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Negative interactions between humans and large carnivores like tigers
(Panthera tigris) and leopards (Panthera pardus) are of concern for the
conservation of these carnivores, as well as for the health and wellbeing of
people who experience such interactions routinely. Such interactions not only
lead to human deaths, injuries and loss of domestic animals, but also can result
in retaliatory persecution of carnivores and cause their population declines.
The Dudhwa-Pilibhit landscape in the northern Indian state of Uttar Pradesh is
popularly regarded to be the second most affected hotspot of human-tiger
conflicts in the country. Yet, very little information is published on human-tiger
conflicts in this landscape. In this study, we recorded 7.4 + 5.8 (range: 1-20)
negative interactions per year between people and tigers that led directly to
human deaths and injuries. Although there appeared to be peaks in negative
interactions in more recent years, these were found to be statistically non-
significant. The peaks in the numbers of cases in 2009-10 and 2016-17 can be
attributed to higher numbers of human casualties cause by individual ‘problem’
tigers, and not due to an increase in the number of tigers engaging in conflicts.
We used binomial generalized linear modelling to model the risk to humans
from being attacked by tigers depending on landscape characteristics. This
approach demonstrated that the mosaics of forests and human settlements,
especially the presence of agriculture, forest patches and waterbodies, were
the predominant factors at play. Notably, higher risks were not mediated by the
presence of larger cattle population. Proximity of villages to forests or natural
vegetation patches was the most significantly contributing factor identified by
the model output. This suggested that despite the prevalent perception of
attacks on humans occurring in human-dominated areas of this landscape,
areas with forests or other natural vegetation entailed higher risks. This was
corroborated by field observations, with most attacks occurring within, or close
to, forests or dense vegetation. Based on these findings, we recommend that
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restricting human movements and taking precautionary measures in high-risk
areas can significantly reduce negative interactions with tigers in our study area.

KEYWORDS

negative interactions, coexistence, wildlife, human-tiger conflict, tiger (Panthera
tigris), human-wildlife conflict (HWC)

Introduction

Large carnivores maintain large home-ranges (Gittleman
and Harvey, 1982; Nowell and Jackson, 1996), and in densely
populated countries like India they are expected to come into
contact with humans (Karanth and Gopal, 2005; Inskip and
Zimmermann, 2009; Carter and Linnell, 2016). In the absence of
suitable prey rich habitats or availability of easy prey, such
interactions often turn negative (Treves and Karanth, 2003;
Goodrich, 2010). Large carnivores residing or moving through
human-dominated landscapes are widely known to predate on
livestock (Madhusudan, 2003; Wilson et al., 2005; Valeix et al.,
2012; Miller et al., 2016; Carter and Linnell, 2016), and, to a
lesser degree, cause human fatalities and injuries (Gurung et al.,
2008; Goodrich, 2010; Dhanwatey et al., 2013; Packer et al,
2019). When left unmanaged, such scenarios may lead to
enhanced antagonism between local people and carnivores
(Treves and Bruskotter, 2014; Zimmermann et al., 2020),
which can lead to retaliatory killings (Woodroffe and
Ginsberg, 1998; Inskip and Zimmermann, 2009) and poaching
for illegal wildlife trade (Tilson et al., 2010; Moreto, 2019).

Management strategies should focus on mitigation of crucial
factors elevating human-carnivore conflicts. At an ultimate level,
the destruction and degradation of natural habitats are widely
accepted as the drivers of conflicts between humans and large
carnivores around the world (Sillero-Zubiri and Laurenson,
2001; Naughton-Treves et al., 2003; Graham et al., 2005).
Nevertheless, within landscapes where humans and large
carnivores have co-occurred for extended periods, more
proximate factors may also drive such conflicts (Treves et. al.
2004; Miller et al. 2016). Various environmental factors, such as
human density, habitat fragmentation, and availability of prey,
water and other resources can all be associated with conflicts
(Wilson et al., 2005; Atwood and Breck, 2012; Valeix et al., 2012;
Dhanwatey et al., 2013; Packer et al., 2019). Such factors can play
an even larger role in determining and predicting conflicts in
human-modified areas with mosaics of multiple land-use types.

