Human-wildlife interactions and attitudes towards
wildlife and wildlife reserves in Rajasthan, India
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Abstract Human-wildlife interactions affect people’s liveli-
hoods, attitudes and tolerance towards wildlife and wildlife
reserves. To investigate the effect of such interactions on
people’s attitudes and livelihoods, we surveyed 2,233 house-
holds located around four wildlife reserves in Rajasthan,
India. We modelled respondents’ attitudes towards wildlife
and wildlife reserves, experience of crop damage and live-
stock predation, and likelihood of mitigation use. Crop
damage was reported by 76% of surveyed households, and
livestock predation was reported by 15%. Seventy-one per-
cent of households used at least one of eight mitigation mea-
sures against crop damage, and 19% used at least one of
seven mitigation measures against livestock predation. We
found that male respondents and households with a higher
level of education valued wildlife and wildlife reserves more.
Households at higher elevations and growing a greater var-
iety of crops were more prone to crop damage. Proximity to
reserves, elevation and larger livestock herds were associated
with a higher incidence of livestock predation. Households
in which a member had > 12 years of schooling and house-
holds with a history (6-10 years) of interaction with wildlife
(i.e. crop damage) were most likely to use mitigation against
crop damage. Households that owned more livestock and
had a history of interaction (1-5 years and > 10 years)
were most likely to mitigate against predation. Our com-
parative study provides insights into factors that influence
interaction and tolerance, which could be used to improve
existing management and prevention efforts in Rajasthan.
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Introduction

Interactions between people and wildlife can be positive,
neutral or negative (Redpath et al., 2015; Fisher, 2016).
Positive interactions include benefits such as pollination,
seed dispersal services, pest management and tourism
(Zhang et al., 2007). Negative interactions include loss of
property, crops, livestock, and human lives, and pose a sig-
nificant challenge to conservation efforts in wildlife reserves
(Fernando et al., 2005; Naughton-Treves & Treves, 2005).
Such losses incurred by vulnerable communities can lead
to a decreased tolerance for wildlife and may result in retali-
atory killings (Ogada et al., 2003; Holmern et al., 2007;
Kissui, 2008). Ongoing land-use change and sharing of re-
sources between wildlife and people make it imperative to
understand the nature of these interactions, to mitigate
losses on both sides and foster tolerance.

Understanding the agricultural and livestock husbandry
practices that predispose communities to crop damage and
livestock predation can facilitate better mitigation efforts
(Woodroffe et al., 2007). Commonly used physical prevent-
ive mitigation measures include electric, solar and deterrent
crop fences, trenches, night-watching, scare devices and
livestock-protection dogs (Davies et al., 2011; Karanth
et al,, 2012). Reactive measures include insurance and post
hoc compensation schemes (Ogra & Badola, 2008; Treves
et al, 2009). Understanding which factors influence a
household’s decisions to use mitigation measures is import-
ant for managing negative interactions (Ogada et al., 2003;
Karanth & Kudalkar, 2017).

India provides an ideal context to study human-wildlife in-
teractions because damage to crops and livestock is widespread
across various geographical, cultural and ecological contexts
(Karanth & Kudalkar, 2017; Karanth & Surendhra, 2018).
Wildlife such as wild pigs Sus scrofa, nilgai Boselaphus trago-
camelus and elephants Elephas maximus are common causes
of crop damage, whereas tigers Panthera tigris, leopards
Panthera pardus and canids are associated with livestock losses
(Karanth et al., 2010; Karanth & Surendhra, 2018).

During 2010-2015 compensation was awarded in
>81,100 cases of reported conflict across India (Karanth &
Gupta, unpubl. data). This number is probably an underesti-
mate, as many incidents are not reported (Ogra & Badola,
2008; Karanth et al., 2012; Dhanwatey et al., 2013; Karanth
et al,, 2013a, b). Crop and property damage is the most com-
mon (71%), followed by livestock predation (21%), with
fewer incidents of human injury (6%) and death (< 0.4%)
(Karanth & Gupta, unpubl. data).

doi:10.1017/50030605317001028


https://doi.org/10.1017/S0030605317001028
https://doi.org/10.1017/S0030605317001028
mailto:krithi.karanth@gmail.com
https://doi.org/10.1017/S0030605317001028

