
Case Study

Volume 13 • Issue 4 126 

Crop Raiding Pattern by Elephant in Nepal: A Case Study of Khata Corridor
PAHARI Sagar1,3*, PAUDEL Umesh2, K.C. Rabin Bahadur2

Affiliation:
1Southern Cross University, Military Rd, East 
Lismore NSW 2480, Australia
2National Trust for Nature Conservation, Bardiya 
Conservation Program, Bardiya, Nepal
3VicForests, Noojee, Victoria, Australia

*Corresponding author:  
PAHARI Sagar, Southern Cross University, Military 
Rd, East Lismore NSW 2480, Australia.

Citation: PAHARI Sagar, PAUDEL Umesh, K.C. 
Rabin Bahadur. Crop Raiding Pattern by Elephant in 
Nepal: A Case Study of Khata Corridor. International 
Journal of Plant, Animal and Environmental 
Sciences. 13 (2023): 126-142.

Received: November 28, 2023 
Accepted: December 07, 2023 
Published: December 13, 2023

Abstract
Human – Elephant Conflict (HEC) causes the socio-economic distress 

in the settlement around Bardiya National Park (BNP). The transboundary 
migration of Asian elephant from Katarniyaghat Wildlife Sanctuary 
(KWS) in India to BNP and vice versa through Khata corridor exposes the 
vulnerable settlement in the corridor to frequent elephant encounters. The 
distance to conflict sites from features such as the forest frontage, the river 
edge, and the boundary of protected areas influences the severity of the 
crop damage. Municipalities within Khata corridor i.e., Thakurbaba and 
Madhuban were the study area that were further divided into three sample 
clusters i.e., MB, MBBZ and TBBZ. Hundred sample households (HHs) 
were surveyed and the annual stored crop damage and the crop damage on 
the agricultural field were quantified. ArcGis and R – studio were used to 
map and analyse the raid pattern. The result showed that small to medium 
landholding was possessed by most samples HHs and paddy was the most 
grown crop. Paddy was also the most depredated crop. The most severe 
crop damage in the agricultural field was sustained by MB cluster whereas 
the most severe stored crop damage was experienced by MBBZ cluster. A 
moderately strong correlation between the crop damage and the distance to 
BNP, the distance to KWS, and the number of elephants in a raiding herd 
was identified. The crop raid from larger herds was suffered by settlements 
closer to KWS. However, more study on the question raised regarding the 
elephant behaviour on transboundary movement through Khata corridor 
is required.

Keywords: Bardiya; Katarniyaghat; Crop damage; Elephant movement; 
HEC

Introduction
The history of people’s reliance on forest is as long as the human history 

itself. A higher reliance on the forest for a direct livelihood support such as 
collecting fodder, firewood and other NTFP [1] and the intrusion into the 
wildlife habitat is found to be higher among landless and underprivileged 
people [2,3]. The intensive dependence on the forest, the impact of climatic 
change, and the wildlife movement around their settlement pose threat to their 
vulnerable livelihood and ignites the Human – Wildlife Conflict [4]. In the 
region around Fashiakhali Forest Reserve in Bangladesh, more than 45% of 
the elephant habitat was changed to other land cover (agricultural land or 
grassland) [5]. Such change in the land cover due to the human exploitation of 
the land resource in the proximity of the forest for residential and agricultural 
purposes invites frequent elephant interactions [5,6] either in the settlement 
or in the agricultural field [7]. Such ‘Human – Elephant Conflict’ leading 
interactions are therefore higher in the villages that are either enclaved or are 
peripheral to the forest [1].
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Studies show that the elephant migration is dependent 
on the availability of different feeding vegetation and the 
water on different season around a year [8,9]. The elephant 
uses a defined traditional route for their migration, however, 
the movement of the elephant can vary depending on the 
variability in the home range [10,11]. For instance, the 
locomotion speed outside the protected area is significantly 
higher than within the protected area [10]. A study in Waza 
National Park shows that depending on the extent of change 
in habitat features, the elephant’s movement varies not only 
on the speed but also on the distance covered from the edge 
of the protected area or the forest frontage. The distance can 
limit up to 31 km or can extend up to 100 km from the edge 
[12].

