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Abstract Large-scale forest encroachment in Assam, India,
has led to increasing levels of human–elephant conflict.
Conflict mitigation is a priority for the survival of Asian
elephants Elephas maximus throughout Asia. We analysed
a 3-year dataset of elephant occurrence and related instances
of human–elephant conflict, from two sites in Assam, and
explored the relationships between the various effects of
elephants on human communities and factors influencing
the spatial and temporal occurrence of these effects
(proximity to water, refuge areas and villages, and human
and crop density). The landscapes at both study sites have
been transformed by forest loss, with large areas converted
to agriculture. Remaining forest patches, which are mostly
small, disconnected and degraded, as well as tea plantations,
provide refuge areas for elephants as they move through the
region. We found that crop depredation and property
damage caused by elephants showed well-defined seasonal
trends. They also showed a clear diurnal pattern, mostly
occurring between 18.00 and 22.00. Small communities
within 700 m of a refuge were most affected. In the
management of human–elephant conflict in Assam we need
to consider the refuge patches used by elephants as they
move through the region, the peripheries of which are likely
to be conflict hotspots. Small villages on the edges of refuges
should be a priority for conflict mitigation assistance, with
strategies taking into account seasonal and diurnal variation
in elephant behaviour, as well as the socio-economic and
cultural composition of communities.
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Introduction

There is an ongoing decline in the number of Asian
elephants Elephas maximus in the wild, mainly as a

result of habitat loss and fragmentation caused by expand-
ing human populations and associated increasing demand
for resources (Sukumar, 1989; Leimgruber et al., 2003).
North-east India is one of the last remaining strongholds for
the Asian elephant, with an estimated population of 9,000
(Project Elephant Synchronized Census, 2002), but in recent
decades the region has experienced human population
growth at significantly higher rates than the global average
(Das, 2011; United Nations, 2011). In Assam this has resulted
in rapid and large-scale agricultural expansion and
associated forest loss and degradation. This has led to a
significant reduction in forest cover, escalation of human–
elephant conflict, and erosion of the region’s traditional
respect for elephants (Fernando et al., 2005).

Human–elephant conflict is a major threat to the future
survival of elephants, particularly in rural agricultural
regions where human populations continue to expand and
encroach on habitat used by elephants (Hoare & du Toit,
1999; Sitati et al., 2003). The consequences of elephant
behaviour for communities are often tangible and can
be devastating for individual farmers (Naughton-Treves &
Treves, 2005; Osei-Owusu & Bakker, 2008). As a result
elephants can elicit fear and anger in rural communities
(Sitati, 2003; Parker et al., 2007), often leading to farmers
persecuting elephants (Parker et al., 2007; Boominathan
et al., 2008). Human–elephant conflict undermines support
for elephant conservation and threatens the future of
elephant populations outside protected areas.

The spatial relationship between elephants, people and
associated socio-economic factors influences the occurrence
and severity of human–elephant conflict. Globally, com-
munities on the periphery of wildlife areas are often more
susceptible to conflict with wildlife, which can be exacer-
bated by a low capacity to deal with the problem (Karanth,
2005). Government reports have estimated that 3,555 km2

of Assam’s forests are encroached upon by illegal settlers,
with . 70,000 households (Department of Environment &
Forests, 2011), and that . 200 million people in India are
dependent on forests for their livelihoods (Forest Survey of
India, 2009). Commonly, low-income marginal or immi-
grant communities settle near or within these natural areas
(Treves, 2009). Such communities may lack government
support and are limited in their financial capacity to absorb
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wildlife-related losses (Nath & Sukumar, 1998; Naughton
et al., 1999). High levels of human–elephant conflict in
Assam are therefore unsurprising, given the significant
population of elephants in a state in which there has
been major forest encroachment and that has one of
the country’s lowest per capita incomes. A 2012 census of
the wild elephant population in Assam reported 5,620
elephants inhabiting national parks, wildlife sanctuaries and
reserve forests (The Assam Tribune, 2012); this is . 10%
of the estimated global wild Asian elephant population
(Sukumar, 2003).

Mitigating human–elephant conflict is a conservation
priority and empowering the local community to take
responsibility for the problem is considered one of the most
sustainable solutions (Osborn & Parker, 2003). A com-
munity-centred approach provides opportunities to im-
prove the attitudes of communities towards elephants and
increases the potential of long-term conservation strategies
such as habitat protection. To develop and direct effective
community-led mitigation strategies it is vital to gain a
thorough understanding of the human–elephant conflict
problem on both a community and regional scale.

