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Abstract
Largecarnivores play an important role in the functioning of ecosystems,yet their
conservation remainsa massivechallengeacrossthe world. Owing to wide-ranging
habits, they encountervariousanthropogenicpressures,affecting their movementin
different landscape.Therefore,studying how largecarnivoresadapt their movement
to dynamic landscapeconditions is vital for managementand conservationpolicy.
A total of 26 individualsacross4 speciesof largecarnivoresof different sex and

age classes(14 Panthera tigris, 3 Panthera pardus, 5 Cuon a/pinus, and 4 Canis lupus

pal/ipes) were GPScollaredandmonitored from 2014-19. We quantified movement
parameters(step length and net squared displacement)of four large carnivores in
andoutside protected areasin India.We tested the effects of humanpressuressuch
ashumandensity, roadnetwork, and landusetypes on the movementof the species.
We alsoexaminedthe configuration of coreareasasastrategy to subsist in a human­
dominated landscapeusingBBMM.

Mean displacementof large carnivores varied from 99.35 m/hr for leopards to
637.7m/hr for wolves.Tigersoutside PAsexhibited higher displacementthan tigers
inside PAs.Moreover, displacementduring day-night was significantly different for
tigers inside and outside PAs.Similarly,wolf also showed significant difference be­
tween day-night movement. However, no difference in day-night movement was
found for leopard and dholes.Anthropogenic factors such as road length and pro­
portion of agricstturewithin the home rangeof tigers outside PAswere found to be
significantly different. All the habitat variables in the homerangeshowedsignificant
difference between the socialcanids.The coreareasizefor tiger outside PAandwolf
was found greater than PAs.
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1 INTRODUCTION

Across the globe, large carnivores are considered as the most char­

ismatic yet vulnerable components of their ecosystems (Miquelle

et al., 2005). Positioned at the top of food chains, they influence

all trophic levels, thereby shaping the entire community (Ripple

et al., 2014). However, throughout their distributional range, large

carnivore populations continue to decline rapidly due to anthropo­

genic pressures such as habitat degradation and fragmentation, de­

pletion of wild prey, persecution, and illicit commercial trade in body

parts (Weber & Rabinowitz, 1996).

Owing to their wide range requirements, large carnivores in­

herently occur at low densities across their distribution (Woodroffe

& Ginsberg, 1998). However, the idyllic contiguous landscapes re­

quired for the long-term conservation of such species are being

increasingly compromised due to competition with humans over

space. To survive, large terrestrial predators must negotiate hu­

man-modified landscapes adjoining protected areas (PAs) which are

under various landuse types. Such peculiar scenarios may lead to

perceived or potential human-wildlife conflict posing a risk to the

existence of wildlife in the area. Consequently, large carnivore con­

servation has become the prime focus of various stakeholders from

scientists to policymakers (Linnell et aI., 2001; Treves, 2009; Weber

& Rabinowitz, 1996).

India is known for its' rich biodiversity and is home to the

highest number of large terrestrial carnivores (average body

weight> 15 kg) in the world (Johnsingh, 1986). It also ranks 2nd

in the world human population with 1.3 billion people and a den­

sity of 450 people per km2 (UN World Population Report, 2017).

Based on the World Bank Report (2015), 60.4% of the total land

in India is under agriculture resulting in a habitat matrix of human

agricultural landscapes interspersed with PAs. As a result, humans

are in direct competition with wildlife over limited resources, par­

ticularly, space. India is also home to 25% of world's cattle and

holds the highest number of the world's livestock (19th All India

Livestock Census, 2012). In conjunction with agriculture, the

country's total road length is spread over 5.6 million km, with the

highest global density of 1.70 km roads per square kilometer of

land (Basic Road Statistics of India, 2016).

In this setting, survival of large carnivores depends on their abil­

ity to adapt to the human-modified environment. The movement

parameters of species are shaped in response to the dynamic struc­

ture of a landscape (Fahrig, 2007) and plays a major role in obtaining

resources, evading threats, dispersing and finding mates (Clobert

et aI., 2009; Swingland & Greenwood, 1983). Consequently, this af­

fects population dynamics through genetic connectivity as well as

individual fitness (Morales et aI., 2010; Nathan et aI., 2008). Extrinsic

factors such as habitat quality, resource availability, aswell asanthro­

pogenic features (settlement, roads, land use changes, population

density) also influence animal movement. Many studies have shown

that anthropogenic features may affect animal movement either way

~.~~7; Evans.et al., 2019~ Kerley et al., 2002; Kozakai
4\.~d§~ M;;;'~lak & Frissell, 2000, Webb et aI., 2011).
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Large carnivores exhibit different movement patterns and space

use across landscapes due to their wide-ranging and varied 1;er~to­

rial behavior. The rapid rate at which landscapes are changing may

compel wide-ranging terrestrial mammals to adapt and change their

movement patterns for long-term survival. The PAs in India are small,

isolated with compromised functional connectivity (Chundawat

et al., 2016; Mondal et aI., 2016) and wide-ranging large carnivores

need to move through areas with varying degrees of human activ­

ity to maintain healthy populations. However, they may be reluctant

to cross certain habitat boundaries (Haddad, 1999). The study of

movement parameters of such species is imperative to gain insights

into fundamental biological processes like dispersal strategies, for­

aging, social interactions, and general patterns of space use that play

a major role in determining community and population structures

(Nathan et aI., 2008).

