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Recent studies in the last decade have recorded obligate carnivores adapting to human

dominated landscapes. Leopards, amongst other large carnivores, are highly adaptable

and survive in a range of environments from the arid regions of Africa and the Middle

East to the cold regions of the Russian Far East. They are also highly adaptable in

their diet and consequently are present close to and even within high-density human

landscapes. These also include the edges of urban areas such as Nairobi and Mumbai.

Our study, to better understand the coexistence of leopards and humans, was conducted

in 104 km2 of Sanjay Gandhi National Park (SGNP), which is surrounded on three sides

by the urban landscape of Mumbai and Thane cities. The study area also included

85 km2 of an adjoining protected area, Tungareshwar Wildlife Sanctuary (TWLS), which

is surrounded by a combination of forests, rural areas and agricultural lands. Based

on spatial capture—recapture framework we observed that leopard densities in SGNP

(26.34± 4.96 leopards/100 km2) and TWLS (5.40± 2.99 leopards/100 km2) were vastly

different. We found that density estimates of wild prey and domestic dogs were higher in

SGNP in comparison to TWLS. In both the protected areas (PAs), domestic dogs formed

a major proportion of leopard diet and were the single highest species contributors.

Our study shows that despite extremely high human density around SGNP (∼20,000

people/km2), leopard density is also much higher than the adjoining TWLS which has

a comparatively lower surrounding density of people (∼1,700 people/km2). Leopard

density reported from SGNP is amongst the highest ever reported. This interesting result

is probably due to much higher biomass of potential food resources in and around SGNP.

Studying this relationship between leopards and their prey (both wild and domestic)

in a human dominated landscape will give us valuable insights on human—leopard

interactions. The two adjacent and connected PAs are similar ecologically, but differ

widely in almost all other aspects, including human densities along the periphery, leopard

densities, prey densities as well as management regimes.
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INTRODUCTION

Large predators in many parts of the world are expanding
their distribution ranges (Chapron et al., 2014) and colonizing
areas that they were extirpated from in the past (Carter and
Linnell, 2016). It was a long-held belief that large carnivores
need suitable natural habitats devoid of humans for their survival
(Woodroffe, 2000; Carter and Linnell, 2016). However, there
is increasing evidence that human-dominated landscapes with
ample food resources (such as domestic prey) could allow
for the presence of large carnivores (Gehrt et al., 2010; Yirga
et al., 2013). In recent decades, carnivores have been widely
documented using human-modified spaces. For instance, pumas
(Puma concolor) using human modified spaces in Vancouver
Island, Canada (Collard, 2012), leopards (Panthera pardus) in
Maharashtra, India (Athreya et al., 2013), red foxes (Vulpes
vulpes) in London (Cassidy and Mills, 2012), American Black
bears (Ursus americans) in Colorado, USA (Lewis et al., 2015)
and spotted hyena (Crocuta crocuta) coexisting at high density
with people in Wukro district, northern Ethiopia (Yirga et al.,
2013). These carnivores are adaptable and can persist in human-
dominated areas (Carter and Linnell, 2016).

India is an interesting anomaly in terms of the high diversity of
large wildlife present in the second most populous country in the
world. The largest global populations of tigers (Panthera tigris)
and Asian elephants (Elaphas maximus) are in India (Goodrich
et al., 2015; Williams et al., 2020), which is also home to the
only population of Asiatic lions (Panthera leo persica; Banerjee
et al., 2013; Meena et al., 2021). Among the other large cats, the
snow leopards (Panthera uncia) occur in trans-Himalayan region
(Sharma et al., 2015). Leopards have a country-wide distribution,
ranging from the forests of the Himalayan region (Naha et al.,
2018) to the coastal plains (Daniel, 2009) and from the semi-
arid landscapes of Rajasthan (Mondal et al., 2012; Kumbhojkar
et al., 2019), to forests of Western Ghats (Ramesh et al., 2012)
as well as from human-dominated landscapes across the country
(Odden et al., 2014; Kshettry et al., 2018; Naha et al., 2018). About
83% of the leopard population exists outside protected areas in
India (Jacobson et al., 2016). Leopards in a landscape mosaic of
agricultural fields, plantations and human settlements have been
observed to feed on domestic prey available in the landscape
(Athreya et al., 2016; Kshettry et al., 2018; Naha et al., 2018).
They have also been documented at the edges of Indian cities
such as Mumbai (Edgaonkar and Chellam, 2002), Guwahati in
Assam, (Bharali et al., 2021), Bangalore in Karnataka (Athreya
et al., 2015), and Jaipur in Rajasthan (Kumbhojkar et al., 2020).
Even though urban cities present very challenging environments,
some carnivores utilize the food and shelter available in these
environments (Bateman and Fleming, 2012).

