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Effectiveness of non-lethal predator deterrents to reduce
livestock losses to leopard attacks within a multiple-use
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Lethal measures are widely adopted by local communities and governments to manage
human-wildlife conflicts. Such measures lead to large scale decline of carnivore
populations globally with trophic cascades on ecosystems. Mitigating human-carnivore
conflicts through non-lethal measures will protect endangered predators and secure
livelihoods. However, information on the effectiveness of such measures are extremely
limited and hence cannot be applied in developing scientific evidence. Further to develop
human-carnivore coexistence models, it is important for local community members,
biologists and wildlife managers to actively participate in conservation programs. We
evaluated the response of a non-lethal visual deterrent (i.e. fox lights) to deter leopard
attacks on livestock within a multiple-use landscape of western Himalaya through
community engagement. We monitored 16 experimental sites and 17 control sites within
27 villages and recorded data on livestock depredation by leopards between April 2018 to
April 2019. A multivariate analysis was conducted to determine the influence of landscape
predictors and animal husbandry practices on livestock depredation by leopards within the
vicinity of human settlements. We found that visual deterrents discouraged common
leopards to predate on livestock (cows and goats). We also demonstrated that community
based conservation initiatives are successful in mitigating human-carnivore conflicts within
large natural ecosystems. We suggest developing site specific coexistence strategies and
adopting non-lethal measures to safeguard carnivores, livestock and humans within shared
landscapes.
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Abstract

Lethal measures are widely adopted by local communities and governments to manage human-
wildlife conflicts. Such measures lead to large scale decline of carnivore populations globally
with trophic cascades on ecosystems. Mitigating human-carnivore conflicts through non-lethal
measures will protect endangered predators and secure livelihoods. However, information on the
effectiveness of such measures are extremely limited and hence cannot be applied in developing
scientific evidence. Further to develop human-carnivore coexistence models, it is important for
local community members, biologists and wildlife managers to actively participate in
conservation programs. We evaluated the response of a non-lethal visual deterrent (i.e. fox
lights) to deter leopard attacks on livestock within a multiple-use landscape of western Himalaya
through community engagement. We monitored 16 experimental sites and 17 control sites within
27 villages and recorded data on livestock depredation by leopards between April 2018 to April
2019. A multivariate analysis was conducted to determine the influence of landscape predictors
and animal husbandry practices on livestock depredation by leopards within the vicinity of
human settlements. We found that visual deterrents discouraged common leopards to predate on
livestock (cows and goats). We also demonstrated that community based conservation initiatives
are successful in mitigating human-carnivore conflicts within large natural ecosystems. We
suggest developing site specific coexistence strategies and adopting non-lethal measures to
safeguard carnivores, livestock and humans within shared landscapes.
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Introduction

Large carnivores are apex predators and help regulate the structure and functioning of
ecosystems. Decline in populations of apex predators have resulted in degradation of ecological
systems, loss of biodiversity and ecosystem services globally (Ripple et al., 2014). Loss of wild
prey and anthropogenic impacts that degrade and fragment natural ecosystems force large
carnivores to share space and resources with humans within larger heterogeneous landscapes
(Chapron et al., 2014). As a consequence, large carnivores kill livestock and occasionally attack
humans. Economic incentives from wildlife tourism benefit government, private agencies but
local community members often share the disproportionate costs of coexistence with large
carnivores through livestock losses (Dickman, 2010). Marginal livestock owners who own few
livestock are at considerable risk from livestock depredation by large carnivores and such
economic losses induce drastic retaliation. Livestock depredation is thus regarded as a key
stimuli of human-carnivore conflicts globally (Inskip & Zimmermann, 2009). Frequent and
persistent negative interactions generate antagonism against large carnivores through real or
perceived impacts on human wellbeing, safety and livelihoods (Kansky & Knight, 2014). Local
community members resort to retaliatory killings through poisoning of livestock carcass, bush
meat, snaring, spearing, electrocution and shooting of large carnivores (Inskip et al., 2016;
Hazzah et al., 2017). Human-carnivore conflicts also impact the overall ecosystem such as
scavengers who die after consuming poisoned meat (Ogada, 2014). Hence effective mitigation
measures are urgently required to ensure conservation of large carnivores and functioning of
healthy ecosystems.

Lethal control has been widely adopted as the ultimate mitigation strategy to manage human-
carnivore conflicts and has been implemented both legally (Chapron et al., 2014) and illegally
(Eklund et al., 2017). Government agencies have often advocated culling for certain populations
of large carnivores or suggested targeted killing of problem individuals (Inskip & Zimmermann,
2009). Yet, non-lethal methods, have the potential to balance between the conservation of large
predators and protect human property and secure livelihoods within shared landscapes (Eeden et
al., 2018). Such methods are diverse and includes audio, visual deterrents, physical barriers,
financial incentives, livestock guardian animals, better animal husbandry practices,
compensation and sterilization programs. However, non-lethal methods provide the desired
benefits only when local community takes ownership of the problem and participate in timely
implementation of the mitigation measures (Eklund et al., 2017).

Human-carnivore conflicts are severe in Asia with a diversity of large carnivores 1.e. tiger
(Panthera tigris), common leopard (Panthera pardus), snow leopard (Panthera uncia), Asiatic
black bear (Ursus thibetanus), brown bear (Ursus arctos isabellinus), wolf (Canis lupus spp),
wild dog (Cuon alpinus). Protected areas are small in this region. The region also is experiencing
a rapid rise in human, livestock populations and encroachment of wildlife habitats, expansion of
agricultural farms. Within such multiple-use anthropogenic landscapes large carnivores share
space and resources with humans and occur in close proximity to settlements (Naha et al., 2016;
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Naha et al., 2018). Amongst this diversity of large carnivores, human-leopard conflicts are a
serious conservation problem. A major hotspot of human-leopard conflict is India. Only 5% of
India’s geographical area is under the protected area network and leopards occur widely
throughout the country, such that leopards co-occur with humans within agro-pastoral, forested
landscapes (Karanth et al., 2009). Such anthropogenic landscapes often lack large wild prey and
leopards frequently kill livestock and domestic dogs (Athreya et al., 2016). Livestock
depredation is a major conservation problem for the species and attacks on humans also occur as
a consequence of leopard presence near settlements or due to specific human behaviour and
activity (Jacobson et al., 2016). A series of recent studies have also documented a rise in human-
leopard conflicts in India and have examined various aspects such as nature of human-leopard
relations, movement behaviour, diet, extent of self-reported livestock loss and attacks on humans
(Ghosal et al., 2013; Odden et al., 2014; Miller et al., 2016; Naha et al., 2018). Some of the
prominent factors influencing human-leopard conflicts are landscape features, season, time of
day, availability of wild prey, livestock herd size and type of livestock (Miller et al., 2016).
Apart from these factors, human-carnivore conflicts are often a consequence of both human and
carnivore behaviour. Animal husbandry practices, condition of livestock enclosures, location of
grazing pastures close to protected areas or forested habitats and lack of animal shelters also
impact the extent of predation on livestock (Sangay & Vernes, 2008, Tamang & Baral, 2008,
Khorozyan et al., 2015; Miller et al., 2016; Broekhuis et al., 2017). However, there are also
evidence that individuals or demographic groups such as adult and older males within carnivore
populations are responsible for majority of livestock depredation. Such traits could be due to the
larger home ranges and ranging patterns of male carnivores, learned and risk-taking behaviour
compared to females (Odden et al., 1999; Farhadinia et al., 2018).