The advancement of GPS technology has revolutionized ani­

mal tracking studies (Cagnacci et al., 2010; Kays et aI., 2015). The

fine-scale location data at varied temporal and spatial scales allow

more rigor and accuracy in such studies. In this paper, we studied the

movement parameters of four large carnivores in the Central Indian

Landscape, India. We evaluated the movement patterns of tiger

(Panthera tigris), leopard (Panthera pardus), dhole (Cuon a/pinus), and

wolves (Canis lupus pallipes) in different systems, that is, protected

area and outside protected area. We examined the effect of land use,

human density, and road length as surrogates of human footprint on

the movement of these wide-ranging species across PAs and outside

PAs. We hypothesized that 1. species outside PA would travel more

(i.e., with longer displacement) than present in PA, 2. species will

move faster at night in outside PA, and 3. species movement will be

more in the human-dominated landscape because of environmental

and anthropogenic factors.

2 MATERIALS AND METHODS

2.1 I Study area

The study was conducted across various PAs and outside PAs in

the state of Maharashtra, India. This includes the Eastern Vidarbha

Landscape (EVL) of the Nagpur and Chandra pur Divisions and dis­

tricts of Pune and Solapur. The study on tigers, dholes, and leop­

ards was conducted in EVL across 2 PAs (Tadoba Andhari Tiger

Reserve and Umred Karhandla Wildlife Sanctuary) and outside PA

(Brahmapuri Forest Division). EVL encompasses an area of approxi­

mately 50,000 km2 and 40% of forest cover of the total area. It also

has 8,540 villages with a human population of >10 million people

which makes the landscape matrix of agricultural lands and wildlife

areas. (Habib et aI., 2017). The habitat in the landscape is primarily

tropical dry deciduous forest with teak (Tectona grandis) and bamboo

(Dendroca/amus strictus) as the dominant flora and is home to an es­

timated number of 312 tigers (range 270-354) (Jhala et aI., 2020).

The study on wolves was conducted across the grasslands of semi­

arid landscapes in two districts of Pune and Solapur in Maharashtra.
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2.2 I Study speciesThis semi-arid region receives less rainfall that makes it suitable for

wol"'es. The summer season is very dry and extremely hot, with tem­

peratures regularly exceeding 45°C. The terrain is gently undulating

with mild slopes and flat-topped hillocks with intermittent shallow

valleys, which form the major drainage channels. Crop fields, graz­

ing lands, scrublands, grasslands, villages, and open forest (Figure 1)

dominate the area.
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The Tiger (Panthera tigris tigris), Asia's largest obligate terrestrial

carnivore is categorized as Endangered under the IUCN Red List

of Threatened Species. In India, it is listed in Schedule I of the

Indian Wildlife (Protection) Act, 1972, under the highest level of

protection. Tigers are wide-ranging, territorial felids, and Tropical
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FIG U RE 1 Map of study sitej\ (4lP.l.with landuse and protected areas, (below left) home ranges of wolves and (below right) home ranges
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Dry Forest is the largest habitat that supports tiger populations in

the Indian subcontinent (Smith et al., 2011; Wikramanayake et al.,

1998). Most of the tiger populations are present in PA's but their

size in India is too small to maintain viable populations of this spe­

cies over time. Several studies on tigers were carried out to un­

derstand the home ranges patterns and size of home range can be

highly variable across their habitat and landscape (Chundawat et al.,

1999; Goodrich et al., 2010; Jhala et al., 2010; Naha et al., 2016;

Sarkar et al., 2016; Sunquist, 1981). However, information on their

movement parameters and the impact of environmental and an­

thropogenic features is not studied so far in India.

The leopard (Panthera pardus) is a highly adaptable, widely

distributed felid, and is listed as Vulnerable under the IUCN Red

List. In India, the leopard is also listed in Schedule I of the Indian

Wildlife (Protection) Act, 1972. Wherever leopards coexist with

tigers, lions, and dholes, a high degree of intraguild competition is

observed (Hayward & Siotow, 2009; Wang & Macdonald, 2009).

Leopards display great behavioral plasticity by shifting feeding pref­

erences, space use, microhabitat use, and activity pattern (Karanth

& Sunquist, 2000) which enables them to survive in human-altered

landscapes.

The Asiatic wild dog (Cuon alpin us)or dhole, is a social canid and

is the only extant species of the genus Cuon. The monotypic spe­

cies is listed under the Endangered category of the IUCN Red List

and is protected under Schedule II of India's Wildlife (Protection)

Act, 1972. Throughout their range, dholes are one of the top pred­

ators of tropical forests. In India, dholes share habitat with large

carnivores like the tiger and leopard. Previous studies on dholes

have focused on the intraguild competition, behavioral ecol­

ogy, and genetics (Acharya, 2007; Ghaskadbi et al., 2016; Habib,

Ghaskadbi, et al., 2018; Hayward et al., 2014; Johnsingh, 1980;

Modi et al., 2018) but information on their movement ecology is

limited.

The Indian wolf (Canis lupus pallipes) is distributed across

Central India, up to Rajasthan in the north and Karnataka in

the south (Shahi, 1982), and their population is estimated at

2000-3000 individuals (Jhala, 2000). They are categorized as

Endangered by the IUCN Red List of Endangered Species. It is

protected under Schedule I of the Wildlife (Protection) Act 1972.

