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Abstract. The common leopard (Panthera pardus) is a large carnivore species primarily ranging in the
protected areas within the flat plains of Nepal. Facing competition from tigers (Panthera tigris) and
decline prey population within these areas, the leopards venture into the mid-hills, leading to increased
conflicts with local people. This study was designed to identify the predator and determine the
spatiotemporal interactions between predators and potential prey species in the Chhatradev Rural
Municipality (CRM) of Arghakhanchi, Nepal. The study utilized 18 camera traps in two phases: from
March 2™ to August 3", 2021 and from August 5™ to January 6™, 2022, with a total sampling effort of
2,402 trap night. Two common leopards and individuals of six prey species were identified. The findings
indicated that common leopard activities were primarily nocturnal, with distinct crepuscular peaks at
dawn and dusk, when the highest spatiotemporal overlaps were seen with wild boar and barking deer.
Composite scores indicated that wild boars and barking deer had relatively higher scores, suggesting that
they are the main prey species for common leopards. Our study confirmed the presence of common
leopards in the mid-hill regions of Nepal, emphasizing the importance of maintaining a healthy prey
population for leopard conservation and human conflict reduction.

Keywords: activity pattern, camera trap, Chhatradev rural municipality, human-wildlife conflict,
predator—prey relationship

Introduction

Predator—prey interactions are an integral part of community ecology, and
understanding these relations enables the understanding of ecosystem functions and
ecological niches (Allen et al., 2021; Havmoller et al., 2020). The spatiotemporal
overlap between predators and prey reflects the encounter frequency, and may indicate
predator preferences for prey species (de Matos Dias et al., 2018; Fortin et al., 2015).
Understanding this overlap can assist in the identification of patterns of interspecific
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interaction, and provide insights into ecosystem functions and conservation
requirements of studied species (Allen et al., 2021; Ramesh et al., 2015).

The study of predator—prey interactions is complex, but is vital for the identification
of niche preferences (Ripple et al., 2014). Recently, the use of camera traps has greatly
facilitated the study of large carnivores such as the common leopard, allowing research
into ecological traits such as their occurrence, distribution, activity patterns, and
population density (Singh and Macdonald, 2017). Such data have been used to identify
temporal patterns of species behavior, interactions, and the spatiotemporal overlap
between predator and prey presence (Centore et al., 2018; Mori et al., 2020). This
knowledge is especially valuable because in some regions, large carnivores frequently
come into conflict through livestock predations. Understanding the spatiotemporal
activity pattern of predators can contribute to reducing the overlap between their
presence and domestic prey species, potentially mitigating conflict by adjusting and
regulating the timing of livestock movements (Puls et al., 2021).

The common leopard (Panthera pardus) is a medium-sized predator weighing 17—
65 kg (Hunter et al., 2013), occurring in tropical, forested landscapes of varying
elevations in Asia and Africa (Jacobson et al., 2016). In Nepal, it occurs mostly in
protected areas in the southern lowlands and Himalayan foothills, where it may coexist
with the Royal Bengal tiger (Panthera tigris) (Subedi et al., 2021). The common
leopard exhibits behavioral plasticity, with an activity pattern that can be diurnal
(Ngoprasert et al., 2017), nocturnal (Martins and Harris, 2013), or cathemeral (active
evenly throughout the 24 h of daily cycle) (Tattersall, 1987). The hog deer (Axis
porcinus), chital (Axis axis), barking deer (Muntiacus muntjak), and wild boar (Sus
scrofa) are its major prey species in Nepal, with occasional predation on domestic cattle
and dogs (Dhungana et al., 2019; Kunwar and Koju, 2019).

