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Abstract We examined human and ecological attributes of
attacks by tigers Panthera tigris and leopards Panthera
pardus on humans in and around the Tadoba-Andhari
Tiger Reserve in the Chandrapur District of central India to
provide recommendations to prevent or mitigate conflicts
between people and large carnivores. During 2005–2011 132
carnivore attacks on humans occurred, 71 (54%) of which
were lethal to humans. Tigers and leopards were responsible
for 78% and 22% of attacks, respectively. Significantly more
victims were attacked while collecting minor forest products
than during other activities. Probability of attack signifi-
cantly decreased with increasing distance from forests and
villages, and attacks occurredmost frequently in the forested
north-eastern corridor of the study area. Human activities
near the Reserve need to be regulated and limited as much as
possible to reduce human mortality and other conflicts.
Increasing access to alternative fuel sources (e.g. biogas,
solar) may reduce the pressure of timber harvesting on
protected areas. Residents should be trained in identifying
carnivore sign and in ways to reduce their vulnerability
when working outdoors.
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Introduction

Human–carnivore conflict is of special concern because
of the potentially catastrophic consequences for both

people and carnivores (Polisar et al., 2003; Nyhus & Tilson,
2004; Patterson et al., 2004; Inskip & Zimmermann, 2009)
and because it is one of the major threats to the survival of
large carnivores (Woodroffe et al., 2005). Among carnivores,
large felids are particularly conflict-prone (Sillero-Zubiri &

Laurenson, 2001; Karanth & Gopal, 2005). The large habitat
requirements and wide-ranging behaviour of these species
frequently cause individuals to roam beyond protected
areas, increasing their chance of becoming involved in
conflict with humans and of being persecuted and killed
(Karanth & Gopal, 2005; Kolowski & Holekamp, 2006;
Loveridge et al., 2010).

Since the tiger Panthera tigris was first categorized as
Endangered on the IUCN Red List (Chundawat et al., 2011),
human populations within the tiger’s range in Asia have
doubled and people increasingly come into contact with
tigers where resource use overlaps (Nyhus & Tilson, 2010;
Seidensticker, 2010). India is a human–tiger conflict hotspot
in which an estimated 50% of the global wild tiger
population exists in only 11% of the globally available tiger
habitat (Johnsingh et al., 2010; Seidensticker, 2010). Both
tigers and leopards Panthera pardus prey on livestock and
attack humans in India but in some areas of central India
leopards are more often involved in conflict (Madhusudan,
2003; Athreya et al., 2004; Singh, 2005). Little is known,
however, about either the ecology of carnivore attacks on
humans in India or, more importantly, how to prevent such
attacks effectively. As interactions between people and large
carnivores increase in the periphery of many protected areas
(Woodroffe & Ginsberg, 1998), an understanding of the
factors that influence carnivore attacks on humans is critical
for effective conflict prevention.

Carnivore attacks on humans have increased sharply
within the last two decades around the Tadoba-Andhari
Tiger Reserve in the central state of Maharashtra, India.
Since 2001 the Tiger Research and Conservation Trust has
been working with government agencies in and around the
reserve to facilitate relocation of settlements and mitigate
human–carnivore conflicts (Crawford et al., 2011). Here, we
use data collected during 2005–2011 to (1) summarize
human characteristics associated with large felid attacks, (2)
examine the influence of landscape factors on the
probability of attack, and (3) suggest ways to prevent or
mitigate carnivore attacks on humans in and around this
and other tiger reserves.

Study area

The 6,045 km2 study area included the Tadoba-Andhari
Tiger Reserve, commercial forests, and other State forests in
the Chandrapur District in the Maharashtra state of central
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India (Fig. 1). The forests are tropical dry deciduous
and composed of teak Tectona grandis, Adina cordifolia,
Anogeissus latifolia, Boswellia serrata, Diospyros melanox-
ylon, Madhuca indica and other species (Karanth &
Kumar, 2005). In 2001 the estimated density of tigers in
the Reserve was 3.27 per 100 km2 (12 tigers; Karanth et al.,
2004). The Reserve supports several other carnivore
species, including leopard and dhole Cuon alpinus.
Karanth et al. (2004) estimated combined prey density to
be 13.1 km−2, with sambar Cervus unicolor, chital Axis axis,
wild pig Sus scrofa and gaur Bos gaurus the most common
prey species.

The buffer zone surrounding the Reserve contains 79

villages, with a total human population of c. 66,000
(Ministry of Home Affairs, Government of India, 2001).
The buffer zone is composed of villages, tourist facilities and
croplands. Cattle are grazed in buffer forests and firewood
and fodder are harvested from forests near villages, leading
to degradation in these areas (Nagendra et al., 2006).