524

K. K. Karanth et al.

In contrast to other Indian states, Rajasthan does not
have a policy for crop damage but provides compensation
payments for livestock loss, human injury and death
(Johnson et al., unpubl. data; Karanth & Gupta, unpubl.
data). Given the juxtaposition of wildlife and people in the
state, understanding people’s attitudes towards wildlife and
wildlife reserves is essential to wildlife conservation efforts.
We investigated attitudes towards wildlife-related loss of
crops and livestock, damage to property, and human injury
and death, among people living near four reserves. We also
examined factors that influence the use of mitigation mea-
sures, and experiences with compensation. We sought to
understand people’s attitudes towards wildlife, reserves
and wildlife-related losses, and in doing so to influence ex-
isting park management policies and practices in Rajasthan.

Study area

We selected four relatively understudied non-tiger reserves
in Rajasthan state: Jaisamand Wildlife Sanctuary,
Kumbhalgarh & Todgarh Raoli Wildlife Sanctuary,
Phulwari ki Nal Wildlife Sanctuary and Sitamata Wildlife
Sanctuary, hereafter Jaisamand, Kumbhalgarh, Phulwari
and Sitamata, respectively (Table 1; Fig. 1). Vegetation in
these reserves comprises mainly dry deciduous forests and
scrublands (Robbins et al., 2009), and the reserves support
populations of wolves Canis lupus, leopards, sloth bears
Melursus ursinus, hyaenas Hyaena hyaena, and ungulates
such as the sambar Cervus unicolor, spotted deer Axis
axis, nilgai and four horned antelope Tetracerus quadricor-
nis (Chhangani et al., 2008; Robbins et al., 2009). The settle-
ments around the reserves are agropastoral, depending on
livestock husbandry, subsistence and commercial agricul-
ture (Chhangani et al., 2008).

Methods

Household surveys

During January-March 2014 trained volunteers and re-
search assistants surveyed 2,233 households in 1,096 villages
within a radius of 10 km of the four study reserves (Table 1).
This radius was chosen based on the known movement
of wildlife outside reserve boundaries (Chhangani et al,
2008; Robbins et al., 2009; Karanth et al, 2013a, b).
We divided the study area (9,920 km?) into 620 grid cells
and surveyed households in 502 cells, excluding 118 that
did not contain any households (Table 1). Respondents
answered structured, semi-structured and open-ended
questions in Hindi. Informed consent was obtained verbally
from each respondent prior to administering the survey and
using the data. We were unable to obtain written consent
because respondents had low levels of literacy and were un-
comfortable signing documents.

Adult respondents were questioned about their attitudes
towards wildlife and the wildlife reserves. They provided in-
formation on family size, education levels, agricultural prac-
tices, land and livestock ownership, animal husbandry
practices, and access to communal lands. Specifically, re-
spondents were asked about their household’s negative in-
teractions with wildlife (damage to crops or property,
livestock predation, human injury or death), following pro-
tocols described in Karanth et al. (2012, 2013a). The ques-
tions regarding these interactions were restricted to the
most recent year, to minimize recall errors. We also en-
quired about the use of mitigation measures, and access to
and reporting of compensation. In addition to the variables
derived from the survey data, we also derived distance to the
closest wildlife reserve, distance to the closest water body
and elevation for each household, to serve as landscape pre-
dictors in our models in ArcGIS 10.4 (ESRI, Redlands, USA).
We used the land use/land cover information from the
Natural Resources Census Project of the National Remote
Sensing Centre (2014), and elevation data from the
Advanced Spaceborne Thermal Emission and Reflection
Radiometer Global Digital Elevation Map available through
the NASA Land Processes Distributed Active Archive
Center (NASA, 2011).

Variable and model selection

We selected nine variables of interest for attitudes towards
wildlife and wildlife reserves, 17 for crop damage, 13 for live-
stock predation, 15 for mitigation against crop damage, and
12 for mitigation against livestock predation (Supplementary
Table S1). We calculated Pearson’s correlations for the cov-
ariates to check for collinearity (Pearson, 1895).

To model household attitudes towards wildlife and wild-
life reserves we questioned respondents about the import-
ance of protecting wildlife reserves, and whether they
would value wildlife more in the absence of negative inter-
actions. We expected positive associations for male respon-
dents, owning more agricultural land, and more years of
schooling, and for households that experienced fewer nega-
tive interactions (Browne-Nufez et al., 2013; Karanth &
Kudalkar, 2017).