In India, tigers (Panthera tigris) widely co-occur with
humans, especially around well-protected tiger reserves (Post
and Pandav, 2013). Successful conservation and management
efforts within these tiger reserves have resulted in increased
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population sizes and densities of tigers (Jhala et al., 2020),
leading to a higher number of dispersing individuals from
these protected habitats (Smith, 1993; Karanth and Gopal,
2005; Lamichhane et al., 2017). Consequently, the fringe areas
of many tiger reserves are fraught with incidents of human-tiger
conflicts, often leading to the retaliatory killing of tigers.
Retaliatory killing and poaching for profit are the biggest
threats to tigers in the country (Miquelle et al., 2005; Habib
et al,, 2017; Dhungana et al., 2018). Persistent conflicts between
humans and tigers may also increase the risk of poaching, as
people become antagonistic towards tigers, their habitats, and
the management that works towards conserving them. While
human-tiger conflicts primarily manifest in the form of livestock
depredation, attacks on humans are also widespread and
increasing in recent times throughout many range states of
India (Karanth and Gopal, 2005; Goodrich, 2010; Dhanwatey
et al,, 2013; Chatterjee et al., 2017). While securing human lives
in such interactions is of paramount importance, both morally
and politically, it is also important for conservation of tigers, as
human fatalities and injuries are the strongest drivers capable to
further aggravate human retribution and resentment (Saberwal
1997; Tilson and Nyhus 1998; Gulati et al., 2021). Perceived risks
from predators increase dramatically with the loss of human
lives (Bhattarai and Fischer, 2014), inciting public agitations,
damages to government property, retaliatory killings of animals
involved, and violence against park managers and wildlife
wardens (Pers Obs'*; and e.g. https://www.dailymail.co.uk/
news/article-6353363/Indian-villagers-crush-tigress-death-
killed-man.html).

Tiger attacks on humans have been broadly understood to be
naturally accidental (Seidensticker and McDougal, 1993),
although some independent cases indicate a more consistent
trend. Like livestock depredation is suggested to result from an
interplay of predator presence, land-use, vegetation structure
and livestock availability (Miller, 2015), attacks on humans may
also be mediated by a variety of factors. It is crucial to clearly
understand what factors could potentially lead to higher
frequencies of negative human-tiger interactions irrespective of
victim activities prior to incidents and the mere presence of
tigers and humans in the landscape. Since tigers and other
carnivores can track their prey, including livestock, well
beyond natural habitats (Sunquist, 2010), spatial modeling has
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been widely employed to assess risks of livestock depredation
and human-carnivore conflicts across large landscapes (Treves
et al,, 2004; Amirkhiz et al., 2018), also incorporating predator-
prey dynamics into the model framework (Miller, 2015). In case
of tiger attacks on humans, certain landscape features may
increase an overlap of areas used by humans and tigers,
increasing the chances of such encounters (e.g. Nyhus and
Tilson 2004; Warrier et al,, 2020). Furthermore, tigers and
humans respond differently to the presence or absence of
different landscape elements. For instance, tigers in the
Russian Far East reportedly avoid areas with deep snow as it
makes plodding noisy and exhausting (Heptner & Sludskii, 1992,
¢f. Sunquist, 2010). Such behavioural flexibility may not only
influence the probability of a particular interaction between
humans and tigers, but also its chance to turn into an attack.
Thus, understanding landscape factors predisposing people to
tiger attacks is vital to identify high-risk areas, allowing for site-
specific management interventions to minimize such incidents.

