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Abstract

Conservation of wide-ranging species and their movement is a major challenge in an
increasingly fragmented world. Long-distance movement, such as dispersal, is a key
factor for the persistence of population, enabling the movement of animals within
and between populations. Here, we describe one of the longest dispersal journeys
by a sub-adult male tiger (Panthera tigris) through GPS telemetry in Central India. We
analyzed movement metrics, directionality, and space use during three behavioral
stages of dispersal. We also used the clustering method to identify resting and kill
sites (n =89). T1-C1 dispersed a straight-line distance of 315km over 225 days, mov-
ing an average of 8.38km/day and covering a cumulative displacement of ~3000km.
Movement rate during post-dispersal was faster (mean = 0.47 km/h) than during dis-
persal (mean = 0.38km/h) and pre-dispersal (mean = 0.13km/h), respectively. The
overall movement rate during the night (0.44km/h) was significantly faster than
during the day (0.21km/h). Likewise, during dispersal, the movement was faster
(mean = 0.52km/h) at night than day (0.24 km/h). The average size of clusters, sig-
nifying resting and kill sites, was 1.68ha and primarily away from human habitation
(mean = 1.89km). The individual crossed roads faster (mean = 2.00km/h) than it
traveled during other times. During the post-dispersal phase, T1-C1 had a space use
of 319.48km? (95% dBBMM) in the Dnyanganga Wildlife Sanctuary. The dispersal
event highlights the long-distance and multiscale movement behavior in a heteroge-
neous landscape. Moreover, small forest patches play a key role in maintaining large
carnivore connectivity while dispersing through a human-dominated landscape. Our
study underlines how documenting the long-distance movement and integrating it

with modern technology can improve conservation management decisions.
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1 | INTRODUCTION

Habitat loss and increased human land use are primary threats to
many wildlife species, altering their movement and behavior (Tucker
et al., 2018). Animal movement is further reduced by habitat frag-
mentation, degrading habitat quality and linear features such as
roads (Andersen et al., 2017; Crooks et al., 2017; Fahrig, 2003;
Jgnsson et al., 2016; Shepard et al., 2008). Mammalian carnivores
tend to have large home ranges and long dispersal distances, mak-
ing them vulnerable to landscapes that have been fragmented by
anthropogenic changes (Crooks et al., 2011; Dobson et al., 2006;
Ripple et al., 2014). Long-distance dispersal is central to several eco-
logical processes (Levin et al., 2003; Nathan, 2003), including gene
flow (Trakhtenbrot et al., 2005), colonization of new areas, range
shift, and functional connectivity between populations (Clobert
et al., 2012; Noss et al., 1996; Weaver et al., 1996). The long-term
population persistence in fragmented landscapes may depend on in-
dividuals traversing through a human-dominated landscape to reach
suitable habitats (Watts et al., 2015).

In India, protected areas (PA) designated as tiger reserves cover
2.21% of the geographical region, and 35% of the total tiger pop-
ulation resides outside these PAs (Habib, Ghaskadbi, et al., 2021).
The tiger populations are mostly confined to small protected areas
because the habitat outside those areas is highly fragmented, which
affects their movement within and outside protected areas (Habib,
Nigam, et al., 2021; Thatte et al., 2018). Consequently, it is challeng-
ing for tigers to move through a fragmented and human-dominated
landscape. Moreover, the long-term survival of the tiger population
in a fragmented landscape depends on successful dispersal from one
area to another, thus maintaining the connectivity between subpop-
ulations and isolated populations.

Dispersal involves three successive behavioral stages: departure,
transience, and settlement (Clobert et al., 2009). Accordingly, the
dispersal behavior of sub-adult tigers can be classified into three
distinct behavioral phases, that is, pre-dispersal, dispersal, and post-
dispersal. The pre-dispersal phase is identified by the movement
of individuals within their natal area. The dispersal phase involves
movement from its area of birth to another habitat, where it re-
produces and establishes a new territory (Howard, 2015; Waser &
Jones, 1983). Post-dispersal phase is identified by movement in an
area having a stable and defined home range over time. The move-
ment behavior during dispersal in a highly interspersed mosaic of
forested areas, agriculture fields, and human settlements is rarely
documented. Studies on tiger dispersal are limited, and few have
described long-distance dispersal primarily based on camera trap
data and VHF/GPS telemetry (Sarkar et al., 2021; Singh et al., 2021;
Smith, 1993; Wang et al., 2015). Moreover, genetic studies have
shown gene flow over long distances (Anuradha Reddy et al., 2016;
Gour et al., 2013; Joshi et al., 2013).

The advancement of GPS technology made it possible to gain
new insights into tiger dispersal and how animals perceive and
navigate through a landscape. Additionally, long-distance dis-
persal routes might help identify land use and landscape features

that provide connectivity between non-contiguous populations
(Graves et al., 2007). This study reports the longest dispersal dis-
tance recorded by a sub-adult male tiger from the Vidarbha region
of Maharashtra, India. We documented movement and space use
from the pre-dispersal to the post-dispersal phase and described the
chronological event during dispersal. We analyzed the movement
data from the GPS collar with environmental covariates (land use
and vegetation cover) depicting the landscape through which the in-
dividual moved. Our study also quantified the characteristics of clus-
ters (resting/kill) and the effect of linear features, that is, roads, on
movement. We conclude by discussing the long-distance dispersal in
a human-dominated landscape and its implications for conservation

and management.

2 | MATERIAL AND METHODS
2.1 | Studyarea

The study was carried out within and outside of protected areas of
Eastern Vidarbha Landscape (EVL), Maharashtra, India. This region
is a part of the Central Indian Tiger Landscape, dominated by teak
(Tectona grandis) and bamboo (Dendrocalamus strictus). The region
encompasses an area of approximately 97,320km?, and forest cover
accounts for 27.5% of the total area (Habib, Nigam, et al., 2021). The
landscape is a mosaic of agricultural lands, human settlements and
wildlife areas (Habib et al., 2017). Large carnivores in the region in-
clude tiger (Panthera tigris), which co-occurs with other species like
leopard (Panthera pardus), sloth bear (Melursus ursinus), gaur (Bos
gaurus), and several other ungulate species.

2.2 | Field methods

We captured and collared sub-adult male tiger T1-C1 on February
25, 2019. The individual was immobilized using a combination
of Medetomidine hydrochloride, Ketamine hydrochloride, and
Xylazine. The dosages were based on visual observation of body
weight (150kg) and age. The drug was remotely injected using
an air-pressurized Dan-Inject projector (Model IM). The radio-
collaring was part of a more extensive study in which sub-adult
tigers were collared to understand the dispersal patterns, space
use, and movement in a human-dominated landscape. Tigers were
classified as sub-adult following (Sadhu et al., 2017). Animals were
fitted with Iridium GPS radio-collars (Vectronics, Germany) and
had a high spatial accuracy of location (+5m). The collar was pro-
grammed to record locations every 1-3 h depending on the dis-
persal behavior of the individual. During the pre-dispersal phase,
when the tiger was within its natal area, we received location every
3-h interval. During dispersal, when it moved out of its natal area,
we programmed to receive intensive location every 1-h interval.
During the post-dispersal phase, locations were received every 3-h
time interval.
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2.3 | Analysis

We calculated movement metrics (movement speed and turning
angle) within each of three phases: pre-dispersal, dispersal, and
post-dispersal. We identified these three phases by calculating the
net squared displacement (NSD) in ArcGIS 10.6.1 with ArcMET tool
(Wall, 2014). NSD is movement metrics that helps to understand
movement behaviors over time (Bunnefeld et al., 2011). Inflection
points and increase in the NSD over time help identify movement
modes such as migration, dispersal, nomadism, and range residency
(Borger & Fryxell, 2012). We identified dispersal movement and age
from the peak in the NSD graph, which indicates the commence-
ment of dispersal from its natal area.