The Indian wolf is an iconic top predator in the open grasslands

and adapted themselves to survive in the human-dominated

landscape (Shahi, 1982; Jhala, 1991; Habib, 2007. Studies on C.
I. pallipes suggest that this species is a part of an ancient clade

which has not mixed with the wolf-dog clade, making them unique

among other wolves of the world (Sharma et al., 2004; Shrotriya

et al., 2012). Few studies have been conducted to estimate home

range size but information on their movement is not studied so far

in India. The average home range reported using minimum con­

vex polygon method for three packs of Indian wolf ranged from

113.4 to 227.6 km2 (Jethva, 2003). The study conducted in south­

ern Maharashtra found the average horne range of the four packs

was 183.58 ± 22.9 km2, with the average core area (50% MCP) of

HABIB ETAL.

2.3 I Capture and radio-collaring

Overall, 26 individuals across 4 species of large carnivores w~re

radio-collared (Figure 1) and monitored from years 2014-19. The

animals were fitted with GPS collars that were programmed to take

fixes at different intervals (Table 1). The GPS data was downloaded

from satellite links (Iridium and Globalstar) as well as UHF ground

download receiver. The animals were intensively tracked in the field

using VHF ground tracking.

We captured 14 tigers (nine from PAs; five outside PAl across

different age and sex classes (Table 1). The captured tigers were

initially identified for collaring by field-based monitoring and cam­

era trapping. After identification, the individuals were tracked

and immobilized using combination of Medetomine hydrochlo­

ride, Ketamine hydrochloride, and Xylazine (dosages based on the

body weight, age, and sex). Dosage was injected remotely using

an air-pressurized Dan-Inject projector (Model 1M) from an open­

top vehicle, and the immobilized animal was approached. Collared

tigers were monitored intensively between 2014-19 to study their

movement and ranging patterns. We followed the same protocol for

capturing dholes and used the drug combination of Tiletamine and

Zolazepam (Zoletill00, Virbac) (Van Heerden et al., 1991). The drug

mixture was delivered from a vehicle remotely using a Dan-Inject

projector (Model JMSP.25). We captured 5 dholes across age and

sex classes including three adult males, one subadult male, and one

adult female. The dholes were intensively monitored from 2017-18

to study their ranging pattern. Furthermore, 3 leopards (two females

and one male) were captured using baited cage and monitored from

2014-15. Baited cage was allured by a live goat (to lure the animal

toward the trap) kept in a separate chamber inside the cage, and

when the animal approaches the prey, a mechanical trapping system

gets activated to slide down the rear door to trap the animal. The

trapped animals were immobilized using a drug mixture of Ketamine

and Xylazine. Between 2017 and 2018, 4 wolves consisting of two

males and two females were collared in the semi-arid landscape of

Maharashtra. Wolves were captured using soft-catch leghold traps.

Traps (n = 25) were set up in a circle, placed -20 cm away from each

other, and wolf gland lure No. 100 (Stanlev Hawbaker and Sons,

Fort London, Pennsylvania) was used as an attractant to trap wolves

(Habib, 2007). Traps were monitored continuously and trapped

wolves were captured using double-threaded nylon hockey net

(Habib & Kumar, 2007) and immobilized using a Ketamine-Xylazine

drug mixture. The average time for capturing of an individual wolf

was 41.06 ± 21.54 hr.

2.4 I Understanding movement parameters

We assessed the movement patterns of 4 large mammals using two

movement parameters, such asmean displacement (step length) and net

squared displacement (NSD). Displacement is defined as the straight­

line distance between two consecutive GPS locations of an animal tra­

jectory. Varying interfix intervals across species were made uniform by

INFO'RML"J..,7';n. ~,.·lr--~.- -<-'-'-D. "e"'~11 , ; il;"~~)~,,~·...~Jt
UNDER RTI
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TAB LE 1 Species-wise detail of each individual's characteristics, number of locations used, habitats, and type of collars used to study the
mO\Oementof 4 large carnivores in India

Species

Wolf

Wolf

Wolf

Wolf

Tiger T07

Tiger Umred F

Tiger Tl7

Tiger T42

Tiger T09

Tiger TlO

Tiger Tl-C1

Tiger T7-C2

Tiger Tl03

Tiger TOl

Tiger T9 brh

Tiger TlO brh

Tiger E3

Tiger Brh M

Leopard L25

Leopard L26

Leopard L41

Ohole 01

Ohole 02

Ohole 03

Ohole 04

Ohole

Individual
10 Sex Age

Wl Female Subadult

Habitat/ GPSlocation Monitoring
System acquired days Monitoring period Collar type