Although we are increasingly recording the occurrence of
wildlife in urban areas, we currently understand little of the
factors contributing to the co-adaptations by humans andwildlife
in shared spaces (Gehrt et al., 2010; Carter and Linnell, 2016).
Carnivores that thrive in urban and suburban environs are
mainly diet generalists (Gehrt et al., 2010; Moss et al., 2016).
Some carnivores feed on the organic waste (Lewis et al., 2015)
or predate on domestic animals such as dogs, cats and pigs

which feed on garbage (Athreya et al., 2016; Yirga et al., 2016).
Mountain lions in West-central Alberta (Canada) (Knopff et al.,
2014) and spotted hyenas occur in peri-urban spaces in Ethiopia
where they are entirely dependent on domestic prey species
and the peri-urban waste (Yirga et al., 2016). Abundant, non-
seasonal and energy rich food sources in urban areas have
positive effects on survival, growth rate and population densities
of carnivorous species (Gehrt et al., 2010; Bateman and Fleming,
2012). Medium-sized carnivores have been observed achieving
higher population densities in cities compared to their natural
habitats due to anthropogenic food sources and shelter (Bateman
and Fleming, 2012). However, there has not been a significant
ecological assessment of leopard’s presence in an urban landscape
in India to date. In this study we compare leopard ecology
between the urban Sanjay Gandhi National Park situated in the
metropolis of Mumbai with the adjoining TungareshwarWildlife
Sanctuary set in a rural landscape with much lower density of
humans. Specifically in this study, we assess leopard density, wild
and domestic prey density, and compare the diet of leopards in
the two adjacent protected areas (PAs).

MATERIALS AND METHODS

Study Site
Our study to assess densities of leopards, their prey and leopard
diet was carried out in Sanjay Gandhi National Park (SGNP) and
Tungareshwar Wildlife Sanctuary (TWLS). Although adjacent to
each other, the two protected areas (PAs) differ in many aspects
including the management regime (Table 6).

The SGNP is located within sub-urban Mumbai and Thane
districts of Maharashtra state. It is one of the few PAs in the
country which falls within the municipal limits of a metropolis,
extending over an area of 104 km2 (19◦ 8′ N, 72◦ 53′ E and
19◦ 21′ N, 72◦ 58′ E). Elevation ranges from 30 to 500m
above mean sea level and the vegetation is categorized as the
southern moist deciduous type (Champion and Seth, 1968).
Leopard is the apex carnivore in SGNP. Other carnivores
found in this landscape are jungle cat (Felis chaus) rusty-
spotted cat (Prionailurus rubiginosus), common palm civet
(Paradoxurus hermaphroditus), small Indian civet (Viverricula
indica), gray mongoose (Herpestes edwardsii) and the ruddy
mongoose (Herpestes smithii). Herbivores that occur here include
chital (Axis axis), sambar (Rusa unicolor), southern plains langur
(Semnopithecus entellus), wild pig (Sus scrofa), bonnet macaque
(Macaca radiata), rhesus macaque (Macaca mullata), barking
deer (Muntiacus muntjak), Indian chevrotain (Moschiola indica),
black-naped hare (Lepus nigricollis nigricollis), and Indian crested
porcupine (Hystrix indica) (Edgaonkar and Chellam, 2002;
Pradhan, 2002). Cattle, water buffaloes, goats, pigs, and domestic
dogs are abundant in the areas to the south of SGNP in the
Aarey milk colony (Punjabi et al., 2012). SGNP is one of the
most highly visited PAs in the country (Pradhan, 2002). There
are about 43 tribal hamlets inside SGNP’s boundary represented
by the Warli and Mahadev Koli tribes (Landy, 2017; Nair et al.,
2021). People from the city use parts of SGNP mainly for
recreational activities.
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FIGURE 1 | A map of Sanjay Gandhi National Park and Tungareshwar Wildlife Sanctuary showing camera trap locations, line transects and dog survey locations.