Pauri Garhwal district in Uttarakhand state, India, within western Himalaya has a history of
human-leopard conflicts (Goyal et al., 2007) with over 160 persons injured in leopard attacks
between 2006-2016. Livestock rearing is a major profession of the rural populations and losses
to leopard attacks have often led to retaliatory killings. A total of 125 leopards were killed by
local community members or shot dead by the district administration between 1990-2005 (Goyal
et al., 2007; Naha et al., 2018). Individual families raise cattle (Bos Taurus), small goats (Capra
hircus) and households often own a domestic dog. Domestic dogs are not trained guard dogs
Livestock are grazed in the forest patches; pastures during the day. These grazing lands are close
to villages. Livestock are generally kept within enclosures at night. Such livestock enclosures or
night shelters are made of locally available stones, mud and wood and are usually located
adjacent to their houses. During the wet season livestock are kept within enclosures and
individual families provide fodder to the animals. Leopards kill livestock in grazing lands near
the villages during the day and at shelters during night. Apart from making noise by beating
empty canisters and some lights, villagers do not have any ways to protect their livestock from
predation by leopards. Lethal control by the state government agencies is undertaken when a
leopard is considered a threat to human lives and declared as a man-eater. Human-leopard
conflicts are a major conservation problem in the western Himalaya (Dar et al., 2009, Shehzad et
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al., 2015; Naha et al., 2018). Though there are reports of human-bear conflicts, they are localized
within certain pockets in areas beyond 2500-meter elevation (Silori, 2007). Anthropogenic
mortality due to livestock depredation and attacks on humans is the primary threat to leopards in
this region (Goyal et al., 2007). Thus we focus our study on leopard attacks taking in
consideration the threats to human livelihoods and shared nature of habitats. Through this study,
we evaluate the efficacy of a non-lethal visual predator deterrent (i.e. fox lights) to reduce
livestock losses to leopard attacks.

Depending on the size and spread of the village, fox lights were mounted at specific vantage
points, at the periphery of a cluster of houses. The lights are solar-powered that flicker at random
time intervals automatically during nights. These lights mimic movement or activity of local
community members at the vantage points within the village. The lights are equipped with a
computerised varying flash with three different colours. There are nine LED bulbs which project
light at 360 degrees and can be seen over a kilometre. Fox lights have been used to deter lions
from entering bomas in Kenya, elephants from crop raiding in Zambia, snow leopards from
corrals in Nepal but their effectiveness are yet to be tested. Fox lights have demonstrated short-
term success in reducing livestock depredation by wolves (Canis lupus) in US and pumas (Puma
concolor) in Chile (Stone et al., 2017; Ohrens et al., 2019). The major difference between fox
lights and lion lights are that fox lights are equipped with 3 different coloured lights whereas lion
lights have only one. There is also a random pattern to the flash installed within fox lights while
it is uniform and white flash with lion lights.

We hypothesize that fox lights will reduce frequency of livestock losses due to fatal leopard
attacks during night. We expect that fox lights will be effective in reducing predation on
livestock by leopard within open habitats as carnivores are reported to ambush prey specifically
in areas with dense vegetation cover (Ogada et al., 2003; Kolowski & Holekamp, 2006; Rostro-
Garcia et al., 2017). We also hypothesize that improved animal husbandry practices such as
condition of livestock enclosure, number of guard dogs and abundance of livestock within a site
will have a significant effect on efficacy of fox lights in reducing predation by leopards (Ogata et
al., 2003; Stone et al., 2017; Broekhuis et al., 2017). We define a fatal attack leading to death to
one or more heads of livestock (cattle, goats, sheep). Specifically, we examine 1) Effectiveness
of fox lights in deterring leopard attacks on livestock 2) Identify landscape features and animal
husbandry practices which increase vulnerability of livestock to leopard attacks.

Material & Methods
Study Area

The study was conducted within the Pauri Garhwal district in Uttarakhand state, India that falls
within the western Himalaya. Two protected areas, viz. Rajaji and Corbett National Parks (Tiger
Reserves) fall partially within this district. This is predominantly a mountainous district with an
area of 5444 km? and is part of the lesser, middle Himalaya mountains. The elevation range lies
varies between 295-3100 m (Fig. 1). Based on the Forest Survey of India report (FSI, 2017), the
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region has a forest cover of 64%, with the primary land cover being moderate dense forest
followed by scrublands and open forests. The region is a landscape matrix of forests, scrubland,
agricultural areas and human settlements. Average rainfall in the district ranges between 218-235
cm. Human population density is moderate i.e. 110 persons per km? (Census of India, 2011). Due
to outmigration, 331 villages were abandoned and the district recorded an annual growth rate of -
1.4 percent between 2001-2011 (Census of India, 2011). Livelihood opportunities are limited
with the major professions being livestock farming, agriculture and cottage industries. Livestock
density of this region is 58 per km? (Livestock Census 2012) whereas the major mammalian fauna
is common leopard, Bengal tiger, Asiatic black bear, barking deer (Muntiacus muntjak), goral
(Nemorhaedus goral), sambar (Rusa unicolor), wild pig (Sus scrofa), rhesus macaque (Macaca
mulatta) and common langur (Semnopithecus entellus) (Goyal et al., 2007).

Data collection and experimental set up

We adopted a participatory approach to create awareness about the nature of leopard attacks and
adoption of non-lethal predator deterrents by the local community members. Participatory
approaches have often been regarded as effective means to alleviate human-carnivore conflicts
and implement specific interventions (Treves et al., 2009). We conducted a series of
conservation awareness workshops (N = 30) from March 2017 to March 2018 targeting local
community members about the possible non-lethal interventions to reduce livestock predation by
leopard. Community members (N = 80) who agreed to cooperate with our research team or were
nominated by the village heads, were identified from this group and recognised as regional
guardians. The regional guardians had some levels of formal education, intimate knowledge of
the region, wildlife and experience in identifying carnivore tracks. We selected 27 villages for
conducting this experiment. The regional guardians and community members were briefed about
the nature, design of the experiment and use of visual predator deterrents. Selection of the
experimental and control sites were done in consultation with the local forest staff, village heads
and examination of compensation records regarding livestock losses to leopard attacks in the past
two years. A total of (N = 16) locations were selected from 10 villages for setting up the predator
deterrents. We selected another (N = 17) locations from the remaining 17 villages as control sites
(Fig. 2). Three to four regional guardians were responsible for managing an experimental unit.
The regional guardians were aware whether their village was part of the experiment or control
site and reported any incident of malfunctioning within 4-6 hours. The experiments were
conducted during the period April 2018 and April 2019.

The regional guardians assisted our research team in setting up the deterrents at specific vantage
points within the village such as ridgelines, rooftops, animal trails and pasture lands (Fig. 3). We
installed two fox lights at two edges of an imaginary circle (50 m radius) surrounding a cluster of
houses within a village. The lights were installed or mounted on iron rods high enough in order
to make it visible for leopards depending on the surrounding vegetation and topography. The
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lights randomly emitted three different coloured flashlights and were manually activated at dusk.
Lights were switched off at dawn. To prevent habituation by leopards, all lights within the
experimental sites were switched off randomly three days a week. This random pattern was
decided by the regional guardians. To confirm visitation by leopards within the vicinity of the
experimental and control sites, we regularly sampled trails (N = 27) and recorded presence of
leopard pugmarks, scrape marks, scats within 50 and 500m radius of the imaginary circle. We
also consulted the regional guardians and verified presence of leopard signs and livestock
predation events during the experimental period. Data on livestock depredation by leopards were
collected from the experimental and control sites during the study period. Regional guardians,
livestock owners and our research team members correctly identified livestock kills to leopards
based on predation signs, scrapes, vocalization, throat bite and direct observations (Karanth &
Sunquist, 1995; Khorozyan et al., 2018). Research team members were also trained to identify
carnivore signs accurately based on the National Tiger Conservation Authority protocol (Jhala et
al., 2009). Predation by Asiatic black bear was negligible within these villages (confirmed
through wildlife compensation registers) and hence there was no ambiguity in livestock kills by
leopard. We tested the efficacy of fox lights at two different spatial scales and collected data on
livestock depredation by common leopard from experimental sites (n=16) and control sites
(n=17) for a period of one year.