To model crop damage and use of mitigation against
crop damage, we used only data from 2,095 households
that grew crops. Similarly, to model livestock predation
and use of mitigation against livestock predation we used
only data from 1,981 households that owned livestock. As
our response variables were binary, we constructed binary
logistic regression models to parse out the effects of our
covariates.

We expected households that were closer to the reserves
and water bodies to experience more crop damage and live-
stock predation (Chhangani et al., 2008; Dhanwatey et al.,
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TasLE 1 Characteristics of Jaisamand, Kumbhalgarh & Todgarh Raoli, Phulwari ki Nal, and Sitamata Wildlife Sanctuaries in Rajasthan, India (Fig. 1), with details of the household surveys
conducted during January-March 2014 to investigate attitudes towards wildlife and wildlife reserves.

Jaisamand Kumbhalgarh Phulwari Sitamata
Year of establishment 1955 1971 1983 1979
Area (km?) 152 1,106 1,841 419
Districts Udaipur Ajmer, Pali, Rajsamand, Udaipur Chittaurgarh, Pratapgarh,
Udaipur Udaipur
Human density (individuals km™?)! 207-611 111-522 111-611 128-1,301
Livestock density (individuals km™?) 207 186-292 207 127-207
Total area surveyed (km?) 622 3,084 2,022 778
Total no. of grid cells 50 290 196 84
No. of grid cells surveyed 48 238 156 60
No. of villages surveyed 109 494 350 143
No. of households surveyed 221 1,046 683 283
Mean no. of household members (range) 7 (1-26) 7 (0-32) 8 (1-29) 6 (0-26)
Gender (%)
Male 74 80 73 83
Female 26 19 27 17
Education (%)
Illiterate 6 7 13 11
Primary 30 28 28 34
Secondary 47 50 45 44
College 17 14.5 14 10
Agricultural land ownership (%) 96 88 97.5 95
Mean agricultural land per household, acres (range) 1(0-21) 1 (0-52) 1(0-17) 1(0-17)
Non-agricultural land ownership (%) 32 42 26 24
Mean non-agricultural land per household, acres (range) 0.30 (0-5) 0.5 (0-12.5) 0.35 (0-37) 0.30 (0-16)
Households that report communal land-use restrictions (%) 15 17 24 12
Livestock ownership (%)
Cattle 72 55 77 71
Buffalo 56 53 47 52
Goats 38 58 69 56.5
Sheep 0.5 3 3 2
Pigs 0 0 0.15 0
Camels 0 0.5 0.15 0
% livestock owners who graze their livestock in:
Hills 18 19 14 0.8
Forest 4 3 26 0
Communal land 3 11.5 0.3 0
Agricultural land 8 4.5 4 0
Other 0 3 0.5 0

'Government of India (2011)
*Government of India (2012)
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Fic. 1 Location of Jaisamand, Kumbhalgarh & Todgarh Raoli,
Phulwari ki Nal, and Sitamata Wildlife Sanctuaries in Rajasthan,
India.

2013; Karanth, 2016; Karanth & Surendhra, 2018). For crop
damage, we expected households growing a greater variety
of crops and with larger land holdings to experience more
raiding (Chhangani et al., 2008; Karanth & Surendhra,
2018). Additionally, we expected larger households using
more mitigation measures to experience less raiding
(Davies et al., 2011; Karanth et al,, 2012, 2013a,b). We pre-
dicted households owning larger herds of livestock and
using communal lands for grazing would experience higher
levels of livestock predation (Bradley & Pletscher, 2005;
Michalski et al., 2006; Chhangani et al., 2008). We also ex-
pected predation would be negatively associated with a
higher number of mitigation measures and household
members (Karanth et al., 2012, 2013a).

We anticipated that use of mitigation against crop dam-
age would be positively associated with households owning
more agricultural land, growing a greater variety of crops,
having a longer history of negative interactions, having
more members and being more educated (Fernando
et al., 2005; Sitati et al., 2005; Karanth & Nepal, 2012;
Karanth & Kudalkar, 2017). Similarly, we predicted that
use of mitigation against livestock predation would be
positively associated with households owning more agri-
cultural land and larger livestock herds, having a longer
history of negative interactions, having more members
and being more educated (Karanth & Nepal, 2012;
Karanth & Kudalkar, 2017). We also anticipated a negative
association of mitigation use and distance to the reserve
(Karanth & Kudalkar, 2017).