In our study we also included a few forest patches and
other wooded areas adjacent to SGNP (Figure 1) where leopard
presence was observed. These were the Aarey Milk Colony
(12.8 km2) which is a largely human-modified forest. The
Aarey Milk Colony consists of more than 30 cattle production
units with a total capacity of more than 15,000 head of
cattle (Punjabi et al., 2012). Other similar areas adjoining
SGNP which we included were Indian Institute of Technology-
Powai campus (2.20 km2) and Dadasaheb Phalke Film City
(1.77 km2) which are located along the southern boundary of
SGNP. The total area surveyed in the SGNP landscape was
approximately 120 km2.

The TWLS, (19◦23′38′′N and 72◦58′9′′E) is located in the
Palghar and Thane districts of Maharashstra. It is contiguous
with SGNP along its southern boundary (Figure 1). The total
area of TWLS is 85.70 km2, which was sampled in its entirety in
this study. TWLS supports southern moist teak bearing forests,
southernmoist mixed deciduous forests and western sub-tropical
hill forests (Champion and Seth, 1968). The highest point of
TWLS is at an altitude of 663 meters above mean sea level. The
terrain is mostly hilly and undulating. Some of the mammals
that occur in TWLS include leopard, jungle cat, rusty-spotted cat,

wild pig, common palm civet, small Indian civet, southern plains
langur, bonnet macaques, gray mongoose, black-naped hare, and
barking deer.

The local inhabitants of this area belong to the Warli
and Mahadev Koli tribes. Minimum human density along the
periphery of TWLS is 1,700 persons/km2. Themajor threats faced
by TWLS are encroachment and illicit firewood collection.

Estimating Leopard Density
We used camera trap surveys within a spatial capture-recapture
framework (Royle et al., 2017) to estimate leopard densities in
the two PAs. In SGNP, camera trap surveys were carried out
from 22nd February 2015 to 14th April 2015, and in TWLS
they were conducted from 26th April 2016 to 6th June 2016.
Although these two PAs were sampled in two consecutive years
due to logistic constraints and limitations, there was no major
change in habitat ormanagement regime in the period that would
have affected our findings. Camera trap locations were selected
so that each individual leopard within the study area would be
exposed to the camera trap array. Camera trap locations were
selected to maximize the probability of photographic capture,
based on leopard signs and at junctions of forest trails. In both
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TABLE 1 | Model selection results for the spatial capture-recapture modeling of

leopard photo-captures in SGNP and TWLS conducted in 2015 and

2016 respectively.

Site Model Detection

function

No. of

parameters

AIC 1AIC AIC

weight

TWLS g0.s. Half normal 4 61.057 0 0.482

g0.sh2 5 62.453 1.396 0.240

g0h2s. 5 62.974 1.916 0.185

g0h2sh2 6 64.328 3.271 0.094

SGNP g0. Half normal 5 346.976 0 0.600

g0h2sh2 6 348.373 2.497 0.172

g0.s. 4 350.418 2.580 0.165

g0h2s. 5 351.499 4.523 0.062

sites, camera trap locations were approximately 2-3 km from each
other, to ensure that we obtained spatial recaptures of individuals
(multiple individuals each captured in multiple locations), which
is critical for spatial capture-recapture modeling. In SGNP,
camera traps were placed in three blocks: Block 1 had 9 locations
which were active for 15 nights; block 2 had 10 locations which
were active for 15 nights and block 3 had 12 locations which
were active for 14 nights. TWLS had two blocks: block 1 had
16 locations active for 20 nights and block 2 had 12 locations
active for 15 nights. This spatio-temporal schedule of camera
trap effort was fully accounted for in the analysis using the trap
deployment matrix. To obtain images of both flanks, a pair of
self- triggered camera traps (Cuddeback Attack and Cuddeback
C1) was placed at each camera trap location, set two-three feet
from the ground. Because the study was carried out in a human
use area where the risk of camera theft was high, we set the
camera traps at 17:00 and removed them at 07:30 each day of
the survey.