In the ecological diagram, the habitat extends beyond the 
boundary of the protected area. The residential and agricultural 
exploitation of the land around the protected area fragments 
the natural habitat and migratory route [5]. The possibility of 
the conflict is therefore significantly higher in the exploited 
habitat that has suffered fragmentation [13]. HEC mitigating 
measures such as an electric fence not only stops elephants 
from getting into the settlement [14,15] and but also deviates 
the elephant from their traditional migratory routes. The 
veterinary fences also had similar effect on the elephant’s 
movement along the corridor in north east Botswana [16]. 
Such disruptions on the elephant movement causes habitat 
fragmentation [2], restricts the elephant to a limited space, 
and eventually shifts the aggregated and aggravated conflict 
elsewhere [17].

There are several factors (determinant variables) that 
influence the occurrence of the HEC [18]. The distance to 
the road is the most significant determinant variable that 
influences the potentiality of the occurrence and increases the 
intensity of the conflict [13]. The distance to the protected 
area boundary from the settlement is another important 
determinant variable that influences HEC [17]. The practice 
of growing crops close to the National Park boundary 
makes it easier and comparatively safer for the elephant to 
come outside the protected area and raid crops, therefore, 
in Gorongosa National Park, crop raid is the highest in the 
agricultural field close to the park boundary [19]. Settlements 
closer to the Chitwan National Park and Parsa National Park 
boundary in Central Nepal also experience significantly more 
elephant interactions [20]. In Jhapa, settlements in proximity 
to the forest frontage suffer greater extent of the crop and 
the property damage than the settlement farther from the 
forest frontage, making distance to forest frontage another 
significant determinant variable of HEC [14,15]. In addition 
to the distance to spatial features, environmental variables 
such as area of the permanent and the seasonal water, the area 
of the open forest, the mean annual rainfall and the altitude 
are also significant predictors of the HEC [17,21].

Oryza sativa (Paddy) is the most common crop to be 
mutilated by Elephas maximus (Asian Elephant) [3,22-24]. 
In addition, the Asian Elephant has shown preference on 
Zea mays (Maize), Triticum spp. (Wheat), and Saccharum 
officinarum (Sugarcane) [25]. Many studies have concluded 
that the season where paddy is ripen and is ready to harvest, 
generally between October and January, is the season when 
Human – Elephant Conflict (HEC) peaks [18,22-24,26].

Asian Elephant is one of the most involved wildlife in 
frequent and severe attacks in Nepal [27]. The elephant 
conservation is therefore a complicated conservation effort 
because of the impact of Human – Elephant interaction in the 
elephant habitat, the settlement, and the elephant migratory 
route [28]. The trend of the HEC is noted to be increasing 
in the Western Terai region of Nepal [29]. Bardiya, situated 
in Western Terai, is identified as one of the four prominent 
Asian Elephant habitat in Nepal – India transboundary region 
(with more than >100 elephants concentrated in Bardiya) 
[21,30]. Bardiya is also one of the most productive districts 
with the average paddy yield of 5.76 ton per ha per harvest in 
the spring of 2019/20 and the average aggregated crop yield 
(paddy, maize and wheat) of 4.15 ton per ha [31]. Bardiya, 
that suffers the highest extent of the crop damage due to the 
HEC and experiences the second highest occurrence of HEC 
events in total from 2001 – 2020, is therefore, one of the most 
significant HEC hotspots in Nepal [21]. The environmental, 
climatic, socio-economic, biological, and spatial features of 
the conflict site can trigger the HEC and govern the damage. 
The main objective of the study is to identify the statistical 
relationship between the severity of the crop damage and 
spatial features in and around Khata corridor.

Therefore, herein this paper we aim to assess the patterns 
of crop raiding by the elephant in Khata corridor in the 
settlements around Bardiya National Park in Nepal.

Methodology
Study Area

Bardiya National Park (BNP), a home to a diverse 
ecosystem, covers the largest area of 968 sq. km among 
National Parks in Terai region (lowland of South) of Nepal 
[32]. BNP is known for its wide range of habitat types that 
are home for various endangered species. Broad leaved 
mixed forest of Sal (Shorea robusta) is the prime vegetation 
composition of Bardiya National Park. BNP also portrays a 
diverse ecosystem through the open grassland and savannah, 
a suitable habitat for megafauna such as Royal Bengal Tiger 
(Panthera tigris tigris) and one-horned Rhino (Rhinoceros 
unicornis). In addition to these, a riverine forest and floodplain 
on the bank of Babai and Karnali river provide a habitat 
for gharial (Gavialis gangeticus), crocodile (Crocodylus 
palustris), Gangetic dolphin (Platanista gangetica) and 
various fish species [32,33]. Bardiya National Park along 
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and Asian Elephant in between BNP and KWS and hence 
plays an integral role in habitat connectivity [38].