We built a priori models for each of the six response vari-
ables, assessed their fit using Akaike’s information criterion
corrected for a small sample size (AICc), and identified sig-
nificantly associated variables (Burnham & Anderson,
2002). Using the AICc weights to assess a model’s fit relative
to its parsimony, we selected our top models. Based on a
priori predictions, we constructed 15 models for crop dam-
age, 15 for livestock predation, 15 for mitigation against crop
damage, 14 for mitigation against livestock predation, six for
importance of wildlife reserves and six for whether the
household would value wildlife more in the absence of nega-
tive interactions. We used the top models (cumulative AICc
weights > 0.95) to calculate the probability estimate of each
of the response variables.

Results

General household characteristics

Despite sustained efforts to include more women in our sur-
veys, 78% of respondents were men (Table 1). The majority
of households (62%) included a member with > 8 years of
school education (Table 1). Most households (93%) reported
owning a mean of 0.4 ha (range o-21 ha) of agricultural land
(ranging from 88% in Kumbhalgarh to 97.5% in Phulwari).

Twenty-eight percent of households reported the exist-
ence of communal land in their community (ranging from
9% in Phulwari to 42% in Kumbhalgarh), used primarily for
grazing domestic animals. Among these, 17% reported that
there were restrictions on the use of communal land, such as
open/closed seasons and limits on fuelwood collection (ran-
ging from 12% in Sitamata to 24% in Phulwari).

The majority (77.5%) of surveyed households reported
they had experienced negative human-wildlife interactions,
such as losses of crops, livestock and/or property, in the pre-
ceding year (ranging from 69% in Phulwari to 83% in
Jaisamand). For 50% of respondents the frequency of inter-
action seemed to increase during periods with less rainfall.

Attitudes towards wildlife and wildlife reserves

Many respondents believed that protecting wildlife reserves
for wild animals was important (85%) and stated they would
value wildlife more in the absence of negative interactions
and losses (73%) (Supplementary Table S2). We explored
factors associated with households’ support for protection
of wildlife reserves. As expected, our two top-ranked models
suggested that females were more likely to have negative
associations compared to males (f=—0.32%SE0.15;
Supplementary Table S3). As predicted, respondents with
more education were more supportive of protecting wildlife
reserves for animals (8 range = 0.47-0.81, SE = 0.21-0.26).
We estimated that the probability of a household supporting
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the protection of wildlife reserves was 0.85+ SE 0.02
(Table 2). Households in Sitamata were significantly more
supportive than those in other reserves (ANOVA test,
P <0.05).

We also examined whether in the absence of negative in-
teractions households would value wildlife and its protection
more, and found one top-ranked model (Supplementary
Table S3). In comparison to Kumbhalgarh, households
around Phulwari (8=—132%SEo0.4) and Sitamata
(8= —0.86 % SE 0.18) were less likely and households around
Jaisamand (8= 0.52% SE 0.26) were more likely to value
wildlife in the absence of negative interactions. Absence of
negative interactions with wildlife was less likely to improve
women’s tolerance for wildlife compared to men’s
(B=—0.36 £ SE 0.14). As expected, education was positively
associated with valuing wildlife (8 range=0.62-1.16).
Furthermore, households that experienced crop damage
(B=1531tSEo0.17) and livestock predation (8=0.84%
SE 0.21), and used mitigation, were positively associated
with valuing wildlife in the absence of negative interactions
(B=0.65+SE 0.16). The estimated probability of a house-
hold’s value for wildlife increasing in the absence of negative
interactions was 0.74 * SE 0.03, ranging from o0.55+ SE 0.04
in Phulwari to 0.89 + SE 0.02 in Jaisamand. The probabil-
ities differed significantly among the reserves (ANOVA
test, P < 0.05).