Analyses

We ran 3 analyses at 2 spatial scales to examine the impact of sociological variables, landscape
features, fox lights and animal husbandry practices on livestock depredation by leopards. Spatial
scale of predator and prey decision making changes throughout the hunting process affecting the
probability of predation (Hilborn et al., 2012). Certain landscape features and sociological
variables influence the outcome of such processes. Considering that decision making for
livestock kills by large carnivores occurs at both finer and coarser spatial scales, we considered 2
different scales (50 and 500 m) for assessing vulnerability of predation (Miller et al., 2015,
Amirkhiz et al., 2018). We recorded data for seven socioecological variables within a 50-m
circle of the experimental and control sites. The socio-ecological variables include: number of
households, total number of people, condition of livestock enclosure, number of livestock, total
number of guard/domestic dogs, vegetation cover (percentage of herb, shrub, tree and barren
land) and altitude. Altitude was measured using a GPS whereas vegetation cover was estimated
visually using a 50 m radius circular plot while the other details were recorded through a
questionnaire survey (Appendix 1).

To explore the effect of ecological predictors, we generated individual buffer of 500m radii
around control and treatment sites using Arc GIS 10.3.3. For each of these circles, we generated
information for six important landscape variables based on their ecological importance such as
landscape features (area of non-forest, open forest, moderate dense forest, dense forest),
topographic features (altitude) and intensity of nightlight. We extracted the mean altitude value
for each site (control and treatment) based on digital elevation maps with 90-m spatial resolution.
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We were also interested in examining broader seasonal patterns of depredation (dry and wet) and
not just for individual months, hence the experimental period was divided into 2 primary seasons
(Dry — April-June, November-March, Wet — July-October).

Landscape features- Probability of livestock depredation by large carnivores were linked to
several features such as type of vegetation, human infrastructure/presence and altitude (Miller et
al., 2015).

1. We hypothesized that predation risk by leopard would be higher in sites with moderate to
dense forests/vegetation cover (Miller et al., 2015; Rostro-Garcia et al., 2016). We
calculated landscape variables for each site, i.e., area under different land-use types from
forest type map of India (FSI, 2017).

2. Human presence- We hypothesized that leopards would avoid killing livestock in areas
with increased human presence (Rostro-Garcia et al., 2016). We extracted night light
values using the 1,000-m spatial resolution night-time visible light data of India.

3. Altitude- Considering that livestock killing by carnivores have a positive relationship
with altitude (Miller, 2015, Rostro-Garcia et al., 2016), we hypothesized that predation
risk by leopards would be higher in elevated regions

Data preparation and analysis

Once data were compiled, we prepared master tables for the 2 spatial scales (50 and 500-m
radius circles) (Table 1, Table 2). We did Pearson correlation and omitted all correlated variables
> (.70 (Dormann et al., 2007) using R version 3.4.0 (R Development Core Team 2017). We
prepared count statistic data for the number of livestock predation events recorded within a site.
We assigned 0 to sites that had no attacks. We used generalized linear mixed models (GLMMs)
with poisson structure and village name as random factors nested within sites with and without
deterrents/fox lights to quantify effect of predictor variables. We considered (habitat type, human
presence, altitude) for 500m radius circles, vegetation cover (altitude and proportion of shrub,
herb, tree and barren land) for 50m radius circles, fox lights and modelled probability of
livestock predation by leopard. For the poisson structure our response variable was the number
of livestock killed by leopards at night within each individual cluster during the experimental
period. Livestock predation by leopard could potentially be different within villages/localities
and also within sites with or without deterrents. Variation in predation due to different
localities/villages were considered as a random error in the model. We used location/village
name (1-27) and presence of deterrent/fox light (presence of fox light: 1, absence of foxlight: 2)
within a site as categorical factors in the analysis. The analysis was done in R using the function
glmer in the package Ime4 (Bates et al., 2012). The proportion of barren land cover was
negatively correlated (-0.75) with proportion of shrub cover, hence we removed barren land
cover from the analysis.
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Livestock husbandry

To model livestock losses as a function of animal husbandry practices and presence/absence of
fox lights we used the same response variable used for identifying landscape predictors of
predation risk within a fine scale of 50-m circle. We used generalized linear mixed models
(GLMMs) with a poisson structure and considered sociological variables (household size,
number of houses), animal husbandry practices (condition of livestock enclosure, number of
livestock, number of guard dogs), location (village name) and presence of fox lights. We used
location/village name as random factors nested with sites with and without deterrents. Village
name (1-27) and presence of fox lights (presence of fox light: 1, absence of foxlight: 2) were
considered as categorical factors in the analysis. To determine the condition of livestock
enclosure we considered strength of the construction materials in the following order
(categorical: branches-1, wooden poles-2, stone walled-3, cemented-4). The analysis was done in
R using the function ‘glmer’ within the package ‘lme4’ (Bates et al., 2012).

We used a priori candidate models and ranked them based on AIC values. Models with the
lowest AIC values for all 3 analyses were considered the best or dominant model (Burnham &
Anderson, 2002) and the output (coefficients and estimates) explained the probability of
livestock predation by leopards within IHR. We averaged parameter estimates across models
with AIC differences (A AIC <2) (Burnham & Anderson, 2002).

We checked for diurnal livestock attacks after installation of the lights between experimental and
control sites using chi-square test in R. We used Wilcoxon-Signed-Rank Test and chi-square test
to check for presence of leopard signs, effectiveness of fox lights in deterring attacks, difference
in temporal, seasonal patterns and type of livestock killed between experimental and control
sites. Since data was not normally distributed, we also compared predictor variables between the
experimental and control sites using Wilcoxon Signed-Rank Test in R. Statistical significance
was P <= 0.01 for all analyses. All spatial analyses were performed with Arc GIS 10.3.3 and R.

Results

Livestock depredation within control and experimental sites

We confirmed presence of leopards within the vicinity of the experimental and control sites
through trail walks (43 leopard signs i.e. pugmarks) and secondary information (4 sightings and
19 signs i.e. pugmarks) during the study period. However, there was no significant difference in
leopard signs, secondary information between experimental and control sites (W = 168.5, p =
0.237).

A total of 105 livestock were killed by leopards within 10 (out of 27 sites) villages of the Pauri
Garhwal district during the study period. A total of 47% of the livestock killed within
experimental and control sites were goats, 37% were cows and the rest were calves (y>=16.24, df
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=1, p <0.01). Livestock predation was higher (56%) during the dry season when compared to the
wet season (y*>=1.44, df =1, p > 0.01).

We recorded 36 (34%) and 69 (66%) livestock kills within experimental and control sites
respectively (x>=10.24, df =1, p < 0.05). A total of 33 cases (92%) of the total livestock kills
within experimental sites and 64 cases (93%) of the total livestock kills within control sites
occurred outside livestock enclosures. Out of the total 105 livestock kills, 63 (60%) occurred
during daylight and the remaining occurred during night (y>=4, df =1, p <0.01). There was
significant difference in temporal pattern of livestock depredation between experimental and
control sites (y>=17, df =3, p < 0.01). Within experimental sites, 25 (70%) of the predation events
occurred during day

and the remaining occurred during night (y*>=16, df =1, p <0.01). There was no evidence for any
temporal pattern of leopard depredation within control sites (y*>=1, df =1, p > 0.01).

