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INTRODUCTION 

As human population encroaches upon natural 
habitat, animals find themselves increasingly in 
competition with people for resources (Pimm et al. 
1995; Balmford et al. 2001).  The conflict emerges 
when wildlife and human requirements overlap with 
consequential costs to humans and wild animals (Osei-
Owusu & Bakker 2008).  Large herbivores and carnivores 
are particularly affected by conflict and, as a result, they 
are either critically endangered or rapidly declining 
(Woodroffe & Ginsberg 1998).  Human-elephant conflict 
(HEC) refers to a range of direct and indirect negative 
interactions between humans and elephants which 
potentially harm both the species (Ngure 1995; Lahm 
1996; Ekobo 1997).  HEC affects social and economic 
security of farmers and challenges conservation of 
elephants in their home-range.  This conflict is a cause 
for concern because it threatens to erode local support 
for conservation in areas where human life and property 
are at high risk of destruction by wild elephants (Williams 
& Johnsingh 1997; Thouless 1994; Lahm 1996).  Varma 
et al. (2008) emphasized that site specific study on HEC 
is important to understand the cause and the degree 
of conflict, as it would further help in mitigation of the 

problem.  The extent of HEC is measured best in terms of 
economic loss since conflict results in a direct economic 
loss to the local communities living close to elephant 
habitats.  In most cases in rural India, agriculture is the 
backbone of an individual’s economy and therefore, 
a loss to crop due to conflict has an adverse effect on 
society (Varma et al. 2008).  Considering the importance 
of this highly sensitive issue, this present study was 
carried out in the fringe areas around Manas National 
Park (MNP) which was the first ever detailed assessment 
in Assam to understand the magnitude of HEC through 
a quantification of damage and assessment of economic 
loss.

MATERIALS AND METHODS

Study area
MNP is located (26035’–26050’N & 90045’–91015’E) 

within Chirang-Ripu Elephant Reserve at the foothills of 
the Bhutan Himalaya in Baksa and Chirang districts of 
Bodoland Territorial Areas District, in Assam, India (Fig. 
1).  MNP is one of the prime habitats of Asian elephants 
within the Bhutan Biological Conservation Complex in 
the Eastern Himalaya Biodiversity Hotspot (CEPF 2005) 

Figure 1. Manas National Park.
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with a fluctuating population of around 500 individuals.  
During the mid 1980s till the late 1990s the entire Manas 
landscape experienced a severe socio-political crisis 
(Rahmani et al. 1988, 1989) which caused a large scale 
destruction of wildlife and its habitat.  The problem  of 
political unrest was settled in the year 2003; however, 
this decade-long crisis considerably changed the land 
use and land cover pattern of the region and caused 
a detrimental effect on wildlife leading to the local 
extinction of the Great Indian One-horned Rhinoceros 
Rhinoceros unicornis and Swamp Deer Cervus duvauceli 
ranjitsinghi, loss of habitat due to deforestation 
followed by encroachment, habitat degradation due to 
overexploitation of resources and escalation of HEC in 
the fringe villages (Sarma et al. 2008; Nath et al. 2009).

Methods
This study was carried out from the period 2007 to 

2009 in Bhuyanpara Range (26041’39.9”N & 91007’29.0”E) 
of MNP in a cluster of six villages comprising ~900ha of 
extensive agricultural crop cultivation.  The selected 
villages lie adjacent to each other, located at the border 
of MNP and are particularly vulnerable to crop raiding 
(Fig. 2).  Data on crop damage was collected by visiting 
the villages regularly and also by talking to the village 

secretary, the president and the village head to collect 
all information on conflict incidents.  To assess and 
quantify the damage to both standing and stored crops 
and man-made structural properties we followed Varma 
& Lahkar (2006). 

The total area cultivated was measured for each crop 
with a measuring tape.  The cumulative area was then 
calculated by adding the area under cultivation of each 
crop by each farmer during different seasons in a year.

The incidence rate (IR) was calculated for the 
affected crops following the methodology described by 
Nijman & Nekaris (2010).  The IR was calculated with 
the “total number of agricultural plots on which a crop 
was damaged” divided by the “total number of plots 
where that particular crop was present and available for 
raiding”.  The higher-risk crops thus have an IR closer to 
value one (1).

Whenever damage occurred to field crops such as 
paddy, cereal, pulse, spice etc., the area of damage 
was measured using a measuring tape.  Crop fields are 
generally uneven in shape.  After carefully observing the 
damage, the width and length was measured estimating 
the equal size of a square.  The area damaged was then 
compared to the total area cultivated to find out the 
percentage loss with respect to crop type and farmer. 

Figure 2. Location of the sampled area (within the circle).
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Linumusitatis simum and Indian Niger, Guizotia 
abyssinica) (January−March) and spice (Coriander, 
Coriandrum sativum) (November−February).  In the 
study area, paddy was the principal crop which farmers 
considered central to their subsistence. 