Crop and property damage

Households cultivated > 22 crops, including both food and
non-food crops, such as cereals (92%), pulses and legumes
(51%), oilseeds (42%), millets (20%) and cotton (10%). Many
households (47%) reported having changed their farming
practices in the previous 10 years. Crop production was
most affected by lack of rain (89%) and irrigation (71%),
whereas farming practices were changed depending on the
availability of and access to development assistance (28%),
new markets (11%), input factors (11%) and government sup-
port (10%).

Many households (76%) reported experiencing crop dam-
age, ranging from 69% in Phulwari to 83% in Jaisamand
(Supplementary Table S2), with a statistically significant dif-
ference in crop damage across reserves (Fisher test, P < 0.05).
Respondents attributed crop damage to 20 species, the
top-ranked being nilgai (75%), jackal Canis aureus (28%)
and wild pig (28%) (Supplementary Table S2). A majority
of households (91%) that experienced crop damage were af-
fected in July and August. The frequency of crop damage was
high, with 89% of households experiencing > 10 incidents
per year. The difference in history of crop damage between
reserves was statistically significant (Fisher test, P < 0.05).

Although levels of crop damage varied, 47% of respon-
dents reported losing 26-50% of their crop in the previous

Attitudes towards wildlife in Rajasthan

year. The subsequent loss of income from crop damage
amounted to a mean of USD 164 (INR 11,000), with a max-
imum loss of USD 14,925 (INR 1,000,000 at USD 1 = INR
67) (Supplementary Table S2). Losses experienced by house-
holds around Phulwari were significantly lower compared to
the other three reserves (ANOVA test, P < 0.05). Property
damage was rare, being reported by a single household in
Kumbhalgarh.

We modelled household vulnerability to crop damage
and found six top-ranked models (cumulative AICc weight
>0.95) (Supplementary Table Ss). Contrary to expectations,
households located at higher elevations were found to be posi-
tively associated with higher levels of crop damage
(B=0.73%SE 0.16) (Supplementary Table S3). As predicted,
we observed that households that grew more crops suffered
more crop damage (8=o0.92%SEo0.20). However, crop
damage was also positively associated with households
that used mitigation measures against crop damage
(B=4.02+SE 0.17). We did not find any other factors of sig-
nificance associated with crop damage among our top-ranked
models. The mean estimated probability of crop damage was
0.79  SE o.01 across all four reserves, ranging from 0.67 + SE
0.02 in Phulwari to 0.86*SE0.01 in Kumbhalgarh. The
estimates for Phulwari were significantly lower than those
for the other three reserves (ANOVA test, P < 0.05).

Livestock predation

The majority of households surveyed (89%) owned live-
stock, ranging from 83% in Kumbhalgarh to 92% in
Phulwari. There was no significant shift in livestock owner-
ship during the 10 years prior to the survey. Fifteen percent
of surveyed households reported experiencing a livestock
predation incident in the previous year (Supplementary
Table S2). The difference in livestock predation reported be-
tween the four reserves was statistically significant (Fisher
test, P < 0.95). Predation was attributed to eight species,
the most important being leopards (56%), jackals (27%)
and wolves (12%) (Supplementary Table S2). The frequency
of predation incidents varied from once per year (40%) to
> 10 times per year (16%). The subsequent loss of income
from livestock predation amounted to a mean of USD 69
(INR 4,600), with a maximum loss of USD 1,492 (INR
100,000). Kumbhalgarh experienced significantly greater
losses than Phulwari and Sitamata, and similar losses to
Jaisamand (ANOVA, P < 0.05).

We modelled the risk of livestock loss and found
four top-ranked models (cumulative AICc weights >0.95)
(Supplementary Table S6). Among the landscape factors,
as expected, distance to reserve had a negative association
(f=—0.35+SE 0.15) and elevation had a positive associ-
ation (= o0.52+ SE 0.16) with livestock predation (Supple-
mentary Table S3). Ownership of 6-10 head of livestock
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TasLE 2 Estimated proportions using top ranked models (£ SE) of positive attitudes towards wildlife and wildlife reserves, crop damage,
livestock loss and mitigation use in Jaisamand, Kumbhalgarh & Todgarh Raoli, Phulwari ki Nal, and Sitamata Wildlife Sanctuaries in

Rajasthan, India (Fig. 1).

