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Abstract

Local people are the major stakeholders of biodiversity conservation. Human-wildlife conflict (HWC) could
result in a negative attitude of the general public towards wildlife adding challenges for conservation. This is
more applicable in the landscapes which are outside the protected area (PA) coverage. But, the majority of
HWC related studies in Nepal have centered on PAs and their peripheries. This study documents the
prevailing situation of HWC in Sundarpur of Udayapur district that shelters some HWC prone wildlife
species, while situating outside PA. Data about conflict and people's perception of wildlife conservation was
collected using household surveys supplemented by key informant interviews and direct observation.
Monkeys (93%, n=93) and elephants (86%, n=86) were found to be the major animals involved in the conflict,
mostly resulting in crop raiding, the major form of conflict as reported by (95%, n=95) of respondents.
Livestock depredation cases were mostly by common leopard (84%, n=21) and sloth bear was involved in
the majority of human attack cases (90%, n=9). The results showed increasing trend of conflicts for elephants
(63%, n=63) and monkeys (73%, n=73), while declining trend for sloth bear (64%, n=64), wild boar (85%,
n=85), and leopard (46%, n=46). People believed the natural attraction of wildlife towards crops and livestock
to be the major driving factor of conflict. Majority of respondents had a positive attitude towards wildlife
conservation. However, implementation of community based conflict management strategies, robust
compensation schemes along with conservation education programs are highly essential to achieve desired
conservation success.
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1. Introduction

Biodiversity Conservation involves the tradeoff of conflicting interests of multiple stakeholders’ including
local people. Proper integration of the interests of the local people is vital for sustainability of biodiversity
conservation related policy implementation (Bhattarai et al., 2017). In the past, when human population was
low, the frequency and severity of the interaction between human and wildlife were low. As human
population is continuously increasing, the use of wildlife habitat by humans is increasing simultaneously,
creating pressure on wildlife populations, resulting in frequent interactions between the two (Barua et al.,
2013). Such interactions are often negative and present a complex challenge for the successful conservation
of biodiversity throughout the world (Acharya et al., 2016; Treves and Karanth, 2003). This issue, commonly
known as human-wildlife conflict (HWC), not only threatens the survival of wildlife species, but also creates
severe socio-economic tension among people, which may have a long-term effect on human wellbeing
(Baruaetal., 2013; Dickman, 2010). The situation is more prevalent in developing regions of the world, where
competition for natural resources between humans and wildlife is greatest (Barua et al., 2013; Seoraj-Pillai
and Pillay, 2017). Understanding the social context of the human-wildlife conflict along with material impacts
Is essential to design and implement effective mitigation measures (Redpath et al., 2013).

Nepal has made significant progress in the front of biodiversity conservation both within and outside of
protected areas (PAS), with which the incidences of HWC are reported to be increasing (Acharya et al., 2016;
Gurung et al., 2008). Most HWC cases in Nepal have been reported from the Tarai region (Bhattarai and
Fischer, 2014; Gurung et al., 2008; Shrestha, 2007). This is probably due to the presence of high density
wildlife populations in fragmented forest patches surrounded with extensive human settlements (Acharya et
al., 2017; Shrestha, 2007). A recent study shows that areas outside PAs of Nepal are tumning into HWC
hotspots, with elephants and leopards at the forefront of conflict causing species indicated by the frequencies
and fatalities resulting from the conflicts (Acharya et al., 2016).

The eastern Tarai region, being feebly represented in the current system of PAs is a case in point. Occurrence
of conflict prone species like common leopard, wild boar, rhesus macaque and sloth bear, and regular
movement of wild elephants as part of their historical migratory route (Jnawali et al., 2011; Neupane et al.,
2013) has made this part of the country vulnerable to HWC. The region, however, has received less scientific
attention because the majority of HWC investigating studies are focused on PAs (Bhattarai and Fischer, 2014,
Gurung et al., 2008; Studsred and Wegge, 1995). We believed the Sundarpur area of Udayapur district to
provide an ideal case study to understand the scenario of HWC in eastern Tarai. Not only because the region
lies in eastern Taral, but it also shelters one of the important sloth bear populations in the country (Jnawali et

al., 2011) along with the presence of above mentioned species that are susceptible to getting involved in HWC.
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This study was designed in a way to provide baseline information about the situation of HWC in Sundarpur
having specific aims to (i) document major forms of HWC that are prevalent in the area and major animals
involved in them, (ii) assess the trend and driving forces of HWC according to the perception of local people,
and (iii) provide insight into the attitude of local people towards conservation of threatened wildlife species

which are involved in the conflict.