We calculated daily distance traveled (sum of displacement in
1 day) and daily displacement (linear distance between the start
and end locations for each 24-h period) during all three phases. We
considered a 24-h period from the first location of dawn and the
first location of the following dawn. We also estimated the mean
movement speed (km/h) across the three dispersal phases. To cal-
culate the movement speed, we scaled the step length (Euclidean
distance between successive locations) divided by the time the in-
dividual took to complete the distance due to the varying interfix
intervals (Leblond et al., 2016). The movement parameters were
calculated using adehabitatLT (Calenge, 2015) and the animal move-
ment tool (Signer et al., 2019) in the R programming software (R
Core Team, 2020). We used the Kruskal-Wallis test to compare the
mean movement speed during the pre-dispersal, dispersal, and post-
dispersal phases as data were not normally distributed. Next, we
used the Mann-Whitney U test to compare day and night movement
speeds. To estimate the space use in each of the three phases, we
applied the dynamic Brownian Bridge Movement Model (dBBMM)
to estimate the utilization distribution in the package move
(Kranstauber et al., 2012). The dBBMM requires a time-stamped se-
ries of animal locations and the estimated telemetry error associated
with each location. The dBBMM allows the variance of the Brownian
motion (62m) to vary along the movement path for user-defined sub-
sets of n locations. We then included these values in a Brownian
bridge movement model to estimate 95% utilization distributions
(UDs). We considered the 95% utilization distribution as space use
in three dispersal phases.

To understand the directionality or orientation of the animal, we
calculated the turning angles across the three phases. We estimated
the circular mean, from the von Mises distribution of tuning angles
(Mardia & Jupp, 1999). The mean turning angle is between —-r and = and
defines the degree of linearity in an animal movement. A mean turning
angle of zero implies a strong persistence in direction, whereas a mean
turning angle of —-x or & suggests that movement is undirected. We
used the package circular (Lund et al., 2017) to calculate the circular
mean and test for directionality. All calculations and statistical analysis
were carried out in program R 4.0.4 (R Core Team, 2020).

We identified resting and kill clusters formed during dispersal
using the GPSeqClus package (Clapp et al., 2021). The algorithm uses
time-series location data to sequentially aggregate locations to build
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clusters based on three user-defined criteria: search radius, temporal
window, and minimum number of locations. We used the average
step length per hour of T1-C1 as the search diameter for cluster
identification. The maximum temporal window for cluster identifi-
cation was 3days, and we considered eight locations as minimum
cluster locations. Resting and kill sites were validated from field ob-
servation. We calculated average cluster size, time spent, number
of visits, and distance to the nearest forest edge and human settle-
ment. To estimate habitat composition, we created a buffer of mean
cluster radius around every cluster's median location and extracted
the percentage of land cover in ArcGIS (10.6.1). The land use data of
60m resolution were acquired from Bhuvan's open-source website
(NRSA, 2016; http://bhuvan.nrsc.gov.in/). We also used normalized
difference vegetation index (NDVI) to indicate vegetation cover of
the resting clusters and kill sites. NDVI datasets from Landsat 8 were
obtained from Google Earth Engine™ (GEE) between June 2019
and January 2020 at a spatial and temporal resolution of 30m and
32days, respectively (Gorelick et al., 2017). From the start date of
each cluster, the nearest available mean NDVI was generated. NDVI
value of one indicates a high density with green leaves, and a nega-

tive value indicates no vegetation.

3 | RESULTS

T1-C1 was tracked for 396days and recorded 6240 GPS locations
between February 2019 and March 2020. We describe the move-
ment, exploration, and space use during the pre-dispersal, disper-
sal, and post-dispersal period. We report the chronological events
that occurred during the dispersal. The space use during the pre-
dispersal phase in the Tipeshwar Wildlife Sanctuary covered an area
of 18.72km? (95% dBBMM). The average daily distance covered
was 2.76km (range: 0.10-8.52km), linear displacement of 1.33km/
day, and traversed maximum displacement of 5.46km in a day
(Figure 1a,b). The dispersal event spanned 225days from June 21,
2019, to January 31, 2020, within a human-dominated landscape.
T1-C1 traversed 2000km by moving an average daily distance of
8.38km (range: 0.05-31.75km) and linear displacement of 6.19 km/
day and covering a maximum daily displacement of 32.53km. During
dispersal, the utilization area was 1077.98km? (95% dBBMM). The
post-dispersal phase was identified by stable and territorial move-
ment in the Dnyanganga Wildlife Sanctuary and covered an area of
319.48km? (95% dBBMM). During this phase, it traveled an aver-
age daily distance of 9.29km (range: 0.25-23.31km) and linear dis-
placement of 6.91 km/day (range: 0.003-26.31km). The straight-line
displacement between the natal area and the furthest location was
approximately 315km.

3.1 | Movement speed

The mean movement speed exhibited by T1-C1 was highest dur-
ing post-dispersal (0.47km/h; range: 0-3.26km/h). During the
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FIGURE 1 Movement of a sub-adult tiger (Panthera tigris) T1-C1 during pre-dispersal, dispersal, and post-dispersal phase in the Vidarbha
Landscape of Maharashtra, India (a) average daily distance traveled, (b) daily linear displacement, and (c) mean turn angle during dispersal

(red = night, black = day).

TABLE 1 Mean movement speed of a sub-adult tiger (Panthera
tigris) T1-C1 during pre-dispersal, dispersal, and post-dispersal
phase from the Vidarbha Landscape of Maharashtra, India.

Movement (km/h)

Overall Day Night
Phase (min-max) (min-max) (min-max)
Pre-dispersal 0.13 (0-2.56) 0.11 (0-2.56) 0.15(0-2.29)
Dispersal 0.38 (0-3.50) 0.24 (0-2.36) 0.52 (0-3.50)
Post-dispersal 0.47 (0-3.26) 0.27 (0-2.15) 0.65 (0-3.26)

dispersal and pre-dispersal period, the average movement speed was
0.38km/h (range: 0-3.50km/h) and 0.13km/h (range: 0-2.5 km/h),
respectively (Table 1). During the pre-dispersal phase, there was
no significant difference in the mean movement speed during the
day (0.11km/h; range: 0-2.56km/h) and at night (0.15km/h; range:
0-2.29km/h). While dispersing, the average movement rate varied
significantly between day (0.24km/h, range: 0-2.36km/h; p <.001)
and night (0.52km/h, range: 0-3.50km/h). Similarly, mean hourly
displacement at night (0.65 km/h; range: 0-3.26 km/h) was also more
than day (0.27km/h; range; 0-2.15km/h) during the post-dispersal
period (p <.001).