Type Jaisamand ~ Kumbhalgarh  Phulwari Sitamata All reserves
Important to protect wildlife reserves Mean 0.86£0.02  0.85%0.02 0.83+0.02 0.87+£0.02 0.85%0.02
(Range)  (0.71-0.91)  (0.69-0.95) (0.68-0.91)  (0.75-0.93)  (0.68-0.95)
Value wildlife more in the absence of interaction = Mean 0.89+0.02  0.84+0.02 0.55+£0.04 0.68+£0.04 0.74%0.03
(Range)  (0.38-0.98)  (0.26-0.98) (0.09-0.90)  (0.14-0.94)  (0.09-0.98)
Experience crop damage Mean 0.83+0.01 0.86%+0.01 0.67£0.02 0.80+0.01 0.79%+0.01
(Range)  (0.19-0.96)  (0.11-0.98) (0.12-0.97)  (0.17-0.97)  (0.11-0.98)
Experience livestock loss Mean 0.10£0.01 0.24+0.03 0.10£0.01 0.13+£0.02  0.17%0.02
(Range) (0.02-0.66)  (0.02-0.87) (0.02-0.79)  (0.02-0.73)  (0.02-0.87)
Mitigate against crop damage Mean 0.85+0.03  0.87%+0.02 0.84+£0.03 0.87+0.02 0.86+0.02
(Range)  (0.54-0.93)  (0.39-0.94) (0.45-0.93)  (0.53-0.93)  (0.39-0.94)
Mitigate against livestock loss Mean 0.14£0.02  0.28%0.03 0.14%£0.02 0.17+£0.02 0.21£0.02
(Range)  (0.05-0.93)  (0.05-0.97) (0.05-0.95)  (0.05-0.89)  (0.05-0.97)

(B=0.62% SE 0.24) and > 20 head of livestock (8=1.11+ SE
0.34) had significant positive association with the risk of
predation. Mitigation use was also strongly positively asso-
ciated with livestock predation (8=3.26%SE 0.16). The
mean estimated probability of livestock predation ranged
from o.1 in Phulwari (SE = 0.012) to 0.24 in Kumbhalgarh
(SE =0.03) and was significantly higher for the latter in
comparison to the other three reserves (ANOVA test,
P < 0.05).

Human injury and death

Incidents of human injury were rare (0.3% in Phulwari
and 0.6% in Kumbhalgarh), and were most frequent
during December, January and February (Supplementary
Table S2). Injuries were attributed to wolves (25%), leopards
(25%), hyaenas (25%), sloth bears (25%), wild pigs (12.5%),
nilgai (12.5%), and four-horned antelope (12.5%).

Mitigation measures

We questioned householders regarding their use of mitiga-
tion measures to protect their crops, livestock and them-
selves. To mitigate against crop damage, night-time
watching was used by 57% of households, followed by light-
ing and scare devices (48%), fencing (42%), use of guard an-
imals (22%) and removal of bush and forest (12%)
(Supplementary Table S2). Use of mitigation against live-
stock predation was lower, and common measures included
watching livestock more closely (15%) and fencing (8%)
(Supplementary Table S2).

Few householders (18%) stated that they would act as a
group rather than individually to mitigate losses on commu-
nal land. Most of these households (89%) participated in
communal mitigation activities by attending community

meetings. Many (74%) stated that they were likely to cooper-
ate with local officials if asked to try specific measures.

We modelled the use of mitigation to reduce crop dam-
age and livestock predation. We found six top-ranked
models each for mitigation use against crop damage
and against livestock predation (cumulative AICc weight
> 0.95) (Supplementary Tables Sy & S8). In contrast to
our predictions, households further away from the reserves
were more likely to use mitigation measures against crop
damage (f=0.31%SE 0.16). As expected, number of years
of crop damage was positively associated with mitigation
use, with the association being strongest for 6-10 years
(B=1.68 £ SE 0.35). Households whose members had more
education were also significantly positively associated with
mitigation use (B range = 0.49-0.99, SE range = 0.27-0.34).
Amongst species responsible for crop damage, the wild pig
was the only one that had a significant positive association
with mitigation use (f=o0.37£SEo0.22). The estimated
mean probability of mitigation use against crop damage
across the four reserves was 0.86 = SE 0.02 (Table 2). The
probability was relatively similar across the reserves, ranging
from 0.84+SEo0.03 in Phulwari to 0.87+SEo.02 in
Kumbhalgarh and Jaisamand. Estimates for Kumbhalgarh
were significantly higher than for the other reserves, and es-
timates for Phulwari were the lowest among the reserves
(ANOVA test, P < 0.05).