Characteristics of control and experimental sites

An average of 26 livestock (SE 21), range (3-120) were present within a cluster of 50-m circle.
The average elevation of experimental and control sites was 1533 m (SE 148), range (1086-
1823). The average number of people staying within a cluster was estimated to be 17 members
(SE 4), (range 5-30) whereas the average number of houses was 7 (SE 2), (range 1-18).
Households possessed an average of 1 guard dog (SE 1), (range 0-4). About 42% of the livestock
enclosures were made of wooden poles, 36% branches, 12% stones and 10% were cemented.
Wilcoxon signed

rank sum test results indicate that none of the predictor variables (at 50 or 500m radii) differed
significantly between experimental and control sites.

Influence of landscape predictors on livestock depredation by leopards

On a fine scale (50m radii), presence/absence of fox light was the best predictor of livestock
depredation by leopard (Table 3, Supplementary Table S1). Leopards were most likely to kill
livestock in areas with no fox light (estimate -1.067, CI -0.34019--1.79492). After accounting for
the effect of village name/localities nested within sites with and without fox lights as a random
error, we found no significant effect of herb, shrub, tree and altitude on livestock predation by
leopard (Supplementary Table S1).

On a coarser scale of 500-m radius, there were no significant landscape predictors of leopard
attacks on livestock (Table 4). The effect of altitude, night light, non-forest, scrubland, open
forest, moderate dense forest and very dense forest displayed a weak positive relationship with
probability of livestock depredation but these were not statistically significant (Supplementary
Table S2). There was no significant effect of fox light on livestock predation by leopard
(Supplementary Table S2).

Livestock husbandry
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The model averaged coefficients indicates that nocturnal livestock depredation events had a
positive relationship with the number of household, number of guard dogs and enclosure type
whereas it displayed a negative relationship with number of people and livestock present within a
50-m circle of human settlements (Table 5, Supplementary Table S3). Likelihood of a
depredation event within a 50-m cluster was higher in sites with houses and domestic guard
dogs. After accounting for the effect of village name/localities nested within sites with and
without fox lights as a random error, we found significant effect of fox lights on livestock
predation by leopard (-0.96264 CI -0.14991-1.77537). The likelihood of livestock depredation
was lower within a site with the presence of fox lights.

Discussion

Our study provides evidence based results to manage large carnivores within human dominated
landscapes and highlights effectiveness of non-lethal visual deterrents to reduce livestock
depredation. This study is the first known experiment testing the effectiveness of non-lethal
visual deterrents in reducing livestock losses to common leopards in South Asia. We found that
flashlight devices deterred predation by leopards on livestock. Significant decline in livestock
depredation by leopard in sites with predator deterrents support the hypothesis that fox lights
reduced the number of livestock losses to nocturnal leopard attacks within villages in the western
Himalaya. However, we found no support for the hypotheses regarding the influence of
vegetation cover, open habitats, animal husbandry practices on efficacy of fox lights. Our results
also reject the hypotheses regarding the significant impact of moderate/dense forests, human
presence and altitude on the probability of livestock depredation by leopard. Hence we assume
that livestock depredation by leopards were random in nature without any environmental or
anthropogenic effects. Predation on livestock is the stimuli for human-carnivore conflicts
globally and such events have to be addressed effectively to ensure survival of large carnivores
within human-dominated landscapes. Considering the outcome of our work, there is immense
potential for adopting non-lethal visual deterrents through community based conservation
programs and reduce livestock losses to large predators across heterogeneous landscapes of
South Asia.

Previous studies have documented that large carnivores such as stalking hunters i.e. tigers, jaguar
(Panthera onca), pumas, lions and leopards use dense vegetation cover and forested habitats to
hunt prey (Inskip & Zimmerman, 2009; Kissling et al., 2009; Zarco-Gonzalez et al., 2013; Miller
et al., 2015; Broekhuis et al., 2017; Khorozyan et al., 2017). A study conducted in eastern
Himalaya documented that risk of leopard killing livestock increased with forest cover (Rostro-
Garcia et al., 2016). Altitude has been reported to be a significant predictor of livestock predation
for jaguars, pumas and leopards especially in high elevated areas of Mexico, Argentina and
Bhutan (Kissling et al., 2009; Zarco-Gonzalez et al. 2013; Rastro-Garcia et al., 2016). On the
contrary, our results demonstrate that vegetation cover/environment had no effect on livestock
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predation by leopards. We also didn’t document any significant relationship of predation risk and
altitude within our study sites. Human presence and infrastructure have been reported to have a
negative relationship with predation risk by large carnivores (Miller et al., 2015). We didn’t
document any significant effect of human presence on predation risk by leopards. Such results
could be due to the relatively low sample size of only 27 villages with minimal variation in
topography, land use patterns and human presence.

We also found that sixty-percent of the livestock killings were diurnal in nature which is contrary
to previous findings from western and eastern Himalaya i.e. Pakistan and Bhutan where they
were nocturnal (Sangay & Vernes, 2008; Dar et al., 2009). Radio-telemetry studies in Nepal and
India have documented leopards to be nocturnal (Odden & Wegge, 2005; Odden et al., 2014) but
our results suggest diurnal activity peaks within human dominated mountainous landscapes.
Cheetahs and lions in eastern Africa (Broekhuis et al., 2014, Lesilau et al., 2018) and tigers in
Sundarban delta (Naha et al., 2016) have also been reported to exhibit diurnal activity peaks and
are believed to be the major driver of human-carnivore conflicts. Leopards probably prefer to kill
wild prey at night whereas livestock killing is diurnal due to the availability, poor or
unsupervised grazing practices, and ease of catching domestic prey. We also didn’t document
any significant seasonal variation in leopard attacks on livestock which was similar to studies
conducted in Iran (Khorozyan et al., 2017).

Livestock husbandry practices have been reported to affect the likelihood of leopard predation on
livestock in mountainous regions of South Asia (Dar et al., 2009; Kabir et al., 2014; Shehzad et
al., 2015; Khorozyan et al., 2017). However, we found no evidence of animal husbandry
practices on predation by leopards in Pauri Garhwal. Improving condition of animal enclosures,
use of livestock guardians (herders and trained dogs), visual, auditory deterrents and lethal
control of predators have been identified as the major interventions which have effectively
reduced livestock losses (Eeden et al., 2018; Miller et al., 2016; Eklund et al., 2017). Light based
deterrents have been documented to effectively protect livestock against lions (Panthera leo)
(Lesilau et al., 2018) and pumas (Ohrens et al., 2019) and our results also support such findings.
However, not all visual deterrents are effective, e.g., scarecrows and lion lights have failed to
prevent livestock losses to leopard attacks in east Africa (Broekhuis et al., 2017).

Fortified and improved enclosures have been largely documented to be effective in reducing
livestock losses to multiple predators such as wolves, pumas, spotted hyenas and lions in Europe,
South America and Africa (Eklund et al., 2017; Eeden et al., 2018). Yet such measures have not
provided success in deterring leopard attacks on livestock in Africa (Eklund et al., 2017). Several
studies have documented that herd size in a village is directly proportional to the number of
predator attacks (Von Bommell et al., 2007; Woodroffe, 2007). However, we didn’t find any
evidence of a significant relationship between the number of livestock present within a cluster of
settlements and probability of livestock depredation by leopards.
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It is important to reduce livestock losses but perceived risk towards large predators are also
influenced by a combination of several social, cultural variables (Dickman, 2010). Community
based conservation programs are successful when local members are directly involved and take
ownership of the project. We demonstrate that it is possible to overcome challenges within a
natural ecosystem such as a village society by having moderate control over recruitment of
participants and recognizing community leaders. By adopting a community based conflict
mitigation approach we have been successful in reducing human-leopard conflicts within a
multi-use landscape of the Himalayan region. Similar success stories such as the “Lion
Guardians” project in east Africa (Hazzah et al., 2014), snow leopard community based
conservation programs in India (Vannelli et al., 2019), Tiger Team initiative in Bangladesh
Sundarbans (Inskip et al., 2016) and personal leopard conservation project in Iran (Khorozyan et
al., 2017) have demonstrated considerable success in improving human-predator relations and
created pathways of coexistence within developing regions of the world.