3.2 | Directionality

During the pre-dispersal phase, the movement of T1-C1 was undi-
rected (mean turning angle = -2.88) suggesting uniform distribution
of turning angle. During the dispersal, the mean turning angle was
0.11, indicating strong persistence in direction and linear move-
ment. Moreover, the directional persistence or tendency to move
in a straight line was more at night (mean turning angle = -0.01)
than during the day (mean turning angle = 0.24; Figure 1c).
During post-dispersal, the wide range in the mean turning angle

(meanday = -0.60; mean =0.24) indicates a mix of tortuous and

night
forward movement in the landscape.

3.3 | Chronological dispersal event

The dispersal event of T1-C1 occurred between two protected
areas, Tipeshwar and Dnyanganga Wildlife Sanctuary, separated
by a linear distance of 240km. The movement during dispersal oc-
curred in a landscape with a mosaic of tropical dry deciduous forest,
open scrub, agricultural fields, and human habitation. T1-C1 began
dispersing from the natal site, that is, Tipeshwar Wildlife Sanctuary,
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on June 21, 2019, at the age of 30months. The density of tigers at
the Tipeshwar WLS was reported 6.18 individuals/100km? (Habib
et al., 2020). T1-C1 initial movement was confined to a small planta-
tion in a nursery adjacent to the park. During this period, there were
two resting clusters, one within the plantation and the other 800m
away. After 12days, the tiger started moving in the southern direc-
tion crossing the Painganga river into the state of Telangana. The
forest patches that are located southward act as a wildlife corridor
and connect to nearby protected places like the Painganga Wildlife
Sanctuary and, further south, Kawal Tiger Reserve.

T1-C1 continued southward movement through the corri-
dor, crossing a primary road (n = 1) and minor roads (n = 20). The
southward trajectory was maintained until 12 July, covering a linear
distance of 200km from its natal area. However, T1-C1, on encoun-
tering a small village and an adjacent 4-lane national highway, turned
and continued moving north along the same corridor path (Figure 2).
This northward movement continued until 22 September and moved
west along which the corridor extends. This westward trajectory
movement continued for another 100km, and then the tiger turned
around and retraced his steps in the east direction. However, after
traveling for a straight-line distance of 50km, the tiger changed di-
rection and moved toward the south during October 10-12, 2019.

The trajectory of T1-C1 after 12 October was west and north-
western direction moving through a mosaic of fragmented for-
est patches and primarily dominated by agricultural fields until it
reached another forested area. It took him 25 days to get to this area
after moving through a landscape with high human population, roads
and railway lines. Until 27 November, the tiger explored the forested
landscape with wild prey and domestic cattle kills and finally moved
north to enter the Dnyanganga Wildlife Sanctuary. T1-C1 entered
the sanctuary on 29 November, where he later established his area.
However, before establishing a stable area in the sanctuary, he
moved further 90km west and southwest of the sanctuary, including
the forested landscape of the Ajanta caves. After more than a month
of exploring the landscape, T1-C1 movement was confined to the
Dnyanganga Sanctuary and adjoining fragments of forest patches
outside the PA and eventually had a defined core area within the
sanctuary. We monitored the individual through camera trapping in
the sanctuary for 10 months after the collar was removed. There
was no report of the presence of tigers other than T1-C1 when it en-
tered the sanctuary. However, co-predator like leopards was present
in the area and adjoining forest patches.

Overall, the cumulative distance traveled by T1-C1 was 3000 km.
During the dispersal phase, it traveled 2000km and covered eight
districts of Maharashtra and two states of India between June 2019
and January 2020. While traversing through a mosaic of forested
and agricultural landscapes, we identified 89 clusters (forest = 73;
outside forest = 16), of which 12 were known kill sites (Figure 3).
The average size of the cluster was 1.68ha (range: 0.001-10.74 ha;
n = 89) in a human-altered landscape. The mean cluster size inside
forest (1.91 ha; range: 0.01-10.74 ha) was significantly larger than in
non-forested areas (0.62 ha; range: 0.001-3.30ha; p<.05). The aver-
age cluster duration was less in the forest (38.41h; range: 7-122h)
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than in areas outside (46.31h; range: 7-176h). Moreover, T1-C1
spent more time in clusters with larger sizes (forest: 6-8 ha and out-
side forest: 2-4 ha); in both forest and non-forest areas (Table 2).
The average cluster distance inside the forest was 2 km (range: 0.3-
5.0 km) from human settlements, while in non-forested areas, it was
1.4 km (range: 0.52-2.5 km). The average NDVI value of clusters was
0.23 and ranged from 0.12 to 0.38. Overall, clusters had the highest
proportion of forest (83.4%), followed by agriculture (11.4%), grass-
land (4.6%) and water (0.5%), respectively.

While dispersing through a human-dominated landscape, T1-
C1 crossed linear features such as railway lines (n = 7), interstate
highways (n = 34), and primary roads (n = 67) before reaching the
Dnyanganga Sanctuary. The individual crossed primary roads more
at night (n = 51) than day (n = 16). Similarly, it crossed highways
at night (n = 29) more often than day (n = 5) while dispersing in a
human-dominated landscape. The movement rate significantly in-
creased when crossing roads (mean = 2.00km/h) than traveling in
non-road areas (mean = 0.30km/h; p <.05). Subsequently, the tra-
jectory path of T1-C1 showed territorial movement behavior con-
fined to the sanctuary and adjoining forested landscape. Therefore,
after tracking for more than a year, the GPS radio-collar was re-

moved using a drop-off mechanism.

4 | DISCUSSION

We recorded one of the longest dispersals of a male tiger, traveling
a maximum linear distance of 315km in a human-dominated land-
scape. The dispersal journey was remarkable for its length, duration,
and movement through a highly interspersed mosaic of forested
areas and agricultural fields. Evidence of such long-distance disper-
sal in tigers has been recorded previously in a few studies through
radiotelemetry (VHF and GPS), intensively monitored populations
(camera traps) and genetic studies across various landscapes in the
Indian subcontinent (Gour et al., 2013; Reddy et al., 2012; Sarkar
et al., 2016, 2021; Singh et al., 2021; Smith, 1993). Such movement
occurs in both sexes, with males moving longer distances from few
kilometers to hundreds of kilometers (Table 3) and can be influenced
by various factors. In general, male dispersal is related to intrasexual
competition for mates, inbreeding avoidance, and resource compe-
tition (Dobson, 1982; Greenwood, 1980; Perrin & Vladimir, 1999;
Pusey & Wolf, 1996). Information from long-distance dispersal thus
provides knowledge and helps identify functional corridors, which
are crucial to designing conservation policies for large-ranging spe-
cies like tigers.