Here we analyse data on tiger attacks on humans collected
over a decade in the Dudhwa and Pilibhit Tiger Reserve
landscape in the northern Indian state of Uttar Pradesh. It
comprises the last stronghold of the Bengal tiger in the state
and is one of the major tiger populations in the Terai ecosystem
of the country, harbouring 172 + 19 adult tigers (Jhala et al,
2020). We attempted to discern what elements of the landscape
best predict the probability of tiger attacks on humans.
Specifically, we investigated how various land-use and land-
cover elements influence the occurrence of attacks on humans by
tigers in the study area. We hypothesised that tiger attacks on
humans would be best explained by an interplay of distances to
protected forests and human settlements, presence of large cattle
population in villages, and presence of forest patches acting as
refuges for tigers moving out of protected forest habitats. We
hope that results of our study will help managers better protect
tigers and foster their coexistence with local people by mitigating
negative human-tiger interactions.

Materials and methods
Study area

Dudhwa (28° 30" 30” N, 80° 40’ 48” E) and Pilibhit (28°
3817.00”N 79°57°18.12”E) Tiger Reserves are located in the
Terai-Bhabar belt of northern Uttar Pradesh (Figure 1), across
the districts of Pilibhit, Lakhimpur Kheri, Bahraich and
Shahjahanpur, and form one of the last strongholds of wild
tigers in the state. These protected areas are also part of Level 1
and Level 2 Tiger Conservation Units (TCU) in northern India
(Wikramanayake et al., 2011). Dudhwa Tiger Reserve is
connected with Shukla-Phanta National Park in Nepal through
Dudhwa National Park and with Bardia National Park in Nepal
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through Katerniaghat Wildlife Sanctuary. Similarly, Pilibhit
Tiger Reserve is linked with Kishanpur Sanctuary of Dudhwa
Tiger Reserve as well as Shukla Phanta National Park in Nepal.

The terrain and vegetation of these areas are typical of the
Terai Bhabar belt, including wet alluvial grasslands, swamp low
forests, alluvial savannah woodlands, moist deciduous forests
and plain Sal forests (Champion and Seth, 1968; State of Forest
Report, 2011). The primary land-use surrounding the forest
patches of protected areas and fragmented natural landscapes
constitutes agricultural expanses, predominated by sugarcane,
with villages, hamlets and small towns harbouring a high human
density of around 500 people per km® (Chandramouli &
General, 2011).

Data collection

Incidents of tiger attacks on humans in this landscape were
recorded from 2003 to 2018. For incidents preceding the year
2009, records were collected from various range offices of the
Forest Department (Supplementary Table T1) and were verified
post-hoc through interviews with surviving victims, next of kin,
or eyewitnesses present. From 2009 onwards, data was collected
through the information relayed to the existing Rapid Response
Teams (RRT) operated by Wildlife Trust of India in the
landscape. The RRTs operate in the landscape under the aegis
of the Uttar Pradesh State Forest Department to assist in
addressing human-big cat conflict situations. The team
comprises a trained wildlife biologist, a sociologist, and a
veterinarian, who are tasked with investigating every reported
case and taking action to resolve it (Chatterjee et al., 2017). All
the accumulated information was verified and further enhanced
by interviewing victims (survivors of attacks), eyewitnesses or
close family members of the victim by the RRT sociologist. In
cases occurring post-2009, each case was also corroborated using
evidence of animal presence such as pugmarks and scats, as well
as camera trap captures, in and around the incident location by
the RRT biologist. The exact locations of attacks were recorded
using a handheld GPS (Garmin Vista H/Garmin Etrex 10). For
cases before 2009, locations were either recorded after being
taken to the spot by victims/eyewitnesses/victim’s relatives or
inferred through broad locational information provided, such as
distance from the village, compass bearing, forest beat (smallest
functional management unit) etc. Various data pertaining to the
activity and site of the attacked victim (Table 1) were collected
through structured interviews and recorded on preformatted
data sheets.