Each leopard individual was identified based on its unique
rosette pattern and assigned a unique individual identification
number (Karanth et al., 2017). After careful processing and
validation of the camera trap image and associated data, we
prepared the following input files for spatial capture-recapture
analysis: the trap deployment file (with details of the spatial
location of each camera trap location and the temporal schedule
of trap deployment at each location); the captures file (with
details of which animal was captured at which camera trap
location on which occasion); and the state space (mask) file,
specifying the area within which activity centers of individual
leopards could possibly be located buffered to a distance of eight
km from the outermost trap locations, so that animals at the
edge of the state space had virtually no probability of being
photo-captured in our trap array.

All statistical analyses were carried out using package secr
(Efford, 2021) within the R statistical environment (R Core Team,
2021). We fit four plausible models to each data set, where
baseline detection probability g0 and the movement parameter
σ were each modeled either as constant or as differing between
sexes (using the hybrid finite mixtures approach, as sex was
unknown for some individuals). As no model received clear

support from the data (Table 1), we derived estimates of real
parameters (g0, σ , density, pmix) and unconditional standard
errors using model-averaging (Burnham and Anderson, 2002;
Cade, 2015).

Wild Prey Density
We used line transect sampling (Buckland et al., 2001, 2015) to
estimate densities of wild prey species. Sixteen transects samplers
were randomly marked in SGNP and each transect was surveyed
five (three morning replicates and two evening replicates) times
during January and February 2015. A total walk effort of 120 km
was expended during the surveys. The line transect data were
analyzed using program DISTANCE (Thomas et al., 2010). The
analysis involved data exploration, selection of right truncation
distances and fitting of different detection functions (half normal,
hazard rate, uniform; see (Buckland et al., 2001, 2015) to the data
in order to estimate average detection probability. The best model
was selected based on the lowest Akaike Information Criteria
(AIC) values (Burnham and Anderson, 2002).

Although we initiated line transect surveys in TWLS in 2016,
these had to be abandoned due to extremely low encounter
rates of wild prey. We instead assessed the relative abundance
(encounters/km) of wild prey based on direct sightings and sign
encounters during foot surveys conducted within 4 km2 grid cells
superimposed across TWLS. A total walk effort of 87.3 kms was
expended during these foot surveys.

Estimating Densities of Domestic Dogs
Domestic dogs are important prey for leopards in rural and semi-
urban regions in India (Athreya et al., 2016; Kumbhojkar et al.,
2020). To obtain estimates of dog densities we carried out dog
density estimation using photographic surveys within a capture-
recapture framework, at three different locations at the periphery
of both SGNP as well as TWLS. These locations were selected
taking into consideration logistical constraints and to represent
the area on the periphery of both PAs. Survey locations were
selected based on an initial reconnaissance survey, and were near
garbage dumping sites, water bodies, feeding sites and human
settlements. To avoid violation of the assumption of geographic
and demographic closure (Amstrup et al., 2010), the sampling
interval for the surveys was kept short. We covered a relatively
large area to ensure that the perimeter to area ratio was small
(Punjabi et al., 2012). Surveys were carried out by teams of
two persons on a motorbike with a hand-held camera with a
telephoto lens, who would traverse a predetermined route on a
motorcycle, visiting each pre-identified survey location, scan for
dogs within a 30–50m radius, and carefully photograph both
flanks of individual dogs found. The surveys were conducted over
four sampling occasions except for Aarey Milk Colony where
only three surveys were conducted. We used natural markings,
scars, tail shapes, among other attributes, to individually identify
photo-captured dogs. Data were analyzed using the Huggins
(1989) conditional likelihood models using program MARK
(White and Burnham, 1999), to estimate dog abundance. To
estimate density, the surveyed areas were buffered by a width
based on Vanak and Gompper (2010) study, yielding estimated
densities for six locations across the two PAs.
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Leopard Diet
Leopard scats were collected along roads and trails in both the
PAs. A total of about 180 km each were walked in each of the two
PAs. The scats were sun-dried and then washed under running
water through a sieve. Hair, nails, and claws were collected
from each scat sample and were sun-dried. Twenty-five hair
samples were selected randomly from each scat and used for
identification of prey. Individual prey species were identified
under a microscope based on the medullary patterns of the
hair (Athreya et al., 2016; Kshettry et al., 2018) using available
reference slides. To determine the adequacy of sample size, we
plotted a species accumulation curve based on the scat samples.
The data obtained were analyzed to calculate relative frequencies
of occurrence of individual prey species in leopard diet and prey
selectivity of leopards was assessed based on the equation given
by Chakrabarti et al. (2016).