Outside PA 6,748 615 25.12.17 to Iridium, UHFIVHF/Activity
01.09.19

W2 Male Subadult Outside PA 2.148

W3 Female Adult Outside PA 6,049

W4 Male Adult Outside PA VHF Collar

Female Adult PA 1,871

Female Subadult PA 2,109

Female Subadult PA 1,687

Male Adult PA 1,301

Male Subadult PA 837

Male Subadult PA 712

Male Subadult PA 3,324

Male Subadult PA 1,532

Male Subadult PA 2,135

Male Adult Outside PA 1,097

Male Subadult Outside PA 4,870

Male Subadult Outside PA 2,440

Female Subadult Outside PA 3,747

Male Subadult Outside PA 833

Female Adult PA 48

Female Adult PA 297

Male Adult PA 96

Male Adult PA 1,799

Male Adult PA 1,407

Female Adult PA 1,007

Male Subadult PA 441

05 Male 111

217

604

604

520

308

267

166

148

113

358

183

375

217

549

284

329

155

38

462

415

77

177

58

20

16

28..12.17 to
01.08.18

22.01.18 to
16.09.19

22.01.18 to
16.09.19

17.10.14to
20.03.16

12.03.18 to
13.01.19

07.03.17to
28.11.17

19.10.14to
02.04.15

18.03.16 to
12.08.16

18.03.16 to
08.07.16

10.06.18 to
02.06.19

09.06.18 to
08.12.19

09.03.18 to
18.03.18

15.09.15to
19.04.16

12.08.16 to
17.02.18

09.07.16to
18.04.17

02.01.19 to
26.11.19

03.06.16 to
04.11.16

03.08-13 to
09.09.13

03.08.13 to
07.11.14

23.04.15 to
10.06.16

29.07.17to
13.10.17

25.10.17 to
19.04.18

20.02.18 to
18.04.18

14.02.18 to
05.03.18

24.05.18 to
08.06.18

Iridium, UHFIVHF/Activity

Iridium, UHFIVHF/Activity

VHF/Proximity Collar

Iridium, VHF/Activity

Iridium, VHF/Activity

Iridium, VHF/Activity

Iridium, VHF/Activity

Iridium, VHF/Activity

Iridium, VHF/Activity

Iridium, VHF/Activity

Iridium, VHF/Activity

Iridium, VHF/Activity

lrldiurn, VHF/Activity

Iridium, VHF/Activity

Iridium, VHF/Activity

Iridium, VHF/Activity

Iridium, VHF/Activity

GPSGlobal StarIVHF

GPSGlobal StarIVHF

GPSGlobal StarIVHF

GPSPlusUHF lC Activity/
VHF

GPSPlusUHF lC Activity/
VHF

GPSPlusUHF lC Activity/
VHF

GPSPlusUHF 1C Activity/
VHF

GPSPlusUHF lC Activityl
VHF
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postprocessing all data into an hourly data format for further analysis

(Abrahms et aI., 2017; Leblond et aI., 2016). Mean displacement during

day and night was also compared across individuals and landscapes by

classifying location using animal movement tool (amt).

We also calculated NSD, which is the squared distance between

the original location and each successive location (Papworth et al.,

2012). A graph of NSD versus time gives a curve starting at the

point of origin of a movement trajectory gradually reaching maxi­

mum NSD. NSD can remain constant or begin to drop as the animal

returns to the point of origin where NSD = O. Based on NSD, we

calculated the time required for an animal to reach maximum dis­

placement and return to the point of origin within the home range.

The point of origin was selected randomly within the home range

(approximately in the center of the home range) of the individual

at a random time, calculated the revisit time, and considered it as

one cycle. The time required to complete one such cycle was calcu­

lated. All movement parameters and analyses were carried out using

adehabitatLT (Calenge, 2011) and animal movement tool (Signer

et aI., 2019) in program R 3.6.3 (R Core Team, 2020).

HABJB ETAL.

2.5 I Understanding effect of anthropogenic factors
on movement

Anthropogenic factors such as human population density, landuse,

and road network have an adverse effect on animal movement

through fragmented and disturbed habitats (Tucker et aI., 2018).

We estimated the human population density, landuse proportion,

and road network within the home range of large carnivores. Home

range was estimated using the Brownian Bridge Movement Model,

BBMM (Bullard, 1999). BBMM is a widely used method that esti­

mates the path of an animal's movement probabilistically from data

recorded at brief intervals. BBMM quantifies the utilization distribu­

tion of an animal-based on movement paths, accounts for temporal

autocorrelation, and high data volumes (Fischer et aI., 2013). The

model approximates the movement path between two subsequent

locations by applying a conditional random walk. We calculated uti­

lization distribution for each individual at 50% and 95% isopleths to

define the core area and home range, respectively, using the ArcM ET

extension tool (Wall, 2014) in ArcGIS 10.2 (Fischer et aI., 2013; Laver

& Kelly, 2008).

We used the human population density map (1 km resolution)

available on the open-source website (Stevens et aI., 2015; http://

www.worldpop.org.uk/). The land use data of 1:25,000 scale was

acquired from Bhuvan's open-source website (NRSA, 2016; http://

bhuvan.nrsc.gov.in/). The landuse maps were generated using

"Resourcesat AWiFS" satellite imagery and classified Maharashtra

into 13 landuse classes. We reclassified the original 13 classes into

five major classes for analysis (Table 2). The road network data was

obtained using Open Street Maps (Openstreetmap, 2015). We used

primary and secondary roads for our assessment because of their

significant impact on the movement of animals owing to higher traf-

fic vOlumAnESf'~50)'

TA B LE 2 Bhuvan's NRSA LULC originallanduse classes and
reclassified classes used for evaluation of the proportion of lar.duse
within the home range •

S.No. Original class

1 Builtup

2 Kharif Crop

3 Rabi Crop

4 Zaid Crop

5 Double/Triple Crop

6 Current Fallow

7 Plantation

8 Evergreen Forest

9 Deciduous Forest

10 Degraded/Scrub Forest

11 Wasteland

12 Waterbody Max

13 Waterbody Min

Reclassified class

Builtup

Agriculture

Forest

Grassland/Wasteland

Waterbody

The effect of land use, human population density, and road net­

.work on the hourly displacement was quantified in a regression

framework. Each individual across species was considered as a

single data point in the analysis. We used the percentage of each

landuse class, average human population density, and road length

in each animals' home range as a predictor variable. We also com­

pared the land use and anthropogenic variables within the home

range for the same species in different landscapes (tiger inside

and outside PAs), social canids between wolf and dhole using t
test. All the statistical analyses were carried out in R 3.6.3 (R Core

Team, 2020).