Total cultivable land and cumulative area under 
cultivation

The total cultivable land area available in the study 
site was 476.52ha and the cumulative area under 
cultivation was 1289.36ha (Table 1).  Although the 
cumulative area under cultivation was comparatively 
less (1.76%) during the year 2008–09 than the previous 
year, there was no difference of median cumulative 
area under cultivation between the years (Table 1) 
(Wilcoxon’s test for matched pairs).  During the year 
2007–08, the monsoon arrived earlier with 1.36% higher 
annual rainfall which might have influenced farmers to 
cultivate slightly more land. 

Total area under cultivation of different crops 
Winter paddy was the major crop (72%) while the 

least cultivated crop was Autumn paddy (2%).  The 
area under cultivation of different crops between the 
years was different.  However, there was no difference 
(Wilcoxon’s test for matched pairs) and hence data of 
both the years were clumped before analysis (Table 2).

Occurrence of crop raiding
During the study period 38.37% (n=216) of the 

total households suffered elephant depredation 
that included crop raiding and damage to structural 
properties including stored grains.  A total of 796 crop 
raiding incidents occurred of which the raiding of field 
crops included 559 cases and raiding of home garden 
vegetation included 237 cases.  Village and crop wise 
frequency of raiding is given in Table 3.

IR for affected crops
Three crops were damaged by elephant during the 

study period: winter paddy autumn paddy and pulses. 
We calculated one (1) single IR for each of the three 
affected crops.  In effect, the IR thus calculated equals 
the risk of raiding during the study period.  The highest 
IR was found for autumn paddy which was 0.57 (n= 26).  
The second highest IR was found for winter paddy 0.29 
(n= 281) and the least IR for pulses was 0.05 (n= 26).  
Crop raiding incidents were mostly concentrated along 
the Park boundary and the highest depredation occurred 
in the crop fields that were adjacent to the Park (Fig. 4). 

Total area of crop damage
The total area of crop damage was measured 

as 4.14ha out of the total area under cultivation of 
1289.36ha.  Hence, the overall crop damage was 0.32%. 
The crop-wise pattern of damage is shown in Figure 5. 

Total value of crop production
Rate of production: The mean crop production per 

square meter of land area at 95% confidence interval for 
winter paddy, autumn paddy, pulses, oil seeds and for 
spices during the study period is given in Table 4.

Total crop production and production value: At 

Table 1. Total cultivable land (TCL) and cumulative area under cultivation (CAC) recorded during study period.

Village Total cultivable 
land, TCL (ha)

Cumulative area under 
cultivation, CAC (ha)

(2007–09)

Ratio 
between TCL 

& CAC

Cumulative area under 
cultivation (ha) during 

2007–08

Cumulative area 
under cultivation 

(ha) during 2008–09
Difference (%)

Bamunkhal 41.12 109.20 0.38 55.39 53.81 2.85 (−)

Bhuyanpara 85.93 240.28 0.36 121.30 118.98 1.90% (−)

Koroibari 98.22 301.94 0.33 151.63 150.31 0.87% (−)

Dongpar 75.35 192.16 0.39 97.20 94.96 2.3% (−)

Khusratary 70.26 204.25 0.34 103.25 101 2.18% (−)

Bargaon 105.63 241.53 0.44 121.62 119.91 1.4% (−)

Total 476.52 1289.36 0.37 650.39 638.97 1.76 (−)

Table 2 The extent of cultivation of different crops recorded during 
study period.

Crop Total (ha) 2007-08 (ha) 2008-09 (ha) % Difference

Winter 
paddy 935.69 468.81 466.88 0.41 (−)

Autumn 
paddy 20.49 13.6 6.89 49.34 (−)

Pulse 207.17 103.21 103.96 0.72 (+)

Oil seed 48.34 25.85 22.49 13 (−)

Spice 77.67 38.92 38.75 0.44 (−)

Total 1289.36 650.39 638.97 1.76
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Varma et al. (2008) showed a total damage of 0.1–3 % 
to different crops.  As the crop damage was little, the 
actual economic value of crop loss was also very small 
being only 0.35% in MNP.  In their study in Pakke, Varma 
et al. (2008) reported the actual value of crop loss to 
be 0.08% to 2%.  Roy & Sah (2012) during their study in 
Buxa Tiger Reserve reported a high of 30.61% economic 
loss due to elephants. These comparisons point out that 
HEC in MNP is not very serious and thus offers ample 
opportunity for long term conflict mitigation strategies 
along with a systematically planned conservation 
education and awareness program to maintain the 
coexistence between humans and elephants. 