2. Materials and methods

2.1 Study area

The study was carried out in Sundarpur of Chaudandigadhi Municipality, which lies in Udayapur district of
eastern Nepal (Figure 1). It is one of four urban municipalities of the Udayapur district with an estimated total
population of 48,574. It covers an area of 283.78 km? and contains a total of 10 wards. Sundarpur lies in ward
number 5 of the municipality with a total population of 5673 individuals in around 1372 households
(Chaudandigadhi Municipality, 2020). The region lies in the lower tropical ecological zone where the average
annual temperature ranges from 23 - 25.5 °C with average annual precipitation falling in the range of 1,159 —
2,827 mm (Lillesg et al., 2005). The vegetation of this area is dominated by Shorea robusta, while Dalbergia
sisso, Acacia catechu, and Bombax ceiba are some other common tree species found in the region. Major
mammalian faunas of this area are Barking deer (Muntiacus muntjak), Wild boar (Sus scrofa), Rhesus
macaque (Macaca mulatta), Common leopard (Panthera pardus), Gaur (Bos gaurus), Asiatic elephant
(Elephas maximus), Golden jackal (Canis aureus), Jungle cat (Felis chaus), and Sloth bear (Melursus ursinus)
(Aryal et al., 2020; Khadka et al., 1997).
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Figure 1: Map of study area

2.2 Survey design and Data collection

2.2.1 Household surveys

Hundred households of Sundarpur representing around 7% of total (n=1372) households were surveyed
during October 2018 using semi-structured set of questionnaires for data collection (White et al., 2005). The
households were chosen based on systematic sampling method (Newing et al., 2010), because our survey was
focused to the communities living closer to forest boundaries that were more likely to face HWC incidents,
for which no census data was available to conduct simple random sampling. In survey every fourth household
was surveyed after randomly selecting the first one. The semi-structured questionnaire consisted questions of
socio-economic background of the respondent, experiences of crop and livestock depredation, human injury,
death, and property damaged by wildlife along with mitigation measures adopted for minimizing the conflicts.
There were also questions related to people’s perception on driving forces and trend of conflict along with
their attitude towards conservation of threatened species that are involved in the conflict. Information on crop
raiding was recorded for two years (2017-2018), livestock depredation and property damage for five years
(2014-2018), and human injury and death for eleven years (2008-2018).

2.2.2 Key Informant Interviews

Household survey was supplemented by Key Informant Interviews (KI1I) (h=5) with community and sector

forest officials (Sherchan and Bhandari, 2017; Bhattarai and Fischer, 2014). The questionnaire administered
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to key informants contained questions related to compensation schemes that are provided for HWC victims
and the role played by them in conservation of wildlife present in the area.

2.2.3 Direct observation

Field observation of the recent incidents (<7 days) of crop raiding and observation of wound marks left by
sloth bear attacks in the victim’s body, was carried out whenever possible to verify and enhance the validity

of the obtained data. All the observations were made after getting consent from the respondents.

2.3 Data analysis

Data analysis was performed using statistical software JASP. Most of the data was analyzed using descriptive
statistics (such as mean, standard deviation, and percentage). Chi-square test of goodness of fit was used for
determining if the observed difference in frequencies for a single variable is statistically significant. Whereas,
differences among the wildlife species in the frequency of crop raiding, differences among different crops in
being damaged by wildlife, differences on people’s perception regarding the trend and driving factors of
HWC according to wildlife species, and differences within gender on attitude towards wildlife conservation
was analyzed using Chi-square test of independence. Cramer’s V was used to evaluate the strength of the

relationships that were statistically significant (P<0.05).

