta-
bilized, indicating that sample size is sufficient to support
the conclusion (Figure 2). The wild pig was the most
dominant and common langur was the second most prey
item in the frequency of occurrence and biomass consumed
in scats (Table 1). Leopard consumed more individual
common langurs than all other prey species (Table 1). Prey
preference analysis was restricted to three species (Com-
mon langur, barking deer and sambar) for which abun-
dance data were available. Ivlev index values indicated
that leopards showed a weak positive preference for com-
mon langurs (+0.20), neutral for barking deer (+0.07) and
avoidance for sambars (-0.40).

3.2 Species co-occurrence pattern

Twenty-four of the 211 camera trap stations that we used for
analyses were excluded due to stolen (11), damage by
poachers or elephants (8), and malfunctioned (5). The total
survey effort comprised 6413 trap nights from the remain-
ing 187 camera trap stations with an average period of
34.48 +10.55 days (mean + SD). We classified a total of 3763
independent photographs and omitted 13 unclear or dis-
torted photos from the analysis. We obtained 108 inde-
pendent detections of leopard, 417 of barking deer, 290 of
wild pig, 231 of common langur, 89 of sambar, 86 of the
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Figure 2: Sample based rarefraction curve for prey species richness
found in the scats of the leopard (mean and standard deviations) in
Similipal Tiger Reserve. Values represented in the curves are means
with standard deviations (SD) as vertical bars. Mean and standard
deviation is computed based on 1000 randomized samples.
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Table 1: Prey species composition of leopard diets (n = 123) and their frequency of occurrence (F), average body weight (X), correction factor
of weight per collected scat (Y), biomass consumed (D) and number of prey individual consumed (E).

Prey species Body weight  Frequency of occur-  No. of collectable scats Biomass consumed  Prey individual consumed
(kg) (X) rence (%F) per kill (Y) (D=FxYas %) (E=D/X as %)
Wild pig 40 33.3 3.4 30.7 9.9
Common langur 10 29.3 2.3 18.7 24.1
Barking deer 20 14.6 2.7 10.7 6.9
Sambar 150 8.9 7.2 4.6 1.5
Mouse deer 3 8.1 2.1 2.3 20
Spotted deer 50 7.3 3.7 7.5 1.9
Porcupine 12 6.5 2.4 4.3 4.6
Indian hare 2 4.1 2.1 2.3 14.7
Rhesus macaque 7 2.4 2.2 1.5 2.7
Indian grey 1.5 1.6 2 0.9 7.8
mongoose
Indian giant 2 1.6 2.1 0.9 5.9
squirrel

porcupine, 51 of mouse deer, 30 of spotted deer, and 955 of
human.

The leopard was detected at 56 (percent of occur-
rence = 29.95) out of 187 camera trap stations from the
camera trap data. For the focal prey species, percent of oc-
currences were recorded for barking deer (54%), wild pig
(51.3%), langur (39%), porcupine (24.1%), Sambar (16%),
mouse deer (11.8%) and spotted deer (6.4%). We detected
the leopard with all prey species combined in 27.8% (52/187)
of the camera trap stations. For individual prey species, it co-
occurred most with the wild pig (21.4%), then barking deer
(19.8%), common langur (13.9%), porcupine (11.2%),
sambar (7%), mouse deer (4.8%) and spotted deer (3.2%).

We investigated seven pairwise relationships among
leopards and their prey in probabilistic co-occurrence
analysis. Except the predator—prey pairs included leopard-
wild pig (P, = 0.000), leopard-barking deer (P, = 0.022)

and leopard-porcupine (P, = 0.005), which exhibit posi-
tive co-occurrence patterns, the remaining pairs have a
random species co-occurrence pattern (Table 2).

3.3 Spatial overlap

The pairwise spatial overlap values were low (0.09-0.40)
(Table 3). Most of the observed overlap values were
significantly higher than those expected overlap by chance
with the Randomization Algorithm (RA3) showing evi-
dence of spatial overlap. Moreover, the spatial overlap
seemed to be non-random only for the leopard-wild pig
(P = 0.026) and leopard-porcupine (P = 0.001) (Table 2).
Leopards spatially overlapped with wild pig (O = 0.40) to a
greater extent than with porcupine (O = 0.20) (Table 3,
Figure 3).