In MNP, crop raiding incidents were mostly 
concentrated along the park boundary and higher 
depredation occurred in the villages that were adjacent 
to the park (Nath et al. 2013).  Among the six studied 
villages, we found that maximum elephant depredation 
occurred in the crop fields close to the Park boundary.  
Sukumar (1990) also observed a similar pattern and 
remarked that raiding of agricultural fields by elephants 
occurs due to proximate factors such as contact with 
cultivation.  Studies conducted in Africa by Bell (1984), 
Barnes et al. (1995), Naughton-Treves (1998), Bhima 
(1998), O’Connell et al. (2000), and Parker & Osborn 
(2001), also showed similar results.  In this situation, 
the creation of a buffer zone between MNP and the 
settlement area is an utmost necessity to avoid spatial 
landuse overlap between human and elephants.  Kumar 
& Singh (2010) pointed out that increasing interface 
between humans and elephants over resources leads 
to high incidences of HEC in Asia.  Osborn & Parker 
(2002) and Fernando et al. (2005) suggested that land 
use planning is an important component in all the 
places where HEC exists.  Hence, both as an elephant 
conservation plan and as a long term HEC mitigation 
strategy, an integrated land use and development 
plan should be developed for MNP.  If neglected, there 
is every possibility of HEC becoming unmanageable  
thus jeopardizing the future of Asian Elephant in this 
landscape (Image 1).

When farmers were interviewed, they revealed that 
earlier they used to grow autumn paddy on a large scale, 
almost in equal proportion to winter paddy.  Autumn 
paddy matures and gets ready for harvest during the 
peak monsoon season (June−July) when crop guarding 
literally becomes difficult due to bad weather conditions 
and as a result it incurs more damage.  Percentage loss 
as well as IR of autumn paddy was recorded to be the 
highest among all the three affected crops.  Due to 
increasing incidences of elephant depredation and 

difficulty in crop guarding due to rain, the cultivation of 
autumn paddy has considerably declined to a negligible 
point which bears out the speculation made by Sukumar 
(1990) that elephants may affect agricultural practices.  
Although, the area under cultivation of autumn paddy 
was considerably less than the areas under cultivation 
of pulses, oil seeds and spice, autumn paddy incurred 
the highest rate of loss.  Oil seeds and spice did not 
incur any damage during the study period and pulses 
incurred the least damage among the affected crops 
which suggested that these three crops were preferred 
less by elephant.  All these three agricultural crops are 
economically viable due to their high market prices and 
hence could be important alternative crops to paddy in 
the fringe area of MNP.

Our study showed that economic loss due to crop 
raiding by elephants was almost negligible though the 
frequency of crop raiding was quite high. This was due 
to the traditional crop guarding system that has been in 
practice in this region.  Moreover, we found that crop 
guarding significantly reduced the frequency of raiding 
as well as extent of damage.  Thus, strengthening of 
the community crop guarding system could be a viable 
option for conflict mitigation in MNP which is not only 
cost effective but is also expected to help minimize the 
annual crop loss due to elephants to a large extent.  
Osborn & Parker (2003) also suggested that the more 
responsibility farmers have for crop protection, the 
more successful deterrence becomes.  The role of 
external agencies and wildlife managers is, therefore, to 
work with farmers to develop a range of management 
solutions for repelling elephants.  This strategy 
appears to have a greater chance of success than one-
off technical solutions.  Initiatives have already been 
undertaken to strengthen the traditional crop guarding 
system in the study site by promoting the concept of 
group crop guarding (Lahkar et al. 2009).

Image 1. Asian Elephants Elephas maximus in Manas National Park

© Naba Krishna Nath
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Farmers in developing countries often have limited 
access to cash and are rarely compensated for their 
losses.  The individual economic losses suffered from 
crop-raiding therefore can be relatively high (Nyhus et 
al. 2005; Linkie et al. 2007; Warren et al. 2007; Lhamo 
2008; Radhakrishna & Sinha 2010; Varma et al. 2011).  
Furthermore, farmers’ inability to mitigate crop-raiding 
adequately and the absence of compensation schemes 
may lead to retaliatory killing of problem individuals 
(Jackson & Wangchuk 2001; Bandara & Tisdell 2002a; 
Nyhus et al. 2005; Radhakrishna & Sinha 2010; Jayantha 
& Dunusinghe 2013).  In MNP, during the study period 
no compensation was paid to any farmer against crop 
damage.  Whether a compensation scheme really 
helps in mitigating HEC or not is still unclear but, some 
incentive can definitely help reduce antagonism towards 
elephants.  Although the conflict intensity is low, four 
elephants were killed in retaliatory killing during the 
study period (Nath et al. 2013) which is a setback for 
elephant conservation in the area. 

In MNP although the overall crop damage was less, 
at the individual farmer level the damage was quite high.  
Since the majority of the famers were poor and did not 
have alternate sources of income, elephant depredation 
severely affected their livelihoods.  If the situation does 
not improve, farmers may develop antagonism and 
intolerance towards elephants which can undermine 
and hinder elephant conservation efforts being taken 
up in MNP.  So, systematically planned, effective 
conflict monitoring and mitigation strategies need to be 
developed and implemented so that further escalation 
of the problem can be eschewed. 
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