Owing to the difficulty of acquiring true conflict absence
points (where tigers are present, but no attack occurred), 1000
random points were generated from the landscape as proxy for
the absence of conflicts (pseudo-absence). These points were
randomly generated across an estimated buffer region in the
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FIGURE 1

Study area with the presence and pseudo-absence locations of tiger attacks on humans. Inset: location of study area in India.

study area using ArcGIS 10.6.1 software (ESRI, Redlands USA).
This buffer region was estimated through an averaging process of
the farthest distances of conflict incidents across the study area.

For each conflict presence and pseudo-absence location, the
following continuous predictor variables were considered:
distance to the edge of the nearest forest patch (m), distance
to the nearest settlement cluster (m), distance to the nearest

TABLE 1 Variables collected from conflict locations in this study.

waterbody (m), total number of settlements, proportion of forest
cover, and population of cattle (cows and buffaloes only). Besides
these, the following binary predictors were also included:
presence of waterbody, presence of forest patch, and presence
of agriculture. For all the predictor variables, except the distance
to forest edge, environmental parameters were extracted from
within a 4 km” grid cell around each conflict presence and

Description

Direct measurement of locations with a handheld GPS, either immediately after incidents (post-2009 cases) or later from sites

Categorised as Inside/outside homesteads; Inside village area; In agricultural fields; Fringe of forest < 250 m from forest edge;

Recorded as remembered by surviving victims or eyewitnesses. Categorized as Morning (04:00-11:59); Afternoon (12:00-

Categorised as Idle; Moving/doing odd jobs; Defecating/urinating; Doing farm work; Grazing cattle; Collecting non-timber

Categorised as Sitting/crouching; Sleeping/lying prone; Walking/standing; Cycling/biking; Unknown

Variables Type
Location of interaction Latitude
Longitude shown by interview respondents (pre-2009 cases)

Location type Nominal

Inside forests; Not available
Time of attack Nominal

15:59); Evening (16:00-18:59); Night (19:00-03:59)
Activity of victim Nominal

forest products
Position of victim Nominal
Cattle population of Continuous  Estimates were acquired from 79 villages out of a total of 112 sampled villages
victim’s village
Group size of victim Nominal

during attack
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Categorised as Alone; With another person; With 2-4 persons; With more than 4 persons
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pseudo-absence location. All distances were manually calculated
using Google Earth Pro ruler and time slider tool (for recorded
incidents, images of corresponding years were used).

Satellite images of Sentinel 2 MSI scene taken over the area
on 20 March 2018, with a ground resolution of 10 m was used
and classified using Cognition 64 9.0 software with a composite
of 10 image sensing bands (Blue, Green, Red, Vegetation Red
Edge I, II & III, Near Infrared (NIR), Narrow NIR, Short-Wave
Infrared (SWIR) I & II). Object oriented classification was
performed to classify the image. This included grouping of
pixels that are similar to one another based on the spectral
properties, i.e. shape, size, texture and context, from the
neighbouring pixels.

The same classes were assigned to the set of similar spectral
signature objects verified via Google Earth Pro, such that all
these objects accurately represented a particular land-cover class
of interest. For simplification, broad eight land-use classes -
forest, grassland, waterbody, sedimentation, wetland, barren
land, agriculture and settlements — were retained for the final
classification. The nearest neighbourhood plugin for QGIS 3.4.1
was used to compute the shortest distance from each conflict
presence point and pseudo-absence location to the
environmental parameters.

The number of cattle (cows and buffaloes together) was
measured in 79 villages out of 112 sampled villages, 84 of which
had recorded in total > 2 incidents, including cattle depredation,
with tigers in the past. Data was collected through interviews
with the village sarpanch (head woman/man) if they had a
recorded tally of current cattle population in their villages.
This information was then utilised to estimate the cattle
population for additional villages in the landscape. To do this,
the approximate area bound within the discernible village
periphery (for 79 villages) was calculated using the ruler
function in Google Earth Pro. A significant Spearman
correlation (p = 0.776; p < 0.001) was observed between the
village size and the cattle number in 79 villages, and their data
were subjected to a linear regression analysis to produce an
equation between these variables. From our field experience,
cattle densities and space use were similar in all villages and we
assumed that the number of cattle would linearly increase with a
larger space. The derived equation (cattle number = 2140.50 +
128.61*village area (ha); R* = 0.61) was then used to predict
cattle numbers for additional villages.