2.6 I Core area of large carnivores in
heterogeneous landscape

Within home ranges, core areas are defined as exclusive areas of

intensive use and likely contain features such as preferred foraging

areas, dens, and resting sites (Ewer, 1968), facilitating many species to

coexist. We computed the number, size, and perimeter of core areas

across 4 large carnivore species. All home range metrics were calcu­

lated using the ArcMet tool (ArcGIS). For tigers, we compared the size

and number of core areas of individuals of different sexes in varying

levels of human disturbance. We also compared the core areas of wolf

and dhole-two social canids of comparable body size but contrasting

habitats. The significance of the results across species and habitats

was tested using paired t test along with effect size (Zar, 1984).

3 RESULTS

A total of 48,646 fixes across 26 individuals of 4 large carnivore

species were analyzed (Table 1). We examined the fundamental

ED, . . RM A"I'tON ~R0V10'INFO ",110

UNDER sn



_H_A_B~!B_E_~_AL_' ~E~c~o~lo~gy~an~d~E~v~o:I~:i~on~__~IL-E:)(~ __16_5_9

TAB LE 3 Displacement of 4 large carnivores across different habitat types in India~.
Behavioral MeanDisplacemenh·

. Habitat/system trait (m/hr)

Tiger PA Dry Deciduous Forest (PA) Solitary

Tiger Outside PA Dry Deciduous Forest and Solitary
Agriculture Interface

Leopard Dry Deciduous Forest (PA) Solitary

Dhole Dry Deciduous Forest (PA) Social

Wolf Human-Dominated Social
Grassland-Agriculture
Mosaic

movement parameters, the impact of human footprint, and configu­

ration of core areas of tiger, leopard, wolf, and dhole across a gradi­

ent of human disturbance.

3.1 I Movement parameters of large carnivores

Inside PA, the average hourly displacement of tiger and leopard was

196.23 ± 49.93 m/hr and 99.34 ± 27.9 m/hr, respectively, whereas

dhole moved an average of 259.92 ± 49.68 m/hr. Outside PA, the

mean tiger displacement was 312.20 ± 136.76, and wolf moved an

average of 637.70 ± 87.80 m/hr (Table 3).

Mean hourly displacement of tigers was found to be higher out­

side PA (312.20 ± 136.76 m/hr) than PA (196.23 ± 49.93 m/hr) how­

ever, they were significantly not different (p = .06; Glass's l1 = 2.37).

For tigers inside and outside PAs, mean hourly displacement varied

significantly between day (174.62 ± 48.6 m/hr; p = .0007; Glass's

l1 = 0.89) and night (218.0 ± 53.58 m/hr; p = .03; Glass's l1 = 1.8)

with higher displacement during night across the landscape. Among

sexes, mean displacement per hour of tigers varied with males

having larger displacement (252.54 ± 117.59 m/hr) than females

(200.42 ± 43.87 m/hr). Moreover, both the sexes showed longer dis­

placement during night than day. Leopards showed the least varia­

tion in mean displacement through day and night (101.51 ± 52.48 m/

hr and 91.34 ± 11.68 m/hr) respectively. The dhole which inhab­

its forested areas showed higher displacement during daytime

(337.92 ± 133.97 m/hr) as compared to night (191.62 ± 66.97 ml
hr), and the difference was found significant (p = .03; Glass's

l1=1.09). The wolves showed higher mean displacement during night

196.23 ± 49.93 174.62 ± 48.6 218 ± 53.58

312.20 ± 136.76 241.11 ± 75.33 377.30 ± 196.85

99.34 ± 27.9 101.51 ± 52.48 91.34 ± 11.68

259.92 ± 49.68 337.92 ± 133.97 191.62 ± 66.97

637.70 ± 87.8 471.09 ± 165.62 819.33 ± 154.22

(819.33 ± 154.22 m/hr) as compared to day (471.09 ± 165.62 m/hr),

and significant difference was found (p = .05; Glass's l1=2.1).

Based on NSD, all species across the landscape exhibited a con­

fined movement pattern. The tiger outside PA took 141.4 ± 44.77 hr

to complete one cycle (point of origin-maximum displacement­

point of origin), whereas tiger inside PA (208.4 ± 167.7 hr) took

32.14% higher time than outside PA. For leopards, the time to com­

plete each cycle was found to be maximum (1,258.50 ± 485.59 hr).

Dholes and wolves took similar time to complete one cycle to cover

their home ranges (204.915 ± 83.71 hr and 229.76 ± 111.6 hr re­

spectively) (Table 4).

3.2 I Effect of anthropogenic factors on
movement of large carnivores

The hourly displacement of the large carnivores varied from

99.35m/h for leopards to 637.7m/h. When we modeled the hourly

displacement with the landuse classes, human density, and road

length in the home range of the individual, most of the variance is

explained by two landuse classes (F2,22 = 4.582, p = .021; agricul­

ture, r = .52, p = .009 and wasteland/grassland, r = .49, p = .013).

