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Abstract

The interaction between human and wildlife sharing same resources often result negative outcomes and are referred as the human wildlife conflict which
affects not only humans but also the wild species. Such conflicts, especially from the mega-herbivores such as elephants has become one of the major
management challenges for the Chitwan National Park (CNP), Nepal. Spatial and temporal patterns of human elephant conflict (HEC) in the buffer zone
of CNP were analyzed using park data and questionnaire survey conducted among three hundred and ninety residents of thirteen buffer zone user
committees (BZUC) within Chitwan district from October 2016 to May 2017. Five hundred and forty-three HEC incidents including three human deaths
and two human injuries were reported in BZUC from January 2013 to April 2017. Crop damage was found to be the most common type of damage
caused by elephants and were higher during post-monsoon. Property damage incidents were higher during the winter season. There was a negative
association between the number of HEC incidents and distance from the forest edge of the national park. However, no significant relation of HEC
incidents was observed with average monthly temperature and rainfall. Despite of increasing HEC incidents, majority of people (77%) had positive attitude

towards elephant conservation and considered elephants as nation’s treasure.
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1 | Introduction extinction is the Asian elephant (Elephas maximus) (Choudhury

et al. 2008, Goswami et al. 2014).

Human-Wildlife Conflict (HWC) is defined as any interaction Elephants are the mega-herbivores that have an important

between humans and wildlife that results in negative impacts on ) . .
ecological role as ecosystem engineers through altering

the social, economic or cultural life of humans that ultimately vegetation, seed dispersal and habitat transformation (Kerley et

affect on the conservation of wildlife populations, or the al. 2008, Campos-Arceiz & Blake 2011, Haynes 2012). Despite

environment (WWF 2005). HWC occurs when both the human their ecological roles, they are at extreme threat due to habitat

and wild species compete for the same habitat and resources loss and fragmentation, poaching for ivory, trophy hunting, etc.

(Hoare 2000, WWF 2005). Humans suffer economically, socially, (Barmes 1996, Sukumar 2006). Escalating human-elephant

Iturall i h Iti . Thi . . . .
culturally and in severe cases, human casualties occur 'S conflict (HEC) is another major threat to the elephants, putting

affects conservation policies of wildlife population and can lead to them at risk of local extinction in some localiies (Hoare 2000,

displacement or elimination of wild animals, causing further Sukumar 2006, Pradhan et al. 2011). HEC occurs in Asia as well

decline in their number, hence, leading to local extinction (Hoare

2000, WWF 2005). HWC is in rising trend all over the world and

as Africa whenever humans and elephant coincide each other’s

area while competing for the same resources (Hoare 2000). It

has become a critical threat to the conflict causing species; continues until people encroach elephant habitat and grow crops

iall i h Asian li Panth I
especially endangered species such as Asian lion (Panthera leo near a forest that attract elephants (Barnes 2008, Perera 2009,

persica), and tigers (Panthera tigris tigris and P. t. sumatrae) Fernando and Pastorini 2011, Pradhan et al. 2011). Change in

(Distefano 2005, Nyhus 2016). One of the species on thin ice for landscape pattern and fragmentation of habitat contracts elephant
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territory that further increases the conflict (Sukumar 2006).
Annually million dollars’ worth crop and property are damaged
and at the same time, hundreds of people and elephants are
killed as a result of conflict (Sukumar 2006). HEC not only affects
humans economically but also socio-culturally and moreover
psychologically; for example, people are less willing to marry their
daughters to HEC affected areas due to hardship they suffer
(Dhakal & Thapa 2019, Stone et al. 2019, Prakash et al. 2020).
The lowland terai area of Nepal is one of the habitats of
fragmented population of the Asian elephants where HEC
incidents have been reported frequently. The rate of HEC
incidents is increasing in Nepal due to habitat fragmentation and
an increase in elephant population migrating from India (Shrestha
2007, Pradhan et al. 2011, Pant et al. 2016). HEC incidents are
not uniformly distributed in Nepal. It is comparatively less in
central lowland Nepal due to a small population (25-30
individuals) of wild elephants remaining within the protected areas
of Chitwan National Park and Parsa National Park (Pradhan et
al. 2011). However, the conflict is increasing in recent years
(Silwal et al. 2016). Several mitigation measures have been
implemented to reduce HEC incidents but none of them is
effective in long-term (Perera 2009, Fernando et al. 2011). Hence,
HEC has become the foremost, widely debatable conservation
issue and challenge for government, policymakers,
conservationist and local people of Asia and Africa including