In Nepal, studies of common leopard density, abundance, and prey preferences have
been focused on the Terai and the Chure range, at 75-1,200 m ASL (Dhungana et al.,
2019; Lamichhane et al., 2021; Thapa et al., 2014). However, its occurrence is poorly
recorded for moderately hilly regions (Baral et al., 2021; Kunwar and Koju, 2019).
Notably, recent report on the increased livestock depredation and rising instances of
human-wildlife conflict have drawn attention to the Chhatradev Rural Municipality
(CRM, Arghakhanchi district). Prior to this study, the residence of this region remained
uncertain about the identity of predator responsible for these incidents. However, the
results of our initial animal-tracking survey (including pugmarks, scat, pellets, and other
signs), and interviews suggested that the common leopard is the species involved.

Hence, our study was designed to 1) identify the primary predator species 2)
determine the activity pattern of predator species; 3) estimate the spatiotemporal overlap
between predator and potential prey species presence; and 4) calculate the composite
score for predicting predator—prey encounter rate. The findings may provide
information on livestock protection for the local inhabitants, and support national
project managers in their efforts to reduce human-wildlife conflicts, while maintaining
healthy populations of wild prey species.

Materials and methods
Study area

The study was conducted in the CRM (northeastern Arghakhanchi district; 28°00'—
28°07" N, 83°13'-83°34' E) (Fig. 1), within an area of 87.62 km2 This rural
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municipality has a moderately hilly topography (720-1,800 m ASL) with a subtropical
climate, and a human population of 25,425 (Sapkota, 2018). The primary occupation of
the inhabitants is agriculture, which provides a living for > 80% of the local population,
with the remainder employed by the government, businesses, or in other countries
(Sapkota, 2018). The temperature range is 14.9-25.8°C and the average annual rainfall
is 1627.7 mm (Department of Hydrology and Meterology, 2017).
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Figure 1. Geographical location of the Chhatradev Rural Municipality (CRM), Arghakhanchi,
Nepal, and the location and numbers of camera traps in the intensive-study area. Camera trap
locations with encircles represent common leopard capture sites

In this region, the forest covers an area of 37.1%, which had increased by 2.2% from
2000 to 2019, whereas the agricultural land cover had decreased by 2.1% in the same
period (Aryal, 2021). The region has many floral species, including chilaune (Schima
wallichii), chir pine (Pinus roxburghii), kaphal (Myrica esculenta), katus (Castanopsis
hystrx), Nepalese alder (Alnus nepalensis), mahua (Madhuca longifolia), and fig
(Ficus). The main potential prey species for the common leopard are the barking deer
(Muntiacus muntjak), wild boar (Sus scrofa), rhesus monkey (Macaca mulatta), Indian
hare (Lepus nigricollis), Himalayan crestless porcupine (Hystrix brachyura), red jungle
fowl (Gallus gallus), and the kaliz pheasant (Lophura leucomelanos). Other carnivores
beside the common leopard include the leopard cat (Prionailurus bengalensis), and the
small Asian mongoose (Herpestes palustris) (Kunwar and Koju, 2019; Paudel et al.,
2017).

Camera trapping

A preliminary animal-tracking survey was performed to determine the potential
routes of movement. Infrared-triggered camera traps (Bushwhacker, ROBOT D30,
Shenzhen, China, 1080P resolution) were deployed in 18 locations at elevations from
792 to 1399 m asl (Fig. 1). For habitat type coverage i.e., grassland, forest, riverbeds,

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(6):5885-5900.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2206_58855900
© 2024, ALOKI Kft., Budapest, Hungary



Banjade et al.: Common leopard and prey spatiotemporal distribution in Nepal
- 5888 -

and other water resources, we established 2 x 2 km grids to guide the placement of
camera traps. Camera trapping was first performed using 18 infrared-triggered cameras
placed in pairs at nine locations from March 2" to August 3", 2021. Additional camera
trapping was performed at the remaining nine locations from August 5" to January 6",
2022, to cover the entire study area. At each location, two camera traps were set up 3—
4 m from the path on either side of the trail to photograph the passing leopard. Camera
were set up perpendicular to the trail, affixed to a metal post at a height of 0.3 m. No
bait or lure were used. We followed the guide by WildCAM, a Canadian network of
camera trap researchers, to set up camera traps that accounted for the issue of imperfect
detection (available at https://wildcams.ca/protocols). The cameras were set to take
photographs and videos when triggered and operated 24 h each day. The camera
batteries and memory cards were checked weekly, and the camera was moved if
required.