Rising anthropogenic impacts affect survival of large carnivores globally and hence they are
forced to occupy heterogeneous shared landscapes where persecution due to real or perceived
threats to human interests or livelihoods are high (Carter & Linnell, 2016). To maintain
coexistence within such shared landscapes, it is essential to develop conservation models which
can balance human livelihoods, incorporate traditional knowledge, reduce financial losses to
predators as well preserve biodiversity (Carter & Linnell, 2016). We provide rigorous scientific
evidence that non-lethal interventions are effective in reducing predation on livestock within
multiple-use landscapes of South Asia. Although, there might be differences within natural and
social systems our community based approach has the potential to reduce livestock losses to
similar large bodied carnivores such as jaguars, hyenas, cheetahs, tigers, snow leopards, lynx,
wild dogs, wolves and bears. By reducing financial loss, we hope to ensure survival of large
carnivores and thereby preserve functionality of natural ecosystems. Such measures will have
cascading effects on the larger human society through flow of ecosystem services, increased
wildlife tourism based livelihoods and improved human-wellbeing, safety (Ripple et al., 2014).

We acknowledge some limitations of our study. The first is regarding the small sample size of
villages, localized nature of the study and random operation of the fox lights adopted by the local
community members. Second, we didn’t have data on leopard density or occupancy for the
region nor did we have information on abundance of wild prey. Third we couldn’t measure the
effect of habituation and behavioural response of leopards towards fox lights. In spite of these
limitations our study emphasizes the effectiveness of visual predator deterrents in mitigating
human-leopard conflicts in South Asia.

Human-leopard conflicts are a major threat to survival of leopards outside protected areas in Asia
and Africa (Jacobson et al., 2016). Successful implementation of conservation programs will
need a coordinated effort from all multiple agencies, which includes (local communities, wildlife
staff, police, civil administration, animal husbandry, agriculturists, veterinarians, conservationists
etc.). Future studies should be taken up to understand the behavioural response and habituation
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of fox lights and other visual deterrents to leopards in reducing attacks on livestock within
multiple-use landscapes. Latitudinal and longitudinal studies should be conducted to evaluate
effectiveness of non-lethal deterrents within multi-predator communities globally.

Conclusions

We provide evidence for the effectiveness of fox lights in deterring leopard attacks on livestock
in western Himalaya., Our community based model can be successfully replicated to reduce
human-carnivore conflicts within other mountainous regions of Asia. However, conflict
mitigation measures which might work at a particular place might not be successful elsewhere
due to uncertainty in animal behaviour, environmental and social factors. Majority of the
predator deterrent experiments are usually not successful as long term solutions to reduce
livestock depredation by large carnivores. Hence they should be integrated with efficient animal
husbandry practices, multi-interest group collaborations and community based conservation
programs. Given the positive effect of these flash lights to reduce livestock depredation at night,
we recommend avoidance of areas close to forest patches for grazing and supervision by an
experienced herder to reduce economic losses to leopard attacks during the day.

Additional Information and Declarations
Competing Interests

The authors declare there are no competing interests.
Author contributions

Dipanjan Naha conceived and designed the experiment, analysed the data and authored drafts of
the paper.

Pooja Chaudhary collected data, did preliminary data analysis and approved the final draft.
Gaurav Sonkar collected data, did preliminary data analysis and approved the final draft.

Sambandam Sathyakumar supervised the project, authored or reviewed drafts of the paper,
approved the final draft.

Funding

This study was supported under the National Mission on Himalayan Studies by the Ministry of
Environment, Forest & Climate Change, Government of India. The funders had no role in study
design, data collection, and analysis, decision to publish, or preparation of the manuscript.

Acknowledgments

Peer] reviewing PDF | (2020:05:48605:1:1:NEW 12 Jun 2020)



Peer]

485 We are grateful to the Chief Wildlife Warden of Uttarakhand for granting permission for

486 research in Pauri Garhwal. We thank the Divisional Forest Officer, Garhwal Forest Division,
487 forestry staff, village community heads and non-governmental organization members for their
488 support during fieldwork.

489

490 References

491 Amirkhiz, R. G., Frey, K. J., Cain, W. J., Breck, S. W., & Bergman, D. L. (2018). Predicting

492 spatial factors associated with cattle depredations by the Mexican wolf (Canis lupus

493 baileyi) with recommendations for depredation risk modeling. Biological Conservation,
494 224, 327-335. https://doi.org/10.1016/j.biocon.2018.06.013

495  Athreya, V., Odden, M., Linnell, J. D. C., Krishnaswamy, J., & Karanth, K. U. (2016). A cat
496 among the dogs: leopard (Panthera pardus) diet in a human-dominated landscape in

497 western Maharashtra, India. Oryx, 50, 156—-162.

498 https://doi.org/10.1017/S0030605314000106

499 Bates, D., Maechler, M., Bolker, B., Walker, S., Cristensen, R. H. B., Singmann, H., Dai, B.,
500 Scheipl, F., Grothendieck, G., Green, P., & Fox, J. (2012). Package ‘Lme4’.

501 Available:http://cran.r-project.org/web/packages/Ime4/index.html.2012

502 Broekhuis, F., Griinewiélder, S., McNutt, J. W., & Macdonald, D. W. (2014). Optimal hunting
503 conditions drive circalunar behavior of a diurnal carnivore. Behavioral Ecology, 25(5),
504 1268-1275. https://doi.org/10.1093/beheco/arul22

505 Broekhuis, F., Cushman, S. A., & Elliot, N. B. (2017). Identification of human—carnivore

506 conflict hotspots to prioritize mitigation efforts. Ecology & Evolution, 7(24), 10630—

507 10639. https://doi.org/10.1002/ece3.3565

508 Burnham, K.P., & Anderson, D.R. (2002). Model selection and multimodel inference: A

509 practical information-theoretic approach. Springer- Verlag.

510 https://link.springer.com/book/10.1007%2F978-1-4757-2917-7

511 Carter, N. H., & Linnell, J. D. (2016) Co-adaptation is key to coexisting with large carnivores.
512 Trends in Ecology & Evolution 31(8). https://doi.org/10.1016/jtree.2016.05.006

513 Chapron, G., Kaczensky, P., Linnell, J. D. C., Von Arx, M., Huber, D., Andrén, H., L6pez-Bao,
514 J. V., Adamec, M., Alvares, F., Anders, O., Bale¢iauskas, L., Balys, V., Bedo, P., Bego,
515 F., Blanco, J. C., Breitenmoser, U., Broseth, H., Bufka, L., Bunikyte, R., Ciuci, P.,

516 Dutsov, A., Engleder, T., Fuxjager, T., Groft, C., Holmala, K., Hoxha, B., lliopoulos, Y.,
517 Ionescu, O., Jeremi¢, J., Jerina, K., Kluth, G., Knauer, F., Kojola, 1., Kos, 1., Krofel, M.,
518 Kubala, J., Kunovac S., Kusak, J.,Kutal, M., Liberg, O., Maji¢, A., Méannil, P., Manz, R.,
519 Marboutin, E., Marucco, F., Melovski, D., Mersini, K., Mertzanis, Y., Mystajek, R. W.,
520 Nowak, S., Odden, J., Ozolins, J., Palomero, G., Paunovi¢, M., Persson, J., Poto¢nik, H.,
521 Quenette P. Y., Rauer, G., Reinhardt, ., Rigg, R., Ryser, A., Salvatori, V., Skrbinsek, T.,
522 Stojanov, A., Swenson, E. J., Szemethy, L., Trajce, A., Tsingarska-Sedefcheva, E., Vana,
523 M., Veeroja, R., Wabakken, P., Wolfl, M., Wolfl, S., Zimmermann, F., Zlatanova, D., &