Table 2: Results of the co-occurrence probability model of leopard, prey species and human in Similipal Tiger Reserve, Odisha, India.

Species Obs_cooccur Prob_cooccur Exp_cooccur Plt P gt
Leopard and Hanuman langur 26 0.117 21.9 0.934 0.117
Leopard and Wild pig 40 0.154 28.7 0.999 0.000
Leopard and Sambar 13 0.048 9.0 0.972 0.065
Leopard and Barking deer 37 0.162 30.2 0.990 0.022
Leopard and Spotted deer 6 0.019 3.6 0.966 0.109
Leopard and Mouse deer 9 0.035 6.6 0.922 0.170
Leopard and Porcupine 21 0.072 13.5 0.998 0.005
Leopard and Human 46 0.219 41.0 0.978 0.05

Obs-cooccur, Prob_cooccur, and Exp_cooccur represent the number of sites where leopard and prey species co-occur, the probability of co-
occurrence of the leopard and prey species, and the number of expected sites where both co-occur, respectively; P It and P gt indicate whether
there was a significant negative or positive co-occurrence between leopard and prey species, respectively.
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Table 3: Spatial overlap analysis (Pianka’s index) based on 1000 randomizations for leopard, prey species and human in Similipal Tiger

Reserve, Odisha, India.

Species Spatial overlap test values

Observed overlap Expected overlap + variance O<E O>E P(O<E) SES
Leopard and Hanuman langur 0.175 0.178 + 0.003 536 464 0.464 -0.047
Leopard and Wild pig 0.402 0.291 + 0.002 974 26 0.026 2.059
Leopard and Sambar 0.099 0.107 + 0.004 556 444 0.444 -0.119
Leopard and Barking deer 0.255 0.199 + 0.003 840 160 0.160 0.965
Leopard and Spotted deer 0.174 0.094 + 0.003 887 113 0.113 1.313
Leopard and Mouse deer 0.203 0.134 + 0.003 864 136 0.136 1.136
Leopard and Porcupine 0.208 0.137 £ 0.000 999 1 0.001 6.325
Leopard and Human 0.286 0.276 + 0.002 590 410 0.41 0.194

0 < E (observed < expected), species pair in which the observed index of overlap was less than expected by chance; O > E, species pair in which
the overlap index was greater than expected by chance. Values of P in bold signify that there is significant difference between the species pair.

SES, standardized effect size.

3.4 Temporal activity and overlap

Temporal activity pattern based on camera trap data
showed that leopards were active at all periods, with most
detections occurring at night (38%, Figures 4 and 5). Ac-
tivity density functions revealed two activity peaks; the first
peak was observed from late afternoon to midnight and
another peak in the early morning during sunrise
(Figure 5). They exhibited reduced activity during the
hottest hour of the day at midday. For the prey species,
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Figure 3: Spatial and temporal overlap of leopard with their prey
species plotted together. The size of bubble represents frequency of
occurrence (F) of prey species in the diet of leopard.

strongly diurnal patterns were observed in common langur
(94.4%) and followed by barking deer (58%) while mouse
deer and porcupine exhibited strongly nocturnal patterns
with 88.2 and 84.9% of detections, respectively and fol-
lowed by sambar (73%) and wild pig (53.1%). Spotted deer
were active at all periods, with maximum detections (40%)
occurring during the night (Figures 4 and 5). The coefficient
of activity overlap of leopard and their prey revealed that
leopard had a high overlap with wild pig (A, = 0.79) but low
overlap with common langur (A, = 0.43) (Figure 5).
Graphical representation of the overlap of other prey spe-
cies and humans can be found in Figure 5.
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Figure 4: Temporal activity patterns of leopard and their prey
represented as the percentage of independent detections in the
study area.
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4 Discussion
4.1 Diet of leopard