Species identification was based on the timed and dated photographs. Records were
considered independent when the interval between consecutive captures of one species
at a site was 45 min or greater (Linkie and Ridout, 2011; O’ Brien et al., 2003). When
two distinguishable individuals of the same species were captured, we classified these
as separate records. Common leopards were individually identified by their coat color
and spot patterns, as suggested by Henschel and Ray (2003); Kittle et al. (2017).
Individual spot patterns can vary according to the size of the muzzle, the number of
spots present, and the position of spots relative to each other (Miththapala et al., 1989;
Wattegedera et al., 2022).

Data analysis

We fitted a non-parametric circular kernel density model (Linkie and Ridout, 2011) to
determine common leopard activity patterns and to quantify temporal overlap with the
prey species presence. The overlapping coefficient (A), a quantitative measure ranging
from O (no overlap) to 1 (complete overlap), was calculated for the common leopards and
prey species using the ‘overlap’ package (Ridout and Linkie, 2009) in R-studio (R
Development Core Team, 2017; version 3.0.1). We used two estimators of A (adjusted for
different sample sizes), labeled Al for small samples (<75 records) and A4 for large
samples (>75 records) (Meredith and Ridout, 2018). The 95% confidence interval for
each coefficient was determined using a bootstrap method (bootCl and bootEst in R) with
10,000 iterations from a representative sample (Meredith and Ridout, 2018).

We divided the observations into nocturnal (night), diurnal (day), crepuscular (dawn
and dusk), and cathemeral (irregular intervals during day or night) (Ikeda et al., 2016).
The packages ‘circular’ (Lund et al., 2017), and ‘overlap’ (Ridout and Linkie, 2009)
were used to implement these tasks in R. The smoothing parameter was set to 1.0 to
determine the overlapping coefficient.

We used a relative abundance index (RAI) as a proxy for leopards and its prey
species abundance. The RAI was calculated using the formulae shown in Equation 1.

RAI = (X=1TE; / Xi=1TN;) * 100 (Eq.1)

where TN and TE represent the number of successful trap nights and trap events,
respectively, at i location (Mohd-Azlan and Sharma, 2006; Rovero et al., 2014;
Ogurtsov et al., 2018). RAI estimates the mean number of animals trapped, based on the
total number of photos and effort (i.e., events per 100 days of camera tapping).
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We used the method suggested by Allen et al. (2021) to determine spatial overlap. At
each camera trap site, the relative abundance index (RAI; “trap success”), was
calculated for leopard and its prey species and then scaled to continuous probability
values ranging from 0 to 1 (Ngoprasert et al., 2012). We conducted a logistic regression
analysis using the number of trapped common leopards as the dependent variable and
the numbers of trapped prey species as the independent variables. To assess spatial
overlap, we used the area under the curve (AUC) of receiver operating characteristic
(ROC) plots (Jiménez-Valverde, 2012). AUC ranges from 0.5 (reflecting a random
distribution) to 1.0 (reflecting a perfect fit). We applied the Hermans-Rasson test to the
dataset for each species to determine whether there was random overlap of activity over
the circadian cycle (Landler et al., 2019).

To identify the preferred prey species, we plotted the spatiotemporal overlap. Species
falling into the upper-right quadrant of the plot (reflecting high spatial and temporal
overlap) were considered to have a high overlap with the common leopard. Those
species in the upper-left quadrant (high spatial and low temporal overlap) and lower-
right quadrant (high temporal and low spatial overlap) were classified as having
intermediate overlap with the common leopard. Species in the lower left quadrant were
assigned low overlap (low spatial and low temporal overlap).

