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Executive Summary

Mitigation of human-carnivore conflict became a priority to wildlife managers for the conservation of large
carnivores and human livelihood. Hence, for the effective mitigation measure, it is necessary to identify
the priority human-carnivore conflict hotspots. In India, the growing human population, infrastructure
development, and land modification are affecting the large carnivore population leading to human-
camivore conflict. Among human-carnivore conflict, human-leopard conflict is common in different
geogfaphical regions due to the adaptability of species across a different environmental gradient in India.

Human-leopard conflict records of 20 years (1999-2018) were collected from the different ranges of the
Junnar Forest Department (JFD) in the Pune district. The area is known for the human-leopard conflict
for the past three decades. The records show an abrupt surge of human-leopard conflict after the year
2014. Using these records, spatio-temporal clusters of the hot spots and cold spots were identified using
optimized hotspot analysis tool in ArcGIS. Also, five different categories of hot spots in the study area
namely, new hot spots, consecutive hot spots and sporadic hot spots of human- leopard conflict through
emerging hot spot analysis in ArcGIS were identified.

It is suggested that different management approaches and strategies focusing on the different categories
of hotspots are required to deal with human-leopard conflict for effective mitigation measures. Villages
have been highlighted as the new conflict hotspots i.e. which has emerged in recent years. Immediate
actions like intensive night patrolling and awareness in the villages to control will help in reducing human-
leopard conflict.




Introduction

In Anthropocene, the escalating demand for space and resources because of the increasing human
population is causing habitat loss for camivores worldwide (Graham ef al. 2005; Karanth ef al. 2013).
The substantial carnivore attack on humans and vice-versa became a major threat for the conservation
of large carnivore and human livelihood (Miller 2015). The human-carnivore conflict includes carnivore
attacks and its related threat to human life, economic security or recreation, also the retaliatory killing of
carnivore by humans (Broekhuis et al. 2017; Meena et al. 2014; Sidhu et al. 2017). Human-camivore
conflict is attributed to several factors like environment, species (carnivore and prey) human
infrastructure, management interventions, the large home range of carnivores and their protein-rich
dietary requirement (Treves and Karanth 2003; Linnell ef al. 2001; Macdonald and Sillero-Zubiri 2002).
These factors are certainly drawing carnivores to human-dominated landscape causing intermittent
competition with humans due to similar needs (Treves and Karanth 2003; Loveridge et al. 2010; Athreya
et al. 2013).

India has a good hold of large carnivore populations outside the protected areas which have often been
loggerhead with the growing human population, particularly leading to frequent human-carnivore
interaction (Madhusudan and Karanth 2002; Athreya et al. 2007). Among the large camivores, leopards
are known for their adaptability to different environmental gradient and wide distribution (Vijayan and Pati
2000; Daniel 2009; Athreya et al. 2013). Leopards can flourish near the human settiement by feeding on
livestock and domestic dogs and can thrive in agriculture dominating landscapes, plantations, tea and
coffee estates (Goyal et al. 2000; Sidhu et al. 2015, Kshettry et al. 2017; Naha et al. 2017). These
adaptabilities of leopard to coexist in human-dominated landscape by depredating on livestock is
unfortunately leading to human-leopard conflict in different geographical regions of India (Daniel 2009).
Large numbers of leopards are killed because of the real and perceived threat they pose to livestock:
hence it became a challenge for its conservation (Karanth et al. 2012; 2013; Athreya et al. 2013; Mondal
et al. 2013).

Globally, it became a necessity to identify the priority human-carnivore conflict sites for effective mitigation
measures for the conservation of large carnivores (Miller 2015; Broekhuis et al. 2017). In recent years
spatial statistical approaches like predation risk modeling and hotspot analysis have emerged as key
tools to identify the hotspots for the camivore-conflict. These tools have the potential to provide
information pertaining to livestock management and carnivore conservation in such conflict areas (White
and Ward 2011).