Bardiya district has 9 local administrative divisions 
as shown in Figure 1. Two municipalities, Thakurbaba 
and Madhuban municipalities within the Khata corridor, 
were selected as our study area and their distinctive spatial 
features were identified. The study area was further divided 
into three sample clusters depending on their location with 
respect to BNP and its buffer zone as shown in Figure 2. The 
sample clusters were Madhuban outside buffer zone (MB), 
Madhuban inside buffer zone (MBBZ) and Thakurbaba 
inside buffer zone (TBBZ). MB cluster is comparatively less 
densely populated and farther from town service compared 
to MBBZ and TBBZ clusters. The MB cluster shares border 
with KWS in India whereas TBBZ shares border with BNP. 
The MBBZ cluster lies in between them. 

with Banke National Park forms a habitat complex for around 
113 Asian Elephants (Elephas maximus) which is the largest 
population within a habitat complex in Nepal [34]. BNP is 
connected to Katarniaghat Wildlife Sanctuary (KWS) in 
India by Bardiya-Katarniaghat Corridor, also called Khata 
corridor. Similar to BNP, Khata corridor gives diverse habitat 
types of Sal forest, Riverine forest and Tallgrass floodplains 
to species including Tiger (Panthera tigris), Rhino 
(Rhinoceros unicornis, Spotted deer (Axis axis), Hog deer 
(Axis porcinus), Barking deer (Muntiacus muntjac), Wild 
boar (Sus scrofa), and Nilgai (Boselaphus tragocamelus) 
[35,36]. Khata corridor also has high avifaunal species 
richness and is a home to 141 different bird species including 
the most endangered (Appendix 1) Great Hornbill (Buceros 
bicornis) [37]. It facilitates the transboundary movement and 
the seasonal migration of species such as Royal Bengal Tiger 

Figure 1: Bardiya District and its local units.
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Figure 2: Sample Clusters.
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Data analysis

ArcMap 10.7.1 was used to clean, reclassify, analyse, 
and produce spatial information of conflict determinants 
and conflict sites from the spatial layers. Proximity tools 
were used to derive the distance to features (river edge, 
forest frontage, road to forest, boundary of protected area 
(BNP) and international border) from conflict sites. R studio 
2023.03.0 was used to identify the statistical relationship 
between the determinant variables and severity of damage 
[39]. The packages used in R included ‘dplyr’, ‘devtools’, 
and ‘ggpubr’. Functions used for analysis in R studio were 
Welch Two Sample t-test, one way ANOVA, Tukey’s ‘honest 
significance difference’, and Pearson’s product – moment 
correlation [40,41].

Results
The average landholding of sample HH was 14.12 kattha 

(SD = 13.28, 79.09 kattha = 1 ha). The sample HH in MB, 
MBBZ and TBBZ had an average landholding of 16.18 kattha, 
14.55 kattha and 9.36 kattha respectively. The differences of 
average landholding of the sample HH between 3 clusters, as 
shown in Figure 3, was not significant (p= 0.19). The average 
landholding of sample HH within buffer zone and outside 
buffer zone, 12.94 kattha and 16.18 kattha respectively, were 
also not significantly different (p= 0.24).

The annual crop production was calculated from the 
average of last three years’ crop harvest. The sum of the crop 
production gave a calculated aggregated crop yield of 4.85 
ton per ha. The calculated aggregated crop yield within study 
area was significantly higher than the annual aggregated crop 
yield in Bardiya district in 2019/20 (4.15 ton per ha) [31]. The 
average annual crop production per HH in MB, MBBZ, and 
TBBZ clusters were 897.91 kg, 1011.00 kg, and 531.06 kg 
with an average annual yield of 4.39 ton/ha, 5.50 ton/ha and 
4.49 ton/ha respectively. The average annual crop production 
per household within buffer zone was 862.052 kg and outside 

Data collection
Damage data

All the damage data were collected through the household 
survey. Hundred sample households (HH) were randomly 
selected using ‘Simple Random Sampling’. Out of 100 
samples HHs selected, 58 HHs were inside the buffer zone and 
42 HHs were outside the buffer zone. They were interviewed 
following a structured pattern of the questionnaire. The 
information recorded from sample HHs through the 
questionnaire survey included but not limited to the area of 
landholding, the type and quantity of annual production of 
crops, the type and quantity of the annual damage of crops, 
and the number of elephants in raiding herds. Methods used 
to survey sample HHs included the face-to-face interview, the 
email, and the phone interview. The consent of respondents 
was taken through a consent letter and a consent form before 
the survey.