Management Regimes of the Two
Protected Areas
To understand the two protected areas at their management
level. Information was collected on various aspects such as staff
strength, revenue and tourist visitation rates etc. from the Forest
Department staff at SGNP and TWLS.

RESULTS

Leopard Density
In SGNP, a camera trap effort of 422 trap nights yielded a total
of 92 photographs of leopards from which 31 individuals (10
males, 17 females, and 4 individuals whose sex could not be
determined) were identified. The leopard density in SGNP during
2015 was estimated to be 26.34 ± 4.96 (SE) leopards/100 km2.
Humans had the highest camera trap encounter rate of 29.15/100
trap nights, despite our traps being active only at night and
the figure excluding captures of the research team and forest
department staff.

In TWLS nine images of leopards were obtained from the trap
effort of 429 trap nights. Five leopard individuals (two males, two
females, and one individual whose sex could not be determined)
were identified. Leopard density was estimated to be 5.40 ±

2.99 (SE) leopards/100 km2. The camera trap encounter rate of
humans was 7.92 humans/100 trap nights, which was highest
amongst all the species photographed in TWLS (Table 2).

Wild Prey Density
In SGNP a total of eight potential leopard prey species (chital,
sambar, barking deer, wild pig, common langur, bonnet macaque,
gray jungle fowl, and red spur fowl) were encountered on
line transects. Densities were estimated only for chital, sambar,
bonnet macaque, and common langur as the other species lacked
adequate sample sizes to fit the detection function. The half
normal function with cosine adjustment terms was found to be
the best fit model for chital, sambar, and bonnet macaque and
uniform function with cosine adjustments was the best model for
common langur (Table 3).

Common langur occurred at the highest density followed by
bonnet macaque, chital, and sambar (Table 3). Rhesus macaque

TABLE 2 | Photo-capture rates of species photo-captured in Sanjay Gandhi

National Park and Tungareshwar Wildlife Sanctuary in 2015 and 2016,

respectively.

Sr. no. Species No. of captures/100 trap nights

Sanjay Gandhi

National Park

Tungareshwar

Wildlife Sanctuary

1 Humans 29.15 7.92

2 Leopard 21.80 2.09

3 Jungle cat 0.71 0.23

4 Rusty spotted cat 0.24 0

5 Sambar 9.72 0

6 Chital 3.55 0

7 Muntjac 0.95 0

8 Indian chevrotain 0.24 0

9 Wild pig 10.19 2.09

10 Common langur 0 0.93

11 Bonnet macaque 1.18 0

12 Small Indian civet 2.13 0.93

13 Common palm civet 1.42 0.46

14 Gray mongoose 0 0.23

15 Black-naped hare 2.13 4.89

16 Peafowl 0 0.23

17 Domestic dog 6.87 6.99

18 Domestic cat 2.37 1.86

19 Cattle 2.13 4.89

and Indian chevrotain were not encountered on the line transects
although they occur in the study area (based on personal
sightings and camera trap photo captures).

In TWLS a total effort of 87.3 km was expended during the
foot surveys during which we obtained only one direct sighting
each of wild pigs and black-naped hare, eight sightings of bonnet
macaques and three of northern plains langur. Barking deer
pellet groups were seen on two occasions. The sign encounter
rate of wild pigs, primates (including bonnet macaques and
northern plains langur) and black-naped hares were 0.3, 0.5, and
0.09/km, respectively.

Domestic Dog Density
Domestic dogs occurred at an average density of 17.26 ± 0.69
(SE) /km2 in the areas sampled around SGNP and 7.7 ± 3.4
dogs/km2 around TWLS (Table 4).