Maharashtra state is known for the human-leopard conflict. From 1999-2005 where forest department
reports 902 human injuries and 201 human deaths were reported (Athreya et al. 2011). In this report, the
spatial distribution of human-leopard conflict in different years of the north-western corner of Pune District
in Western Maharashtra was examined. The area has a history of human-leopard conflict for last three
decades (Athreya 2004; Shingote and Schuett 2013). By using forest department records of leopard
attacks on human and livestock in the last 20 years, we used spatio-temporal hot spot analysis to assess
significant clusters of human-leopard conflict in environmental space.

Study Area

Junnar Forest Department (JFD) (18°27°'51.48” - 19°24'03.6" N and 73°31°18.84" -74°35'09.24” E) has
a geographical area of 4360 km? and is in proximity to the Western Ghats one of the biogeographical
regions of India. There are two protected areas adjacent to this forest division - Bhimashankar Wildlife
Sanctuary in West and Kalsubai Harishchandragad Wildlife Sanctuary in north-west. JFD has fou
administrative blocks (falukas) Junnar, Ambegaon, Khed, and Shirur. The area is mosaics of hills, humg
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settlements with high population density and agriculture dominating landscapes in which the sugarcane
is the major crop (Athreya et al. 2004). It has approximately 8% of forest cover and is historically
supported by dry-deciduous forest (Champion and Seth 1968). The area has a good number of cattle,
buffalo, domestic dogs, and pigs. Because of the nomadic shepherd community, sheep are also abundant
in the area during the different cropping seasons. The area is drained by rivers like Bhima and Ghond
with their tributaries Kukdi, Puspawati and Mina which support seven irrigation projects. Apart from
leopards, there are records of predators like hyena, wolf, and jackal. The area also harbours the sparse
population of wild pig, Indian porcupine, and hare.
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Figure 1: Map of Junnar Forest Division, Maharashtra, India with respect to protected areas




Methodology

Data collection:

The Maharashtra Forest Department financially compensates for livestock depredation, human death,
and injury caused by carnivores. The livestock owner should report the kill and locate the carcass to the
forest department official within 48hrs of incidence. After verification by Forest Department officials,
livestock owners (or immediate family member with respect to human death and injury) receive
compensation as per the rules of the scheme. The compensation records from January 1999 to
December 2018 were used to investigate the patterns of livestock depredation by wild animals in the
JFD. Spatial and temporal details of the incidents which included the village name, date and time of the
incident, livestock depredated, and the predator were collected from the records. The same format was
followed to extract details from the incidences of human death and injury. The verified records of livestock
depredation, human injury, and death by the forest department were used for further analysis.

Data Analysis:

The livestock depredation and human injury/death records at seven different forest range from the years
1999-2018 formed the main dataset of this study. It is to be noted that each incident (with village as
location) as a data point for analysis were used, irrespective of the number of livestock killed in a single
incidence. It is considered that conflict is not governed at a single point but rather attributed with other
features like human population density, infrastructure and agricultural pattern. Therefore, the village as a
feature was used for the analysis.

Mapping Conflict Hot Spot:

Livestock depredation incidents attributed to large carnivores were used, to analyse long term spatial and
temporal trends of conflict. Conflict mapping of each year was done using optimized hot spot analysis
This tool identifies statistically significant spatial clusters of high values (hot spots) and low values (cold
spots using Getis-Ord Gi* statistic in ArcGIS (ESRI 2019). It aggregates the incidents point data into
weighted features for a particular year. This was done to get the visual insight of the change of conflict
hot spots (the area where leopard tend to depredate livestock) and cold spots (area where leopard do
not tend to depredate livestock) in the JFD from 20 years.