Nepal (Sitati et al. 2003, Sukumar 2006, DNPWC 2009).
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HEC has been one of the major problems for wildlife conservation
and management in Chitwan National Park. Knowledge of the
spatial and temporal pattern of conflicts would be important to
formulate the management strategies. Therefore, we aimed to
explore- i) the nature of HEC in the buffer zone of CNP, ii) spatial
and temporal pattern of HEC, and iii) perception of the local

residents towards elephant conservation.

2 | Materials and methods

2.1 | Study area

Chitwan National Park (CNP), the first national park of Nepal,
designated in 1973, is located at the southern part of central
Nepal, covering an area of 952.63 km? (CNP 2020). It is an
example of last surviving ecosystem of terai providing habitat for
68 species of mammals, 546 bird species, 47 species of reptiles,
55 species of amphibians and 126 fish species (DNPWC 2019,
CNP 2020). Human population of over 273,977 are living in the
buffer zone of CNP (DNPWC 2019). The growing population is
highly dependent upon the forest, exploiting its resources. The
buffer zone of CNP extends over Chitwan, Nawalpur, Parsa and
Makwanpur districts, covering an area of 729.37 km? (DNPWC
2019). There are 21 buffer zone user committees (BZUC), 1 sub-
committee and 1780 user groups under the buffer zone
management committee (BZMC) (DNPWC 2019). This study was
conducted in the 13 out of 21 BZUCs of CNP (Fig. 1).

84°40'0°E 2.2 | Data collection

27°50'0"

Primary data were collected via

questionnaire survey and key informant

interview from October 2016 to May 2017

27°400'N

among the residents of the selected BZUCs.
A start point (house) was selected randomly

and moved forward in an interval of four

27°30'0"N

houses, selecting the fifth one. In absence
of owner or denial for interview, adjacent

house was chosen. The head of the house

27°200'N

was interviewed but in his/her absence any
willing family member was interviewed. A

total of 390 households were surveyed that

84°40'0°E

included thirty households from each

Figure 1. Map of the study area showing the land use pattern in the CNP and its buffer zone (Source:

ICIMOD 2013). The numbers indicate the 13 BZUCs within Chitwan district surveyed during this study. 1:
Ayodhyapuri, 2: Rewa, 3: Bagauda, 4: Paanch Pandav, 5: Meghauli, 6: Kalabanzar, 7: Kerunga, 8: Patihani,
9: Barandabahar, 10: Mirgakung, 11: Budhi Rapti, 12: Khagendramalli, and, 13: Kathar.

selected BZUCs (13 out of 21) (Fig. 1).
Among 390 respondents, 218 (56%) were

female and 172 (44%) were male.



Nepalese Journal of Zoology 4(1)

Dangol et al.

Semi-structured interview regarding trend and pattern of HEC and
compensation scheme was conducted with 17 key informants.
Among them 13 were BZUC representatives, 2 park managers
and 2 nature guides. Data on the conflict incidents from January
2013 to April 2017 were collected from the office records of CNP

and respective BZUCs.
2.3 | Data analysis

The damage caused by elephants was broadly categorized as
crop damage, property damage and human casualty. The data
collection was done till April 2017 and data analysis has been
carried out from the records till April of that year. The trend of
HEC incidents over years and variation of conflict incidents with
season were tested using Chi-square test. Approximate distance
of the HEC incident from the nearest park edge was recorded
and the data were grouped at the interval of one kilometer (0-1
km, 1-2 km, 2-3 km and so on). In order to establish the
relationship between the number of conflict incidents with
environmental variables, regression analysis was performed
between number of HEC incidents and i) the distance of the
respective settlement from the nearest forest ii) average monthly
temperature, and iii) average monthly rainfall. Average
temperature and average rainfall data were extracted from the
website of climate-data.org, Bharatpur (https://en.climate-
data.org/asia/nepal/central-development-region/bharatpur-

