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Abstract

While global mammalian diversity is collapsing due to increased poaching and habitat loss, evidence-based conservation in
protected areas is often regarded as a panacea. Tiger reserves in India set an example, where annual camera trap monitoring is
conducted for understanding the trends in the tiger population. However, less is known about other co-predators and their prey
species that occur in the same area. The fundamental hindrance being the absence of individual pelage pattern within these
species (i.e. unique pattern on the body), as well as the absence of species-specific monitoring. As a result, there is a demand in
techniques that can avail maximum biodiversity information from the existing monitoring protocols. Here, we conducted camera
trapping in Periyar Tiger Reserve to evaluate spatiotemporal overlaps within different carnivores, and between prey-predators.
Camera trapping was conducted at high resolution (2 km?) for 30 days at 253 locations that yielded 6092 photographs of 18
mammals. Their temporal overlap was estimated using ‘overlap’ R package, while the spatial association was estimated using
‘co-occur’ package. Three large-ranging top predators (tiger, leopard and dhole) were found to have activity peaks segregated
temporally. Relationship of these predators with their prey species highlighted the role of body sizes, where largest predator
(tiger) had higher overlap with large-bodied prey (gaur and sambar), while small-bodied predator (leopard and dhole) overlapped
small-bodied prey (barking deer and wild pig). Results highlight the importance of large-sized prey in conserving the tiger
densities of this region. However, selectively conserving only large-bodied prey can have repercussions on other sympatric
carnivores, who require different body-sized prey species. Our results have implications for all protected areas in the tropical
developing countries, which are mostly smaller in area with species-centered conservation agenda. We highlight the importance
of considering species-specific carrying capacity of all co-predators in the region, to optimally conserve the prey-base through
habitat restoration, so as to maximize biodiversity conservation within a limited area.
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Introduction

Globally, natural areas are fragmented and isolated by anthro-
pogenic modifications that eventually leads to a dichotomy of
the natural and human landscape. Large mammals, particularly
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shameerh4u@yahoo.com to these isolated small protected areas that lead to their demo-
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evolutionarily viable populations in protected areas connected
by habitat corridors (Ripple and Beschta 2012; Jhala et al.
2019). As a consequence, most of the large carnivores are left
predominantly in the protected areas, where they are depen-
dent, as well as influence, on the occurrence of other mammals
(e.g. Foster et al. 2013; Lynam et al. 2013; Singh and
MacDonald 2017; Karanth et al. 2017). While the recovery
of these carnivores might positively benefit the native ecosys-
tem (e.g. Ripple and Beschta 2012), artificially inflating their
densities without understanding the existing carrying capacity
can be detrimental for other species (Kumar et al. 2019). The
mechanism involved in the coexistence of sympatric species,
and their dominance over other subordinate species in the
guild, is fundamental to community ecology (Krebs 1973)
and has immense importance in conserving larger biodiversi-
ty in smaller areas.

How sympatric species use time and space to optimize their
resource selection while reducing competition; and what is the
proportion of spatio-temporal overlap between predators, co-
predators, and their prey species? These are amongst the many
crucial questions in community ecology Ridout and Linkie
(2009). Addressing these questions has provided information
on multi-species interaction and has guided actions to con-
serve maximum biodiversity, in smaller areas. Prey-predator
relations have been best explained by activity and concurrence
models and has guided in conservation interventions for in-
creasing the carrying capacity of flagship carnivores (e.g.
Karanth and Sunquist 2000; Eriksen et al. 2011). In certain
cases, activity pattern studies demonstrated how a subordinate
or small body-sized species might avoid temporal overlap
with dominant species to reduce the potential competition
(Lynam et al. 2013; Droge et al. 2016; Karanth et al. 2017).
As a consequence of its conservation implications, species co-
occurrence has been extensively studied using different tech-
niques in different ecosystems.