Contrary to our predictions, use of mitigation against
livestock predation was positively associated with distance
to reserve (8= 0.34 £ SE 0.14). As expected, livestock owner-
ship had a positive association with mitigation use, the
relationship being strongest for households with 16-20
head of livestock (8=1.49% SE 0.44). Households that
had experienced livestock predation for over a decade
(=159t SEo0.35) and for 1-5 years (8=1.07%SE0.42)
were positively associated with mitigation use. There was
a strong positive association between mitigation use by
households and the predation of livestock by leopards
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(B=2.29 = SE 0.34), wolves (=2.22+SE 0.55) and jackals
(=138 SE 0.39). Contrary to our expectations, house-
holds including a member with > 12 years of schooling
were less likely to mitigate against livestock predation com-
pared to households whose members were illiterate
(8=—0.58+SE 0.31). The estimated mean probability of
mitigation use against livestock predation was low 0.21+ SE
0.02) (Table 2), ranging from 0.14 + SE 0.02 in Phulwari and
Jaisamand to 0.28 £ SE 0.03 in Kumbhalgarh, with the esti-
mate for the latter being the highest among the reserves
(ANOVA test, P < 0.05).

Compensation

Most households (84%) that experienced losses did not seek
assistance. Furthermore, Rajasthan state does not have a
compensation scheme for crop damage (Johnson et al., un-
publ. data; Karanth & Gupta, unpubl. data). Of the 16 house-
holds that reported incidents of livestock predation by
wildlife to the government, six received compensation.
Five households received < USD 15 (INR 1,000) and one
received USD 15-75 (INR 1,000-5,000).

Discussion

Our household survey data from four reserves in Rajasthan
provide insights about the relationships between people,
wildlife and reserves. Many respondents (85%) considered
protecting wildlife reserves to be important despite the
legal restrictions on resource use, and experiencing negative
human-wildlife interactions. We did not find any differ-
ences in people’s attitudes towards the reserves, but found
differences in attitudes towards human-wildlife interaction.
Absence of negative interactions was more likely to be cor-
related with attitudes towards wildlife among households
around Jaisamand, compared to Phulwari, Sitamata and
Kumbhalgarh. As Jaisamand has the highest incidence of
negative interactions, we suggest that supporting house-
holds incurring frequent wildlife-related losses could in-
crease their tolerance for wildlife. Similar to findings from
Nepal and Tanzania, households with more education
were more likely to value wildlife reserves and wildlife in
the absence of negative interactions (Holmern et al., 2007;
Karanth & Nepal, 2012). Overall, female respondents viewed
both wildlife reserves and wildlife less favourably compared
to men. These findings concur with previous research that
has found that women sometimes bear a larger burden of
wildlife-related losses than men, which results in a negative
attitude towards wildlife and wildlife reserves (Ogra &
Badola, 2008; Gore & Kahler, 2012; Browne-Nuiiez et al.,
2013).

The mean estimated probability of experiencing
wildlife-related crop damage across the four reserves was

Attitudes towards wildlife in Rajasthan

0.79. This is similar to Ranthambore National Park (0.76),
but lower than estimates from Kanha Tiger Reserve (0.93)
and reserves in Karnataka (0.91) (Karanth et al., 2012,
2013a). Distance to the reserve did not influence the occur-
rence of crop damage significantly, similar to Ranthambore
and reserves in Karnataka, where crop-raiding wildlife have
been found to exist outside reserves (Karanth et al., 2013a, b).
Households at higher elevations were more likely to experi-
ence crop damage, unlike in previous studies (Karanth et al.,
2012, 20133, b). Furthermore, households that grew a greater
variety of crops were more likely to experience crop damage
(Karanth et al., 2012, 2013a).