The dispersal journey of T1-C1 involved three distinct move-
ment phases and traveled a cumulative distance of ~3000km from
its natal area to the site where it localized after dispersal. The dis-
persal route of a large-ranging carnivore like tigers highlights the
multiscale nature of the individual movement and the ability to
navigate a heterogeneous landscape. The dispersal event started
during the monsoon and lasted until winter. During the period of
monsoon, vegetation cover, availability of water, and productivity in
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FIGURE 2 Dispersal movement of a sub-adult tiger (Panthera tigris) T1-C1 from Tipeshwar to Dnyanganga Wildlife Sanctuary traveling

through a human-dominated landscape.

dry deciduous habitat increases, making dispersal more permeable
through a human-dominated landscape. Moreover, the agricultural
fields with growing crops act as a cover for dispersal. Additionally,
the availability of livestock increases as they are left to graze in the
forested areas and form easy prey for dispersing tigers.

During post-dispersal, we found that the daily distance traveled
and displacement was higher than in the dispersal and pre-dispersal
phases. We also found a wide range in turning angles, suggesting
the movement to be more tortuous and forward movement. This is
probably because of the environmental features and mosaic of hab-
itats within the landscape that influences movement. T1-C1 space
use included multiple core areas (17.29 km?) within the Dnyanganga
Sanctuary and encompassed a larger fragmented area, including
forest and agricultural fields outside the PA. Thus, it adapted a high
territorial movement to cover a more extensive territory while criss-
crossing agriculture fields and forested areas in a human-dominated
landscape. Similarly, studies on cougars and lions exhibited higher
speeds while traversing through fragmented human-dominated areas
to reduce time spent in multiple-use areas (Kertson et al., 2011; Valeix
et al., 2012). Moreover, temporal changes in movement speed allow
the individual to cover longer distances and more fragmented for-
est patches occurring both inside and outside the sanctuary. Thus, it

minimizes the anthropogenic disturbances by moving more at night
(0.65km/h) than during the day in a human-dominated landscape.
Similar movement behavior was reported in tigers that exhibited
higher speeds outside PA and at night (Habib, Ghaskadbi, et al., 2021).

The movement was more linear with strong directional per-
sistence during dispersal with a maximum mean movement speed
of 3.50km/h during the night. Altered movement patterns due to
habitat fragmentation and human pressure have been observed
in many carnivore species worldwide (Poessel et al., 2014; Tigas
etal., 2002; Tucker et al., 2018). His movement was more confined
and restricted within small forest patches and sheltered in these
patches during the day (mean turn angle = 0.24). While at night,
it traveled extensively from one forest patch to another inter-
spersed in the landscape with high directional persistence (mean
turn angle = -0.01). This variability in movement behavior can be
attributed to behavioral plasticity while moving through a human-
dominated landscape, thus minimizing human encounters and re-
ducing anthropogenic pressure. Moreover, change in land use and
increase fragmentation limits the movement of dispersing tigers.
To negotiate movement in such a human-dominated area, animals
move faster at night with more directionality (Habib, Ghaskadbi,
et al., 2021; Ordiz et al., 2017).
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FIGURE 3 Resting clusters and kill sites of a sub-adult tiger (Panthera tigris) T1-C1 during dispersal in a human-dominated landscape. The

dispersal direction is from Tipeshwar to Dnyanganga Wildlife Sanctuary.

TABLE 2 Cluster characteristics (cluster size, number of clusters, time duration, and distance to human settlements) of a sub-adult tiger
(Panthera tigris) T1-C1 while dispersing through a human-dominated landscape in the Vidarbha Landscape of Maharashtra, India

Cluster Number of Mean time Number Mean NDVI Distance to forest Distance to human
System size (ha) clusters spent (h)+ SD of visits +SD edge (m)+ SD settlement (m)+ SD
Forest 0-2 43 32.98 +25.66 2 0.23 +0.05 433.07 +£357.19 1898.78 +1159.15
2-4 22 47.36 +28.18 2 0.24 +0.05 438.46 +311.19 2207.30 +778.83
4-6 4 20.75 +£12.61 2 0.21 +0.07 606.77 +444.59 1302.89 +687.84
6-8 3 68.00 +52.12 4 0.20+0.04 223.30 +257.54 2150.23 +394.60
>8 1 57.00 3 0.26 1279.93 3337.51
Non-forest 0-2 14 42.43 +57.35 2 0.20 +0.05 1245.77 +1607.74 1345.46 +737.41
2-4 2 73.50 +94.05 8 0.17 £0.02 1238.92 +4.74 1441.57 +600.36

The clusters formed along the dispersal path highlighted the char-
acteristics of resting places or short-term refugia and also acted as kill
sites, where it persisted mainly on domestic cattle. Our result shows
that T1-C1 spent less time per event in larger clusters inside the forest
and more time in smaller clusters outside forested areas. The differen-
tial cluster size and time spent in non-forest areas with respect to for-
ested areas can be attributed to the mosaic habitat and anthropogenic

disturbances. The habitat patches in a human-dominated landscape
are at varying distances from each other and interspersed with agri-
cultural fields. Due to the fragmented habitat outside forested areas,
small clusters were observed between forest fragments as probable
resting sites. Such clusters were away from human settlements, pri-
marily in moderate-to-high vegetation cover. However, the time spent
in these small clusters was higher as the animal would be compelled
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TABLE 3 Details of dispersal studies on tigers in the Indian subcontinent and distance traveled by males from their natal area during

dispersal
Author Place
Smith (1993) Royal Chitwan National Park, Nepal

Sarkar et al. (2016) Panna Tiger Reserve

Murthy (2017)

Sadhu et al. (2017)
Singh et al. (2021)
Current study (T1-C1)

Bandhavgarh Tiger Reserve
Ranthambhore Tiger Reserve
Ranthambhore Tiger Reserve

Vidarbha Landscape

to rest in these refuge patches during the daytime when human ac-
tivity is maximum. As human activity reduces at night, the animal can
move between forest fragments situated far away from each other.
Whereas, in forested areas, the habitat is contiguous, making move-
ment more conducive during day and night. Thus, the animal spent
less time resting in larger clusters, perceiving a low risk attributed to
human activity and anthropogenic disturbances.

In addition to the landscape heterogeneity, linear features
such as roads affect the rate of movement while crossing roads
compared to when traveling in non-road areas. Moreover, T1-C1
avoided high-traffic roads by crossing roads at night as animal per-
ceives roads and human activity as risk (Frid & Dill, 2002; Northrup
etal.,, 2012; Thurfjell et al., 2015). Thus, linear features such as roads
can act as barriers to animal movement either through mortality,
displacement, or behavioral avoidance, depending on the land-
scape (Anderson, 2002; Forman et al., 2003; Scrafford et al., 2018;
Shepard et al., 2008). Consequently, habitat mosaic and landscape
structure greatly influence dispersal patterns by facilitating or re-

stricting movement (Holderegger & Wagner, 2008).