Activity patterns of terrestrial vertebrates have been
studied using radio telemetry Karanth and Sunquist
(2000), direct observations (Schaller 1967; Johnsingh
1983); and has advanced with usage of camera trap surveys
(Ramesh et al. 2012; Karanth et al. 2017; Noor et al. 2017,
Shankar et al. 2020). For species that are rare and/or elu-
sive, camera trap survey offers a wider and easier way to
assess their occurrence and activity pattern (Rowcliffe
et al. 2014). While camera trap-based studies have been
vastly used across different taxa and regions (Yasuda
2004; Rovero et al. 2010; Bridges and Noss 2011), their
utility has not reached its potential in tropical forests of
developing countries. The tropical rain forest has one of
the highest levels of species diversity and endemism but is
less studies due to their cryptic, shy and secretive behav-
iour Ridout and Linkie (2009).

Western Ghats mountain chains lining the west coast of
peninsular India harbours a wide range of habitats and
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elevation gradient (0—2,800 MSL) (Pascal 1988). The south-
ern Western Ghats is considered as the centre of biodiversity
hotspot in the Western Ghats, which has a rich forest
harbouring diverse fauna (Ramachandra and Suja 2006;
Shameer et al. 2019; Raman et al. 2020), and one of the ge-
netically unique tiger sub-population in the wild (Jhala et al.
2015). While many studies have addressed the activity-based
relation in tiger and its prey species in the Northern Western
Ghats (Ramesh et al. 2012; Karanth et al. 2017), there is a
dearth of information for the Southern Western Ghats. Tigers
and elephants in this region have undergone severe poaching
episodes in the past (Ramakrishnan et al. 1998). There are
around 98 (range: 86—109) tigers occupying 7842 km? of the
Southern Western Ghats, mainly in the four tiger reserves
(Parambikulam, Annamalai, Periyar and Kalakad-
Mundanthurai) (Jhala et al. 2015). The present rate of infra-
structure development and land-use changes are changing
this habitat rapidly and pushing most of the large wild mam-
mals to protected areas. To sustain this wide array of wildlife,
it is crucial to monitor the occurrence, activity and interac-
tions of different mammals in the protected areas of this
region.

In India, tiger reserves are mandated to conduct annual
camera trapping to monitor the population trend of tigers
(Jhala et al. 2015). However, most of the camera trap spe-
cies lack pelage pattern to estimate their population by
identifying individuals (e.g. mark capture-recapture), and
camera trapping are not always intensive to model precise
occurrence pattern (e.g. multi-species occupancy)
Chandler and Royle (2013). More importantly, advance
patterns on species occupancy and densities require camera
traps optimally capturing every species in consideration.
This is not always true, as the camera traps are set to mon-
itor tigers and its co-predators and might hence fail to ac-
count the occurrence of other species that use non-camera
trapped areas. This necessitates the requirements of models
that can operate on limited data available on an array of
species and is not significantly affected by detection bias.
In the present study, we use activity pattern and spatial
association of different species to serve this demand of
easy to derive pattern for managers seeking the information
of camera trapped species. We conducted a camera trap-
ping survey in the Periyar Tiger Reserve and subsequently
evaluated the activity pattern, activity overlap and spatial
association of 18 mammals in this area. We further tested
two hypotheses (1) the sympatric carnivores in this area
(tiger, leopard and dhole) segregated on a temporal or spa-
tial scale to avoid active competition, and (2) there is a
significant overlap in the activity patterns of these preda-
tors with their prey, which is proportional to the body mass
of prey. Understanding the pressure that wildlife managers
face maximizing biodiversity inside protected areas, study
results hold immense implications for understanding
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ecological settings that maximize wildlife occurrence in
protected areas of tropical developing countries.

Study area

We did this study in the Periyar Tiger Reserve (PTR), which is
situated in the Cardamom Hills and Pandalam Hills of the
Southern Western Ghats (9.2989° — 9.6195° N and 77.4182°
—76.9367° E) in the Kerala state of India. The PTR falls in the
warm humid tropical zone with the temperature between 15
and 31 °C and rainfall from 2000 to 3000 mm. The terrain is
highly undulating, with altitude ranging from 100 to
2019 m a.s.l. High rainfall and warm tropical climate in the
region has resulted in one of the densest evergreen and semi-
evergreen forests with a diverse array of floral assemblage
(Sasidharan 1998). The major vegetation types are southern
moist wet tropical forest, southern hilltop evergreen forest,
west coast tropical evergreen forest, west coast semi-
evergreen forest, southern moist mixed deciduous forest,
southern semi-moist deciduous forest and grasslands
Champion and Seth (1968). There is a large water body inside
the PTR formed as a result of the construction of the
Mullaperiyar dam on the Periyar River, which further adds
to the habitat variability and subsequent biodiversity of the
Reserve.