Statistical analysis

We conducted a standard normal homogeneity test to test
for significance of the fluctuations across years, using the snh.test
function in “trend” package (Pohlert, 2020) in R 3.5 (R Core
Team, 2018). The conflict presence and pseudo-absence served a
binomial response variable. We employed a binomial
Generalized Linear Model (GLM) in our analysis (Nelder and
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Wedderburn, 1972), as GLM allows to model different data types
together as covariates and/or factors affecting the response
variable and allows for a non-normal distribution of the
response variable (Zuur et al., 2009).

We built single and additive logistic regressions with nine
habitat predictor variables. Among these, the presence of
waterbodies, agriculture, and forest were categorical, while the
remaining six variables were continuous. The continuous
variables were scaled and normalised to a scale of 0-1 using
the min-max normalization (Gokhan et al, 2019). We also
calculated the variance inflation factor (VIF) to test for
collinearity in the predictor variables. We fixed a cut-oft VIF
value of 3 corresponding to a R* value of 0.67. A higher VIF
value (~10) was not used as it can reflect only very high
correlation (R* ~ 0.9), while a lower cutoff can be used to
evaluate moderate multicollinearity among the variables. The
best-fit models were selected based on Akaike Information
Criterion corrected for small sample size (AIC.) using a
AAIC, < 2 criterion (Burnham and Anderson, 1998). The area
under the Receiver Operating Curve (AUC area) was estimated
to evaluate the predictive accuracy of the best-fit models. The
analysis was done in the “pROC” package (Robin et al., 2011) in
R 3.5 (R Core Team, 2018). We also estimated the accuracy of
the models using the k-fold cross-validation in “caret” package
(Kuhn, 2008) in R 3.5 (R Core Team, 2018). We used a 5-fold
cross-validation and repeated each fold for 5 times giving us 25
different combinations of training and test data. Model
averaging was carried out when more than one model was
found to be satisfying the AAIC, < 2 criterion (Burnham and
Anderson, 1998). Analysis was performed in “MuMIn” package
(Barton, 2009) in R 3.5 (R Core Team, 2018).

For developing a risk model map for all the variables selected
by the GLM model, raster layers were created using the spline
tool. The principal use of the spline tool is to interpolate raster
layers by using mathematical functions that estimate values and
minimize overall surface curvature, resulting in a smooth surface
that moves exactly through the input points. Further, the
coefficients of each variable (as computed in the final averaged
GLM model) were multiplied by the respective raster layer using
the raster calculator tool in ArcGIS (ArcGIS 10.8, ESRI). The
final risk model output was derived by overlaying these raster
layers using the map algebra tool. The outputs (estimated
probabilities) generated by the risk model were classified into
4 categories: very high risk (> 0.75), high risk (0.75 - 0.51),
moderate risk (0.50 — 0.25) and low risk (< 0.25).

Results

A total of 118 incidents of negative human-tiger interactions
were recorded in the study area from 2003 to 2018, with an
annual average of 7.4 + SD 5.8 (Range: 1-20) incidents involving
human victims.
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The data on these interactions exhibits two major peaks —
the first during 2009-2010 and the second during 2016-2017 (See
Figure 2). These peaks were found to be statistically non-
significant, and the standard normal homogeneity test
suggested the distribution to be homogenous (Tsyy = 4.1, p =
0.343), indicating that the peaks may simply represent
random fluctuations.

Most (73.7%, n = 87) of the cases resulted in the death of the
victim, with 80.5% (n = 95) of the victims being males and the
rest females. The victims had a mean age of 38.7 + 16.2 years.
Almost half (43.2%, n = 51) of attacks were recorded to have
occurred in agricultural fields, primarily sugarcane, while 44.9%
(n = 53) occurred inside forests. The remaining 11.9% (n = 14)
occurred either inside village boundaries (excluding farmlands)
or inside homesteads.