4.1 | Conservation implications

The study highlights the importance of documenting long-distance
dispersal by GPS telemetry, otherwise difficult to record at such a
fine temporal scale. The dispersal event of T1-C1 has interesting
conservation implications as it moved through a human-dominated
landscape. While dispersing, the animal crossed numerous barriers
such as rivers, national highways, major roads, and railway lines. The
journey through a mosaic of land use revealed the significance of
fragmented areas or refuge islands and dispersal corridors. The dis-
persal route provided the possible functional connectivity between
the primary tiger habitat in Maharashtra and Telangana. However,
the growing human population and further expansion of urban areas
could compromise connectivity and influence movement. Because
the tiger population relies upon dispersal between patches of pri-
mary habitat and adjoining landscape, land management and govern-
ment agencies must consider enhancing connectivity and restoration
of fragmented patches for the population's long-term survival. The
study also highlights the importance of small forest fragments in a

Euclidean dispersal Cumulative distance

Method distance (km) covered (km)
VHF collar 71 -
VHF/GPS/Satellite 250 440

collar

Camera trapping 280 -
Camera trapping 220 -
Camera trapping 148.4 -
GPS collar 315 ~3000

landscape, which are essential in maintaining connectivity. Thus,
successful animal dispersal indicates functional connectivity among

habitats and can be used as an indicator for wildlife recovery.

AUTHOR CONTRIBUTIONS

BH and PN conceived ideas and designed methodology; ZH carried
out fieldwork, analyzed the data, and led the writing of the manu-
script. PG helped in field data collection. RG and PP helped in cap-
ture and local field support. All the authors contributed critically to
the draft and gave final approval for publication.

ACKNOWLEDGMENTS

We are thankful to the Ministry of Environment, Forest and Climate
Change (MOEFCC) and Maharashtra Forest Department (MFD) for
the permission to collar animals and conduct research. MFD is duly
acknowledged for the funding provided to carry out the research pro-
ject. We are also thankful to the Field Directors, DFOs, RFOs, forest
guards, and watchers for their constant support, advice, and input
during the fieldwork in the Vidarbha landscape. We are also grateful
to our field assistants (Irfan, Mangesh, Noor, Rama, and Roshan) for
providing constant support and necessary help throughout the study.
| am thankful to Dr. Hussain Reshamwala and Mr. Shaheer Khan for
their critical thought in the analysis. We thank the Director, Dean,
and Research Co-ordinator of the Wildlife Institute of India and Chief
Wildlife Warden, Govt. of Maharashtra, for supporting the study.

FUNDING INFORMATION
Funding was provided by Maharashtra Forest Department,
Government of Maharashtra.

CONFLICT OF INTEREST

The authors declare that they have no competing interests.

DATA AVAILABILITY STATEMENT

The dispersal data of the endangered species contain location data
outside protected areas, which are prone to poaching and human
prosecution. Moreover, the movement corridor and forested areas
are used by other tigers and will make other dispersing individuals
prone to many risks including poaching. Because of conservation rea-
son, our request may be considered not to share the location data.

85U017 SUOLUIOD dAIERID 8|qedl|dde 8y Aq pausenof ae oo e YO 88N JO S3|NJ 10} ARIqIT8UIUO AB|IM UO (SUORIPUOD-PUR-SLLBILID" A 1WA Re.d U JUO//STIY) SUO HIPUOD PUe S | 83U} 89S *[£202/50/92] U0 A%q1T8ulluO AB|IM ‘L0E6'E899/200T OT/10p/ui0d" Ao | Azeiq1jeuljuo//Sdny wouy papeo|umod ‘6 ‘2202 ‘8GLLGY0Z



HUSSAIN ET AL.

REFERENCES

Andersen, G. E., Johnson, C. N., Barmuta, L. A., & Jones, M. E. (2017). Use
of anthropogenic linear features by two medium-sized carnivores in
reserved and agricultural landscapes. Scientific Reports, 7(1), 1-11.
https://doi.org/10.1038/s41598-017-11454-z

Anderson, P. (2002). Wildlife and roads: The ecological impact. Eds B.
Sherwood, D. Butler and J. Burton (D. Sherwood, D. Butler, & J.
Burton [eds.]). World Scientific.

Anuradha Reddy, P., Ramesh, K., Shekhar Sarkar, M., Srivastava, A.,
Bhavanishankar, M., & Shivaji, S. (2016). Significance of mate selec-
tion and adult sex ratio in tiger reintroduction/reinforcement pro-
grams. Journal of Zoology, 299(2), 132-141. https://doi.org/10.1111/
jz0.12331

Borger, L., & Fryxell, J. (2012). Quantifying individual differences in dis-
persal using net squared displacement. In J. Clobert, M. Baguette,
G. T. Benton, & M. J. Bullock (Eds.), Dispersal ecology and evolution
(pp. 222-230). Oxford University Press.

Bunnefeld, N., Borger, L., Van Moorter, B., Rolandsen, C. M., Dettki, H.,
Solberg, E. J., & Ericsson, G. (2011). A model-driven approach to
quantify migration patterns: Individual, regional and yearly dif-
ferences. Journal of Animal Ecology, 80(2), 466-476. https://doi.
org/10.1111/j.1365-2656.2010.01776.x

Calenge, C. (2015). Analysis of animal movements in R: The adehabitatLT
package (pp. 1-82). Office National de La Chasse et de La Faune
Sauvage. https://cran.r-project.org/web/packages/adehabitatLT/
vignettes/adehabitatLT.pdf

Clapp, J. G., Holbrook, J. D., & Thompson, D. J. (2021). GPSeqClus: An
R package for sequential clustering of animal location data for
model building, model application and field site investigations.
Methods in Ecology and Evolution, 12(5), 787-793. https://doi.
org/10.1111/2041-210X.13572

Clobert, J., Baguette, M., Benton, T. G., & Bullock, J. M. (2012). Dispersal
ecology and evolution. Oxford University Press (OUP). https://doi.
org/10.1093/acprof:0s0/9780199608898.001.0001

Clobert, J., Le Galliard, J. F., Cote, J., Meylan, S., & Massot, M. (2009).
Informed dispersal, heterogeneity in animal dispersal syndromes
and the dynamics of spatially structured populations. Ecology Letters,
12(3), 197-209. https://doi.org/10.1111/j.1461-0248.2008.01267.x

Crooks, K. R., Burdett, C. L., Theobald, D. M., King, S. R. B., Di Marco,
M., Rondinini, C., & Boitani, L. (2017). Quantification of habi-
tat fragmentation reveals extinction risk in terrestrial mammals.
Proceedings of the National Academy of Sciences of the United
States of America, 114(29), 7635-7640. https://doi.org/10.1073/
pnas.1705769114

Crooks, K. R., Burdett, C. L., Theobald, D. M., Rondinini, C., & Boitani,
L. (2011). Global patterns of fragmentation and connectivity of
mammalian carnivore habitat. Philosophical Transactions of the Royal
Society B: Biological Sciences, 366(1578), 2642-2651. https://doi.
org/10.1098/rstb.2011.0120

Dobson, A., Lodge, D., Alder, J., Cumming, G. S., Keymer, J., McGlade, J.,
Mooney, H., Rusak, J. A., Sala, O., Wolters, V., Wall, D., Winfree, R.,
& Xenopoulos, M. A. (2006). Habitat loss, trophic collapse, and the
decline of ecosystem services. Ecology, 87(8), 1915-1924. https://
doi.org/10.1890/0012-9658(2006)87[1915:HLTCAT]2.0.CO;2

Dobson, S. F. (1982). Competition for mates and predominant juvenile
male dispersal in mammals. Animal Behaviour, 30, 1183-1192.