Commercial and State forests beyond the buffer zone have
land cover similar to that of the buffer and act as a corridor
connecting the Reserve to the northern parks and tiger
reserves of Maharashtra.

Methods

Human behaviour and activities

During 2005–2011we visited the site of each carnivore attack
within 3 days of the attack to record site variables and
interview witnesses. Based on interviews with the victim or
eyewitnesses we recorded the victim’s gender, age, posture
(standing or crouched) and activity at the time of the attack.
We also asked eyewitnesses if the carnivore had been inten-
tionally provoked or harassed. Activity was grouped into
one of four categories: (1) cattle grazing, (2) minor forest-
product collection (firewood, tendu Diospyros melanoxylon,

FIG. 1 The Tadoba-Andhari Tiger
Reserve and surrounding buffer zone in
Maharashtra State, central India. Kernel
density estimators (KDE) of carnivore
attacks on humans during 2005–2011 were
used to delineate 75 and 50% isopleths of
conflict. The 50% isopleths identify
conflict hotspots, particularly along the
north-eastern forested corridor.
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fodder), (3) mobbing or harassing the carnivore prior to the
attack, or (4) other (travelling, or using a latrine). We
grouped attacks into three seasons: summer (February–
May), monsoon (June–September), or winter (October–
January). Differences in attacks between gender, activity and
season were tested separately for tigers and leopards using χ2

tests (α5 0.05 throughout).

Landscape characteristics of attacks

We projected locations of attacks (in UTM coordinates;
n5 129) in ArcGIS v. 9.3 (ESRI, Redlands, USA) for all
spatial analyses. Fixed kernel density estimates (Worton,
1989) were used to identify zones with a high density of
attacks, using Hawth’s Tools (Beyer, 2004). We then used
the nearest neighbour index in the Spatial Statistics
extension to ArcView to test for significant spatial clustering
relative to a random distribution, where values, 1 indicate
spatial clustering and those . 1 indicate a dispersed spatial
pattern (Mitchell, 2005).

We reclassified land-cover types (1 km2 cell resolution)
from the Global Land Cover 2000 Project (Roy et al., 2003)
into three main cover types: forest, degraded forests,
and agricultural areas. Degraded forests were categorized
in the original land-cover file based on the analysis of
Roy et al. (2003). We also projected UTM locations of
167 villages in the broader region and 79 villages within
the buffer around the Reserve (Fig. 1). We visually confi-
rmed cover types and village locations using Google
Earth v. 6.1 (Google, Mountain View, USA). For each attack
we measured the Euclidean distance to the Reserve
boundary, and the nearest distance to forest (excluding
the Reserve), degraded forest, agricultural field, and
village. We examined differences in distance distributions
between leopard and tiger attacks using Kolmogorov–
Smirnov tests.

Multivariate logistic regressions were used to examine
the importance of distance variables as predictors of the
probability of attack. We generated 130 random (non-
attack) points within the spatial extent of attack locations
and measured the distance to each cover type for each point.
We constructed generalized linear models with a binary
response (attack/non-attack location) and logit-link func-
tion to assess the importance of each variable independently
as a predictor using AICc (Akaike information criterion)
model selection (Burnham & Anderson, 2002). The most
important cover variable was then used as the first variable
in a forward stepwise logistic regression, using a Wald
statistic to determine model significance at each step, with
the probability to enter the model at P$ 0.05. Model fit was
assessed using a Hosmer & Lemeshow (2000) goodness-of-
fit test. All statistical tests were two-tailed and were
calculated with SPSS v. 17 (SPSS Inc., Chicago, USA).

Results

Human behaviour and activities

We responded to 103 tiger and 29 leopard attacks on humans
during 2005–2011, 71 (54%) of which were lethal to humans.
Tigers attacked more men than women (χ25 15.86, df5 1,
P, 0.001) but more women died as a result of attacks
(χ25 13.62, df5 1, P, 0.001). Women were attacked
primarily while harvesting minor forest products, particu-
larly firewood, whereas men were attacked when grazing
cattle or collecting minor forest products (χ25 22.54, df5 4,
P, 0.001). Attacks did not vary by season (χ25 1.82, df5 2,
P5 0.402). Leopard attacks did not appear to differ by
human gender, activity or season but sample sizes were too
small to conduct χ2 tests. There was no evidence that either
species selected targets or attacked based on age of the victim;
the average age of victims was 42 (range 9–65). Of those
people who died, half were dragged from the attack site but
only 21% were partially consumed. Of 115 attacks for which
we had eyewitness information, only 15 (13%) resulted from
the victim harassing the animal. Most people (81%, n5 104)
were in a crouched or sitting posture when attacked.