Peer] reviewing PDF | (2020:05:48605:1:1:NEW 12 Jun 2020)



Peer]

524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563

Boitani, L. (2014). Recovery of large carnivores in Europe’s modern human-dominated
landscapes. Science, 346(6216), 1517-1519. https://doi.org/10.1126/science.1257553

Dar, N. L., Minhas, R. A., Zaman, Q., & Linkie, M. (2009). Predicting the patterns, perceptions
and causes of human-carnivore conflict in and around Machiara National Park, Pakistan.
Biological Conservation, 142(10), 2076-2082.
https://doi.org/10.1016/j.biocon.2009.04.003

Dickman, A. J. (2010). Complexities of conflict: The importance of considering social factors for
effectively resolving human-wildlife conflict. Animal Conservation, 13(5), 458—466.
https://doi.org/10.1111/j.1469-1795.2010.00368.x

Dormann, FC., McPherson, MJ., B. Aratjo, M., Bivand, R., Bolliger, J., Carl, G., G. Davies, R.,
Hirzel, A., Jetz, W., Daniel Kissling, W., Kiihn, I., Ohlemiiller, R., R. Peres-Neto, P.,
Reineking, B., Schroder, B., M. Schurr, F., & Wilson, R. (2007). Methods to account for
spatial autocorrelation in the analysis of species distributional data: A review. Ecography,
30(5), 609—628. https://doi.org/10.1111/1.2007.0906-7590.05171.x

Eklund, A., Lopez-Bao, J. V., Tourani, M., Chapron, G., & Frank, J. (2017). Limited evidence
on the effectiveness of interventions to reduce livestock predation by large carnivores.
Scientific Reports, 7(1), 1-9. https://doi.org/10.1038/s41598-017-02323-w

Farhadinia, M. S., Johnson, P. J., Hunter, L. T. & Macdonald, D. W. (2018). Persian leopard
predation patterns and kill rates in the Iran—Turkmenistan borderland. Journal of
Mammalogy, 99(3), 713-723.

Ghosal, S., Athreya, V. R., Linnell, J. D. C., & Vedeld, P. O. (2013). An ontological crisis? A
review of large felid conservation in India. Biodiversity & Conservation, 22(11), 2665—
2681. https://doi.org/10.1007/s10531-013-0549-6

Goyal, S.P., Chauhan, D, S., & Yumnam, B. (2007). Status and ecology of Leopard in Pauri
Garhwal: Ranging patterns and reproductive biology of leopard (Panthera pardus) in
Pauri Garhwal Himalaya.

Hazzah, L., Dolrenry, S., Naughton, L., Edwards, C. T. T., Mwebi, O., Kearney, F., & Frank, L.
(2014). Efficacy of two lion conservation programs in Maasailand, Kenya. Conservation
Biology, 28(3), 851-860. https://doi.org/10.1111/cobi.12244

Hazzah, L., Bath, A., Dolrenry, S., Dickman, A., & Frank, L. (2017). From attitudes to actions:
Predictors of lion killing by maasai warriors. PLoS ONE, 12(1), 1-13.
https://doi.org/10.1371/journal.pone.0170796

Hilborn, A., Pettorelli, N., Orme, C. D. L., & Durant, S. M. (2012). Stalk and chase: how hunt
stages affect hunting success in Serengeti cheetah. Animal Behavior, 84, 701-706.

India state of Forest Report. (2017). Uttarakhand-Isfr-2017.Pdyf.

Inskip, C., Carter, N., Riley, S., Roberts, T., & MacMillan, D. (2016). Toward human-carnivore
coexistence: Understanding tolerance for tigers in Bangladesh. PLoS ONE, 11(1), 1-20.
https://doi.org/10.1371/journal.pone.0145913

Inskip, C., & Zimmermann, A. (2009). Human-felid conflict: A review of patterns and priorities
worldwide. Oryx, 43(1), 18-34. https://doi.org/10.1017/S003060530899030X

Peer] reviewing PDF | (2020:05:48605:1:1:NEW 12 Jun 2020)



Peer]

564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584

585
586
587

588
589
590
591
592
593
594
595
596
597
598
599
600

Jacobson, A. P., Gerngross, P., Lemeris, J. R., Schoonover, R. F., Anco, C., Breitenmoser-
Wiirsten, C., Durant, S. M., Farhadinia, M. S., Henschel, P., Kamler, J. F., Laguardia, A.,
Rostro-Garcia, S., Stein, A. B., & Dollar, L. (2016). Leopard (Panthera pardus) status,
distribution, and the research efforts across its range. Peer.J, (5), 1-28.
https://doi.org/10.7717/peerj.1974

Jhala, Y. V., Qureshi, Q., Gopal, R., & Amin, R. (2009). Monitoring tigers, co-predators, prey
and their habitats. National Tiger Conservation Authority & Wildlife Institute of India,
New Delhi & Dehradun.

Kabir, M., Ghoddousi, A., Awan, M. S., & Awan, M. N. (2014). Assessment of human—leopard
conflict in Machiara National Park, Azad Jammu and Kashmir, Pakistan. European
Journal of Wildlife Research, 60(2), 291-296. https://doi.org/10.1007/s10344-013-0782-z

Karanth, K. U., & Sunquist, M. E. (1995). Prey selection by tiger, leopard and dhole in tropical
forests. Journal of Animal Ecology, 64, 439—-450.

Karanth, K. K., Nichols, J. D., Hines, J. E., Karanth, K. U., & Christensen, N. L. (2009). Patterns
and determinants of mammal species occurrence in India. Journal of Applied Ecology,
46(6), 1189-1200. https://doi.org/10.1111/j.1365-2664.2009.01710.x

Khorozyan, 1., Ghoddousi, A., Soofi, M., & Waltert, M. (2015). Big cats kill more livestock
when wild prey reaches a minimum threshold. Biological Conservation, 192

Khorozyan, I., Soofi, M., Soufi, M., Hamidi, A. K., Ghoddousi, A., & Waltert, M. (2017).
Effects of shepherds and dogs on livestock depredation by leopards (Panthera pardus) in
north-eastern Iran. PeerJ, (2), 1-18. https://doi.org/10.7717/peer].3049

Khorozyan, 1., Ghoddousi, A., Soufi, M., Soofi, M., & Waltert, M. (2018). Cattle selectivity by
leopards suggests ways to mitigate human—leopard conflict. Ecology & Evolution.
https://doi.org/10.1002/ece3.4351

Kissling, W. D., Fernandez, N., & Paruelo, J. M., (2009). Spatial risk assessment of livestock
exposure to pumas in Patagonia, Argentina. Ecography, 32, 807-817.