The entire data of twenty years was analysed using emerging hot spot analysis in ArcGIS. The emerging
hot spot analysis tool evaluates spatio-temporal patterns using a combination of two statistical measures:
i) Getis-Ord Gi* statistic which identifies the location and degree of spatial clustering, and ii) the Mann-
Kendall trend test to evaluate temporal trends across the time series (Harris et al. 2017). Getis-Ord
Gi*statistic measures clustering of high and low values (in the form of Z and P values) in a bin of the
space-time cube relative to its neighbouring bins in the cube (ESRI 2019).The end time as the time step
alignment with a time step interval of one year was used:; so that the binning of data will be initiated with
the last data point and go back in one year increments until all data points fall within a time step. The
Mann-Kendall statistic (an application of Kendall's rank-order correlation test to time series) was used to
determine whether there are statistically significant trends observed which are persistent, increasing, or
decreasing over time. Emerging hot spot analysis tool helps in analysing the temporal trends in the data
by comparing each time step in the data with the next one (Harris et al. 2017); these pairs were compared
over the 20-year series along with the z-score and p-value for each bin. The tool provides cluster and
trend results in the form of seventeen different categories of hot or cold spots depending upon the data.




Results

A total of 4648 incidents of livestock depredation, human injury and death were reported from 1999 to
2018. Leopard (n=4495) was the main camivore species reported in the conflict cases, along with
sporadic cases of wolves (n=99), hyenas (n=22) and unidentified wild animals (n=32) in the records.
Since 1999 there have been consistent cases of leopard attacks on humans and livestock (Figure 2). A
pattern observed in the attacks on humans leading to injuries or death shows a peak in years between
2000-03 and 2008-10 (Figure 3). Among livestock, goats (56.9%) were reported to have the highest
depredation followed by cattle (primarily calves; 21.2%) and sheep (15.6%).
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Figure 2: Number of human-leopard conflict incidences from years 1999 to 2018 in Junnar Forest
Division, Maharashtra, India

JFD comprises of 638 villages across four talukas. Records suggest out of 638 villages, 323 villages have
experienced a conflict with the leopard at least once in the last two decades. Most of the villages report
only a single case in the past two decades; only one village reported a high incident (n=460) in total.
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Figure 3: Human injuries and death by leopards in Junnar Forest Division, Maharashtra, India from
1999 to 2018



Hot Spot Analysis

ant clusters were identified using optimized hot spot analysis. Here the focus was on
nce or absence of the incidents in villages under JFD fqr every single year between
years 1999 to 2018. Through this hot spot and the cold spots were identified in JFQ. The conflict hot
spots were in and around to Junnar taluka from the year 1999 to 2007 subsequently, it expanded in the
year 2008 and then reduced in the year 2011. After the year 2012 new conflict hot spots appeared in
Shirur taluka. The analysis also showed us a pattern that detected the year (2016 & 2017) had no specific

pattern of hot spots or cold spots.
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Figure 4: Hot spot map of Junnar Forest Division, Maharashtra, India for the year 1999
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Figure 5: Hot spot map of Junnar Forest Division, Maharashtra, India for the year 2000
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Figure 6: Hot spot map of Junnar Forest Division, Maharashtra, India for the year 2001
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Figure 7: Hot spot map of Junnar Forest Division, Maharashtra, India for the year 2002
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Figure 8: Hot spot map of Junnar Forest Division, Maharashtra, India for the year 2003
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Figure 9: Hot spot map of Junnar Forest Division, Maharashtra, India for the year 2004
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Figure 10: Hot spot map of Junnar Forest Division, Maharashtra, India for the year 2005
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Figure 11: Hot spot map of Junnar Forest Division, Maharashtra, India for the year 2006
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Figure 12: Hot spot map of Junnar Forest Division, Maharashtra, India for the year 2007
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Figure 13: Hot spot and Cold spot map of Junnar Forest Division, Maharashtra, India for the year 2008
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Figure 14: Hot spot and Cold spot map of Junnar Forest Division, Maharashtra, India for the year 2009
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Figure 15: Hot spot and Cold spot map of Junnar Forest Division, Maharashtra, India for the year 2010
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Figure 16: Hot spot map of Junnar Forest Division, Maharashtra, India for the year 2011
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Figure 17: Hot spot map of Junnar Forest Division, Maharashtra, India for the year 2012
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Figure 18: Hot spot and Cold spot map of Junnar Forest Division, Maharashtra, India for the year 2013
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Figure 19: Hot spot and Cold spot map of Junnar Forest Division, Maharashtra, India for the year 2014
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Figure 20: Hot spot and Cold spot map of Junnar Forest Division, Maharashtra, India for the year 2015
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Figure 21: Hot spot and Cold spot map of Junnar Forest Division, Maharashtra, India for the year 2016
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Figure 22: Hot spot and Cold Spot map of Junnar Forest Division, Maharashtra, India for the year 2017
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Figure 23: Hot spot and Cold spot map of Junnar Forest Division, Maharashtra, India for the year 2018
4.2. Emerging Hotspot analysis