Several studies have shown that leopards have a broader
ecological niche; thus, they can exploit a wide range of
resources, from small rodents to large ungulates (Hay-
ward et al. 2006). Leopards are morphologically adapted
to kill large prey, but they prefer prey species ranging
from 10 to 40 kg with an optimum weight of 23 kg
(Hayward et al. 2006). In line with studies and our pre-
dictions, the present study showed that the leopard
consumed more of medium-sized prey species. Further-
more, the wild pig was the most important prey in the
frequency of occurrence and relative biomass consumed.
The wild pig is a relatively aggressive and dangerous
prey for leopards (Eisenberg and Lockhart 1972; Yang
et al. 2018), which may account for their status as non-
preferred prey in several studies (Hayward et al. 2006).
We assumed that leopards might avoid adult wild boar
and preferred sub-adult individuals to minimize preda-
tion difficulties (Karanth and Sunquist 1995; Sugimoto
et al. 2016). Wild boar preference may be a result of a
prey-switching strategy (Ghouddousi et al. 2017) of the
leopard, likely due to the low densities of other ungulate
species in the study area (Upadhyay et al. 2019). After
barking deer, a high number of wild pigs were photo-
captured in spatial and temporal scales in our study
area. Therefore, frequency of wild pig predation in the
present study could be attributed to the abundance and
wide distribution of wild pig across the study area.
Similar in Golestan National Park, Iran showed that wild
pig was the most dominant prey in leopard diet due to
their high numbers (Ghouddousi et al. 2017).

Common langurs are the second most dominant prey
species of leopards in our study area. Basak et al. (2020)
reported that common langurs are the prime prey species in
the leopard diet in the Udanti Sitanadi tiger reserve and the
Bhoramdeo wildlife sanctuary of central India. Five pri-
mates species were the most consumed prey taxon in the
diet of leopards in the Mahale Mountains National Park,
Tanzania (Nakazawa 2019). Our camera trap data showed
that common langurs spend a considerable amount of time
during the day on the ground; and diurnal hunting for
common langurs by leopards was common in Nagarahole
National Park, India (Karanth and Sunquist 2000). Radio-
tracking data showed that leopards preyed on monkeys on
the ground during the daytime in the Tai forest in Ivory
Coast (Zuberbiihler and Jenny 2002). Unlike other large
carnivores, leopards are good climbers and able to hunt
arboreal prey like common langurs (Hayward et al. 2006).
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Cowlishaw (1994) reported that leopard hunt baboons
(Papio species) actively in Africa. In Huai Kha Khaeng
Wildlife Sanctuary, Thailand, barking deer and primates
were the first and second most frequent prey, respectively,
in the leopards’ diet (Rabinowitz 1989). Rabinowitz (1989)
and Grassman (1999) reported that primates were at greater
risk of predation from the predators due to open canopy in
the dry deciduous forest habitat, which often forced them
to use ground rather than moving quickly through the
canopy. Several studies reported spotted deer is the most
consumed prey species of leopard (Hayward et al. 2006).
However, the low occurrence of spotted deer hair in leop-
ard scats is probably due to the infrequent predation of
spotted deer by leopards, given the extremely low abun-
dance of this species in our study area. The presence of
Indian hare, Rhesus macaque, Indian grey mongoose and
Indian giant squirrel hair in leopard scats is likely to result
from occasional predation on these species.

4.2 Spatiotemporal activity pattern of
leopard and prey

The diet spectrum of leopards in our study area was com-
parable with that previously described from Sariska and
Mudumalai tiger reserve in India (Mondal et al. 2011;
Ramesh et al. 2012b). Comparatively broader prey spectrum
in leopard has been observed in the moist deciduous forest
of Dudhuwa National Park in India by Ahmed and Khan
(2008) (n = 20 species) and in African tropical forest by
Henschel et al. (2005) (n = 30 species) and Bodendorfer
et al. (2006) (n = 37 species). Leopards inhabit diverse
habitat types of varying altitudes, temperatures and rain-
fall regimes (Stein et al. 2016). To effectively used prey
assemblages in these different ecosystems, a predator
needs considerable behavioural plasticity. Leopards
showed cathemeral activity pattern, being mostly active
during dusk and dawn and least active in the middle of the
day in our study area. Our finding was similar to the activity
reported in both India and the other regions of Southeast
Asia (Can et al. 2020; Chaudhary et al. 2020; Lamichhane
et al. 2019; Ramesh et al. 2012a) but contrasted with that of
leopards in China (Yang et al. 2018), where Amur leopards
showed a strong diurnal pattern. Cathemeral behaviour of
predator increases the probability of encounter with a wide
variety of prey. It might be beneficial for a generalist
carnivore like the leopards, which has a broad dietary
spectrum (Yang et al. 2018). In general, leopard activity can
be affected by the presence of dominant predators (such as
tiger and lion), the activity of its prey, and anthropogenic
disturbances (Chaudhary et al. 2020; Ramesh et al. 2012a).