The mean of the spatial and temporal overlap value was then determined to calculate
the spatial and temporal composite scores (Allen et al., 2021). Species with a higher
composite score may be more likely to be prey. The spatial overlap value was given
extra weight in order to calculate the spatially adjusted composite score because it is a
fundamental aspects of resource partitioning and niche selection between leopard and
their potential prey species (Banjade et al., 2022; Sehgal et al., 2022). The spatial
adjusted composite score was calculated as follows: spatial overlap x 0.6 + temporal
overlap x 0.4.

We then considered a score to measure the size of potential prey species. We
assigned a higher mass-adjustment weight (spatial and temporal composite score x 1.1)
to the overlap for potential prey within the common leopard’s preferred size range (10—
40 kg), and a lower weight (spatial and temporal composite score x 0.9) to the overlap
for potential prey outside of this range. The prey mass values were obtained from
Kshettry et al. (2018). The mass-adjusted composite score was calculated as follows:
(spatial overlap x temporal overlap) x mass adjustment. Based on Allen et al. (2021),
we then calculated the final adjusted composite score as follows: ((spatial overlap x 0.6)
+ (temporal overlap x 0.4)) x mass-adjustment weight.

After calculating the composite scores for each potential prey species, we ranked the
species based on their scores. Higher composite scores indicated higher encounter rates,
which potentially indicated the more preferred prey.

Results
Identification of prey species in the CRM

During the 309 days of camera trapping, the total sampling effort was 2,402 trap
nights, and the mean number of trapping nights per station was 151.9 + 4.0 (n = 18).
Altogether, 992 individuals of seven species were detected. In order of frequency, the
ranking was rhesus monkey (32.3%), kaliz pheasant (24.6%), wild boar (14.1%),
barking deer (10.7%), Himalayan crestless porcupine (7.4%), small Asian mongoose
(6.0%), and the common leopard (4.5%) (Fig. 2). The rhesus monkey was the most
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abundant (RAI = 13.36 captures per 100 trap nights), was photographed at all stations
while the common leopard the least abundant (RAI = 1.61 captures per 100 trap nights)
photographed at two stations (Figure Al in the Appendix). Some photographs were of
poor quality, and inadequate for accurate species-level identification. Therefore, the
number of potential prey species may be greater than identified. Beside leopard no other
predatory species were photographed.

Rhesus monkey

Himalayan crestless porcupine Kaliz pheasant

Figure 2. Prey species of common leopard captured using camera traps in the Chhatradev
Rural Municipality (CRM), Arghakhanchi, Nepal

Predator identification in the CRM

Common leopards were identified based on coat color and rosette pattern.
Altogether, 43 photographs of the common leopard were captured, at two stations
(station no. #7 and #13, at Thulapokhara (28°02'N-83°11'E, 1032 m) and Balkot
(28°00'N - 83°14'E, 986 m), respectively, approximately 8 km apart; Fig. 1). Among
these 43 photographs, two distinct individuals were detected, based on body size and
rosette patterns (Fig. 3). Individual A was recorded multiple times at station #7,
whereas individual B was only recorded 9 times at station #13. Both individuals seemed
to be adult, but the sex could not be determined. This indicated that the CRM could be a
home range of at least two common leopards.

Temporal activity

Activity patterns of the common leopard and its potential prey species were analyzed
continuously at all the camera-trap survey sites. The common leopards were most active
during twilight (6:00+1 h and 19:00 +£1 h) and less active at night with 83% of the
records occurring during these periods, and least active during the day (Fig. 4). Some of
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the prey species, kaliz pheasant (83.4%), rhesus monkey (78.8%), and the small Asian
mongoose (69.2%), exhibited diurnal activity, while others (Himalayan crestless
porcupine, wild boar, and barking deer) were nocturnal, with detection percentage of
93.2%, 62.4%, and 58.2%, respectively (Fig. 4).