Both variables showed positive association with hourly displace­

ment (Table 5). For tigers, forest area within the home range was not

significantly different between PAs and outside PAs (p forest = .06)

whereas, agriculture and road length were found to be significantly

different (p agriculture = .03, p roads = .02). For the social canids,

wolf, and dhole all the habitat variables in the home range were found

to be significantly different (p human density < .001, p roads = .005,

TAB LE 4 Based on NSD, time required
for species to complete one cycle from
point of origin to maximum displacement
and back as a proxy for time taken to
cover one home range circuit

Tiger (PA) 9

Tiger (Outside 5
PAl

Leopard 3

Dhole 5

Wolf 4~STED

ePIO, Wild Life Institute of Indifl, D{~lir;.;!!l:d

99 15-1,159 208.4 ± 167.7

42 21-620 141.4 ± 44.77

8 216-3,168 1,258.50 ± 485.59

28 27-708 204.915 ± 83.71

17 60-480 229.76 ± 111.6-- ,-.~-.•-
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Model parameters

Human population density in HR + agriculture area
in HR +wasteland/grassland in HR

Human population density in HR + agriculture area
in HR + wasteland/grassland in HR + road length
in HR

Human population density in HR + agriculture area
in HR+wasteland/grassland in HR+ road length
in HR + waterbody in HR

Human population density in HR + agriculture area
in HR+wasteland/grassland in HR+ road length
in HR + waterbody in HR + Forest area in HR

Human population density in HR + agriculture
area in HR+wasteland/grassland in HR+ builtup
area in HR+ Forest area in HR +waterbody in
HR + road length in HR

HABIB ET AL.

Degrees of
freedom

4

5

6

7

9

AIC

58.982

Adjusted
R2

TABLE 5 Description of model
parameters used to evaluate the effEi,ct
of overall hourly displacement of all
individuals and regression results of
individual models

0.401

59.703 0.407

61.603 0.381

63.551 0.348

321.071 0.376

40 -

Species
E 30 -
-'" Dhole
&~ Leopard
(11
N
Vi 20 - Tiger (PA)
IV
(11... Tiger Outside PA«
(11...

Wolf0
U 10 -

0- I
Dhole
N=5

I
Leopard
N=3

I
Tiger (PA)

N=9

I
Tiger Outside PA

N=5

I
Wolf
N=4

FIG U RE 2 Violin plot indicating the distribution of the range of the core area size, median (black center line), and spread of the data
(black rectangle) for four large carnivores in India

p agriculture = .04, p forest < .001, p wasteland/grassland = .008, p

waterbody = .005).

3.3 I Core area of large carnivores in
heterogeneous landscape

All carnivores showed multiple areas of intensive use or cores in their

home ranges. The mean number of core areas per individual was not

significantly different among species (Table 6). The range of the core

area sizes was greater for species outside PAs (tiger: 0.68-29.31 km2

and wolf: 0.55-25.84 km2) in human-altered landscapes. For dhole

(1.37-7.04 km2) and leopard (0.65-15.67 km2), the spread was found

lowest insXYt~tED

The number of core areas of tigers inside and outside PAs was

significantly different (p = .03; Glass's t, = 1.41), whereas the dif­

ference in size of core areas was not significant (p = .43; Glass's

t,= 0.07). Although the median value of core area size was higher

for tigers inside PAs (4.0 km2) in comparison to the tigers outside

PAs (1.53 km2), the range of core area size was greater for tigers

outside PAs (0.55-25.84 km2) than inside (0.65-15.67km2) (Table 6).

The two social canids, dhole and wolf, have a comparable body size,

but the size of core areas was completely different. The number of

core areas for both can ids did not differ significantly (p = .46; Glass's

t,= 0.07), but core area sizes were significantly different (p = .004;

Glass's t, = 5.7). Core areas of dholes were smaller with narrow

ranges (0.6-5.05 km2), whereas wolves exhibited a wide range of

core sizes (0.68-29.31 km2) similar to tigers outside PAs.

::>:hradun
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Mean no. of Mean core area Mean core area Total
Species' core areas ~ize(km2) perimeter (km) perimeter (km)

Tiger PA 2 ± 1.80 5.99± 5.50 14.97± 10.56 29.9

Tiger outside PA 3.25 ± 1.70 5.6± 7.77 12.53 ± 10.04 40.7

Dhole 2.2 ± 1.7 2.21 ± 1.6 8.17 ± 4.48 18.0

Wolf 2.33 ± 1.52 11.37± 9.96 15.08 ± 8.33 35.1

Leopard 2 ± 1.41 3.85 ± 2.74 11.92± 7.23 23.8

Tiger outside PA 3.33 ± 2.08 5.94± 8.72 13.02 ± 11.03 43.4
(Male)

Tiger PA (Male) 3.25 ± 2.21 4.62 ± 5.14 12.05 ± 10.53 39.2

Tiger Outside PA 3 4.46 ± 4.16 10.93± 7.25 32.8
(Female)

Tiger PA 1±0 11.23 ± 5.79 19.63± 6.57 19.6
(Female)

TAB LE 6 Mean number, size, and
per;rn~ter of core areas of four large
carnivores and tigers across sex and
between inside and outside protected
area in India