The habitat variability and resource diversity have resulted
in exceptionally rich biodiversity (Myers et al. 2000) in PTR.
The reserve is home to 1,985 species of flowering plants, 67
species of mammals, 323 birds, 48 reptiles, 48 amphibians, 45
fishes and 262 butterflies (Shukla and Babu 2013; Das et al.
2015; Kalesh and Sreehari 2015; Shameer et al. 2019). It holds
one of the source populations of Royal Bengal tiger Panthera
tigris tigris and Asian elephant Elephas maximus and was
declared as the tenth Tiger Reserve of India in 1978, and
Elephant Reserve in 1991. The reserve encompasses
925 km?, of which 881 km? is notified core zone or critical
tiger habitat and the remaining 44 km? is the buffer zone. The
PTR and its surrounding area are designated as Tiger
Conservation Landscape TCL 64 of regional importance
(Sanderson et al. 2006).

The land surrounding the Reserve is dominated by human
settlements and linear infrastructures. The surroundings are
intensively farmed, mostly as cash-crop plantations for tea,
rubber, cardamom and coffee. In Southern part of the PTR,
is the famous Shrine of Sabarimala that accommodates a pil-
grim visitation of 20-30 million every season, spaced over a
short period of 60 days. PTR has a human population of
225,000 within 2 km buffer of the reserve, who partially or
completely dependent on the natural resources of PTR (World
Bank 1996; KFD 2003; Sharma et al. 2004). Human land-use
makes the landscape unsustainable for many large mammals in
this landscape, who while using areas outside tiger reserve are

known to damage crops and human property, thereby resulting
in conflict with people (e.g. Gubbi 2006; Bhaskaran 2013;
Mathur et al. 2015; Kaushik and Mungi 2015). Minimum hu-
man density and heterogenous forested habitat inside the PTR
could have resulted in higher mammalian diversity. This pro-
vides a unique opportunity to assess the overlaps and segrega-
tion of spaces and activity by different mammals, with an em-
phasis on relation amongst large sympatric carnivores (tiger,
leopard and dhole) (henceforth, predators), and the relation of
these predators with their common prey species (sambar, gaur,
barking deer, wild pig and mouse deer).

Data collection and methodology

Camera trapping was conducted from 17 to 2017 to 17
November 2016. The study area was divided into 253 grids
of 2 km? size. Within each grid cell, we recorded locations of
animal trails, scats and scent, and locations with previous
sightings or photo-captures of study species. Based on this
reconnaissance survey, trapping locations were identified
and marked using Garmin GPS etrex30 with WGS84 as a
standard datum. A pair of high definition passive trail cameras
(Cuddeback 20MP colour scouting camera, model C1) was
placed at the trapping locations at a height of 30-60 cm from
the ground, facing opposite to each other in each of these grids
(Fig. 1) (Jhala et al. 2011). The cameras were set up in photo
mode with a delay of one second between pictures. Camera
trapping was carried out using 506 camera traps and each
camera was operational for consecutive 30 days. Each pair
of camera traps is considered as a single unit, thereby making
a total trapping effort of 7,590 trap-nights. Camera traps were
deployed and regularly monitored by the aid of trained forest
staff of the Tiger Reserve.

Photographs capture through camera traps had information
on time and date of species captured. These times of capture
were considered as a random sample of activity of the species
so that the likelihood of getting a photograph increases in
proportion to how active the species is at that time of day
(Ridout and Linkie 2009). To ensure the independence of
photographs captured of the same species in the same location
the capture was considered as a single record if photographed
within < 30 minutes (Linkie and Ridout 2011). But, in the case
of individually identifiable species (e.g. tiger, leopard), a cap-
ture was considered as independent if consequent photographs
within 30 minutes were of different individuals.