3. Results

3.1 Socio-economic characteristics

Out of the total (n=100) respondents that were interviewed, (30%, n=30) were female and (70%, n=70) were
male. Average family size of the respondents was 5.25 (SD=1.75) persons. The eldest and youngest
respondents were 87 and 17 years of age respectively and the mean age was 45.68 (SD=16.57). Most of the
respondents i.e. (90%, n=90) were farmer, while (4%, n=4) were labor, (3%, n=3) were businessman, (2%,
n=2) were teacher, and (1%, n=1) were carpenter. People not having agriculture as major occupation were
also involved in farming to some extent as 100% of the respondents owned farmland. Rice, maize, wheat,
millet, and vegetables were most commonly cultivated crops with cow, buffalo, ox, and goat as major

livestock hold by the people of the study area.

3.2 Human-wildlife conflict

The study revealed that ninety-seven percent (n=97) of the sampled households were having problems of one
or another form with the wild animals. Monkeys (93%, n=93) and elephants (86%, n=86) were major animals
involved in the conflict followed by wild boar (24%, n=24), leopard (19%, n=19), sloth bear (17%, n=17),
porcupine (12%, n=12), peacock (9%, n=9), and jackal (3%, n=3). Significant portion of respondents (95%,
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n=95) believed crop depredation to be the major form of conflict they have been facing. However, other
consequences of conflict — livestock depredation (23%, n=23), property damage (22%, n=22), and human
injury (10%, n=10) were also recorded during the study.

Crop depredation in the area was primarily due to monkeys, elephants, and wild boars leading to a total of 494
crop raiding incidents in two years. Thus, these species were only taken into account for further analysis.
Significant difference was observed among the three wildlife species in terms of total crop raiding events
(2=46.7, df=2, p<0.001). Monkeys were reported for highest (43%, n=210) of crop raiding incidents,
followed by elephants (38%, n=190), and wild boar (19%, n=94). Different crops cultivated in the area had
significant differences in the degree of being damaged by wildlife (x2=292.78, df=7, p<0.001). Paddy (32%,
n=158) was the most commonly raided crop along with maize (21%, n=104), wheat (17%, n=86), millet
(10%, n=49), and others (20%, n=97). The crop raiding pattern also varied significantly according to the
wildlife species (x2=101.08, df=14, p<0.001). Elephants mainly raided paddy (50%, n=80) and wheat (59%,
n=51), while maize was mostly depredated by monkeys (61%, n=64) (figure 2). Elephants were also
responsible for damaging property of (22%, n=22) households, counted for the time period of five years.
House (41%, n=9) was most commonly damaged property which was followed by storehouse of grains
(36%, n=8), and kitchen (23%, n=5).
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Figure 2: Major crops and the degree of damage caused by wild animals in Sundarpur

Among the twenty-five cases of livestock depredation, majority were by common leopard (84%, n=21) and

then by jackal (16%, n=4). Goat (68%, n=17) was most commonly raided livestock followed by cow calf
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(20%, n=5), poultry (8%, n=2), and adult cow (4%, n=1). Leopard mostly killed goats accounting for (88%,
n=15) of the total goat kills and two goat depredations were attributed to jackal. With five reported cases of
depredation, cow calf was the second most target of leopard, and the depredation of adult cow was reported
only once. Jackal was found to be responsible for all of the reported poultry raiding cases (i.e. n=2). Livestock
depredation due to leopard mostly occurred in forest (86%, n=18) but had also occurred inside settlement (9%,
n=2) and near to settlement (5%, n=1).

Ten different incidents of human attacks by wildlife species was documented in Sundarpur during (2008-
2018) accounting for an average of 0.9 (SD=0.83) attacks per year. Nearly all of the attacks (90%, n=9) was
due to sloth bear and only one attack was by leopard. The attacks by sloth bear were almost exclusively inside
forest (89%, n=8) and the only attack outside forest occurred in the riverbank close to settlement when the
person was defecating. Victims of the sloth bear attack mostly belonged to age group 37-46 (56%, n=5),
followed by age group 47-56 (33%, n=3), and 57-66 (11%, n=1). Attacks were common during afternoon
(56%, n=5) than in the moming (33%, n=3) and evening (11%, n=1), where a large percentage of victims
(78%, n=7) were male and only (22%, n=2) were female. Bears involved in attack were often single (67%,

n=6), followed by a mother bear with one cub (22%, n=2), and mother bears with two cubs (11%, n=1).