Landscape characteristics of attacks

Most attacks (96%) occurred outside the Reserve, in the
buffer zone (40%) and surrounding landscape (56%).
Attacks were most numerous in forest (54%), followed by
agricultural lands (37%) and degraded forest (9%). Attacks
were clustered along a north-eastern corridor that connects
the Reserve, the buffer zone, and fragmented forests (Fig. 1;
nearest neighbour index5 0.66, P, 0.001). Attacks were
often within 5 km of villages and forest edges (Table 1).
Distributions of distance to nearest patch for all cover types
were not different between tiger and leopard attacks
(Z5 0.74–0.94, P5 0.34–0.65).

Of the one-variable logistic models, the model that
contained distance to village had the lowest AICc value and,
subsequently, this variable was the first variable to enter
stepwise multivariate regression (Table 1). This variable and
distance to forest were the only variables retained in the final
model (Table 1). Probability of attack decreased with
increasing distance from both forests and villages (Fig. 2).
The Hosmer & Lemeshow (2000) goodness-of-fit test indi-
cated significant model fit for the final model (χ25 12.13,
df5 8, P5 0.145). The model accurately classified 60% and
86% of random and attack locations respectively, giving a
combined classification success of 73%.

Discussion

Although attacks on people by tigers and leopards are
relatively rare throughout much of the species’ ranges,
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conflicts remain high in South Asia (Singh, 2005; Barlow,
2009; Goodrich, 2010; Nyhus & Tilson, 2010). Previous
studies suggest that the vulnerability of people to attack by
large carnivores is influenced not only by the biology of the
carnivore, but also by poverty, gender, labour type and age
of victims (Gurung et al., 2008; Ogra, 2008; Inskip &
Zimmermann, 2009). In our study area most victims were
attacked by tigers or leopards when collecting forest
products or grazing cattle in or near forests, and their
outdoor activity increased both the likelihood of encounter-
ing wild carnivores and their vulnerability to attacks, which
is comparable to reports elsewhere (Nyhus & Tilson, 2004;
Gurung et al., 2008).

Attacks by tigers were most numerous in forests and
fields in the buffer zone and surrounding landscape,
suggesting that some tigers are moving out of the Reserve.

In general, older males force younger tigers into peripheral
low-quality habitats, such as those outside reserves and
buffer zones, which have a shortage of prey and a ready
availability of livestock (Nyhus & Tilson, 2010). The wide-
ranging behaviour of dispersing carnivores along with the
low availability of wild prey in human-dominated land-
scapes increases the probability of tigers becoming involved
in conflict (Goodrich, 2010; Nyhus & Tilson, 2010).

In India leopards attack more humans than do other
felids but predation on livestock by leopards is more com-
mon (Singh, 2005; Athreya et al., 2010) and (Madhusudan,
2003; Inskip & Zimmermann, 2009). We expected attacks
by leopards to occur closer to villages near large forests, and
leopards were responsible for five of the seven attacks that
occurred within 1 km of a village, but the spatial distribution
of leopard attacks was nearly identical to that of tigers.
Leopard attacks accounted for only 29 attacks in Tadoba-
Andhari Tiger Reserve since 2005, which is consistent with
findings by Athreya et al. (2010).

Human–carnivore conflicts tend to be more frequent
near forest edges at the interface of human and carnivore
activity, and in areas of high human density (Nyhus &
Tilson, 2004; Miquelle et al., 2005; Gurung et al., 2008;
Nugraha & Sugardjito, 2009). This also appears to be the
case in the Tadoba-Andhari Tiger Reserve landscape, where
both men and women are attacked primarily in the buffer of
the Reserve or along the north-eastern corridor. Our
regression model showed that, of the variables that we as-
sessed, distance to village and distance to forest were the only
important predictors of attack. Although the one-variable
model containing distance to village was the top ranking
model by AICc, distance to forest had a much greater
influence (β) on attack probability andmost attacks occurred
either in forest or, 5 km from a forest edge. The probability
of attack decreased sharply with increasing distance to the

FIG. 2 Probability of attack on humans by large carnivores
during 2005–2011 based on the distance to the nearest forest and
village in the Tadoba-Andhari Tiger Reserve landscape.

TABLE 1 Results of one-variable and final forward stepwise logistic regression used to model the probability of attack on humans by tigers
and leopards around the Tadoba-Andhari Tiger Reserve (Fig. 1) during 2005–2011. All variables are nearest distances to the specified
variable (land cover) from each location (attack/non-attack).