FIG U RE 3 Landuse proportion within
the home range of four large carnivores in
India. Data from Bhuvan's LULC (http://
bhuvan.nrsc.gov.in/) was used to classify
home ranges

4 DISCUSSION
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4.1 I Movement of large carnivores across human­
dominated landscapes

Large carnivore species living outside PAs exhibited greater mean

displacement (25.29%) than the species inside PAs with a single ex­

ception of the dhole. Dholes moved with higher speeds (i.e., with

longer step lengths) among the 3 large carnivores sharing a similar

habitat inside PAs. Predominantly occurring in a human-dominated

landscape, wolves showed the highest movement among all 4 carni­

vores, whereas the leopards in natural areas showed the least. We

also found tigers outside PAs moved at higher speeds than inside

PAs. Our result on wolves and tigers outside PAs ties well with pre­

vious studies on similar species in human-dominated landscapes like

cougars (Puma concalor) and lions (Panthera leo persico) that exhib-
ited higher speeds while traversing through fragmented areas to re­

duce time spent in multi~~t:Yn et al., 2011; Valeix
et al., 2012).

GPIO,Wildlil. ~~":,

Carnivore species

Across sexes, both male and female tigers traveled more during

night than day. Male tigers traveled faster than female tigers owing

to larger home ranges and longer distance to cover in habitat matrix.

As males exhibit multiple core areas in human-altered landscapes,

the movement rate to travel between core areas was high. The leop­

ard movement was found lowest 99.34 ± 27.9 among all carnivores

within the PAs with less difference between day and night move­

ments. This may be because leopards survive in the presence of large

predators like tigers and pack-living dholes that make up for their size

in numbers. Intense intraguild competition has driven leopards to the

boundaries of protected areas where they are faced with increased

human pressures (Azlan & Sharma, 2006; Carter et al., 2015; Odden

et al., 2010; Seiden sticker et al., 1990). Moreover, leopards also took

the highest time (1,258.50 ± 485.59 hr) to return from the point of

maximum displacement to the point of origin within the home range.

Under such circumstances, leopards travel from one core area to an­

other and spend more time in such core areas. This strategy may en­

able them to coexist with large carnivores and humans. Interestingly,

tigers outside PAs took comparatively lesser time (141.4± 44.77 hr)

INFORMATIOK P O'1IDED
UNDER RTl



1662 I WI LEy_Ecology and Evolution--------------~
to cover their home range than tigers inside PAs (208.4 ± 167.7 hr)

even though their home ranges were twice the size. This may be be­

cause the tigers in human-disturbed areas move faster owing to the

presence of habitat matrix between core areas, which enables them

to cover larger areas in a shorter time.

.'

HAB!B ET AL.

4.2 I Effects of human footprint on movement of
large carnivores

As human activities increase, the collateral loss of habitat and bio­

diversity is accompanied by a change in the movement of animals

through fragmented landscapes (Tucker et aI., 2018). Landscape

structure affects movement parameters because different cover

types in the landscape offer different levels of risk and benefit.

Landuse types across home ranges of large carnivore species were

not significantly different with the single exception of wolves, which

live primarily in grasslands and human-altered landscapes (Figure 3).

Historically, wolves adapted to live in human-dominated landscapes

as they evolved near humans (Anderson, 2018). Moreover, our re­

sults indicate that the wolves move faster in human-dominated

landscapes may be to negotiate human pressures and avoid them as

much as possible within their large home ranges.

The displacement of tigers outside PA was 62.85% higher than

inside PA, though it did not differ significantly. Parameters sup­

posed to influence the hourly displacement such as population den­

sity, landuse proportion, and road length was significantly different

(p = .01) within and outside protected area. The forest outside PAs is

fragmented with high human density and road network, which may

explain the larger home ranges of tigers outside PAs (Habib, Nigam,

et aI., 2018). To negotiate this fragmented landscape, tigers outside

PAs also move at higher speeds than inside PAs.

We also compared the movement parameters of two social car­

nivores; wolf present in a human-dominated landscape and dhole

inhibiting protected area and found that the hourly displacement of

wolf was 62.90% higher than dholes. The parameters influencing the

hourly displacement such as population density, landuse proportion,

and road length were also significantly different (p = .04) between

":
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the home ranges. Ecologically, as the percent of agriculture in an

individual's home range increases, the individual has to move~9re

to exploit resources in the human-dominated landscape. Moreover,

area of grassland is positively related, as large carnivores like wolf

are known to prefer grassland habitat and showed highest hourly

displacement.

We examined the proportion of human population and road

length inside the home ranges of the 4 large carnivores in our study

areas. As expected, home range of wolves consisted of relatively

high human density followed by leopard and tigers outside PAs.

Within PAs, dholes showed higher human population pressure (0.51

human/l00 km2) than tigers (0.29 human/l00 km2) in their home

ranges (Figure 4). This may be because dholes establish intensive

use areas near PA fringes as a strategy to avoid large predators and

competition (Ghaskadbi & Habib, 2019). Across our study sites, the

home range of wolves had the maximum network of roads (56.6 km),

followed by tigers outside PAs (25.7 km). The home range of dholes

showed the least length of roads (5.5 km) (Figure 5). All carnivores

had primary roads passing through their home ranges, but the dis­

turbance caused by them need not be the same. This is because the

roads inside PAs are nonfunctional and only used for limited tourist

activity and management.