Leopard Diet
Thirteen prey species were found in 97 leopard scats obtained
in SGNP and seven prey species were identified from the 23
leopard scats collected from TWLS. The species accumulation
curve flattened out at 13 species at 55 scat samples for SGNP
(Figure 2), but the sample size for TWLS was too small to plot
the species accumulation curve. Biomass consumed per scat was
calculated using generalized model given by Chakrabarti et al.
(2016) as shown in Table 5.

Domestic dogs were found to be the highest contributors to
leopard’s diet. The biomass contributed by domestic dogs was

Frontiers in Conservation Science | www.frontiersin.org 5 March 2022 | Volume 3 | Article 787031

https://www.frontiersin.org/journals/conservation-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/conservation-science#articles


Surve et al. Leopards in an Urban Protected Area

TABLE 3 | Individual and group densities of major wild prey species of leopards estimated in Sanjay Gandhi National Park, Mumbai, Maharashtra in 2015.

Species (n) Model ESW (SE) MCS (SE) DS (SE) D (SE)

Chital 38 Half normal cosine 30.89 (3.70) 3.15 (0.35) 5.12 (1.74) 16.18 (5.78)

Sambar deer 39 Half normal cosine 21.49 (3.91) 1.58 (0.15) 7.56 (1.88) 11.94 (3.19)

Bonnet macaque 26 Half normal cosine 32.69 (5.05) 6.80 (0.75) 3.31 (1.10) 22.56 (7.90)

Common langur 92 Uniform cosine 25.38 (2.57) 3.66 (0.29) 15.10 (2.32) 55.32 (9.58)

n, number of detections; ESW, Effective strip width; MCS, Mean or estimated cluster size; DS, Group density (/km2 ); D, Individual density (/km2); SE, Standard error.

TABLE 4 | Summary of photo-captures of domestic dogs in three locations in

Sanjay Gandhi National Park and Tungareshwar Wildlife Sanctuary in 2015 and

2016, respectively.

Location No. of

dogs

identified

Area

(km2)

No. of

sampling

occasions

Sanjay Gandhi

National Park

Aarey Milk colony 274 9.31 3

Kashimira 61 1.64 4

Yeur village 53 1.69 4

Tungareshwar

Wildlife Sanctuary

Pelhar Dam area 40 4.3 4

Chinchoti village 23 2.8 4

Malodi village 24 2.1 4

at 32.01 and 66.76% in SGNP and TWLS, respectively. Wild
prey formed 53.97% of the leopard’s diet in SGNP and 13.5%
in TWLS.

Management Regimes of the Two
Protected Areas
SGNP is surrounded by an extremely high density of humans
(20,000 persons/km2) while TWLS, even though connected to
SGNP, is set in a lower human density, rural landscape (1,700
persons/km2). The three senior-most managers are the same for
the two PAs but SGNP has 109 staff spread over three forest
ranges (administrative units) whereas TWLS, with a similar
area to SGNP, has 30 staff and one forest range. The tourist
footfall in 2016 was approximately 1.6 million in SGNP and
approximately 90,000 in TWLS. The revenue generated from
this and other allied activities therefore was also very different
(Table 6).

DISCUSSION

Our study revealed unprecedented leopard density (26.34 ±

4.96 leopards/100 km2) despite extremely high human density
(over 20,000 people/km2) along the periphery of an urban
PA–SGNP. In contrast, the rural landscape surrounding TWLS
having much lower human density (1,700 people /km2) along its
periphery had a lower leopard density (5.40 ± 2.99 leopards/100
km2). Such high densities were not reported even in PAs of
India where the numbers ranged from 12.04 ± 2.98/100 km2

(Achanakmar Tiger Reserve, Mandal et al., 2017) to 14.99

± 6.9/100 km2 (Rajaji Tiger Reserve, Harihar et al., 2009).
Even in human dominated landscapes of western Maharashtra
and Rajasthan, reported leopard densities were 6.4 ± 0.78/100
km2 (Athreya et al., 2013) and 6.38 ± 2.4/100 km2 (Sharma,
2017), respectively. The estimate of leopard density from our
study area is amongst the highest recorded leopard densities
from India.