DE GRUYTER

We photo captured the tiger only once in the study area,
which suggests that leopard activity may not be affected by
the tiger in the study area.

Leopard exhibited low spatial co-occurrence and
overlap with their main prey in the study area. This can be
discussed in the light of various human disturbances in the
study area. Our study demonstrated low spatiotemporal
overlap between leopards and humans. In the study area,
frequent human presence was observed, engaging in
different activities such as livestock grazing and forest
produce collection and logging. Although leopard is
characterized by great ecological plasticity and occurs in
landscapes dominated by anthropogenic activities
(Athreya et al. 2013; Hayward et al. 2006), several studies
have reported that human disturbance was the most
negative influential factor to habitat use and abundance of
leopards (Carter et al. 2015; Ngoprasert et al. 2007). Amur
leopards keep away from human and livestock use areas
(Yang et al. 2018). Havmgller et al. (2019) also indicated
that leopards change their spatial distribution response to
human disturbances.

Leopard is a solitary ambush hunter. It has lower
encounter rates with prey in comparison with chasing
hunters. They need dense vegetation to hide and stalk or
wait for prey. They spend more time in stalking than
searching for prey (Hirt et al. 2020). Therefore, leopards
and their preys’ encounter depends more on the preys’
activity than the leopard. Similar to our prediction,
leopards showed substantial temporal overlaps with their
main preys, such as wild pig, sambar and barking deer in
the study area. Activity overlap may increase their
foraging success (Laundré et al. 2010). Our results are
consistent with previous studies on the temporal overlap
between leopards and their prey (Can et al. 2020; Carter
et al. 2015; Jenny and Zuberbiihler 2005; Lamichhane
etal. 2019). High overlap of leopard temporal activity with
wild pig and sambar was recorded in Mudumalai Tiger
Reserve and Gir National Park, India (Chaudhary et al.
2020; Ramesh et al. 2012a). However, ungulate species in
tropical rainforests in Malaysia exhibit low temporal
overlap with leopards (Pudyatmoko 2019; Ross et al.
2013). The low spatiotemporal overlap between leopards
and common langurs suggests avoidance by this prey
species; however, this pattern must be taken with caution
due to primates’ arboreality nature, which affects the
detection probability (Wearn et al. 2013).

Animal detections require careful consideration
(Wearn et al. 2013). Our camera traps height and place-
ment targeted large predators and their prey, especially
large and medium-sized ungulates, which may prefer
trails as travel routes. It might affect the detection
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probability of small-bodied mouse deer and arboreal
common langur. It has also been reported that larger
animals trigger camera traps with a higher probability
than small species (Rowcliffe et al. 2011). Therefore,
setting camera traps along roads and large trails to detect
animals undermine success contrary to the camera trap
station’s random placement (Ross et al. 2013; Wearn
et al. 2013).

5 Conclusion

Despite the methodological caveats mentioned above,
camera traps are useful to study spatio-temporal activity
patterns of the animal. Our study provides insight into
leopards’ diet and behavioural ecology in a high human
disturbance area with other large predators’ absence.
Several studies found that leopards exhibit spatiotemporal
habitat use and dietary shifts in the presence of a dominant
predator such as tigers (Carter et al. 2015; Harihar et al.
2011; Kafley et al. 2019). Leopards used human-influenced
forest fringe habitats where they persisted with low prey
abundance and domestic prey (Carter et al. 2015; Harihar
et al. 2011). Furthermore, Carter et al. (2015) reported that
leopards spatially avoided tigers but were not displaced
from human activity in Chitwan National Park, Nepal. In
our study area, leopards’ spatiotemporal activity pattern
appears to be determined primarily by “bottom-up” forces
and human activity when the presence of a dominant
predator such as tiger is not a limiting factor, like those of
many apex predators (Elbroch and Kusler 2018; Steinmetz
et al. 2013). Our study’s findings contribute to under-
standing the relationship between leopards and their prey
and may have implications for the conservation of this
apex predator.
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