Spatial data 

The spatial data collected for the study included layers 
and shapefiles of features such as Nepal waterways, land use 
land cover, local administrative division, National Park, and 
satellite imagery. The spatial data were downloaded from 
websites listed in Table 1. The coordinate location of conflict 
sites was collected during the damage data collection.

Situational information

The situational information regarding the extent of 
damage and the recent history of the elephant encounter 
were collected through ‘key informant’s survey’. The key 
informants i.e., conservation officials from BNP and National 
Trust for Nature Conservation – Bardiya Conservation 
Program, local experts, senior citizens, and tourist guides 
were surveyed. The data collected from key informants 
were subjective data. The data were also used to validate the 
pattern and extent of damage identified during the damage 
data collection.

Features Source URL

Minute river and streamline HDX https:/ data.humdata.org/dataset/nepal-watercourses- rivers/resource/c49ef799-
201f-45a0-a8ee-f9c35bdafa01

Waterways OpenStreetMaps https:/ mapcruzin.com/nepal-shapefiles/waterways.zip

Water Extent and flooding unosat https:/ unosat.org/static/unosat_filesystem/3447/FL20221117NPL_SHP.zip

Landuse OpenStreetMaps https:/ mapcruzin.com/nepal-shapefiles/landuse.zip

Land cover 2019 ICIMOD https:/ download.hermes.com.np/land-cover-map-nepal-2019/? wpdmdl=1729&r
efresh=641f40e2252551679769826

Land cover 2010 ICIMOD https:/ download.hermes.com.np/land-cover-map-of-nepal-2010/? wpdmdl=157
5&refresh=641f407107ab91679769713

Local units Open Data Nepal https:/ opendatanepal.com/dataset/new-political-and-administrative- boundaries-
shapefile-of-nepal

Bardiya NP NTNC http:/ geoportal.ntnc.org.np/layers/ntnc:Bardiya_National_Park/#/

Base map imagery ESRI ArcMap (ESRI World Imagery)

Table 1: Source of spatial data.
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Cluster MB MBBZ TBBZ
Significance

ANOVA df F - value P - value

Average Landholding (kattha) 16.179 14.55 9.361 1 ha = 79.0882 
kattha

ANOVA 2.000 1.696 0.189  

TukeyHSD ns ns ns  

Average annual production per HH (kg) 897.911 1011.001 531.059  

ANOVA 2.000 1.575 0.212  

TukeyHSD ns ns ns  

Average annual crop damage on field per HH (kg) 325.144 22.973 93.069  

ANOVA 2.000 19.500 7.60E-08 *

TukeyHSD MBBZ, TBBZ MB MB

Average annual stored crop damage per HH (kg) 80.934 165.789 38.235  

ANOVA 2.000 4.765 0.011 *

TukeyHSD ns TBBZ MBBZ

Total annual crop damage per HH (kg) 404.151 188.763 129.181

ANOVA 2.000 9.292 0.000 *

TukeyHSD MBBZ, TBBZ MB MB

Average annual crop damage on field (ton per ha) 1.590 0.120 0.79

ANOVA 2.000 37.150 1.05E-12 *

TukeyHSD ALL ALL ALL

Percentage total crop damage of total production (%) 45.010 18.671 24.325

ANOVA 2.000 5.534 0.005 *

TukeyHSD MBBZ, TBBZ MB MB

Percentage crop damage on field of total damage (%) 80.451 12.170 72.046

ANOVA 2.000 55.900 2.00E-16 *

TukeyHSD ALL ALL ALL

Average nearest distance to river edge (m) 494.044 657.478 443.965

ANOVA 2.000 15.150 1.88E-06 *

TukeyHSD MBBZ MB, TBBZ MBBZ

Average nearest distance to forest front (m) 145.190 196.233 505.180

ANOVA 2.000 37.610 8.11E-13 *

TukeyHSD TBBZ TBBZ MB, MBBZ

Average nearest distance to BNP boundary (m) 4437.000 1914.345 293.190

ANOVA 2.000 1128.000 2.00E-16 *

TukeyHSD ALL ALL ALL

Average nearest distance to India Border (m) 2814.890 5736.360 8379.900

ANOVA 2.000 1824.000 2.00E-16 *

TukeyHSD ALL ALL ALL

Average number of elephant in raiding herd 4.000 2.000 2.000

ANOVA 2.000 74.280 2.00E-16 *

TukeyHSD TBBZ, MBBZ MB MB  

Table 2: ANOVA Table and comparison of mean among 3 clusters.