47499/). Analysis of Variance (ANOVA) was conducted to assess
significance of variation in i) Human-elephant conflict incidents in

various BZUCs over time, and ii) perception between the HEC
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Figure 2. Trend of elephant caused damage over years in BZUCs of the CNP

38

victim and non-victim respondents. Microsoft Excel 2019 and R

v.3.6.1 (R Core Team 2019) were used for statistical analysis.

3 | Results

3.1 | Nature of human elephant conflict

There were 543 incidents of human-elephant conflict reported in
BZUCs of the CNP from January 2013 to April 2017. Crop
damage (70%) was the most common type of damage reported,
followed by property damage (29%) and human casualty (1%).
The questionnaire survey revealed that 29.5% (n = 115) of the
respondents (n=390) were the victims of HEC in between 2013
and 2017. Similar to the reported cases in BZUCs, crop damage
(80%) was the most dominant conflict followed by property
damage (19%) and human casualty (1%). The most raided crops
were paddy, maize, wheat, mustard and banana. Three human
deaths, one in 2014 and two in 2016; and two additional human

injuries in the year 2016 were reported.
3.2 | Trends in human-elephant conflict

There was statistically insignificant increase in reported incidents
of property damage (x?> = 2.53, df = 3, P = 0.46) and human
casualty (x2= 3.96, df = 3, P = 0.26) from 2013 to 2016. Incidents
of crop damage dwindled from 2013 to 2014, then increased from
2014 to 2015 and again decreased (Fig. 2). During survey, 67%
of the respondents believed that the trend of HEC is increasing,
18% believed to be constant and remaining 15% believed to be

decreasing.
3.3 | Spatial pattern of human-elephant conflict

Negative association (R?= 0.43, P = 0.001)

was observed between the conflict
incidence and distance of settlement from
the nearest forest (Fig. 3). The elephant
caused damage incidents decreased with
the increase in distance from the forest
edges. Among the BZUCs, Ayodhyapuri
was the most affected by elephants (Table
1). There was no record of HEC incidents
in  Kalabanzar, @ Barandabahar  and
Khagendramalli from 2013 to 2017. The

difference in number of HEC incidents from

2017
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Figure 3. Relation between elephant caused damage incidents and distance
from nearest forest (y = -2.60x + 27.78, R*= 0.43).

2013 to 2017, in various BZUCs is statistically significant
(ANOVA,; df = 12,36; F = 6.93, P <0.01).

Table 1. Number of HEC incidents reported in the BZUCs from 2013 to 2016.

Buffer zone Year (A.D.) Total
2013 2014 2015 2016
Ayodhyapuri 89 17 73 47 226
Bagauda 14 4 9 26 53
Budhi Rapti 4 0 0 1 5
Kerunga 0 0 6 22 28
Lothar 21 9 14 2 46
Megauli 0 0 15 18 33
Mirgakung 8 8 17 10 43
Paanchpandav 34 8 2 1 45
Rewa 7 5 20 14 46
Patihani 0 0 0 3 3
Total 177 51 156 144 528

3.4 | Seasonal pattern of conflict

There was no uniform distribution of the conflict among four study
seasons. Crop raiding incidence was significantly higher during
post-monsoon season (X2 = 272.47, df = 3, P <0.01) when paddy
is ready to harvest (Fig. 4). Property damage was significantly
higher during winter season (x? = 39.191, df = 3, P <0.01). Five
incidents of human casualty occurred; three deaths, one in winter
and two in monsoon season. Two injuries were reported during
winter and monsoon. There was no significant relation between

the frequency of conflict incidents and average monthly

39

temperature (R?= 0.007, P = 0.78) as well with average monthly
rainfall (R?= 0.008, P = 0.78) (Figure 5a and b).