First, we used a non-parametric kernel density estimation
approach for visualizing the activity pattern of each species
(Ridout and Linkie 2009). In the second step, we measured
overlap between two species pairs of these estimated distribu-
tions with a coefficient of overlapping A that ranges from 0
(no overlap) to 1 (complete overlap) (Ridout and Linkie
2009). The overlap is defined as an area under the curve that
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Fig. 1 Camera trap sampling at
the scale of 2 X 2 km in different
habitat types of the Periyar Tiger
Reserve, located in the southern
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is formed by taking the minimum of the two density functions
at each time point. From the three alternative ways of estimat-
ing A ie. Al, A4, A5, we choose Al in case of small sample
size and A4 for more than 75 samples (Ridout and Linkie
2009). For this analysis, we used the ‘overlap’ package
(Meredith and Ridout 2014) in the R platform (R
Development Core Team 2019). We used 10,000 bootstrap
samples to obtain percentile 95% confidence interval (CI) of
A1l and A4. To test the study hypothesis of sympatric compe-
tition, we assessed the overlap in tiger - leopard, tiger - dhole,
leopard - dhole and tiger + leopard - dhole. To test the hypoth-
esis on the relation in predator and their preferred prey, we
compared the activity overlap of tiger - sambar/gaur vs. tiger
- other prey species; leopard - sambar/gaur/barking deer/mouse
deer vs. leopard - other prey species; and dhole - barking deer/
mouse deer/wild pig vs. dhole - other prey species.

@ Springer

To test for statistically significant pairwise patterns of
species co-occurrence, we used a probabilistic model for
analyzing species co-occurrence (Veech 2013). This mod-
el allows us to understand the probability of two species
co-occurring (P) at a frequency less than Py (or greater
than P,) than the frequency if they were distributed inde-
pendently of one another. The model is based on calcu-
lating P;, the probability that two species co-occur at ex-
actly j sites. It helps us understand if the species associa-
tions in a guild are negative (if P;; < 0.05), positive (if Py
< 0.05) or random process. For this analysis site-wise
matrix of species presence, (“1” if present) absence (“0”
if absent) were prepared, in which rows were filled with
species names and columns with site details. We used the
‘co-occur’ package (Griffith et al. 2016) in program R (R
Development Core Team 2019) for our analysis.



Biologia (2021) 76:1255-1265

1259

Results

From 253 camera traps location consisting of 7320 trap nights,
a total of 6092 photographs were recorded. In total, 2573
photographs were captured during the daytime (0600 to
1800 h) and 3519 during the nighttime (1800 to 0600 h). In
total, 30 species were camera trapped including carnivore,
herbivore and omnivore mammals, primates, reptiles and
Galliformes. For our study, we removed the captures of do-
mestic animals, primates, Galliformes and reptiles and
retained 18 mammal species (Figs. 2 and 3). These mammals
had various trophic positions and body sizes, including large
apex predators (e.g. tiger, leopard) and mega-herbivores (e.g.
elephant, gaur), and extended from endangered to least con-
cerned species (Table 1).

Activity patterns of all study species in the study area were
derived (Fig. 4). Tiger and leopard showed a diel activity
pattern. Small predators were predominantly nocturnal except
jungle cat which showed diel activity pattern and Nilgiri mar-
ten, striped necked mongoose, which had diurnal activity
pattern.

We further assessed activity overlap and spatial association
for testing the study hypotheses. Spatial association of 153
species pairs were analyzed for understanding the co-
occurrence pattern from 253 sites. The analysis resulted in
37 positive associations (Pg < 0.05), 7 negative associations
(P < 0.05), 109 had random association (Online resource 1).

When the activity overlap and spatial association between
the three large predators (tiger, leopard and dhole) were

compared (Fig. 5), a moderate activity overlap was observed
between tiger— leopard (0.63 with 95% bootstrap confidence
interval (0.58-0.69)) and tiger—dhole (0.57(0.52-0.63)) but
had no spatial association (P = 0.58, P=0.53), (P = 0.6,
P,=0.51) respectively. Leopard and dhole had similar moder-
ate activity overlap (0.65(0.60-0.70)) and an insignificant
positive association (P, = 0.91, P,=0.14). When the activity
of tiger and leopard were added into one activity pattern and
compared with that of the dhole’s, the similar moderate over-
lap was observed as the above comparisons (0.66(0.61-0.71)).