* − statistically significant
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df t - value p - value significance

Average Landholding (Katha) 82.554 -1.186 0.239

Average annual production per HH (kg) 80.938 -1.203 0.233

Average annual crop damage on field per HH (kg) 49.249 -5.430 1.72E-06 *

Average annual stored crop damage per HH (kg) 94.463 1.423 0.158

Total annual crop damage per HH (kg) 60.337 -3.915 0.0002323 *

Average annual crop damage on field (ton per ha) 81.475 -7.802 1.78E-11 *

Percentage total crop damage of total production (%) 95.263 -3.369 0.00109 *

Percentage crop damage on field of total damage (%) 97.979 -9.036 1.50E-14 *

Average nearest distance to river edge (m) 89.108 7.355 8.93E-11 *

Average nearest distance to forest front (m) 88.588 4.295 4.46E-05 *

Average nearest distance to BNP boundary (m) 94.307 -24.234 2.20E-16 *

Average nearest distance to India Border (m) 77.665 20.838 2.20E-16 *

*− statistically significant

Table 3: T – test table and comparison of mean between sample HHs inside and outside of BZ.

Attributes Statistics Average annual crop 
damage on field per HH

Average annual stored 
crop damage per HH

Average nearest distance 
to BNP boundary

Average nearest 
distance to India Border

Average number of 
elephant in raiding herd

t - value 7.3743 -1.25E + 00 10.985 -10.131

p 5.35E-11 0.2131 2.20E-16 2.20E-16

df 98 96 98 98

cor 0.5973869 (c) -0.1269 0.7428666 (c) -0.71523 (c)

Average nearest 
distance to BNP 
boundary

t - value 5.553 -0.29083 - -

p 2.41E-07 0.7718 - -

df 98 96 - -

cor 0.4892262 (c) -0.0296698 - -

Average nearest 
distance to India Border

t - value -5.032 -0.00579 - -

p 2.20E-06 0.9954 - -

df 98 96 - -

cor -0.4531478 (c) -0.000590479 - -

Average nearest 
distance to forest front

t - value -1.1803 0.5142 - -

p 2.41E-01 0.6083 - -

df 98 96 - -

cor -0.1184 0.05241 - -

Average nearest 
distance to river edge

t - value -1.9009 1.2318 - -

p 0.06025 0.211 - -

df 98 96 - -

cor -0.1885789 0.1247423 - -

(c) – significantly correlated

Table 4: Correlation table between damage and determinant variables.
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buffer zone was 897.91 kg with an average annual yield 
of 5.26 ton/ha and 4.39 ton/ha respectively. There was no 
significant difference in average annual yield per HH between 
HHs within three clusters (as shown in Figure 4). Likewise, 
difference in the average landholding and the average annual 
yield in HHs inside and outside the buffer zone also wasn’t 
significant.

The major crops were paddy, maize, wheat, potato, and 
vegetables and paddy was the major crop for 96% of sample 
HHs. Paddy also was the most depredated crop from the 
elephant raid. Thirty percent of sample HHs experienced 
the crop damage on the field only, more than one third of 
sample HHs experienced the stored crop damage only, 6% 
experienced no damage whereas, and more than a quarter 
experienced both types of damages.

In MB, MBBZ, and TBBZ clusters, the total annual crop 
damage was 45.01%, 18.67% and 24.33% of the average 
annual production per HH. The highest total annual crop 

Figure 3: Average landholding (in kattha).

Figure 5: Average stored crop damage.

Figure 4: Average annual crop production (in kg).

damage of 404.15 kg per HH was suffered by HHs in MB 
cluster, followed by MBBZ (188.76 kg/HH), and TBBZ 
(129.18 kg/HH) clusters. Out of the total annual crop damage 
in MB cluster, 80.45% was on the field which was significantly 
higher than MBBZ (12.17%) and TBBZ (72.05%).

The highest stored crop damage, as shown in Figure 5, was 
suffered by HHs in MBBZ cluster (165.79 kg/HH) followed 
by MB (80.093kg/HH) and TBBZ (38.24 kg/HH) clusters 
(Figure 6). Similarly, the average annual crop damage on the 
field was highest in MB (325.14 kg/HH), as shown in Figure 
7, followed by TBBZ (93.07 kg/HH), and MBBZ (22.97 kg/
HH) clusters (Figure 8). The annual crop damage on the field 
in MB cluster was 1.59 ton/ha that was significantly higher 
than the stored crop damage (p < 0.05).