Kolowski, J. M., & Holekamp, K. E. (2006). Spatial, temporal, and physical characteristics of
livestock depredations by large carnivores along a Kenyan reserve border. Biological
Conservation, 128, 529-541. https:// doi.org/10.1016/j.biocon.2005.10.021

Lesilau, F., Fonck, M., Gatta, M., Musyoki, C., Zelfde, M. van t., Persoon, G. A., Musters, K. C.
J. M., De Snoo, G. R., & De longh, H. H. (2018). Effectiveness of a LED flashlight
technique in reducing livestock depredation by lions (Panthera leo) around Nairobi
National Park, Kenya. PLoS ONE, 13(1), 1-18.
https://doi.org/10.1371/journal.pone.0190898

Miller, J. B. (2015). Mapping attack hotspots to mitigate human—carnivore conflict: Approaches
and applications of spatial predation risk modeling. Biodiversity & Conservation, 24, 1—
25. https://doi.org/10.1007% 2Fs10531-015-0993-6

Peer] reviewing PDF | (2020:05:48605:1:1:NEW 12 Jun 2020)



Peer]

601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640

Miller, J. R. B., Jhala, Y. V., & Jena, J. (2015). Livestock losses and hotspots of attack from
tigers and leopards in Kanha Tiger Reserve, Central India. Regional Environmental
Change, 16 (July 2016), 17-29. https://doi.org/10.1007/s10113-015-0871-5

Miller, J. R. B., Jhala, Y. V., & Schmitz, O. J. (2016) Human Perceptions Mirror Realities of
Carnivore Attack Risk for Livestock: Implications for Mitigating Human-Carnivore
Conlflict. PLoS ONE, 11(9). e0162685. https://doi.org/10.1371/journal.pone.0162685

Naha, D., Jhala, Y. V., Qureshi, Q., Roy, M., Sankar, K., & Gopal, R. (2016). Ranging, activity
and habitat use by tigers in the mangrove forests of the Sundarban. PLoS ONE, 11(4), 1-
16. https://doi.org/10.1371/journal.pone.0152119

Naha, D., Sathyakumar, S., & Rawat, G. S. (2018). Understanding drivers of human-leopard
conflicts in the Indian Himalayan region: Spatio-Temporal patterns of conflicts and
perception of local communities towards conserving large carnivores. PLoS ONE, 13(10),
1-19. https://doi.org/10.1371/journal.pone.0204528

Odden, J., Smith, M.E., Aanes, R. and Swenson, J. E. (1999). Large carnivores that kill
livestock: do" problem individuals" really exist? Wildlife Society Bulletin (1973-2006),
27(3), 698-705.

Odden, M., Athreya, V., Rattan, S., & Linnell, J. D. C. (2014). Adaptable neighbours: Movement
patterns of GPS-collared leopards in human dominated landscapes in India. PLoS ONE,
9(11). https://doi.org/10.1371/journal.pone.0112044

Odden, M., & Wegge, P. (2005). Spacing and activity patterns of leopards (Panthera pardus) in
Royal Bardia National Park, Nepal. Wildlife Biology, 11, 145-152.

Ogada, M. O., Woodroffe, R., Oguge, N. O., & Frank, L. G. (2003). Limiting depredation by
African carnivores: the role of livestock husbandry. Conservation Biology, 17(6), 1521—
1530. https://doi.org/10.1111/j.1523-1739.2003.00061.x

Ogada, D. L. (2014). The power of poison: Pesticide poisoning of Africa’s wildlife. Annals of the
New York Academy of Sciences, 1322(1), 1-20. https://doi.org/10.1111/nyas.12405

Ohrens, O., Bonacic, C., & Treves, A. (2019). Non-lethal defense of livestock against predators:
flashing lights deter puma attacks in Chile. Frontiers in Ecology & the Environment,
17(1), 32-38. https://doi.org/10.1002/fee.1952

Ripple, W., Estes, J., Beschta, R., Wilmers, C. C., Ritchie, E.

G., Hebblewhite, M., Berger, J., Elmhagen, B., Letnic, M., Nelson, M. P., Schmitz, O. J.,
Smith, D. W., Wallach, A. D., & Wirsing A. J. (2014). Status and ecological effects of
the world’s largest carnivores. Science 343(6167):1241484

Rostro-Garcia, S., Tharchen, L., Abade, L., Astaras, C., Cushman, S. A., & Macdonald, D. W.
(2016). Scale dependence of felid predation risk: identifying predictors of livestock kills
by tiger and leopard in Bhutan. Landscape Ecology, 31(6), 1277-1298.
https://doi.org/10.1007/s10980-015-0335-9

Sangay, T., & Vernes, K. (2008). Human-wildlife conflict in the Kingdom of Bhutan: Patterns of
livestock predation by large mammalian carnivores. Biological Conservation, 141(5),
1272—1282. https://doi.org/10.1016/j.biocon.2008.02.027

Peer] reviewing PDF | (2020:05:48605:1:1:NEW 12 Jun 2020)



Peer]

641
642
643

644
645
646
647

648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673

674

675
676

677
678

Silori, C.S. (2007). Perception of local people towards conservation of forest resources in Nanda
Devi Biosphere Reserve, north-western Himalaya, India. Biodiversity & Conservation,
16, 211-222. https://doi.org/10.1007/s10531-006-9116-8

Stone, S. A., Breck, S. W., Timberlake, J., Haswell, P. M., Najera, F., Bean, B. S., & Thornhill,
D. J. (2017). Adoptive use of nonlethal strategies for minimizing wolf-sheep conflict in
Idaho. Journal of Mammalogy, 98, 33-44.
Tamang, B., & Baral, N. (2008). Livestock depredation by large cats in Bardia National Park,

Nepal: Implications for improving park-people relations. International Journal of
Biodiversity Science & Management, 4(1), 44-53.
https://doi.org/10.1080/17451590809618182

Treves, A., Wallace, R. B., & White, S. (2009). Participatory planning of interventions to
mitigate human-wildlife conflicts. Conservation Biology, 23(6), 1577-1587.
https://doi.org/10.1111/j.1523-1739.2009.01242.x

Van Bommel, L., Bij De Vaate, M. D., De Boer, W. F., & De longh, H. H. (2007). Factors
affecting livestock predation by lions in Cameroon. African Journal of Ecology, 45(4),
490-498. https://doi.org/10.1111/1.1365-2028.2007.00759.x

van Eeden L. M., Eklund, A., Miller, J. R. B., Lo'pez-Bao J. V., Chapron, G., Cejtin, M. R,
Crowther, M. S., Dickman, C. R., Frank, J., Krofel, M., Macdonald, D. W., McManus, J.,
Meyer, T. K., Middleton, A. D., Newsome, A. D., Ripple, W. J., Richie, E. G., Schmitz,
0.J., Stoner, K. J., Tourani, M., & Treves, A. (2018). Carnivore conservation needs
evidence-based livestock protection. PLoS Biology, 16(9).
€2005577 .https://doi.org/10.1371/journal.pbio.2005577

Vannelli, K., Hampton, M. P., Namgail, T., & Black, S. A. (2019). Community participation in
ecotourism and its effect on local perceptions of snow leopard (Panthera uncia)
conservation. Human Dimensions of Wildlife, 24(2), 180—193.
https://doi.org/10.1080/10871209.2019.1563929

Woodroffe, R., Frank, L. G., Lindsey, P. A., Ole Ranah, S. M. K., & Romanach, S. (2007).
Livestock husbandry as a tool for carnivore conservation in Africa’s community
rangelands: A case-control study. Biodiversity & Conservation, 16(4), 1245—-1260.
https://doi.org/10.1007/s10531-006-9124-8

Zarco-Gonzalez, M. M., Monroy-Vilchis, O., & Alaniz, J. (2013). Spatial model of livestock
predation by jaguar and puma in Mexico: conservation planning. Biological
Conservation, 159, 80-87.