The overlap in predators (tiger, leopard and dhole) and
their prey (sambar, gaur, barking deer, mouse deer and wild
pig) revealed species-specific spatial associations and activ-
ity overlaps (Fig. 6). Tiger had higher activity overlap with
gaur (0.87(0.83-0.92)), sambar (0.83(0.78—0.88)), and less-
er overlap with barking deer (0.61(0.54—0.66)) and wild pig
(0.62(0.56-0.69)) and mouse deer (0.51(0.46-0.56)).
Spatially, the only significant positive overlap of the tiger
was with the gaur (P, < 0.001). Leopard had maximum ac-
tivity overlap with wild pig (0.71(0.66—0.76)), barking deer
(0.60(0.54—0.66)), Indian gaur (0.58(0.54—0.63)) and sam-
bardeer (0.57(0.52-0.62)), and less overlap with mouse deer
(0.40(0.35—0.44)); and had significant positive spatial asso-
ciation with gaur (P4 < 0.05), barking deer (P4 < 0.005) and
mouse deer (Pg<0.005). Dhole had maximum activity over-
lap with wild pig (0.71(0.66—0.76)), barking deer
(0.60(0.54-0.66)) and lesser overlap with Indian gaur
(0.58(0.54-0.63)), sambar deer (0.57(0.52—0.62)) and
mouse deer (0.16(0.13—0.19)). It had significant positive

- % ; : = L 3 AR AT ]
Fig. 2 The mammalian predators and prey in Periyar Tiger Reserve. Horizontally from top right: tiger, leopard, dhole, elephant, gaur, sambar, barking
deer, mouse deer and wild pig
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Fig. 3 Small mammals in Periyar Tiger Reserve. Horizontally from top right: jungle cat, leopard cat, Nilgiri marten, small Indian civet, common palm
civet, brown palm civet, stripe-necked mongoose, brown mongoose and Indian crested porcupine

spatial association with barking deer (P, < 0.001) and gaur
(Pg < 0.05).

Discussion

Our study shows preliminary indication towards a trophic de-
pendent spatio-temporal association between different mam-
mals in a tropical forest. We used this association pattern to
elucidate hypotheses on niche-segregation of large sympatric
carnivores and niche-overlap of predators with their prey
species.

Tiger, leopard and dhole are the three top predators in the
order of their body weight (Table 1). Due to their dietary
overlap in this region (Karanth and Sunquist 1995), niche
segregation in terms of either space-use or activity of these
three species has been previously recorded (Harihar et al.
2011; Karanth and Sunquist 2000). We observed that tiger
and leopard have higher activity overlap as reported from
previous studies (Karanth and Sunquist 1995; Ramesh et al.
2012) but we did not find any spatial association. Tiger and
dhole had moderate activity overlap and no spatial associa-
tion. When the activity of tiger and leopard was combined to
compare with dhole, it indicated that dhole was more active
when the cumulative activity of tigers and leopards was least,
thus indicating niche-segregation on the axis of time in these
three sympatric predators in this region. An insignificant pos-
itive spatial association was observed in leopard and dhole.
This could be because, tiger hunt large-bodied nocturnal prey,
while leopard and dhole prey on medium-sized diurnal
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mammals, thus having higher overlap. Studies in the tropical
Indian forests have reported spatial niche-segregation of these
sympatric carnivores in terms of their density (Kumar et al.
2019). And as our study only considered presence and ab-
sence, we see a scope of improving our hypothesis by consid-
ering density-based spatial segregation of these sympatric car-
nivores. While there was no significant spatial association
within these predators, it could mostly be due to their larger
ranging size, wherein they require a larger area with abundant
prey. But owing to the comparative low prey availability with-
in the tiger reserve (Jhala et al. 2011, 2015) and higher human
disturbances around the area, these predators best co-occurred
in the tiger reserve while temporally avoiding each other. This
attests our first hypothesis that the sympatric large carnivore
mammals have potential segregation in the PTR.