Fahrig, L. (2003). Effects of habitat fragmentation on biodiversity. Annual
Review of Ecology, Evolution, and Systematics, 34, 487-515. https://
doi.org/10.1146/annurev.ecolsys.34.011802.132419

Forman, R. T., Sperling, D., Bissonette, J. A., Clevenger, A. P., Cutshall,
C. D., Dale, V. H., & Winter, T. C. (2003). Road ecology: Science and
solutions. Island press.

Frid, A., & Dill, L. (2002). Human-caused disturbance stimuli as a form of
predation risk. Ecology and Society, 6(1), 11. https://doi.org/10.5751/
es-00404-060111

Ecology and Evolution 9 of 10
=t S VY LEY- 2o

Gorelick, N., Hancher, M., Dixon, M., llyushchenko, S., Thau, D., & Moore,
R.(2017). Google Earth Engine: Planetary-scale geospatial analysis
for everyone. Remote Sensing of Environment, 202, 18-27. https://
doi.org/10.1016/j.rse.2017.06.031

Gour, D. S., Bhagavatula, J., Bhavanishankar, M., Reddy, P. A, Gupta, J. A,
Sarkar, M. S., Hussain, S. M., Harika, S., Gulia, R., & Shivaiji, S. (2013).
Philopatry and dispersal patterns in Tiger (Panthera tigris). PLoS One,
8(7), 14-17. https://doi.org/10.1371/journal.pone.0066956

Graves, T. A., Farley, S., Goldstein, M. ., & Servheen, C. (2007).
Identification of functional corridors with movement characteristics
of brown bears on the Kenai peninsula, Alaska. Landscape Ecology,
22(5), 765-772. https://doi.org/10.1007/s10980-007-9082-x

Greenwood, P. J. (1980). Mating system, philoparty and dispersal in birds
and mammals. Animal Behaviour, 28(4), 1140-1162.

Habib, B., Ghaskadbi, P., Khan, S., Hussain, Z., & Nigam, P. (2021). Not
a cakewalk: Insights into movement of large carnivores in human-
dominated landscapes in India. Ecology and Evolution, 11(4), 1653~
1666. https://doi.org/10.1002/ece3.7156

Habib, B., Nigam, P., Mondal, I., Ghaskadbi, P., & Hussain, Z. (2017).
Ensuring safety in the Kkiller fields: Identifying potential villages for
measures to reduce electrocultion of Tigers and associated species in
Eastern Vidarbha Landscape, Maharashtra, India. Wildlife Institute of
India.

Habib, B., Nigam, P., Mondal, ., Hussain, Z., Ghaskadbi, P., Govekar, R.
S., Praveen, N. R., Banerjee, J., Ramanujan, R. M., & Ramgaonkar,
J. (2021). Telemetry based tiger corridor of Vidarbha landscape,
Maharashtra, India. Wildlife Institute of India.

Habib, B., Nigam, P., Rao, Y., Reddy, M., & Govekar, R. (2020). Status
of tigers, co-predator and prey in tipeshwar wildlife Sanctuary,
Maharashtra, India, 2020. Wildlife Institute of India.

Holderegger, R., & Wagner, H. H. (2008). Landscape genetics. Biosciences,
58(3), 199-207. https://doi.org/10.1016/B978-0-12-384719-5.00386
-5

Howard, W. E. (2015). The University of notre dame innate and environ-
mental dispersal of individual vertebrates of dispersal innate and
environmental vertebrates individual, 63(1), 152-161.

Joshi, A., Vaidyanathan, S., Mondo, S., Edgaonkar, A., & Ramakrishnan,
U. (2013). Connectivity of tiger (Panthera tigris) populations in the
human-influenced forest mosaic of Central India. PLoS One, 8(11),
e77980. https://doi.org/10.1371/journal.pone.0077980

Jansson, K. A., Tattrup, A. P., Borregaard, M. K., Keith, S. A., Rahbek, C., &
Thorup, K. (2016). Tracking animal dispersal: From individual move-
ment to community assembly and global range dynamics. Trends in
Ecology and Evolution, 31(3), 204-214. https://doi.org/10.1016/j.
tree.2016.01.003

Kertson, B. N., Spencer, R. D., Marzluff, J. M., Hepinstall-Cymerman,
J., & Grue, C. E. (2011). Cougar space use and movements
in the wildland-urban landscape of western Washington.
Ecological ~ Applications,  21(8), 2866-2881. https://doi.
org/10.1890/11-0947.1

Kranstauber, B., Kays, R., Lapoint, S. D., Wikelski, M., & Safi, K.
(2012). A dynamic Brownian bridge movement model to esti-
mate utilization distributions for heterogeneous animal move-
ment. Journal of Animal Ecology, 81(4), 738-746. https://doi.
org/10.1111/j.1365-2656.2012.01955.x

Leblond, M., St-Laurent, M. H., & Cété, S. D. (2016). Caribou, water, and
ice - fine-scale movements of a migratory arctic ungulate in the
context of climate change. Movement Ecology, 4(14), 1-12. https://
doi.org/10.1186/s40462-016-0079-4

Levin, S. A., Muller-Landau, H. C., Nathan, R., & Chave, J. (2003). The
ecology and evolution of seed dispersal: A theoretical perspective.
Annual Review of Ecology, Evolution, and Systematics, 34, 575-604.
https://doi.org/10.1146/annurev.ecolsys.34.011802.132428

Lund, U., Agostinelli, C., Arai, H., Gagliardi, A., Garcia Portuges, E.,
Giunchi, D., Irisson, J.-O., Pocermnich, M., & Rotolo, F. (2017).

85U017 SUOLUIOD dAIERID 8|qedl|dde 8y Aq pausenof ae oo e YO 88N JO S3|NJ 10} ARIqIT8UIUO AB|IM UO (SUORIPUOD-PUR-SLLBILID" A 1WA Re.d U JUO//STIY) SUO HIPUOD PUe S | 83U} 89S *[£202/50/92] U0 A%q1T8ulluO AB|IM ‘L0E6'E899/200T OT/10p/ui0d" Ao | Azeiq1jeuljuo//Sdny wouy papeo|umod ‘6 ‘2202 ‘8GLLGY0Z