3.3 Trend and Driving force of conflict

People’s perception on the trend of conflict differed significantly with the wildlife species (2=265.52, df=S8,
p<0.001). Large majority of people reported significant increase in conflict with monkeys (73%, n=73) and
elephants (63%, n=63), while decreasing trend of conflict with wild boar (85%, n=85), sloth bear (64%, n=64),
and leopard (46%, n=46). Similarly, significant portion of people perceived natural attraction towards
crops/livestock to be the major driving factor of conflict for elephants (40%, n=40), monkeys (38%, n=38),
and leopards (40%, n=40) and increased animal population was believed to be the major driving factor for
conflict with sloth bear (46%, n=46) (¥2=68.8, df=9, p<0.001) (Figure 3). Cramer’s V was found to be 0.239
meaning nearly 24% species wise variations in causes of conflicts are explained by the data. Shrinking wildlife
habitat and inefficient protection measures from wildlife were other factors that respondents believed of
driving HWC (Figure 3).
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Figure 3: People's perception on the driving factors of HWC for different species

3.4 People’s attitude towards wildlife conservation

Majority of respondents showed positive attitude for conservation of all the three threatened species that were
considered in the study. The conservation of elephant was favored by the majority of the respondents (74%,
n=74) compared to sloth bear (42%, n=42) and leopard (41%, n=41) (}2=13.46, df=2, p=0.001) (Figure 4).
Analyzing the relationship between respondents’ gender and their attitude towards conservation, it was found
that male (84.2%) were more positive for elephant conservation than female (50%) (¥2=12.86, df=3,
p=0.005). Likewise, conservation of leopard was also most favored by male (42.9%) than that of female
(36.7%) (2=9.333, df=3, p=0.025). In case of sloth bear, although male (44.3%) seem more positive for
conservation compared to female (36.7%), this difference was not found to be significant (y2=2.317, df=4,
p=0.678). The Carmer’s V for the relation between the gender and perception about the elephant was 0.359
while that with leopard was 0.305 meaning nearly 36% of the variations in the perception about the elephant
and 30.5% of variation in perception about leopard are explained by gender. Both indicate that gender and

perception towards the leopard and elephant have medium association.
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Figure 4: People's attitude towards wildlife conservation

4. Discussion

Understanding the pattern and process of human wildlife conflicts are vital from the conservation perspectives
(Acharya et al., 2016). Eastern Nepal, despite being the hotspots of human wildlife conflicts, they are hardly
explored in the past. The study reported that crop raiding was the most significant conflict though livestock
depredation and human injury due to wildlife are also reported in the area. The trend of conflict and perception
of local people towards wildlife involved in conflict was different for different species. This research will
provide baseline for evaluation of future dynamics of the conflicts in the area and will help to initiate

conservation management outside protected areas.

4.1 Human-wildlife conflict

The results indicate that, with the majority of residents involved in farming, the people of Sundarpur have
largely been affected by the consequences of HWC. This has surely resulted in decreased livelihood
opportunities for local people, which is the case in many of the developing countries (Seoraj-Pillai and Pillay,
2017). Crop raiding by wild animals was by far the most serious problem here, showing similarity with other
studies (Studsrad and Wegge, 1995; Shrestha, 2007; Karanth et al., 2012). The large scale damage was due
to elephants, while monkeys were the most frequent raiders followed by wild boar. Similar behavior of these

animals has been reported from other parts of their occurrence range (Fernando et al., 2005; Pandey et al.,
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2016; Richard etal., 1989). The inference of our study that crops like paddy, wheat, and maize are more likely
to be damaged by wildlife, and elephants generally prefer paddy and wheat is somewhat parallel to the
findings of other studies (Shrestha, 2007; Thapa, 2010). However, it has been observed that wildlife can raid
any palatable crops based on the crops availability (Hoare, 1999; Thapa, 2010). Hence, the widespread
cultivation of paddy, maize, and wheat compared to other crops in our study area could have contributed to
the greater reporting of these crops being raided. Moreover, the higher palatability and nutrients availability in
cultivated crops in comparison to wild vegetation, could attract wildlife species, especially megaherbivores
like elephants to crop fields once they get habituated (Sukumar, 1990). Even though the majority of
respondents believed crop raiding by wild boar is decreasing, it still ranked third among the most conflict
causing species in Sundarpur. This can reveal the severity of conflict people were facing with this species
before, which not only feeds on crops, but cause significant damage to the whole plant and agricultural land
by uprooting and digging (Thapa, 2010). Illegal hunting of the herbivore species including wild boar was
reported to be rampant in Triyuga area (Aryal, 2016) of which Sundarpur is part. Excessive hunting might
have reduced the population of the wild boar and thus resulted in a decrease in conflict incidences. This makes
sense in the light of existing literature that mentions regulated hunting of wild boar to be effective for the
management of its population size and reduce the conflict (Pandey et al., 2016).