Figure 3. Camera trap image showing distinct rosette patterns along the thighs of two different
individuals of common leopard in the Chhatradev Rural Municipality (CRM), Arghakhanchi,
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Figure 4. Temporal overlap, indicated via kernel density estimates, between common leopard
and its prey species in the Chhatradev Rural Municipality (CRM), Arghakhanchi, Nepal. Solid
line: common leopard, dashed line: prey species
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Hermans-Rasson tests showed that all species had temporal overlap with the
common leopard that was statistically different from random (Table 1). Temporal
overlap of the common leopard and its prey was highest for wild boar [0.71 (0.49—
0.83)] and barking deer [0.67 (0.50-0.81)]. Small Asian mongoose [0.45 (0.38-0.70)],
Himalayan crestless porcupine [0.42 (0.26-0.66)], and kaliz pheasant [0.40 (0.23-0.62)]
exhibited intermediate temporal overlap, and rhesus monkey [0.30 (0.24-0.57)]
exhibited the least overlap (Fig. 4; Table 2).

Table 1. Hermans-Rasson uniformity tests to determine whether random activity overlap
between common leopard and its prey species occurred during a circadian cycle, in the
Chhatradev Rural Municipality (CRM), Arghakhanchi, Nepal

. Hermans-Rasson test
Species

N T P<0.01
Common leopard 43 53.21 0.0010
Wild boar 140 192.15 0.0010
Barking deer 106 1121 0.0010
Small Asian mongoose 63 67.25 0.0010
Himalayan crestless porcupine 74 86.14 0.0010
Kaliz pheasant 245 298.64 0.0001
Rhesus monkey 321 352.16 0.0001

N: number of independent events (<45 min interval between events). The threshold for significance is
P<0.01

Table 2. Potential prey species of common leopard, with relative abundance, temporal
overlap, spatial overlap, and composite scores

Composite scores?

Relative Temporal Spatial

Species abundance overlap overlap Spatial and Spatial Pre_y mass Spatial ar]d prey
temporal adjusted adjusted mass adjusted

Wild boar 5.80 0.71 0.83 0.77 0.78 0.69 0.70

Barking deer 4.41 0.67 0.70 0.68 0.68 0.74 0.74

Small Asian 2,62 045 062 053 055 047 0.49
mongoose

Himalayan 3.08 042 037 0.39 038  0.35 0.34

crestless porcupine
Kaliz pheasant 10.19 0.40 0.30 0.35 0.34 0.31 0.30
Rhesus monkey 13.36 0.30 0.26 0.28 0.27 0.30 0.29

@Higher value composite scores indicate higher encounter rates and potentially higher prey preference

Spatial and composite overlap

Spatial overlap with the common leopard was the highest for wild boar (0.83),
followed by barking deer (0.70), small Asian mongoose (0.62), Himalayan crestless
porcupine (0.37), kaliz pheasant (0.30), and rhesus monkey (0.26) (Table 2).
Spatiotemporal overlap was the highest (upper right quadrant, Fig. 5) for wild boar and
barking deer, suggesting that they are potentially preferred prey. The small Asian
mongoose exhibited high spatial but low temporal overlap (upper left quadrant, Fig. 5),
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suggesting that it has intermediate potential as a prey species. The Himalayan crestless
porcupine, kaliz pheasant, and rhesus monkey, exhibiting low spatial and temporal
overlap (lower left quadrant, Fig. 5), are likely to be alternate prey species. Four
different composite scores were estimated to determine preferred prey species. Wild
boar, barking deer, and small Asian mongoose had the highest spatial and temporal
composite scores, spatially adjusted composite scores, and spatially and mass-adjusted
composite score (Table 2).
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Figure 5. Spatiotemporal overlap of common leopard and its potential prey species in the
Chhatradev Rural Municipality (CRM), Arghakhanchi, Nepal. The high level of overlap with
wild boar and barking deer suggests that it is the most encountered prey species. The high
spatial and low temporal overlap with small Asian mongoose suggests that it is a minor prey
species. The low spatiotemporal overlap with the other species suggests that are rarely
encountered with common leopard