Figure 1. Location of Pauri Garhwal District within India and Uttarakhand

Figure 2. Location of experimental (fox lights) and control site locations within Pauri Garhwal
District

Figure 3. Image of a fox light deployed by regional guardians and researchers at the periphery of
human settlements within a village in the Himalaya
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Table 1. Major predictor variables considered for regression analysis within a fine scale of 50-m
radii of experimental and control sites in Pauri Garhwal, Uttarakhand, India

Table 2. Major predictor variables considered for regression analysis within a broader scale of
500-m radii of experimental and control sites in Pauri Garhwal, Uttarakhand, India

Table 3. Second-order Akaike Information criterion scores (AIC), AAIC of generalized linear
mixed models with poisson structure predicting livestock depredation by common leopards in
Pauri Garhwal within a fine scale of 50 m radius around human settlements

Table 4. Second-order Akaike Information criterion scores (AIC), AAIC of generalized linear
mixed models with poisson structure predicting livestock depredation by common leopards in
Pauri Garhwal within a coarser scale of 500 m radius around human settlements

Table 5. Second-order Akaike Information criterion scores (AIC), AAIC of generalized linear
mixed models with poisson structure for influence of livestock husbandry on probability of
livestock depredation by common leopards within a fine scale of 50 m radius around human
settlements

Supplementary Table S1. Summary of the model averaged generalized linear mixed models with
poisson structure for probability of livestock predation by leopard within a fine scale of 50 m
radius around human settlements

Supplementary Table S2. Summary of the model averaged generalized linear mixed models with
poisson structure for probability of livestock predation by leopard within a coarser scale of 500
m radius around human settlements

Supplementary Table S3. Summary of the model averaged generalized linear mixed models with
poisson structure for influence of livestock husbandry on probability of livestock predation by
leopard within a fine scale of 50 m radius around human settlements

Appendix 1. Questionnaire sheet used for recording data on livestock depredation by common
leopard during the experimental period
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Figure 1

Figure 1. Location of Pauri Garhwal District within India and Uttarakhand

The map depicts protected areas, major roads, rivers, towns and elevation gradient within

the Pauri Garhwal District
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Figure 2
Location of experimental (fox lights) and control site locations within Pauri Garhwal
District

The locations indicate experimental and control sites with buffers within Pauri Garhwal

District
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Table 1l(on next page)

Major predictor variables considered for regression analysis within a fine scale of 50-m
radii of experimental and control sites in Pauri Garhwal, Uttarakhand, India

Peer] reviewing PDF | (2020:05:48605:1:1:NEW 12 Jun 2020)



Peer]

1 Table 1. Major predictor variables considered for regression analysis within a fine scale of 50-

Manuscript to be reviewed

2 mradii of experimental and control sites in Pauri Garhwal

Type of Predictor Unit Resolution Source
variable variable
Habitat Proportion of Percentage 50-m radii Recorded
(Landscape herb cover during field
variables) survey
Proportion of Percentage 50-m radii Recorded
shrub cover during field
survey
Proportion of Percentage 50-m radii Recorded
barren land cover during field
survey
Proportion of Percentage 50-m radii Recorded
tree cover during field
survey
Altitude DEM M 50-m radii Recorded
during field
survey
Livestock Number of Numeric 50-m radii Recorded
husbandry household during field
practices survey
Number of Numeric 50-m radii Recorded
people during field
survey
Number of Numeric 50-m radii Recorded
livestock during field
survey
Enclosure type Categorical 50-m radii Recorded
during field
survey
Number of Numeric 50-m radii Recorded
domestic guard during field
dogs survey
Livestock lost | Number of Numeric Vicinity of village Recorded
to leopard livestock killed (500-m radii) during field
attacks in forest patch survey
Number of Numeric 50-m radii Recorded
livestock killed during field
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within enclosure surveys
Deterrent Presence of fox | Binary/Factor | 50-m radii Recorded
light during field
surveys
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Figure 3

Image of a fox light deployed by regional guardians and researchers at the periphery of
human settlements within a village in the Himalaya
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Table 2(on next page)

Major predictor variables considered for regression analysis within a broader scale of
500-m radii of experimental and control sites in Pauri Garhwal, Uttarakhand, India
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Table 2. Major predictor variables considered for regression analysis within a broader scale of
500-m radii of experimental and control sites in Pauri Garhwal

Type of Predictor Unit Resolution Source
variable variable
Habitat Area of non- m?2 30 m FSI, 2017
(Landscape | forests
variables)
Area of m?> 30m FSI, 2017
scrubland
Area of m? 30m FSI, 2017
moderate dense
forests
Area of very m? 30 m FSI, 2017
dense forests
Area of open m? 30 m FSI, 2017
forest
Human Night light Radiance 500-m radii Census India, 2011
presence and
infrastructure
Altitude DEM M 90 m DEM
Deterrent Presence of fox | Binary/Factor | 500-m radii From field survey
light
3
4
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Table 3(on next page)
Second-order Akaike Information criterion scores (AIC), AAIC of generalized linear mixed

models with poisson structure predicting livestock depredation by common leopards in
Pauri Garhwal within a fine scale of 50 m radius around human settlements
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1 Table 3 Second-order Akaike Information criterion scores (AIC), AAIC of generalized linear
2 mixed models with poisson structure predicting livestock depredation by common leopards in
3 Pauri Garhwal within a fine scale of 50 m radius around human settlements

Model Number | Model AIC AAIC
1. Presence of fox light + Proportion of scrub cover 95.27 0
2. Presence of fox light + Proportion of herb cover + | 95.56 0.29
Proportion of scrub cover + Proportion of tree
cover
3. Presence of fox light + Proportion of herb cover + | 96.14 0.87
Proportion of tree cover
4. Presence of fox light + Proportion of herb cover 96.74 1.47
5. Presence of fox light + Proportion of herb cover + | 97.53 2.26
Proportion of scrub cover + Proportion of tree
cover + Altitude
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Table 4(on next page)
Second-order Akaike Information criterion scores (AIC), AAIC of generalized linear mixed

models with poisson structure predicting livestock depredation by common leopards in
Pauri Garhwal within a coarser scale of 500 m radius around human settlements
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1 Table 4 Second-order Akaike Information criterion scores (AIC), AAIC of generalized linear
2 mixed models with poisson structure predicting livestock depredation by common leopards in
3 Pauri Garhwal within a coarser scale of 500 m radius around human settlements

Model Number | Model AIC AAIC

1. Presence of fox light + Area of scrub + Area of very | 103.8 0
dense forest

2. Presence of fox light + Nightlight + Area of scrub + | 106.7 2.9

Area of open forest + Area of moderate dense forest
+ Area of very dense forest

3. Presence of fox light + Nightlight + Area of scrub+ | 107.4 3.6
Area of open forest + Area of very dense forest
4. Presence of fox light + Nightlight + Area of non- 108.1 4.3

forest + Area of scrub + Area of open forest + Area
of moderate dense forest + Area of very dense forest
5. Presence of fox light + Altitude+ Nightlight + Area | 110 6.2
of non-forest + Area of scrub + Area of open forest
+ Area of moderate dense forest + Area of very
dense forest
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Table 5(on next page)

Second-order Akaike Information criterion scores (AIC), AAIC of generalized linear mixed
models with poisson structure for influence of livestock husbandry on probability of
livestock depredation by common leopards within a fine scale of 50 m radius

around human settlements.
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1 Table 5 Second-order Akaike Information criterion scores (AIC), AAIC of generalized linear
2 mixed models with poisson structure for influence of livestock husbandry on probability of
3 livestock depredation by common leopards within a fine scale of 50 m radius around human
4  settlements
Model Number | Model AIC AAIC
1. Presence of fox light + Enclosure type 100.8 0
Deterrent
2. Presence of fox light + Enclosure type + 101.2 0.4
Number of domestic guard dog
3. Presence of fox light + Enclosure type + 103.2 24
Number of livestock + Number of domestic
guard dog
4. Presence of fox light + Number of household | 104.7 3.9
+ Enclosure type + Number of livestock +
Number of domestic guard dog
5. Presence of fox light + Number of household | 106.6 5.8
+ Enclosure type + Number of livestock +
Number of domestic guard dog
5
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