https://doi.org/10.1038/s41598-017-11454-z
https://doi.org/10.1111/jzo.12331
https://doi.org/10.1111/jzo.12331
https://doi.org/10.1111/j.1365-2656.2010.01776.x
https://doi.org/10.1111/j.1365-2656.2010.01776.x
https://cran.r-project.org/web/packages/adehabitatLT/vignettes/adehabitatLT.pdf
https://cran.r-project.org/web/packages/adehabitatLT/vignettes/adehabitatLT.pdf
https://doi.org/10.1111/2041-210X.13572
https://doi.org/10.1111/2041-210X.13572
https://doi.org/10.1093/acprof:oso/9780199608898.001.0001
https://doi.org/10.1093/acprof:oso/9780199608898.001.0001
https://doi.org/10.1111/j.1461-0248.2008.01267.x
https://doi.org/10.1073/pnas.1705769114
https://doi.org/10.1073/pnas.1705769114
https://doi.org/10.1098/rstb.2011.0120
https://doi.org/10.1098/rstb.2011.0120
https://doi.org/10.1890/0012-9658(2006)87%5B1915:HLTCAT%5D2.0.CO;2
https://doi.org/10.1890/0012-9658(2006)87%5B1915:HLTCAT%5D2.0.CO;2
https://doi.org/10.1146/annurev.ecolsys.34.011802.132419
https://doi.org/10.1146/annurev.ecolsys.34.011802.132419
https://doi.org/10.5751/es-00404-060111
https://doi.org/10.5751/es-00404-060111
https://doi.org/10.1016/j.rse.2017.06.031
https://doi.org/10.1016/j.rse.2017.06.031
https://doi.org/10.1371/journal.pone.0066956
https://doi.org/10.1007/s10980-007-9082-x
https://doi.org/10.1002/ece3.7156
https://doi.org/10.1016/B978-0-12-384719-5.00386-5
https://doi.org/10.1016/B978-0-12-384719-5.00386-5
https://doi.org/10.1371/journal.pone.0077980
https://doi.org/10.1016/j.tree.2016.01.003
https://doi.org/10.1016/j.tree.2016.01.003
https://doi.org/10.1890/11-0947.1
https://doi.org/10.1890/11-0947.1
https://doi.org/10.1111/j.1365-2656.2012.01955.x
https://doi.org/10.1111/j.1365-2656.2012.01955.x
https://doi.org/10.1186/s40462-016-0079-4
https://doi.org/10.1186/s40462-016-0079-4
https://doi.org/10.1146/annurev.ecolsys.34.011802.132428

HUSSAIN ET AL.

10 of 10 .
Ecol Evol
WI LE Y-Ecelogy and Evolution

“Circular”: Circular statistics (version 0.4-93). R Package, 138.
https://www.topsoe.com/processes/sng

Mardia, K. V., & Jupp, P. E. (1999). Statistics of directional data (Vol. 2, 2nd
ed.). John Wiley and Sons.

Murthy, R. S. (2017). Identification Report of Bandhavgarh's Tiger-71.
Madhya Pradesh State Biodiversity Board, Bhopal, India.

Nathan, R. (2003). Dispersal biogeography. In S. A. Levin (Ed.), Academic
Press. https://doi.org/10.1016/B978-0-12-384719-5.00033-2
Northrup, J. M., Pitt, J., Muhly, T. B., Stenhouse, G. B., Musiani, M., &
Boyce, M. S. (2012). Vehicle traffic shapes grizzly bear behaviour
on a multiple-use landscape. Journal of Applied Ecology, 49(5), 1159-

1167. https://doi.org/10.1111/j.1365-2664.2012.02180.x

Noss, R. F., Quigley, H. B., Hornocker, M. G., Merrill, T., & Paquet, P. C.
(1996). Conservation Biology and carnivore conservation in the
Rocky Mountain. Conservation Biology, 10(4), 949-963. https://doi.
org/10.1046/j.1523-1739.1996.10040949.x

Ordiz, A., Sebg, S., Kindberg, J., Swenson, J. E., & Stgen, O. G. (2017).
Seasonality and human disturbance alter brown bear activity pat-
terns: Implications for circumpolar carnivore conservation? Animal
Conservation, 20(1), 51-60. https://doi.org/10.1111/acv.12284

Perrin, N., & Vladimir, M. (1999). Dispersal and inbreeding avoidance.
Animal Behaviour, 153(3), 282-292.

Poessel, S. A., Burdett, C. L., Boydston, E. E., Lyren, L. M., Alonso, R. S.,
Fisher, R. N., & Crooks, K. R. (2014). Roads influence movement and
home ranges of a fragmentation-sensitive carnivore, the bobcat, in
an urban landscape. Biological Conservation, 180, 224-232. https://
doi.org/10.1016/j.biocon.2014.10.010

Pusey, A., & Wolf, M. (1996). Inbreeding avoidance in animals. Trends in
Ecology & Evolution, 11(5), 201-292.

R Core Team. (2020). R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing. https://www.R-proje
ct.org/

Reddy, P. A., Gour, D. S., Bhavanishankar, M., Jaggi, K., Hussain, S. M.,
Harika, K., & Shivaji, S. (2012). Genetic evidence of tiger popula-
tion structure and migration within an isolated and fragmented
landscape in Northwest India. PLoS One, 7(1), €29827. https://doi.
org/10.1371/journal.pone.0029827

Ripple, W. J., Estes, J. A., Beschta, R. L., Wilmers, C. C., Ritchie, E. G.,
Hebblewhite, M., Berger, J., Elmhagen, B., Letnic, M., Nelson,
M. P, Schmitz, O. J., Smith, D. W., Wallach, A. D., & Wirsing, A. J.
(2014). Status and ecological effects of the world'’s largest carni-
vores. Science, 343(6167), 1241484. https://doi.org/10.1126/scien
ce.1241484

Sadhu, A., Jayam, P. P. C,, Qureshi, Q., Shekhawat, R. S., Sharma, S., &
Jhala, Y. V. (2017). Demography of a small, isolated tiger (Panthera
tigris tigris) population in a semi-arid region of western India. BMC
Zoology, 2(1), 1-13. https://doi.org/10.1186/s40850-017-0025-y

Sarkar, M. S., Niyogi, R., Masih, R. L., Hazra, P., Maiorano, L., & John,
R. (2021). Long-distance dispersal and home range establishment
by a female sub-adult tiger (Panthera tigris) in the Panna landscape,
Central India. European Journal of Wildlife Research, 67(3), 1-7.
https://doi.org/10.1007/s10344-021-01494-2

Sarkar, M. S., Ramesh, K., Johnson, J. A,, Sen, S., Nigam, P., Gupta, S. K.,
Murthy, R. S., & Saha, G. K. (2016). Movement and home range char-
acteristics of reintroduced tiger (Panthera tigris) population in Panna
Tiger Reserve, Central India. European Journal of Wildlife Research,
62(5), 537-547. https://doi.org/10.1007/s10344-016-1026-9

Scrafford, M. A,, Avgar, T., Heeres, R., & Boyce, M. S. (2018). Roads elicit
negative movement and habitat-selection responses by wolverines
(Gulo gulo luscus). Behavioral Ecology, 29(3), 534-542. https://doi.
org/10.1093/beheco/arx182

Shepard, D. B., Kuhns, A. R., Dreslik, M. J., & Phillips, C. A. (2008).
Roads as barriers to animal movement in fragmented land-
scapes. Animal Conservation, 11(4), 288-296. https://doi.
org/10.1111/j.1469-1795.2008.00183.x

Signer, J., Fieberg, J., & Avgar, T. (2019). Animal movement tools (amt):
R package for managing tracking data and conducting habitat

Open Access,

selection analyses. Ecology and Evolution, 9(2), 880-890. https://
doi.org/10.1002/ece3.4823

Singh, R., Pandey, P., Qureshi, Q., Sankar, K., Krausman, P. R., & Goyal,
S. P. (2021). Philopatric and natal dispersal of tigers in a semi-arid
habitat, western India. Journal of Arid Environments, 184(October
2020), 104320. https://doi.org/10.1016/j.jaridenv.2020.104320

Smith, J. L. D. (1993). The role of dispersal in structuring the Chitwan
tiger population. Behaviour, 124(3-4), 165-195. https://doi.
org/10.1163/156853993X00560