The differences observed in average crop damages 
between different clusters and locations with respect to buffer 
zones were statistically significant. HHs outside buffer zone 
suffered significantly higher crop damage on field (325.144 
kg) than HHs inside buffer zone (p < 0.05). Even though 
the stored crop damage in MBBZ cluster was significantly 
higher than in TBBZ cluster, the difference in the stored crop 
damage between HHs inside buffer zone and outside buffer 
zone was not significant (p = 0.16).

The major spatial characteristics of sample clusters were 
defined by the location with respect to the buffer zone and 
the distance from spatial features i.e., the BNP boundary, 
the KWS boundary, the forest frontage, and the river edge. 
All the sample clusters were spatially located between the 
BNP boundary and the KWS boundary as shown in Figure 2. 
Conflict sites, agricultural fields or houses that were attacked 
by elephants, were either adjacent to or within 50 m from 
the respective sample HH. Conflict sites within the buffer 
zone were significantly closer to the BNP boundary with an 
average distance of 1411.20 m and significantly farther from 
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to the forest frontage (145.19m average nearest distance) and 
the river edge (494.48m average nearest distance) than those 
inside the buffer zone.

MB cluster:

Sample HHs and conflict sites were located in between 
Geruwa river and Ganesh Sisinuya Community Forest (CF). 
The average closest distance from the conflict site to the 
river edge of Geruwa river was 494.04m and to the forest 
frontage of Ganesh Sisinuya CF was 145.19m. The average 
closest distance from the conflict site to the KWS boundary 
(India) was 2814.89m and was the closest cluster to the 
KWS boundary (India), whereas it was 4437.00m to the BNP 
boundary.

MBBZ cluster:

Lying in between MB and TBBZ clusters and in the 
proximity of Durga CF, two prominent river systems; Geruwa 
river and Aurahi river flows from either side of the MBBZ 
cluster. The average closest distance from the conflict site 
to the river edge of Geruwa river was 1073.55m, to Aurahi 
river was 657.48m, and to the forest frontage of Durga CF 
was 196.23m. Likewise, the average closest distance from the 
conflict site to the KWS boundary (India) was 5736.36m and 
to the BNP boundary was 1914.35m.

TBBZ cluster:

Sample HHs and conflict sites in TBBZ cluster were the 
closest among three clusters to the river edge. The average 
closest distance from the conflict site to the river edge of 
Geruwa river was 443.97m and to the nearest forest frontage 
was 505.18m. Likewise, the average distance from the conflict 
site to the KWS boundary (India) was 8379.90m, whereas to 
the BNP boundary was 293.19m.

Conflict sites in TBBZ cluster were significantly farthest 
among 3 clusters from the forest frontage whereas conflict 
sites in MBBZ cluster were significantly the farthest among 
3 from the river edge.

The contrasting effect was shown by the distance to the 
spatial features on the quantified damage suffered by the 
respective HH. The moderate positive correlation (p < 0.01, 
cor = 0.49) was shown by the distance to the BNP boundary 
(Figure 9) whereas, the moderate negative correlation (p < 
0.01, cor = -0.45) was shown by the distance to the KWS 
boundary (India) with the field damage suffered by the 
respective HH (Figure 10).

The negligible negative correlation was shown by the 
distance to the river edge with the crop damage on the field 
(Figure 11) and the negligible positive correlation with 
the stored crop damage (Figure 12). Similarly, negligible 
significant correlation was identified in between the distance 
to the forest frontage with both types of crop damages suffered 

Figure 6: Severity of stored crop damage.

Figure 7: Average crop damage on field.

the KWS boundary with an average distance of 6556.76m 
than conflict sites outside the buffer zone (4437.00m from 
the BNP boundary and 2814.89m from the KWS boundary). 
Conflict sites outside the buffer zone were significantly closer 
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Figure 8: Severity of crop damage on field.

Figure 9: Damage (field) – Distance (from BNP) correlation.

Figure 10: Damage (field) - Distance (from India) correlation.

Figure 11: Damage (field) - Distance (from river) correlation.

Figure 12: Damage (stored) – Distance (from river) correlation.
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by the respective HH as shown in Figure 13 and 14 (n = 100). 
However, within the MB cluster, the stored crop damage was 
moderately correlated to the distance to the forest frontage 
(cor = 0.40, n = 42).