Discussion

Our study aimed to determine the spatiotemporal activity patterns of the common
leopard and its potential prey species in the CRM. Camera trapping over 309 d confirmed
the presence of two common leopards, which were primarily active during twilight and at
night, with peak activity at sunrise and sunset. Of the six potential prey species identified,
rhesus monkeys, kaliz pheasant, and wild boar were the most common. Barking deer and
wild boar exhibited the greatest spatiotemporal overlap with the common leopards,
possibly indicating major prey species status. In the mid-hill regions of Nepal, the barking
deer is the dominant deer species (Kandel, 2019) and constituting a major portion of the
common leopard diet (Kandel, 2019; Koirala et al., 2012).

Early ecological studies considered temporal overlap to be a reliable method of
determining prey preferences. However, Linkie and Ridout (2011) and O’Brien et al.
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(2003) found that combining temporal and spatial overlap was more effective. High
spatiotemporal overlap may not always signify prey preference, but indicates a high
encounter rate (Allen et al., 2021; Fortin et al., 2015). The biomass of common leopard
is significantly correlated with that of prey weighing 15-60 kg (Stander, 1997).
Common leopards tend to disproportionately target prey within this weight range, as
such prey species are both abundant and relatively easy to hunt (Bothma and Coertze,
2004). For this reason, common leopards commonly predate medium-sized ungulates
like barking deer and wild boar, although this may vary across study areas (Hayward et
al., 2006).

Our four composite spatiotemporal overlap scores produced similar rankings of
potential prey species. Wild boar was consistently ranked the highest, followed by
barking deer, potentially reflecting the higher abundance of wild boar (Table 2). More
abundant species may be more widely distributed, potentially increasing their spatial
overlap with predators. However, this may also contribute to overestimations of their
preferability as prey (Allen et al., 2021). For the small Asian mongoose, the
intermediate composite overlap score, with low temporal but high spatial overlap,
identifies it is as a potential alternative prey species (Fig. 3). Moreover, in light of the
crucial ecological theories pertaining to carnivore intraguild Killing, the ecological
dynamics of this potential predator-prey interaction need careful consideration. For
Himalayan crestless porcupine, kaliz pheasant, and rhesus monkey, the low spatial and
temporal overlap suggest that they are minor prey species.

The two common leopards were captured near permanent water sources in rugged
forested terrain. Both leopard individuals were photographed in mixed forest having
thick undergrowth. They were primarily crepuscular and nocturnal, consistent with
earlier findings (Chaudhary et al., 2020; Rafiq et al., 2020) and observed in other felids
such as the leopard cat (Austin et al., 2007), cheetah (Rafiq et al., 2020), tiger (Wang et
al., 2016; Yang et al., 2018), and lion (Chaudhary et al., 2020). Their heightened
activity during twilight and at night is likely due to activity of their prey species (Jenny
and Zuberbiihler, 2005; Sunquist and Sunquist, 2002). Barking deer and wild boar, its
primary prey species in this region (Kunwar and Koju, 2019), are most active during
twilight and at night (Fig. 4). Reduced diurnal activity of common leopards may be due
to anthropogenic disturbances, such as firewood and grass collection, which tend to
occur more frequently during the day. Distance to a potential source of disturbance is
the most influential factor affecting common leopard activity and density (Havmoller et
al., 2020). For instance, in Thailand, leopards were more active during the day when
there was less human activity (Ngoprasert et al., 2012). Further, leopards probably
prefer to be active when it is cooler, avoiding activity during the hottest part of the day
(Bailey, 2005), 9:00-15:00 in the CRM. These leopards must travel long distances to
cover their large home ranges which is between 30-78 km? in male and 15-16 km? for
females (Odden and Wegge, 2005).