It is often thought that wild carnivores do not occur at high
densities near dense human habitations, however recent studies
have shown that there are highly adaptable large carnivores that
can share space with high density of humans (Yirga et al., 2013;
Odden et al., 2014). Interestingly, in both the PAs, humans had
the highest photo encounter rate. Our camera traps deployed
between dusk and dawn, found human encounter rates to be the
highest among all the species in the PAs. The tourist footfall in
SGNP was 1–1.6 million per year (2015–2016) whereas TWLS
had ∼90,000 tourists (2015–2016). There have been no attacks
on people due to leopards reported (based onMaharashtra Forest
Department records) from October 2013 to June 2016. This is
unique in the world where a large carnivore, is occurring at high
density in a PA situated in a metropolis.

The high density of leopards in SGNP, as compared to other
PAs, can be attributed to lack of larger predators, few threats,
intensive management (Table 6) and, most importantly, high
food availability (Fuller et al., 2010; Singh et al., 2016) consisting
both of wild and domestic prey. Leopards are the apex predators
of this landscape with the last tiger having been killed at the
southern boundary of SGNP in 1929 (Prater, 1929). A study
conducted in Sariska Tiger Reserve in Rajasthan showed that
leopard density reduced from 7.6 ± 0.6 leopards/100 km2 to
3.1 ± 0.4 leopards/100 km2 following reintroduction of tigers
(Mondal et al., 2012). The other possible reasons for high
densities such as reduction of threats due to effectiveness of
management regimes could not be assessed during our study.
Further studies should be carried out to assess the stark difference
in management regimes between both these PAs. Results from
our leopard prey estimation study indicate that food availability
could be an important factor contributing to the high leopard
densities in this landscape. Densities of obligate carnivores like
leopards are strongly linked to the availability of food resources
and habitat (Karanth et al., 2004; Knopff et al., 2014; Filla
et al., 2017). The results from leopard scat analyses highlight the
importance of dogs in leopard’s diet. In TWLS, despite lower
domestic dog density than SGNP, domestic dogs constituted
66.76% to the leopard’s diet. This was higher than SGNP which
had 32.01% of domestic dogs in the leopard’s diet. The differences
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FIGURE 2 | Accumulation curve for prey species found in leopard scats collected from Sanjay Gandhi National Park in 2015.

TABLE 5 | Frequency of prey species found in leopard’s scats, biomass consumed and relative contribution of each prey consumed in the study area of Sanjay Gandhi

National Park (n = 97) in 2015 and Tungareshwar Wildlfie Sanctuary (n = 23) in 2016.

Sr. no. Prey species Protected

area

Average prey

mass (kg)

Frequency of

occurrence

scats

Biomass

consumed/scat

Biomass

consumed (kg)

Relative

contribution to

leopard’s diet

1 Domestic dog SGNP

TWLS

18

–

27

11

1.57

–

42.26

17.22

32.01

66.76

2 Chital SGNP

TWLS

45

–

16

–

1.92

–

30.71

–

23.27

–

3 Rodent SGNP

TWLS

0.5

–

9

4.5

0.53

–

4.80

2.40

3.62

9.29

4 Langur SGNP

TWLS

7

–

16

7

1.07

–

17.12

2.14

12.97

8.30

5 Domestic cat SGNP

TWLS

2

–

9

3.5

0.68

–

6.11

2.38

4.63

9.22

6 Sambar SGNP

TWLS

200

–

5

–

1.98

–

9.90

–

7.50

–

7 Cattle SGNP

TWLS

65

–

2

–

1.97

–

3.93

–

2.98

–

8 Bonnet macaque SGNP

TWLS

6

–

3

1

1.00

–

3.00

1.00

2.28

3.89

9 Wild pig SGNP

TWLS

47

–

5

–

1.93

–

9.63

–

7.30

–

10 Poultry SGNP

TWLS

1.5

–

2

0.5

0.63

–

1.27

0.32

0.96

1.23

11 Goat SGNP

TWLS

25

–

1

–

1.73

–

1.72

–

1.31

–

12 Hare SGNP

TWLS

4 1 0.85 0.85 0.65

13 Unidentified Bird sp. SGNP

TWLS

2

–

1

–

0.68

–

0.68

–

0.52

–

14 Mongoose SGNP

TWLS

–

2

–

0.5

–

0.68

—

0.34

1.31

in leopard densities, dog densities, wild prey densities, as well
as the contribution of domestic dogs to leopard diet in the
two PAs present a discrepancy that we have not been able to

fully resolve. While densities of dogs are lower in TWLS, so
are the densities of leopards as well as wild prey (so low, in
fact, that we were unable to derive estimates). It is certainly
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TABLE 6 | Comparison of management structure and revenue between Sanjay Gandhi National Park and Tungareshwar Wildlife Sanctuary.