3.5 | Perception of locals towards elephant

More than 3/4™ of the respondents (77%) had positive attitude

towards the conservation of wild elephants. Among 115
respondents who experienced the HEC during the study period,
72% were positive, 6% were neutral and 22% were negative
towards elephant conservation. Whereas, among 275
respondents who didn’t experience the HEC during 2013-2016,
79% were positive, 3% were neutral and 18% were negative
towards conservation of the elephants. However, there was no
significant difference in perception between the HEC victim and
non-victim respondents (ANOVA, df = 1,4; F= 0.62; P = 0.47).

Among the respondents who considered elephants to be
conserved (n= 300), 40% regarded elephants as national
treasure, 30% considered elephants as attraction for tourists and
income source, 14% accepted conservation referring to legislative
measure of government, 9% valued elephants as rare species

and 7% considered elephants as lord Ganesh.
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Figure 4. Seasonal pattern of HEC in the buffer zone of CNP.

4 | Discussion

This study explored the pattern of HEC in the BZUCs of the CNP
and revealed that the crop damage is the most common type of
harm caused by elephants in the study area followed by property
damage and human casualty. Similar results were observed in
Eastern Nepal (Shrestha 2007), Western Nepal (Shrestha 2007,
Neupane et al. 2018) and entire lowlands of Nepal (Perera 2009,
Neupane et al. 2013), India (Wilson et al. 2015, Stone et al. 2019)
and Congo (Nsonsi et al. 2018). Elephants raid cropland because

natural food in the forest is demanding as a result of increasing
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Figure 5. Relation between number of HEC incidents and- a: average monthly temperature (y = 0.85x + 24.40, R?= 0.007); b: average monthly rainfall (

+40.198. R?= 0.008).

human encroachment and settlement near forest (Chen et al.
2016). Most parts of terai of Nepal were uninhabited by humans
until 1950s due to malaria; but after eradication of malaria and
government resettlement programs in 1950s, there was rapid
human footprint (Pradhan et al. 2011). Hence, encroachment of
elephant habitat by humans resulting in increased croplands with
palatable food near forest area is one of the precursors of
increased crop raiding.

According to Shrestha (2007), Pradhan et al. (2011) and Neupane
et al. (2013), the rate of HEC incidents in Nepal is increasing.
However, there was no significant trend in increase or decrease
of HEC incidents in Chitwan National Park from 2013 to 2016.
HEC incidents in Asian countries such as Sri-Lanka, Myanmar,
China is increasing both in extent and intensity (Perera 2009,
Fernando et al. 2011, Zhang 2011, Das and Mrinmay 2020,
Prakash et al. 2020). Elephants are becoming more habituated to
conflict as a result, they frequently raid crops and show more
aggressive behavior (Fernando et al. 2011, Das & Mrinmay
2020). Fragmentation of forest and increased population of
elephants due to migration from India has been reported to be
one of the major causes of inclining HEC in Nepal (Pradhan et
al. 2011). But this study didn’t reveal such increment in the HEC
incidents. This might be because many HEC incidents go
unreported due to lengthy official procedures and insufficient and
unsatisfying compensation. A study conducted by Lamichhane et
al. (2019), also revealed that people from the study area were not
satisfied by the current practices of buffer zone. Some HEC

incidents such as crop raiding and property damage of smaller
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scale are tolerated to some extent and are left unreported to the
park office (Neupane et al. 2013).