In 66.1% (n = 78) of the cases recorded victims were
standing or walking when attacked, while in 28.0% (n = 33),
victims were either crouching or lying down when attacked. In
67.8% (n =
attacked, 13.6% (n = 16) occurred when the victim was

80) of the cases, the victims were alone when

accompanied by another person, and in 16.9% (n = 20) the
victims were accompanied by two or more persons. For two
cases, the exact details about people’s presence could not
be determined.

The majority of tiger attacks on humans occurred in the
morning (04:00-11:59, 29.7%, n = 35) and afternoon (12:00-
15:59, 34.8%, n = 41) hours. Almost quarter (24.6%, n = 29) of
the incidents occurred in the evening (16:00-18:59) and only few
cases (9.3%, n = 11) were recorded at night (19:00-03:59). Most
of the cases (40.7%, n = 48) occurred in the winter season
(November-February), followed by monsoons (July-October,

10.3389/fcosc.2022.999195

34.8%, n = 41), and the summer season (March—June, 24.6%,
n = 29).

We excluded the number of settlements from the analysis
because of its multicollinearity (VIF = 6.23). The best models
were four (Table 2) and the output of their averaged model is
presented in Table 3. In the averaged model, all the variables
except the presence of agriculture (p = 0.200), cattle number (p =
0.180) and proportion of forest (p = 0.823) were found to
significantly affect the presence of conflict locations. The AUC
area was 0.854, indicating a moderately high capacity to
accurately predict the locations of tiger attacks (Figure S2).
The cross-validation results also reflected the robustness of our
model as the average accuracy of the k-fold cross-validation was
0.892 + SD 0.011. The distance to forest (z = 7.42, p < 0.001)
(Table 3) and distance to settlements (z = 4.86, p < 0.001) were
most significantly associated with conflict locations (Figure 3).
As the distance to forest (Odds ratio = 10°®) and the distance to
settlements (Odds ratio = 0.151) decreased, the probability of
attacks increased significantly. This aligned with our hypothesis
and distance to forest also had the highest importance followed
by the distance to settlements and the presence of waterbodies
(Odds ratio =
Moreover, the conflict location was also negatively related with
the distance to waterbody (z=2.52, p=0.01).

The model output suggests moderate to low probabilities of

0.145) among all the predictor variables.

people getting attacked by tigers over much of the landscape,
both inside and outside protected areas (Figure 4). Several high-
risk zones were delineated in four protected areas, including
Pilibhit (risk probability = 0.56), Dudhwa (0.70), Katerniaghat
(0.57) as well as Kishanpur (0.57) and South Kheri (0.55). The
very high-risk zones were predicted near the southern end and
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FIGURE 2

Number of recorded cases (N = 118) of tiger attacks on humans across years from 2003 to 2018.
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TABLE 2 Top models used for model averaging in this study.

Models

distance to forest + distance to settlements + presence of waterbody + distance to waterbody
distance to forest + distance to settlements + presence of waterbody + distance to waterbody + number of livestock
distance to forest + distance to settlements + presence of waterbody + distance to waterbody + presence of agriculture

distance to forest + distance to settlements + presence of waterbody + distance to waterbody + proportion of forest

10.3389/fcosc.2022.999195

df Log AIC, Delta Weight
likelihood
4 29517 59837 0 032
5 29425 59856 0.19 029
5 29434 59873 036 027
5 29514 60034 196 0.12

AIC,, Akaike Information Criterion corrected for small sample size; df, degrees of freedom.

northern edges of Katerniaghat (risk probability = 0.83), South
Kheri (0.94) and Pilibhit (0.89).