While the top predators segregated amongst themselves,
their activity and spatial distribution are known to be governed
by prey availability (Johnsingh 1983; Karanth and Sunquist
2000). Our analysis to test the overlap in prey and predators
revealed a hierarchical relationship that can be explained by
the body sizes of predator and their prey. The largest predator
of'the area, tiger, had higher spatial and temporal overlap with
larger-bodied prey (gaur and sambar). The second large pred-
ator, the leopard, had higher spatio-temporal overlap with
small-sized prey (barking deer and wild pig). Dhole had
higher spatio-temporal overlap with varied body-sized prey
(gaur, wild pig and barking deer), which could be explained
by its group hunting behaviour that avails chances to prey on
larger as well as smaller-bodied prey Karanth and Sunquist
(2000). Thus, we accept the second study hypothesis that there
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Table 1
traps in which they were detected, and number of photographs procured

Information of eighteen camera trapped mammals in Periyar Tiger Reserve, concerning their trophic position, body mass, number of camera

Species Trophic position Body Weight IUCN category Number of Number of camera
(kg) photographs traps

Tiger Apex predator 130 to 220 Endangered 308 73
(Panthera tigris tigris (Linnaeus, 1758))
Leopard Apex predator 37 to 90 Vulnerable 422 120
(Panthera pardus (Linnaeus, 1758))
Dhole Apex predator 15 to 21 Endangered 148 85
(Cuon alpines(Pallas, 1811))
Sloth bear Omnivorous 55to 105 Vulnerable 67 33
(Melursus ursinus (Meyer, 1793))
Elephant Mega herbivores 2,000 to 5,000  Endangered 1060 157
(Elephas maximus(Linnaeus, 1758))
Gaur Mega herbivores 588 to 1,500 Vulnerable 1148 153
(Bos Gaurus (Smith,1827))
Sambar Herbivore 100 to 350 Vulnerable 453 96
(Rusa unicolor (Kerr,1792))
Wild pig Omnivorous 40 to 50 Least concerned 514 60
(Sus scrofa (Wagner,1839))
Barking deer Omnivorous 159 to 34 Least concerned 293 88
(Muntiacus muntjak (Zimmermann,1780))
Mouse deer Herbivore 2to4 Least concerned 595 115
(Moschiola indica(Gray, 1852))
Indian crested Porcupine Omnivorous 11to 18 Least concerned 422 110
(Hystrix indica (Kerr, 1792))
Jungle cat Meso predator 2 to 16 Least concerned 16 10
(Felis chaus (Schreber, 1777))
Leopard cat Meso predator ~ 5to 8 Least concerned 63 45
Prionailurus bengalensis (Kerr, 1792))
Small Indian civet Meso predator 3 to 4 Least Concern 156 76
(Viverricula indica (Geoftfroy Saint-Hilaire,

1803))
Brown palm civet Omnivores 3to4 Least Concern 215 77
(Paradoxurus jerdoni (Blanford, 1885))
Stripe-necked mongoose Omnivores 1.3t02.7 Least Concern 166 76
(Herpestes vitticollis(Bennett, 1835))
Brown mongoose Carnivorous 09to0 1.7 Least Concern 28 19
(Herpestes fuscus (Waterhouse, 1838))
Nilgiri marten Omnivorous 1to2 Vulnerable 18 14

(Martes gwatkinsii (Horsfield, 1851))

is a potential spatio-temporal overlap in the predators and
prey, based on their body mass. The density of sambar was
3.7/km?* and gaur was 1.6/km? in the tiger reserve, while prey
densities are known to be relatively lower in outside the
protected area (Jhala et al. 2015). Habitat specific density es-
timates of prey species in other tiger reserves have helped in
the past to assist habitat management and restoration (Awasthi
et al. 2016) and can guide similar evidence-based actions in
PTR as well. Understanding the unique genetic variability
present in the tiger population in this area, it is essential to
maintain a prey-base that can sustain a stable tiger population,
as well as for leopard and dholes, whose genetic importance in
this area is not documented. Hence, it is important to under-
stand the habitat-specific density estimates of all prey species
in the park and surrounding, and then estimate the carrying
capacity of the top predators by also considering the potential

segregation shown in this study. As the habitat of PTR and its
surrounding is known to be threatened by invasive plants
(Mungi et al. 2019, 2020), site-specific habitat restorations
could be prioritized so as to enhance the natural densities of
prey species of varied body sizes, which will maximize the
carrying capacity of sympatric carnivores in the area.