The number of elephants per raid ranged from 1 to 8 
individuals (mean = 3, SD = 1.53). The number of elephants 
per raid significantly varied between clusters. MB cluster 
generally was raided by the herd of 3 to 8 elephants (average 
of 4 individuals) whereas the MBBZ and TBBZ clusters 
were raided by 1–3 elephants (average of 2 individuals). 
The average number of elephants per raid in MB cluster was 
significantly higher than the average number of elephants per 
raid in MBBZ and TBBZ clusters. The number of elephants 
per raid was significantly correlated to the distance to the 
BNP boundary and to the KWS boundary (India). A strong 
positive correlation in between the number of elephants 
per raid with the distance to the BNP boundary (p < 0.001,  
cor = 0.74) was seen. Contrastingly, a strong negative 
correlation with the distance to the KWS boundary (India)  
|(p < 0.01, cor = -0.72) was seen. The total annual crop damage 

was positively correlated to the number of elephants per raid 
(p < 0.01, cor = 0.47) (Figure 15). The number of elephants 
per raid and the total annual crop damage was on a decreasing 
trend along the Khata Corridor from the Nepal – India border 
towards the BNP boundary as shown in Figure 16.

A moderately strong correlation was noted in between the 
number of elephants per raid and the severity of damage on 
the field. However, no significant correlation was exhibited 
by the number of elephants per raid with the severity of stored 
crop damage.

Discussion
Bardiya was identified as one of the four major sites in the 

Chure Terai Madesh Landscape (CTML) for experiencing 
high incidences of HEC [21]. Our study shows that annually 
every household loses 18– 45% of their total crop production 
on an average to elephant raids. Koirala et al. [6] has also 
concluded that each household around Bardiya National Park 
loses at least 25% of their total income from agricultural 
yield every year to the elephant raid. The crop damage is 
more detrimental from the socio-economic perspective 
because most HHs depend on subsistence farming for their 
livelihoods. Prins et al. [42] also found that more than 80% of 
farmers around BNP couldn’t produce surplus yield to trade 
in the market. Losing around one third of production each 
year has massive cumulative economic impact on families 
with medium sized landholding. Neupane et al. [43] also had 
similar conclusion on the economic burden faced by rural 
farmers in the elephant affected households.

Previous studies have proved the positive influence 
of the proximity of water source to the elephant encounter 
[42,44,45]. The migratory route of travelling elephant is also 
in a proximity of permanent water source [46]. Therefore, the 
distance to the river edge was used as one of the determinant 
variables to test the variable – damage relationship. However, 

Figure 13: Damage (field) - Distance (from forest) correlation.

Figure14: Damage (stored) - Distance (from forest) correlation.

Figure 15: Damage - No. of elephants correlation.
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Figure 16: Elephant raid heatmap.
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Figure 17: Damage severity heatmat.
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the distance to the river edge (< 900m from all conflict sites) 
didn’t show any significant variable – damage correlation. 
We also couldn’t determine that there isn’t any variable – 
damage correlation because there are various factors that 
affect the correlation. For instance, the elephant behaviour on 
preference towards the proximity of water source could vary 
between dry and wet season [47]. Therefore, the range of data 
i.e., temporal (only wet season) and spatial distance (range = 
677.63m) wasn’t statistically comprehensive to authenticate 
the correlation.

We used distance to forest frontage as another determinant 
variable to test the variable – damage relationship. The 
severity of the crop damage in the agricultural field tends 
to decrease marginally as we move away from the forest 
frontage which is rather parallel to the result from HEC study 
in Chure Terai Madhesh Landscape [22]. Gubbi [18] and 
Chakraborty and Mondal [48] also noticed that the distance 
to forest is one of the driving factors of HEC. When elephant 
enter the agricultural field from the forest, they raid the closest 
field and move further in towards the inner agricultural field 
and settlement [42]. However, our result is not statistically 
significant to conclude the variable – distance correlation and 
requires an extensive study.

MB cluster (sampled conflict site) is segregated from the 
larger settlement by the circumjacent river and forest that 
consequently increases the perimeter of direct exposure of MB 
cluster to HEC influencing features. In contrast, the perimeter 
of MBBZ and TBBZ clusters directly exposed to influencing 
features are comparatively small. The greater exposure to the 
HEC influencing features and the resulting susceptibility of 
elephant raid and the extensive crop damage in MB cluster 
is parallel to the HEC conflict result in Nagarahole National 
Park which concluded that the settlement exposed to longer 
protected area frontage receives frequent elephant visit [18]. 
This result also supports the observation of study in southern 
India where effective perimeter length of village is primary 
determinant of area of conflict [49].