Discussion

Conservation of large carnivores like tigers imposes costs on
local communities, especially where they extensively share space.
This cost, mainly in the form of loss of life and property (cattle)
and changes in lifestyle thereof, is levied on local communities
disproportionately as carnivore populations thriving due to
intensive conservation efforts further aggravate conflicts with
local communities (Saberwal 1997; Tilson and Nyhus, 1998).
Loss of human lives and injuries to humans in particular have
been suggested to levy significantly higher costs (Gulati et al.,
2021) and thus drive much stronger conflicts with people
(Bhattarai and Fischer, 2014) compared to cattle and other
property loss.

In our study area, both tigers and leopards regularly come
into conflict with humans living around protected forests and
forest fragments. Conflicts with tigers alone were responsible for
the death of 87 people between 2009-2018 (Chatterjee et al.,
2017). The landscape is also rife with cases of cattle loss due to
tigers, although this is poorly documented. The best estimates,
based on verified records, report 474 cattle losses between 2003
and 2012 (Chatterjee et al., 2017). This is comparable with earlier
reports — 161 human deaths and 511 cattle losses for a twenty-
year period spanning from 1990 to 2009 (Chauhan, 2011).

TABLE 3 Parameters of the averaged model in this study.

Although an average of 7.4 + 5.8 attacks on humans per year
in our study appears to be significantly lower than annual
average conflict cases recorded from other high conflict areas
like the Sundarban Tiger Reserve in West Bengal, India (27.4 +
12.0 attacks on humans per year) (Chatterjee et al., 2022),
consistent cases of tiger attacks on humans seriously
jeopardise long-term tiger conservation efforts in this
landscape (Inskip et al, 2013; Bhattarai and Fischer, 2014).
While the temporal distribution of attacks on humans across
years appeared to have two major peaks, these changes were
found to be statistically nonsignificant. This is understandable,
as in these years individual man-eaters led to multiple attacks on
humans within short spans of time. In 2009, two man-eaters who
had killed nearly 12 people were caught and eliminated, while in
2016 and 2017 two more adult males identified to have attacked
and killed/maimed 18 people were also captured and removed
by the RRT and the Forest Department.

The distances to forest, waterbody and human settlement,
and the presence of waterbody, best explained the occurrence
of tiger attacks on humans in our study. With the distance to
forest gaining more importance in the model output, it is
suggestive that attacks on humans by tigers are more likely
to occur when people venture inside or are close to the forests
(highest at around 2.68 km inside the forests). The model
suggests that the probability of getting attacked increased
sharply at about 900 m and closer distances to the forest
(Figure 3). This is similar to findings of other studies on
tigers (Gurung et al., 2008; Dhanwatey et al., 2013; Miller,

Predictor Variable Coefficient + SD Variance inflation factor (VIF) z-statistic P value Odds ratio (95%CI)
Distance to forest -17.48 +2.35 2.06 7.42 <0.001 10 (10° - 107°)
Distance to settlements -1.89 £ 0.39 1.77 4.86 <0.001 0.151 (0.071-0.324)
Presence of waterbody -1.93 £ 0.74 1.03 2.61 0.009 0.145 (0.034-0.622)
Number of livestock 1.17 + 0.88 2.32 1.32 0.180 3.222 (0.573-18.078)
Distance to waterbody -1.02 £ 0.40 1.72 2.52 0.012 0.361 (0.164-0.789)
Presence of agriculture -0.28 £ 0.22 245 1.28 0.200 0.756 (0.490-1.163)
Proportion of forest 0.70 + 0.30 1.76 0.33 0.823 2.013 (1.122-3.631)
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2015; Dhungana et al., 2018). A confounding inverse
relationship with the distance to villages - increasing
conflicts with decreasing distances to villages — is that attacks
are most likely near villages closer to forests rather than those
farther away. This is plausible, as vulnerable villages are the
ones situated closer to forests and most likely existing amidst
the mosaic of crop fields and forest fragments, exposing their
populations to more frequent interactions with tigers (Nyhus
and Tilson 2004; Singh et al., 2015; Dhungana et al., 2018).