Similarly, villages near to the refuge of elephants experienced
large number of HEC incidents in Assam (Wilson et al. 2015).
Most crop raiding incidents are observed in croplands near the
forest (Naughton-Treves 1998, Sitati et al. 2003, Graham et al.
2010, Chen et al. 2016). But this doesn't mean that elephants
forage only at the edges of forest (Naughton-Treves 1998).
During dry season when food is scarce in forest, elephants were
recorded to travel up to 30 km to raid crops in southwest of China
(Chen et al. 2016). Elephants are attracted by the crops that are
closer to the forest because these crops are palatable and
nutritious compared to the food in the forest (Sukumar 1992) and
conflict will always be higher at the edges of protected areas
(Chen et al. 2016). Consistent to those studies, we observed
decrease in HEC as the distance from the forest to settlement
increased. Similarly, livestock depredation by carnivores were
reported to be highest in the villages near to the forest in the
study area (Lamichhane et al. 2018). Among the studied BZUCs,
the highest number of HEC incidents were observed in
Ayodhyapuri BZUC that is consistent to the findings of Pant et al.
(2016). The highest number of human kills from wild animals are
also observed in this area (Lamichhane et al. 2018). Such a
higher prevalence of HEC in Ayodhyapuri might be due to large
perimeter of the BZUC adjoining to the CNP forest edge and
probable migratory route of elephants.

Crop raiding was the highest during post monsoon season (June-

August). Similar results were observed in different parts of Nepal
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(Shrestha 2007, Neupane et al. 2013, Pant et al. 2016, Silwal et
al. 2016), Assam (Wilson et al. 2015), Karnataka (Stone et al.
2019) and southern India (Rohini et al. 2016). During post-
monsoon season, the palatable and nutritious crops like paddy
(Sukumar 1992) are ready to harvest. Additionally, seasonality in
crop raiding may be associated with reproduction (Webber et al.
2011). Most Asian bulls comes into musth during winter season
and prior to musth, they focus on feeding to improve their body
condition (Jainudeen et al. 1972). Although female do not have
any seasonal periods of estrus, most of them come into estrus
when food availability is higher (Mar 2007). Hence, crop raiding
seems to be highest during post-monsoon season because of
their reproductive behavior and attraction towards palatable and
nutritious food in cropland.

Property damage and human casualty is mostly caused by single
bull elephant usually entering villages seeking female captive
elephants in estrous cycle (Shrestha 2007) and such bulls in
musth are aggressive (Sukumar 2006). Property damage
incidents were recorded most during winter season (December to
February). Similar results were observed in Nepal (Shrestha
2007, Neupane et al. 2013). According to respondents, wild
elephants come to village seeking stored grains, specially rice,
salt and sugarcane molasses. Property damage occurs when
elephant search for stored grains and liquor (Prakash et al. 2020).
Elephants enter human settlement seeking stored grains during
winter when food is scarce in forest or in crop lands. Elephants
do not intend to damage houses; they are just the consequence
of massive elephant searching food products inside the house.
Despite high level of conflict, majority of respondents had positive
attitude towards conservation of wild elephants as they regarded
elephants as nation’s treasure and income source of Nepal.
However, respondents who had experienced human casualty by
themselves or within their family circle had negative attitude
towards conservation of elephants. This could be because people
cannot tolerate human casualty as compared to crop damage and
property damage. According to Shrestha (2007), majority of
people from western Nepal had positive attitude compared to
eastern Nepal. Similarly, positive attitude of people towards
elephant conservation have been reported from Sri-Lanka, China
and India (Fernando et al. 2011, Fernando & Pastorini 2011, He
et al. 2011). In contrast to these, only few people from central
Nepal had positive attitude towards the conservation of elephants

(Pant et al. 2016). Tolerance to the species also depends on how
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people cope with the risk they face, people with alternative source
of income may tolerate crop raiding better than the subsistence

farmers (Treves et al. 2006).

5| Conclusions

This study revealed that HEC incidents are increasing in the CNP.
The conflict incidents are more frequent at the edges of the park than
the distant settlements. Crop damage is the most common type of
the HEC and is higher during the paddy harvesting post-monsoon
season. Property damage and human casualty incidents are higher
in the winter season during which the bulls come to the musth.
Despite of increasing trend of HEC, people from BZUCs of the CNP
consider elephants to be nation’s treasure and are positive towards
their conservation. This study confirmed seasonal variation of HEC
in the CNP and could be an important baseline information for the

conflict mitigation.
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