Present results suggest potential niche-segregation in sym-
patric top predators and prey-predator overlap with regards to
their body weight. Though our results from primary evidence
confirm these hypotheses, we highlight the limitation of our
interpretation in the light of the correlative indices of occur-
rence used in this study. There is a scope to use detection
corrected probability of occurrence and validate these hypoth-
eses (e.g. Bhattacharya et al. 2012; MacKenzie et al. 2018).
Secondly, a spatio-temporal overlap amongst these species is
known to be more significant when density is considered as a
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parameter (e.g. Karanth et al. 2017; Lamichhane et al. 2019;
Kumar et al. 2019). Hence, using density-based indices of
spatio-temporal overlap can further refine these findings. An
extended period of camera trapping across different season
might also reveal an enhanced understanding of the dynamic
associations within different species, in contrast to the current
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mongoose, dhole, wild pig, small Indian civet, brown mongoose, sloth
bear, barking deer, brown palm civet, Nilgiri marten, elephant, mouse
deer, Nilgiri marten

pattern that was observed during a 30 days’ window.
However, as our objective was to highlight the utility of sim-
pler statistical packages in assessing the occurrence and co-
occurrence pattern of camera trapped species, we see the im-
plied methods enhancing our understanding of species co-
occurrence using relatively simpler indices. We see our study
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advancing the understanding of multi-species occurrence and
association in protected areas that are periodically monitored,
particularly areas where systematic monitoring is not always
feasible. For example, tiger reserves in India are mandated to
conduct camera trapping every year to monitor the population
of the tiger; however, the buffer regions of tiger reserves and
the corridors are hardly systematically monitored. We see our
study being used in these and such systems to understand
changes in the activity and occurrence pattern of the species.

Management implications

Despite being a preliminary and suggestive indication towards
spatio-temporal overlap and segregation of sympatric

predators and their prey species, we importantly lend infer-
ence to maximize biodiversity conservation in small protected
areas in a megadiverse developing country. In India, conser-
vation actions for doubling the tiger numbers since 2006 have
resulted in active conservation measures in and around tiger
reserves (Yumnam et al. 2014; Dutta et al. 2016). This has
also resulted in increased tiger population in the Periyar land-
scape (Jhala et al. 2015, 2019). This population increase is
dependent on prey-base available in different habitat types
of an area. Our results suggest that tiger shows spatio-
temporal overlap with gaur and sambar that holds the key to
actively manage habitats so that optimal densities of these
prey species can be conserved in these habitats, which will
in-turn optimize the carrying capacity of tigers. Subsequently,
dholes segregate temporally from tigers and leopards, to
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potentially avoid the competition. Thus, only considering in-
creasing tiger population might limit the capacity to conserve
this species, which is dependent on moderate-sized prey spe-
cies like the barking deer and mouse deer. Furthermore, we
add to the existing evidence that suggests only conserving
apex predator, can have consequences on other sympatric car-
nivores, who can face a cascading effect (Kumar et al. 2019).
Hence, a key to maximize the biodiversity conservation in this
area is to understand the hierarchical dependence and segre-
gation of different species and holistically assess an inclusive
conservation plan for the spectrum of available mammalian
fauna. While many other protected areas in megadiverse coun-
tries are centered towards conserving an umbrella species,
they hold disproportionately higher biodiversity as compared
to outside areas (Gray et al. 2016; Ghosh-Harihar et al. 2019).
Through our study, we demonstrate that it is pertinent to con-
sider the interdependence of different species to maximize the
biodiversity conservation in protected areas.
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