Content Sanjay Gandhi National Park Tungareshwar Wildlife Sanctuary

Staff 1 Chief Conservator of Forests (common for both areas)

1 Deputy Conservator of Forests

1 Deputy Conservator of Forests (common for both

areas)

2 Assistant Conservator of Forest

1 Assistant Conservator of Forest (common for both

areas)

4 Range Forest Officers

10 Round Officers

90 Beat Guards

1 Veterinarian (Common for both the areas)

1 Chief Conservator of Forests (common for both areas)

—-

1 Deputy Conservator of Forests (common for both

areas)

—

1 Assistant Conservator of Forest (common for both

areas)

1 Range Forest Officer

5 Round Officers

21 Beat Guards

1 Veterinarian (Common for both the areas)

Patrolling vehicles 20 2

Tourist footfall (total number of individuals) 2015: 10, 98, 676

2016: 16, 18, 407

2015: 87, 698

2016: 90, 814

Revenue generated (in USD) 2015: 7, 72, 832

2016: 11, 51, 716

2015: 26,308

2016: 27, 894

plausible that in SGNP, the availability of domestic dogs over
and above wild prey leads to high leopard densities, while in
TWLS, extremely low densities of wild prey lead to a very high
representation of dogs in leopard diet, without accompanying
numerical responses (Holling, 1959) by leopards. To corroborate
our speculation on the effects of wild and domestic prey density
on leopard diet, and therefore on leopard density, further studies
are required.

In our study sites, extremely high biomass of potential
domestic prey species for the leopard is mainly associated with
humans. Globally, carnivore species in peri-urban and urban
landscapes show similar patterns of feeding on domestic prey
(Yirga et al., 2016; Kumbhojkar et al., 2020). Domestic dogs
and other domestic species subsist on anthropogenic waste
(Bhalla et al., 2021). Abundance of such domestic prey in human
dominated landscape causes higher densities of predators (Yirga
et al., 2013; Athreya et al., 2016). The present study highlighted
the importance of domestic dogs (both feral and domestic in this
landscape) from leopard’s diet. Other studies in India (Edgaonkar
and Chellam, 2002; Athreya et al., 2016; Kumbhojkar et al., 2020)
also document this relationship between leopards and domestic
dogs. Edgaonkar and Chellam’s (2002) study in SGNP showed
domestic dogs to be the principal prey for leopards. Although
leopards thrive at higher densities in this modified landscape, it
remains to be seen if the prey-predator dynamics are affected long
term by human-associated domestic prey.

Studies documenting carnivores utilizing human modified
landscapes present novel conservation challenges (Bateman and
Fleming, 2012; Loock et al., 2018; Riley et al., 2021). Our study
highlights leopard persistence at extremely high densities in an
urban PA. Human dominated areas provide carnivores with cost-
effective and energy-rich food resources which increases their
survival and densities. But along with rewards these human
dominated habitats also present the carnivores with risks and
threats (Bateman and Fleming, 2012). The rapid development
and urbanization of Mumbai and Thane could prove a potential
threat to future leopard populations. Linear intrusions like

national and state highways, already present along the periphery
of the two PAs can serve as a barrier for dispersal of carnivores
(Poessel et al., 2014; Riley et al., 2014). There is a need for
further research to understand threats to leopards associated with
this habitat.

CONCLUSION

We observed that leopards occur at greater densities in SGNP
landscape as compared to other studies from India. This high
density is likely to be a result of high abundance of wild as
well as domestic prey and absence of competition from similar
sized predators. In TWLS, where we observed a low density
of leopards and wild prey as compared to SGNP, domestic
dogs contributed maximum to the leopard’s diet. Further studies
should be carried out in this landscape to understand the prey-
predator dynamics and human influence on the same. This will
help us understand the complex relationship between humans
and leopards in this landscape.
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