The aggregation of 431 conflict villages was completed using ArcGIS for understanding the current
scenario of conflict hot spots. By default, emerging hot spot analysis categorizes every bin into one of the
seventeen hot spots (or cold spot) categories, each reflecting a characteristic disposition. To avoid the
cluttering of insignificant categories, we have reported only five categories (Figure 5) relevant to this study

(Table 1).
Table 1: Identified categories of hot spots in Junnar Forest Division

Hot Spot Category Definition

New Location which is statistically significant for the years
2017 and/or 2018

Sporadic Location which is an on-again and off-again hot spot.
Less than 18 years of this time step

Consecutive Location with a single uninterrupted run of analysis
towards the end of the time step i.e. statistically
significant for more than 18 years of this time step,
without an interruption

No pattern detected Locations where there exist conflict cases but do not fall

under any specific category
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Figure 24: Map of Junnar Forest Division showing new, consecutive, sporadic hot spots based on data
from 1999 to 2018

Each cluster shown is an area that is significantly different from the surrounding area. It is to be noted
that in this tool, conflict village solely does not form a part of the analysis, but rather is an amalgamation
of neighbouring conflict villages. Figure 24 shows five distinct clusters of conflict hotspot villages. The
taluka-wise list of villages is given in Annexures 1 - 8. Junnar taluka has recorded conflict for a long time
and now boasts a strong network of wildlife rescue volunteers representing different village clusters.
Whereas Ambegaon taluka which comprises more hilly patches shows a recent rise in leopard
rescue/livestock depredation. During our visits to range offices, preliminary interaction with the officials
suggested that in recent times, there have been frequent rescue operations in Ambegaon and Shirur
taluka. Creating awareness and conducting training sessions for forest officials with respect to leopard
interactions has been a primary focus in these areas of new hot spots. Despite scattered conflict reports,
there was no specific pattern observed in the remaining 231 villages across all four talukas. and 206
villages reported no conflict. This resulted in assigning a zero value against these village bins, which are
represented under the ‘no conflict’ category.

Table 2: Taluka-wise percentages of villages in different categories of hot spots across 1999 -2018

of Villages in different hot-spot categories

Talukas Consecutive Sporadic New No pattern No Conflict
Junnar 41 12 14 28 2
Ambegaon 0 1 20 53 <0
Shirur 14 0 21 29 36
Khed 0 0 0 35 65
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Figure 25: Number of villages in different categories of hot spots in Junnar Forest Division from 1999 to
2018

Human-wolf conflict in JFD

JFD has other large carnivores like wolf and hyena. During data sorting, it was identified that there is
human-carnivores conflict in JFD other than Human-leopard conflict. The mapping of human-wolf conflict
in JFD was done based on the records of the forest department from the year 1999-2018. It includes both
livestock depredation and attacks on humans by the wolf. The number of incidences (n=99) is
comparatively low in JFD and most of the incident occurred before the year 2010. Hence, it is not possible
to identify the hot spots of the human-wolf conflict. Village centroid was used to map the human-wolf
conflict in JFD.
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Discussion

JFD has a history of human-leopard conflict with a parallel change in land use patterns (Athreya et al.
2004; 2007; 2011). The area is witnessing a change in cropping pattern due to the more availability of
water from irrigation projects and an increase in human-population density which is leading to an
exponential rise in linear infrastructure. As a result of this, the human aided subsidies and numbers of
livestock have unfortunately triggered more cases of conflict. Large carnivores may not live permanently
in such settings but can thrive on the periphery of human settlements and can be occasional guests to
these setups (Evans et al. 2014; Bombieri et al. 2018).