Thatte, P., Joshi, A., Vaidyanathan, S., Landguth, E., & Ramakrishnan, U.
(2018). Maintaining tiger connectivity and minimizing extinction
intothe nextcentury: Insights fromlandscape geneticsand spatially-
explicit simulations. Biological Conservation, 218(December 2017),
181-191. https://doi.org/10.1016/j.biocon.2017.12.022

Thurfjell, H., Spong, G., Olsson, M., & Ericsson, G. (2015). Avoidance
of high traffic levels results in lower risk of wild boar-vehicle ac-
cidents. Landscape and Urban Planning, 133, 98-104. https://doi.
org/10.1016/j.landurbplan.2014.09.015

Tigas, L. A., Van Vuren, D. H., & Sauvajot, R. M. (2002). Behavioral re-
sponses of bobcats and coyotes to habitat fragmentation and corri-
dors in an urban environment. Biological Conservation, 108(3), 299-
306. https://doi.org/10.1016/50006-3207(02)00120-9

Trakhtenbrot, A., Nathan, R., Perry, G., & Richardson, D. M. (2005).
The importance of long-distance dispersal in biodiversity con-
servation. Diversity and Distributions, 11(2), 173-181. https://doi.
org/10.1111/j.1366-9516.2005.00156.x

Tucker, M. A., Bohning-Gaese, K., Fagan, W. F., Fryxell, J. M., Van
Moorter, B., Alberts, S. C., Ali, A. H., Allen, A. M., Attias, N., Avgar,
T., Bartlam-Brooks, H., Bayarbaatar, B., Belant, J. L., Bertassoni,
A., Beyer, D., Bidner, L., Van Beest, F. M., Blake, S., Blaum, N., ...
Mueller, T. (2018). Moving in the Anthropocene: Global reductions
in terrestrial mammalian movements. Science, 359(6374), 466-469.
https://doi.org/10.1126/science.aam9712

Valeix,M.,Hemson,G.,Loveridge,A.J.,Mills,G.,&Macdonald,D.W.(2012).
Behavioural adjustments of a large carnivore to access secondary
prey in a human-dominated landscape. Journal of Applied Ecology,
49(1), 73-81. https://doi.org/10.1111/j.1365-2664.2011.02099.x

Wall, J. (2014). Movement ecology tools for ArcGIS (arcmet) Version, 10(2),
V3.

Wang, T., Feng, L., Mou, P., Ge, J,, Li, C., & Smith, J. L. D. (2015). Long-
distance dispersal of an Amur tiger indicates potential to restore
the north-East China/Russian Tiger landscape. Oryx, 49(4), 578-
579. https://doi.org/10.1017/s0030605315000794

Waser, P. M., & Jones, W. T. (1983). Natal philopatry among solitary
mammals. Quarterly Review of Biology, 58(3), 355-390. https://doi.
org/10.1086/413385

Watts, A. G., Schlichting, P. E., Billerman, S. M., Jesmer, B. R., Micheletti,
S., Fortin, M. J,, Funk, W. C., Hapeman, P., Muths, E., & Murphy,
M. A. (2015). How spatio-temporal habitat connectivity affects
amphibian genetic structure. Frontiers in Genetics, 275(6), 1-13.
https://doi.org/10.3389/fgene.2015.00275

Weaver, J. L., Paquet, P. C., & Ruggiero, L. F. (1996). Resilience and
conservation of large carnivores in the Rocky Mountains.
Conservation Biology, 10(4), 964-976. https://doi.org/10.1046/
j.1523-1739.1996.10040964.x

How to cite this article: Hussain, Z., Ghaskadbi, P.,
Panchbhai, P., Govekar, R., Nigam, P., & Habib, B. (2022).
Long-distance dispersal by a male sub-adult tigerin a
human-dominated landscape. Ecology and Evolution, 12,
€9307. https://doi.org/10.1002/ece3.9307

85U017 SUOLUIOD dAIERID 8|qedl|dde 8y Aq pausenof ae oo e YO 88N JO S3|NJ 10} ARIqIT8UIUO AB|IM UO (SUORIPUOD-PUR-SLLBILID" A 1WA Re.d U JUO//STIY) SUO HIPUOD PUe S | 83U} 89S *[£202/50/92] U0 A%q1T8ulluO AB|IM ‘L0E6'E899/200T OT/10p/ui0d" Ao | Azeiq1jeuljuo//Sdny wouy papeo|umod ‘6 ‘2202 ‘8GLLGY0Z


https://www.topsoe.com/processes/sng
https://doi.org/10.1016/B978-0-12-384719-5.00033-2
https://doi.org/10.1111/j.1365-2664.2012.02180.x
https://doi.org/10.1046/j.1523-1739.1996.10040949.x
https://doi.org/10.1046/j.1523-1739.1996.10040949.x
https://doi.org/10.1111/acv.12284
https://doi.org/10.1016/j.biocon.2014.10.010
https://doi.org/10.1016/j.biocon.2014.10.010
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1371/journal.pone.0029827
https://doi.org/10.1371/journal.pone.0029827
https://doi.org/10.1126/science.1241484
https://doi.org/10.1126/science.1241484
https://doi.org/10.1186/s40850-017-0025-y
https://doi.org/10.1007/s10344-021-01494-2
https://doi.org/10.1007/s10344-016-1026-9
https://doi.org/10.1093/beheco/arx182
https://doi.org/10.1093/beheco/arx182
https://doi.org/10.1111/j.1469-1795.2008.00183.x
https://doi.org/10.1111/j.1469-1795.2008.00183.x
https://doi.org/10.1002/ece3.4823
https://doi.org/10.1002/ece3.4823
https://doi.org/10.1016/j.jaridenv.2020.104320
https://doi.org/10.1163/156853993X00560
https://doi.org/10.1163/156853993X00560
https://doi.org/10.1016/j.biocon.2017.12.022
https://doi.org/10.1016/j.landurbplan.2014.09.015
https://doi.org/10.1016/j.landurbplan.2014.09.015
https://doi.org/10.1016/S0006-3207(02)00120-9
https://doi.org/10.1111/j.1366-9516.2005.00156.x
https://doi.org/10.1111/j.1366-9516.2005.00156.x
https://doi.org/10.1126/science.aam9712
https://doi.org/10.1111/j.1365-2664.2011.02099.x
https://doi.org/10.1017/s0030605315000794
https://doi.org/10.1086/413385
https://doi.org/10.1086/413385
https://doi.org/10.3389/fgene.2015.00275
https://doi.org/10.1046/j.1523-1739.1996.10040964.x
https://doi.org/10.1046/j.1523-1739.1996.10040964.x
https://doi.org/10.1002/ece3.9307

	Long-­distance dispersal by a male sub-­adult tiger in a human-­dominated landscape
	Abstract
	1|INTRODUCTION
	2|MATERIAL AND METHODS
	2.1|Study area
	2.2|Field methods
	2.3|Analysis

	3|RESULTS
	3.1|Movement speed
	3.2|Directionality
	3.3|Chronological dispersal event

	4|DISCUSSION
	4.1|Conservation implications

	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