Our estimated probability of livestock predation in re-
serves in Rajasthan (0.17) was significantly lower than the
estimates from Ranthambore (0.38) and Kanha (0.60) but
comparable to reserves in Karnataka (0.19) (Karanth et al.,
2012, 2013a,b). Proximity to the reserves increased the risk of
livestock predation, suggesting losses may be associated with
carnivores emerging from the reserves, or people grazing
livestock inside reserves (Michalski et al., 2006; Karanth
et al,, 2012, 2013a; Dhanwatey et al., 2013). We also found
households at higher elevations or with larger livestock
herds were more likely to experience livestock predation,
similar to studies from the Amazon and the USA, and
a pan-India study of 5,000 households (Bradley &
Pletscher, 2005; Michalski et al., 2006; Karanth et al.,
2013a; Karanth & Kudalkar, 2017). Livestock loss has been
found to be positively associated with grazing inside reserves
in the Western Ghats, Central India and other parts of the
world (Woodroffe et al, 2007; Chhangani et al., 2008;
Kissui, 2008; Karanth et al., 2012, 2013a). In Rajasthan, live-
stock is commonly grazed in high elevation areas and wild-
life reserves, and therefore encouraging people to stall-feed
could reduce livestock loss.

Unlike in Central India and the Western Ghats, use of
mitigation in the study reserves had a positive relationship
with occurrence of crop damage and livestock predation,
suggesting that either the mitigation measures were ineffect-
ive or they were employed as a reactive measure (Davies
et al., 2011; Karanth et al., 2012, 2013a). This finding is sup-
ported by a parallel study of 11 reserves across India
(Karanth & Surendhra, 2018).

Contrary to our predictions, use of mitigation against
both crop and livestock losses was positively associated
with distance to reserve. Unexpectedly, although house-
holds whose members had more education were more likely
to use mitigation against crop damage, the opposite was true
in the case of livestock predation (Dickman, 2010). We also
confirmed that households with larger herds were more
likely to use mitigation. Additionally, the uptake of mitiga-
tion against crop damage and livestock predation was high-
est for households reporting 6-10 years and > 10 years of
negative interactions, respectively. Our findings concur
with studies from Sri Lanka and Kenya, and parallel studies

Oryx, 2019, 53(3), 523-531 © 2017 Fauna & Flora International  doi:10.1017/50030605317001028

https://doi.org/10.1017/50030605317001028 Published online by Cambridge University Press

529


https://doi.org/10.1017/S0030605317001028

530

K. K. Karanth et al.

in India (Fernando et al., 2005; Sitati et al., 2005; Karanth &
Kudalkar, 2017). Species also appeared to play a role, with
households more likely to use mitigation measures if they
experienced crop damage by wild pigs, or livestock preda-
tion by wolves, jackals or leopards.

Unlike other states in India, Rajasthan does not have a
statewide compensation scheme for crop and property
damage (Karanth & Gupta, unpubl. data), and the state’s
forest administration appears to have a lack of under-
standing of the levels of crop damage experienced by com-
munities around reserves (Johnson et al., unpubl. data).
Nonetheless, the low rates of compensation did not seem
to influence the level of tolerance for wildlife among
households, which was generally high. No household sur-
veyed reported using killing as a way to mitigate human-
wildlife interaction. However, continued economic losses
could drive people to engage in retaliatory killing, as has oc-
curred at other sites (Holmern et al., 2007). The lack of evi-
dence regarding mitigation effectiveness is a cause for
concern and necessitates further field-based evaluations.
Compensation for losses incurred could partially ease the
burden placed on people and increase their ability to cope
with losses related to wildlife. This would require the
Government of Rajasthan to improve its policies in line
with most other Indian states, which routinely compensate
people (Karanth & Gupta, unpubl. data). In addition to pol-
icy improvements, people could also benefit from assistance
in applying for compensation via conservation interven-
tions such as the Wild Seve project in Karnataka, which
has assisted 8,000 families file claims in 29 months, using
mobile technology (K. Karanth, pers. obs.).

Our large sample size of 2,233 households decreases the
possibility of bias caused by self-reporting of losses, and re-
plicates well-established methodology from studies con-
ducted in Central India and the Western Ghats (Karanth
et al., 2012, 2013b). Further field-based research that monitors
interaction and develops intervention mechanisms such as
Wild Seve is essential to long-term conservation success.
Our survey and modelling approaches are easily adaptable
and replicable. Understanding people’s attitudes towards
wildlife and wildlife reserves, and estimating losses caused
by wildlife, is a first step in developing locally relevant con-
servation interventions that sustain human livelihoods and
promote tolerance towards wildlife in shared spaces.
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