Leopard was the principal livestock predator of the area. This is an analogy with studies from different parts
of the world where leopards co-exist with humans (Constant et al., 2015; Kabir et al., 2014; Mir et al., 2015).
Leopards are known to prefer moderately sized prey species as they can be easily dragged and hid in safe
place after killing (Bibi et al., 2013). Depredation of goats and cow calves to most of the extent as documented
in our study could be due to this feeding preference of common leopard. We recorded most livestock
depredation events by leopards inside the forest and only a few near or within settlements. This was because
livestock grazing inside the forest was widespread around Sundapur, which only decreased in intensity after
imposing grazing prohibition inside some of the community forests in recent years from the authorities. The
decreasing trend of conflict with leopard could be, to some extent, due to this prohibition. However, due to
limited prey resources, both wild and domestic, inside the forest, leopards might start visiting areas nearby
settlement for food and the situation might worsen with time. Thus, a combination of measures including,
separation of grazing zone quite away from leopard habitat, effective herding practices with constant attention
to more vulnerable livestock groups, secured night time protection of livestock, use of livestock guarding dogs,
and removal of bushes and vegetation around settlements that can serve as hiding places for leopard (Athreya
etal., 2013; Constant et al., 2015; Inskip and Zimmermann, 2009; Kabir et al., 2014), could be practiced in

the area to minimize the intensity of conflict with leopards in the long run.
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In addition to livestock depredation, leopards are well known for causing human casualties throughout their
range in Nepal (Acharya et al., 2016), but the intensity in Sundarpur was found to be low and sloth bear was
responsible for most of such cases. The sloth bear is famous for its aggressiveness and low tolerance towards
humans (Can et al., 2014). People of Sundarpur bearing injuries from sloth bear attack must have been the
victim of this aggressive behavior of sloth bear. Such confrontations with sloth bear are common in areas
having obstructed visibility, where both humans and sloth bear encounter in a surprising manner (Garcia et
al., 2016; Yoganand et al., 2005). Avoidance of areas having thick vegetation cover and any other features
that can lead to sudden encounters with bear are essential to reduce conflict (Yoganand et al., 2005), which is
equally applicable to Sundarpur area. Additionally, visiting forest in larger groups rather than alone or in small
groups can also reduce the chances of attacks, as more people are likely to make louder noise making bears
aware of human presence and thereby preventing encounters (Bargali et al., 2005; Garcia et al., 2016). More
men were found to be the victim of sloth bear attacks compared to women. The finding is similar to other
studies and must be due to more involvement of males to work inside forest, generally alone, while females,
when engaged in such activities, mostly travel in groups (Bargali et al., 2005; Garciaetal., 2016). Sloth bears,
although, crepuscular or nocturnal in habit, can be active during daylight based on different phases of their life
cycle, especially during sub-adulthood and motherhood (Joshi et al., 1999). The majority of attacks that were
recorded during the afternoon must be due to the overlap in activity patterns between such bears and humans,
who mostly visit forest in the same time in the study area. Yoganand et al. (2006) documented conflict with
sloth bear in India to occur predominantly in areas having high bear abundance. This occurs in a contradiction
to this study where people perceived decrement in sloth bear conflict despite of the increased population.
However, it has also been reported that the frequency of conflict with sloth bear is not largely associated with
bear abundance, but with the degree of use of forest by people (Yoganand et al., 2006). Thus, as mentioned
by key respondents, increment in forest area through restoration programs, prohibition on hunting and grazing,
and regular patrolling of forest by forest officials in recent time could have minimized human activities in

forest resulting in reduced conflict with sloth bear.