Settlements in Khata corridor are sandwiched in between 
two protected areas i.e., BNP and KWS. The distance to 
two PAs, another determinant variable, has inconsistent 
relationship to the severity of the crop damage. The severity 
of the crop damage decreases as we move away from the 
KWS boundary, as shown in Figure 17. The HEC studies in 
CTML have similar conclusion that the potential occurrence 
of conflict decreases with increasing distance from the 
protected area [22,42]. Contrastingly, the severity of the crop 
damage increases as we move away from the BNP boundary 
which is conflicting with previous studies. Khata corridor 
is a traditional migration route for elephants, therefore, 
settlements between the PAs in the Khata corridor always 
possess high HEC potential as elephants tend to follow same 
route to migrate and even to feed on agricultural crops every 

year [17,38,50-52]. Furthermore, Chakraborty and Mondal 
[48] noted that elephants often use same migratory route to 
get it and to leave a habitat during their seasonal migration. 
It supplements the explanation of the concentrated severity of 
the crop damage in MB cluster.

When elephants enter Nepal and move towards BNP, MB 
cluster, being the closest settlement from KWS, receives the 
initial descent of migrating elephants. MBBZ cluster is three 
kilometres away from the MB cluster, so the agricultural 
field of MB cluster triggers an early warning and acts as 
a temporary buffer for the agricultural field of MBBZ and 
TBBZ clusters from the raid of same migrating herd. Early 
warnings and phone communications were effectively used 
to initiate the early response and was significant in mitigation 
of crop depredation by elephants in Kenya that justifies the 
lesser severity of crop damage in MBBZ and TBBZ cluster 
[2,53].

There are studies that show the elephant herd tends to 
avoid higher density settlement during their migration to 
avoid anthropogenic risks more than a solitary elephant. They 
sit parallel to the finding of our study where MB cluster with 
comparatively lower settlement density have significantly 
higher number of elephants per raid [8,10,52,54]. The 
locomotive behaviour study in Rajaji National Park identified 
that the speed of elephant is slow when they are feeding and 
when they are in a herd. In addition, a herd tends to cover 
shorter distances in comparison to the individual elephant [8]. 
The movement of larger herd through the agricultural field of 
MB cluster, hence, explains the higher severity of the crop 
damage in MB cluster. The higher severity of damage, the 
higher number of elephants per raid, and the proximity of MB 
cluster to the KWS boundary suggests that the crop damage 
suffered by MB cluster is from migrating elephants and that 
suffered by MBBZ and TBBZ clusters are from resident 
elephants. However, because of the lack of the sufficient 
evidence data and supporting literatures, a robust conclusion 
couldn’t be drawn.

Conclusion
The crop damage caused by raiding elephants is the result 

of the spatial location of the agricultural field or the human 
settlement with respect to conflict determinant variables. 
The distance to the protected area (KWS) is the strongest 
determinant variable of Human – Elephant Conflict in Khata 
corridor. The anomalous effect of distance to BNP boundary 
on the severity of the crop damage could be because of the 
varying effect of tourism, habitat management actions, and 
conflict management interventions on different settlements. 
For instance, Thakurbaba municipality, being close to the 
Army and the National Park Headquarter, are better prepared 
to cope with the elephant encounter whereas, Madhuban 
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municipality (especially MB cluster) being a small, isolated 
settlement far from Thakurbaba and close to Katarniyaghat 
Wildlife Sanctuary suffers severe raiding. People from 
settlements far from Thakurbaba feel the lack of Park’s 
presence, especially during the elephant encounter, and hence 
are exposed to more risk of a severe damage every year.

Recommendation
The research has tried to answer questions about 

determinant variables of the Human – Elephant Conflict in 
Khata Corridor. However, it has raised more questions such 
as the effect of distance to the forest frontage and the river 
edge on HEC, a quantification of the influence of Park and 
tourism in conflict management, and a quantification of 
people’s awareness and Park – People relationship in HEC 
management. There is also a gap in information on the 
influence of varied elephant behaviour, feeding habit and 
movement pattern within PAs and in between PAs. The 
research has limitations such as the range of data, the number 
of determinant variables, and the unbiased quantification 
of crop production and damage. A further study with 
improvements in limitations as far as practicable is highly 
recommended.
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