We also compared the landuse class within tiger home ranges,

which suggested that the proportion of forest cover was not sig­

nificantly different, whereas agriculture outside and inside PAs dif­

fered significantly. It is worth discussing that home ranges of tigers

outside PAs were primarily forest areas (72.72%). Tigers outside PA

uses fragmented landscape and form multiple core areas primarily

dominated by forest areas to avoid humans and meet their basic eco­

logical requirements.

4,3 I Core area of large carnivores in
heterogeneous landscape

Core areas of animals have been studied to address a wide range

of research Queries (Hooten et aI., 2008) such as social information

transmission (Darden et al., 2008), interspecific competition (Neale

FIG U RE 4 Human population density
within the home range of four large
carnivores in India

Wolf



__:H__:A~B.I..:.B..:.~__:A..:.L. :E~c::::o::lo~gy~a:n::d~E~v:::ol~ut::::io::::.nCIlllIZllIID-WILEY I 1663

FIG URE 5 Roadlength (km)within
the,h<Jmerangeof four largecarnivores
in India

s
Q)
Olr:::~ ~cb
E
0s: 0

'" ...
.il!
0
Q)
Q. 0'" '".6
s:
0, 0r::: N
.9l
~
0 ~a:

0

Dhole Leopard Tiger Oulside PA

Species

TigerPA Wolf

& Sacks,2001), trophic cascades(Prange& Gehrt, 2007), habitat se­
lection (Chamberlainet al., 2003), reproductive success(Thompson
et aI., 2007) and territorial defense (Darden & Dabelsteen, 2008).
Our study reports multiple areasof intensive useor coresfor all the
4 carnivores acrossthe landscape(Table6).The number and sizeof
core areasacrossspeciesdid not show a significant difference, but
the rangeswere different. For species surviving in human-altered
landscapeslike the wolf and tigers outside PAs,the range of core
areasizewas the greatest, whereas it wasthe least for the dholes.

Fortigers outsidePA,we found coreareaswith a largerperimeter
than tiger inside PAs.This may be becauseof the high level of frag­
mentation and humanpressure.The core areawith largerperimeter
for tiger andwolf outside PAindicateshigherchancesof exposureto
human-inducedeffect leadingto an increasein human-animalinterac­
tion. Thefemaletiger in PAhadonly one corearea,whereasfemaleti­
gersoutsidePAhadmultiple coreareaswith largerperimeter(Table6).
This result explainsthe possibility that female tigers outside PAsare
moreproneto conflict due to their higherenergydemandandgreater
perimeterowing to morechanceof interactionwith humans.

5 CONSERVATION IMPLICATIONS

Across the globe, large carnivore conservation is a challenge
owing to the habitat loss and fragmentation of natural areaswith
rapidly growing human populations. In India, the conservation
of large carnivores is interlaced with various political, socioeco­
nomic, and emotional issues,which further complicates this chal­
lenge. Increasingly, wildlife is compelled to coexist with humans
in highly modified landscapes, highlighting the need for planned
and coordinated interdisciplinary efforts. Integrating movement
ecology in landscapemanagementand policymaking is a desirable
approach as it provides insights into how animals are affected by
human footprint and the implications on their ecology and con­
servation. With great advances being made across the world in
the field of movement ecologAtrTE:st~~ning to take the
initial steps into the field. t:U

The novel findings of the large-scale study on the movement
ecology of 4 large carnivores of India will havemajor implications
on their conservation and management in the country. They may
even guide developing countries with high human and carnivore
densities in conservation planning and management and serve as
cautionary learning for countries where the densities of popula­
tions may increase in the future. If large carnivores are to coexist
with humans, there needs to be an understanding of how animals
move inside PAsand the adaptations they exhibit outside PAsto
survive in the matrix in between. The useand extent of corridors
need to be informed by real-time knowledge of animalmotion and
navigation capacities if we are to safeguard the sensitive connec­
tions between the PAs.The authors are aware of the limitations
of this study compared to long-term and large-scale radio-collar­
ing studies acrossthe globe. However, our study can be a suitable
starting point for further comparative studies to understand the
extent to which large carnivores can negotiate landscapes and
adapt to survive.
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ject: Re: Information under RTIAct/ 2005 (RTINo. WLiOI/R/E/21/00024 dated 17.03.2021

of Ms. Sangeeta Dogra)-reg.
From: Parag Nigam <nigamp@wii.gov.in>
Date: 09-04-2021/ 17:13
To: Dean <dean@wii.gov.in>/ "Dr. Bilal Habib" <bh@wii.gov.in>/ K Ramesh
.<ramesh@wii.gov.in>
CC: "Central Public Information Officer/ WII" <cpio@wiLgov.in>/ "Dy. Registrar"
<pka@wii.gov.in>/ Jyoti Prasad Nautiyal- Information Officer ENVIS<jyoti@wii.gov.in>/ "Dr.
Yadvendradev Jhala" <yvjhala@gmail.com>/ aparna@wii.gov.in

Dear Sir/

With reference to Pt. 3 of the query raised vide RTINo. WLiO/R/E/21/0002 dated 17th March
2021/ it is informed that such report is not available with undersigned.

Regards

ParagNigam

On 19-03-202116:19/ Dean wrote:

~ED·

ePlo, Wild Life institute of India, Oc;itr::/i il

INFORMATION ~ROVID;;D
UNDER RTI
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