Compensation and mitigation measures

Conflict with wildlife was prevalent in Sundarpur, but the use of appropriate mitigation measures was found
to be lacking. Crop guarding, using scarecrows in the crop field, lighting fire, firecrackers, and group shouting
were the measures adopted by local people to minimize the conflict. Even though such methods have been
utilized in other parts of the country (Neupane et al., 2013; Studsrad and Wegge, 1995; Thapa, 2010), it is
essential to test the effectiveness of these methods and introduce new effective measures in Sundarpur area to

minimize the intensity of HWC. Compensation for the damage caused by wildlife is another means to mitigate
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HWC (Karanth & Nepal, 2012; Kusi et al., 2020). Community and sector forest officials of Sundarpur
reported to provide timber and firewood as compensation for most wildlife damage and cash was known to
be provided only for human casualties. The majority of respondents were unsatisfied with this existing
compensation scheme indicating a need for implementing more robust methods of compensation as
mentioned in other studies (Karanth & Nepal, 2012; Studsred & Wegge, 1995).

4.2 People’s attitude towards wildlife conservation

The attitude of people towards wildlife and their conservation greatly influences the conservation success of
the particular species, especially of the large and threatened mammals (Barua et al., 2013; Bhattarai & Fischer,
2014). For people living in the vicinity of PAs, the benefit gained through ecotourism and community
development programs can lead to a more tolerant attitude towards wildlife (Bhattarai & Fischer, 2014,
Karanth & Nepal, 2012). Regardless of the unavailability of such benefit, the positive attitude shown by
majority of people towards wildlife conservation in Sundarpur is highly appreciable. Among all the species,
elephants gained widespread support for conservation from the local people. In the region having Hinduism
as the predominant religion, this was linked with the religious sentiment attached to elephants, where they are
worshipped as Lord Ganesh (Shrestha, 2007). A positive attitude towards other wildlife because of similar
religious belief has been recorded from other parts of the country (Bhattarai and Fischer, 2014; Kusi et al.,
2020). Furthermore, social factors are reported to play important role in shaping people’s attitude towards
wildlife (Dickman, 2010). The results of this study also indicated a significant role played by gender in shaping
the attitude towards wildlife, with males more positive than females. Similar findings have been observed in
studies both within (Bhattarai and Fischer, 2014; Kusi et al., 2020) and outside of Nepal (Mir et al., 2015;
Raskaft et al., 2003). The reason behind this might be the fear associated with wild animals. Males who are
mostly involved in outdoor activities might have frequent interactions with wild animals leading to reduced
fear towards them and the case might be the opposite with women who tend to spend most of their time in
indoor activities (Raskaft et al., 2003). Oppositely, women could be more fearful of attacks by wildlife because
of their regular involvement in collecting forest resources (Bhattarai & Fischer, 2014).

Even though in a small number, people who opposed conservation can, however, seriously hinder the
conservation of the wildlife species by getting involved in different illegal activities as well as by influencing
other people to develop a similar attitude (Mir et al., 2015). The conservation education programs are reported
to foster a more positive attitude among local people towards wildlife conservation (Mir et al., 2015; Treves
and Karanth, 2003). Thus, it is seen highly essential to establish community based conflict management

strategies along with conservation education programs in Sundarpur.
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5. Conclusions

In the face of rapidly declining wildlife populations it has never been so urgent to address the emerging
problems of conservation. Conservation interventions should not only be focused around protected areas, but
also in areas where the habitat remains unprotected. This study depicts one such case from Sundarpur of
eastern Nepal where the prevalence of HWC has caused a detrimental effect on both humans and wildlife of
this region. The occurrence of species like monkeys, wild boars, and frequent visit of wild elephants have
made crop raiding a major consequence of HWC in this region. Although the conflict in the forms of livestock
depredation, property damage, and human injury were less intense than crop depredation, conflict
management should be based on a holistic approach addressing all the problems for effective outcomes.
Likewise, the introduction of robust mitigation and compensation measures for the damage caused by wildlife
has the potential to greatly minimize the intensity of HWC in Sundarpur. Despite all, the positive attitude
shown by the majority of respondents towards wildlife conservation and especially elephants makes us
optimistic about the future of biodiversity conservation in this area. Hence, it is highly essential to start
addressing the issues associated with HWC by recognizing the local community as a key stakeholder of the
intervention. Besides, conservation outreach activities should also be launched to foster a more positive

attitude among locals and increase their ability to co-exist with wildlife soundly.
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