The presence of, and distances to, waterbodies were also
significantly related to tiger attacks on humans, with the
probability of conflicts increasing with decreasing distance to
water sources in drier areas with fewer waterbodies. This appears
intuitive as tigers are amongst a few felid species with a strong
affinity to water, widely known to utilize waterholes for cooling
off in hot weather (Sunquist, 2010).
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There are over 10,000 human settlements in our study area,
mostly villages and their hamlets, widely dispersed across the
landscape at varying distances from protected forests and
invariably surrounded by swathes of agricultural fields. This
mosaic is also interspersed with forest and riverine vegetation
patches of varying sizes. Tigers that move out of protected forests
could possibly seek out these small, forested patches mixed with
tall sugarcane crops as temporary refuges (Warrier et al., 2020).
Interactions occurring in or close to such areas could potentially
lead to attacks (Packer et al, 2019), rather than farther away
from forested or heavily vegetated areas closer to villages and
towns, where tigers would intuitively be more wary of human
presence and thus actively avoid interactions. In four observed
cases in this landscape during the study period, where individual
tigers had ventured > 200 km away from forested areas, not a
single human had been attacked and killed (Pers. Obs.™).
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Also, most of the tiger attacks on humans in our study (n =
104; 88.1%) were accidental in nature or self-defensive as being
provoked by humans. Only 14 human deaths (11.9%) between
2003 to 2018 were associated with actual man-eating, with
circumstantial evidence pointing at four individual tigers
actively hunting humans as prey. These were further
corroborated with the cessation of attacks after removal of the
involved tigers either by capture or elimination. Attacks could
happen when humans stumbled upon resting tigers or tigers
would have mistaken humans for wild prey accidentally, and the
chances of such encounters were most common when victims
were alone (67.8% of recorded cases).

Our study shows that tiger attacks on humans did not
increase with higher numbers of cattle. Also, as encounters
were minimum at night (9.3% of recorded cases), it is
suggestive that tigers did not seem to track cattle deliberately,
nor sought humans at night when tigers are most active
(Sunquist, 2010; Mondal et al., 2012) but humans generally
stay within settlements.

Our risk model outputs delineated specific areas within the
landscape where the risks of tiger attacks on humans are
predictably higher compared to other areas. A majority of high
and very high-risk zones were identified around Pilibhit Tiger
Reserve and Katerniaghat Wildlife Sanctuary, with some also
located in and around South Kheri Forest Division and Dudhwa
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National Park. Delineation of such areas may help park
managers and conservation organisations focus different
mitigation activities within these areas in order to minimize
losses of human lives and livelihoods.

Our findings have major implications for tiger conservation
in this landscape. Firstly, they demonstrate that annual numbers
of tiger attacks on humans cannot indicate temporal patterns as
many attacks can be made by few individual tigers. Further, we
identified that tiger attacks on humans increase in areas closer to
forest and waterbodies with nearby settlements. While this may
appear obvious, it should be noted that tigers in this landscape
have been widely recorded to travel long distances away from
protected areas into densely populated human-dominated areas
(Chatterjee et al., 2017) yet most of attacks are recorded either
within the forest or close to it. Although it requires further
individual-based studies, it is plausible that within, or closer to,
forest tigers are less cautious of human beings as it is their
natural habitat (with many being born and raised there), but
when venturing out into more distant and unknown lands, tigers
become more cautious and avoid interactions with humans as
far as possible.

Second, we suggest that besides these habitat characteristics,
specific human behaviors such as venturing alone into or near
the forest, or carrying out activities in a crouching or standing
stance, may further increase chances of tiger attacks. Placement
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of warning or precautionary signs and regular patrolling of staff
to gather signs of tiger presence may also inform local people on
how to minimize or avoid chance encounters with tigers. The
lack of prominent temporal patterns and the significance of
certain habitat features in conflict mediation are indicative of
habitat fragmentation as a major driver of human-tiger conflict
in our study area. Ensuring proper connectivity between habitats
through focused land reclamation and habitat recovery is
expected to mitigate human-tiger conflicts and secure the
long-term survival of tigers.
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