Large carnivores are often portrayed as flagship species for conservation (Linnell et al. 2000), but
carnivore-conflict at the local level results in damage to property and loss of human life (Treves 2009).
The forest department records suggest that the human-leopard conflict has abruptly increased in the past
five years in JED. There are several factors attributed to the increase in human-camivore conflict (Treves
et al. 2014). Some of the factors include a decrease in distance to forest cover (Azevedo and Murray
2007), reduction in the availability of wild prey (Sidorovich et al. 2003), lack of human attendance and
change in cropping pattern.

On agricultural lands, large carnivores are known to compete with humans for space and resources,
resulting in conflict worldwide (Sangay & Vernes, 2002, Ogada et al. 2003). JFD has patchy forest cover
concentrated in the western corner. Our hotspot analysis reveals that the conflict hotspots are mainly in
the eastern, central and south-eastern corner of the study area which is dominated by agriculture fields.
These areas are dominated by sugarcane crops along with intermittent crops like Jowar Sorghum bicolar
and Bajra Pennisetum glaucum. Sugarcane and Jowar cropping in across the landscape have

significantly increased in the last two decades.
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Figure 27: Change in area under different crop types in Junnar Forest Division across 2001-02 to
2010-11 (Source: Agriculture Census 2011)




Sugarcane is a cash crop that requires more amount of water. The area under sugarcane has increased
in the past couple of decades due to more availability of water from the irrigation projects. We assume
that here, the high density of sugarcane is helping leopard to take cover whereas, other tall crops are
facilitating the movement of leopard in the study area.

There are several policies linked to the mitigation of human-leopard conflict in India like ex-post-facto
compensation schemes, capture and translocation of problematic animals, and sometimes lethal
measures under the jurisdiction of Wildlife protection Act 1972 (Fonttrbe and Simonetti 2011; Athreya et
al. 2011). Maharashtra Forest Department has an excellent compensation scheme where compensation
is given after a systematic reporting of conflict cases. People are getting financial support for economic
loss, and somehow it is helping increase the tolerance level of people towards the human-leopard conflict
in JFD. A study conducted by (Athreya et al. 2011) suggests that translocation is ultimately causing more
conflict cases in JFD. After the translocation programme in the year 2001-03, the number of human
deaths increased from an average of four to 17 per year. A Leopard Rescue center in Manikdoh was
established in the year 2002 to reduce human-leopard conflict and distressed individuals who are injured
oraccidentally caught in an emergency. These efforts focus on curative or temporary solutions to mitigate
conflict. There has been no study in the area which addresses the basic ecology of leopards, like its
population estimates, tenure-ship, turn-over rate, spatio-temporal use and movement pattern, which will
facilitate a scientific understanding of the species in JFD and thus provide better mitigation strategies.

This study highlighted the use of the model to identify different degrees of hot spots and the cold spots
of human- leopard conflict which will facilitate better, area-specific management strategies to mitigate
human-leopard conflict in JFD. Based on the different categories of identified hot spot it is suggested that
intensive patrolling and awareness workshops should be conducted in villages categorised under new
hotspots where there is a stronger chance of a rise in human-leopard conflicts in upcoming years.
Replicating rescue volunteer groups to other villages and training them for preventive measures will help
avoid conflict incidents. As a part of the awareness workshops, villagers should be encouraged to build
predator-proof fences to protect their livestock.
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