In Nepal, most of the wildlife is found in human-dominated landscapes. Common
leopards are more likely to attack and kill humans and livestock in human settlements
and agricultural land than elsewhere (Acharya et al., 2016). More than 75% of such
attacks occur within 1 km of the nearest forest (Baral et al., 2021). In terms of leopard
attacks, Arghakhanchi is one of the hardest hit regions. As young people migrate to
urban areas or travel internationally for education and employment, much of the
agricultural land near villages is left abandoned and overgrown with secondary
vegetation (Childs et al., 2014). This conversion of cultivated land, which previously
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was a buffer between forests and human settlements, may contribute to human—wildlife
conflict. In the last five years, common leopards have killed domestic animals and
livestock, especially cattle and dogs (Kunwar and Koju, 2019). Despite numerous
leopard attacks occurring in CRM, a significant portion of these incidents remains
unknown and unrecorded. With increasing population of predators, including the
common leopard, it is necessary to maintain healthy prey populations to reduce human—
wildlife conflict (Adhikari and Thapa, 2013).

The common leopard is fairly common and widely distributed in the plain lowlands
and Chure region of Nepal (Sharma et al., 2019; Subedi et al., 2021), and its habitat
has recently expanded towards moderately hilly regions. Its population in the CRM
and surrounding rural municipality may represent home-range expansion from the
Chure range. The southern region of Arghakhanchi is within the Chure range
(Pokhrel, 2013). Tigers and leopards have recently undergone range expansion in
districts adjoining Arghakhanchi, including Kapilvastu, Palpa, and Rupendehi (Subedi
et al., 2021). The tiger population in Nepal has doubled since 2010 (Thapa et al.,
2017), requiring an increased home range in the Terai and Chure region. This may
force leopards to shift into the moderately hilly region (Kafley et al., 2019;
Lamichhane et al., 2019). Community forests in hilly regions are increasing, providing
suitable habitat for large sized predators and their prey species. Deforestation and
habitat fragmentation of Chure forests, under intensive human population growth and
land use, may contribute to changes in predator ecology. Our study aims to elucidate
the implications of these landscape changes on the common leopard, exploring the
dynamics of its range expansion into the moderately hilly or even mountainous
regions and its co-occurrence with diverse prey species in response to changing
environment conditions.

Our study focused only on the CMR, which is a small part of the moderately hilly
region of Nepal where leopards are found. Therefore, our results may not reflect the
spatiotemporal overlap and activity pattern of leopard in other region of the country,
which may vary depending on the prey availability and habitat characteristics. Further
study should expand the spatial and temporal coverage of camera trapping to obtain a
more comprehensive picture of leopard ecology in Nepal. Moreover, we acknowledge
that the activity patterns derived from camera trap data may be influenced by the
number of detections, as suggested by (Lashley et al., 2018). Some of the species in our
study area, such as common leopard, small Asian mongoose and Himalayan crestless
porcupine had low detections rates, which may affect the reliability of their activity
estimates. Thus, we advise caution when interpreting the activity patterns of these
species and recommend further data collection to increase the sample size.

These findings reveal that the common leopard occurs in the Terai and Chure range,
and over wider areas in the moderately hilly regions of Nepal. Through camera
trapping, we identified their primarily nocturnal behavior, with notable crepuscular
activity peaks during dawn and dusk, corresponding to interactions with medium-sized
prey species. Our assessment of composite scores highlights the essential role of wild
boars and barking deer as the primary prey species for common leopards in this region.
This highlights the importance of maintaining a robust prey population to ensure the
conservation of apex predators. Further research is required into the behavioral and
ecological factors for leopard attacks on humans and livestock predation. These findings
extend our understanding of the relationships between common leopards and their prey,
with potential conservation implications.
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Figure Al. Spatial patterns of detection frequency for animal species in the camera-trapping
study area form March 2021 to January 2022. Different color in each sites represent species

and their size indicates detection frequency
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