Model
Mean distance ±
SD (km) to1 β (SE) AICc Χ2 P

Odds
ratio

One-variable
Village 5.0 ± 7.4 −0.09 (0.02) 305.12 34.33 ,0.001 0.91
Reserve 23.4 ± 15.6 −0.03 (0.01) 338.04 23.33 ,0.001 0.97
Forest 0.67 ± 1.2 −0.39 (0.10) 347.65 13.71 ,0.001 0.67
Degraded 1.6 ± 2.0 −0.15 (0.05) 353.81 7.93 0.005 0.86
Agriculture 0.72 ± 1.0 0.08 (0.09) 363.52 0.95 0.331 1.08

Final
Constant 1.18 (0.21) 294.622 32.1 ,0.001 3.25
Village −0.09 (0.02) 32.1 0.001 0.92
Forest −0.39 (0.12) 10.4 ,0.001 0.68

1Excluding attacks that occurred within the cover type
2Overall model AICc
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nearest forest, approaching zero at 10 km from a forest
(Fig. 2). However, such a strong relationship was not
observed for the distance to a village, inwhich the probability
of attack only gradually declined with increasing distance.

From these findings it would appear that villages on our
study area were attack hotspots, but this was not necessarily
the case. Most attacks occurred within or near forests that
were proximal to villages. Villages in this area are typically
located , 2 km from a forest edge, and the higher risk of
attack is related to their proximity to tiger and leopard
habitats. We also caution that, given the coarse resolution
(1 km2) of our data, distances are estimates and demonstrate
general trends in attack probability with distance to these
cover types. Yet our coarse-grained approach still indicates
that despite the tolerance of tigers and leopards to some level
of disturbance and their ability to use human-dominated
landscapes (Athreya et al., 2004; Goodrich, 2010) both
carnivores appeared to be avoiding areas of heaviest human
use in our study area. Large carnivores are attacking people
primarily in ‘edge’ cover types, neither in the core of the
Reserve nor in the heart of large urban areas.

Maharashtra is the second most populous state in India,
and 60% of the human population around the Tadoba-
Andhari Tiger Reserve primarily relies on natural resources
for their livelihood (Ministry of Home Affairs, Government
of India, 2001). The corridor to the north-east of the Reserve,
where conflict is highest, has become highly fragmented and
heavily used by humans (Nagendra et al., 2006). Illegal
harvest of forest products and grazing of livestock near or in
forests leave people particularly vulnerable to attack by
carnivores. Greater effort needs to be made to limit illegal
resource extraction and grazing. However, this is a
significant challenge because most local people lack an
alternative and often take a calculated risk when using areas
frequented by large carnivores. Increasing access to alterna-
tive fuel sources (e.g. biogas, solar) would lessen reliance on
forest products, reduce harvest pressure on forests and lower
the likelihood of attacks on people by large felids.

The human–carnivore conflict in the Tadoba-Andhari
Tiger Reserve and surrounding areas is influenced by a
complex interaction of demographic aspects of the local
communities, occupation, land use, and landscape features,
as well as carnivore biology. Given the number of attacks on
people, local communities need practical strategies to
prevent such attacks. To reduce conflict here and in similar
landscapes, we recommend (1) regulating and limiting
human activities within reserve buffers, (2) training local
residents to recognize carnivore sign and how to minimize
their own risk, and (3) establishing rapid response teams,
composed of qualified wildlife-capture personnel to be
deployed to mitigate and prevent conflict from escalating in
affected villages.

Currently the Tiger Research and Conservation Trust is
training State Forest Department staff to monitor carnivore

sign outside the Reserve (Crawford et al., 2011). Our map of
high risk areas provides guidance to reserve managers and
policy makers to define buffer size based on human activities
and land use in the area, allowing them to identify in
advance areas unsuitable for human use because of the
potential for high conflict (Treves et al., 2004). The Trust
also provides carnivore awareness training to village
residents in which participants learn to recognize sign and
strategies to reduce their vulnerability when working out-
doors. For example, we recommend that people avoid work-
ing alone in forests, especially women and those harvesting
firewood and other products that require crouching or
bending over.

Lethal or serious attacks on people often lead to
retaliatory or defensive killings, which may result in
additional injuries to people and/or carnivores (Sillero-
Zubiri et al., 2006). Personnel of the Tiger Research and
Conservation Trust respond to reports of human–carnivore
conflicts outside the Reserve to mitigate or prevent conflicts
from escalating. This may involve relocating the carnivore
involved in the conflict and, in some cases, results in the
rescue and rehabilitation of orphaned cubs. We are
currently working to establish a network of village residents
trained to monitor carnivore sign in and around villages and
report sightings to local officials or Trust personnel. Villages
here represent the front line in human–carnivore conflicts.
In the absence of a complete separation of people and large
carnivore habitat, local preventative strategies and effective
response to human–tiger conflicts will be key to the success
of tiger reserves (Goodrich, 2010; Nyhus & Tilson, 2010).
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