The development and improved accessibility of tech-
nologies such as remote sensing and geographical infor-
mation systems (GIS) have increased the potential for the
analysis of spatial and temporal patterns relating to wildlife
management and research. Other studies of human–wildlife
conflict, most commonly focused on elephants or large
carnivores, have shown considerable spatial predictability
in patterns of crop-raiding or depredation on livestock
(Ahearn et al., 2001; Treves et al., 2004). However, spatial
studies of human–elephant conflict, which to date have
predominantly focused on African elephants Loxodonta
africana, have produced mixed results. Hoare (1999a) did
not identify any strong spatial correlates, Smith & Kasiki

(1999) identified spatial correlates related to human and
elephant density, and Sitati et al. (2003) found the
occurrence of conflict and its intensity to be related to
areas of cultivation and proximity to towns and roads.

Recent studies have found that human–elephant conflict
usually occurs between dusk and dawn (Venkataraman
et al., 2005), that crop-raiding is seasonal (Chiyo et al., 2005)
and that conflict is generally highest in close proximity to
protected areas (Parker & Osborn, 2001). Spatial patterns of
conflict with the Asian elephant, in contrast to the African
elephant, have been relatively poorly studied. In Assam,
recent studies have focused on forest loss in relation to
human–elephant conflict levels (Chartier et al., 2011) and the
efficacy of different mitigation methods (Fernando et al.,
2008; Davies et al., 2011) and have made recommendations
for improved understanding of the spatial factors influen-
cing human–elephant conflict. Here we focus on the spatial
and temporal patterns of human–elephant conflict in two
conflict hotspots in Assam, with the aim of informing future
mitigation and landscape management decisions.

Study area

Two sites were selected for data collection (Fig. 1), as part of
the Assam Haathi Project, in districts that experience
human–elephant conflict (Goalpara and Sonitpur). Records
of elephant movement patterns in these districts were
published by Choudbury (1999), who reported irregular and
occasional north to south movement in the Sonitpur district
and regular north to south movement in the Goalpara
district.

Existing forest cover in both districts is dominated by
moist deciduous forest, although both areas have been
transformed by agricultural expansion and forest encroach-
ment and contain a mosaic of land use. The production

FIG. 1 Map of Assam showing
the location of the Sonitpur
and Goalpara study sites. The
rectangle on the inset indicates
the location of Assam in
north-east India.
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of Sali, or winter rice, dominates in both districts, with
harvesting occurring between November and January.
Two other rice varieties are also grown: Ahu rice (harvested
between April and June) and Bodo rice (harvested in late
June and early July).

The 729.6 km2 Sonitpur study site contains 181 villages,
which have amean population of 1,056 people. It borders the
Brahmaputra River to the south and the Himalayan foothills
to the north, with Nameri National Park to the north-east
and Sonai-Rupai Reserve Forest and Wildlife Sanctuary
to the north-west. The eastern and western borders of the
study area are defined by the Bhareli and Gabharu rivers,
respectively.

The Goalpara district is characterized by a flat plain with
riverine beds. The 987 km2 study area contains 187 villages,
which have a mean population of 1,650, and borders the
Brahmaputra River to the north and the forested Garo
Hills to the south. The eastern and western borders of the
study site are defined by the Dudhnai and Jinjiram rivers,
respectively.

Methods

Data collection

Data collection began in 2004 but here we analyse data
collected between 1 January 2006 and 31December 2008. To
establish a reliable and independent reporting system
(Hoare, 1999b) a team of 33 local community members
were trained as field researchers to record data associated
with any elephant activity within the study sites, including
enumeration of any incidents of human–elephant conflict.
This third-party enumeration reduced the problem of
exaggeration of losses by the farmers themselves (Siex &
Struhsaker, 1999). The area of crop damage was estimated
using paced distances, and this value was halved when
crops had been trampled rather than eaten, because field
observations indicated that roughly half of trampled
crop survives. Each field researcher had a defined area of
responsibility, and a network of researchers provided full
coverage of each study site. Researchers visited all areas
of elephant activity within their area of responsibility. The
data collected included quantification of elephant-caused
damage to crops, property or people, herd demographics
(if known), and time and location of records. Each record
related to an occurrence of elephants in a specific
community (usually defined by village administrative
boundaries) at a certain time. Multiple occurrences of
elephants over a number of days in the same community
resulted in separate records for each day. If an elephant herd
was present in different localities on the same day a record
for each community was created. If field researchers reached
a site and elephants were no longer present, information
was gathered through interviews with local villagers and

field signs were recorded. All field records were collated
by a regional coordinator before being cross-checked and
imported to a geodatabase.

Data associated with elephant field records were
spatially analysed in relation to other environmental
variables: distance to the nearest refuge area, water body
and village, and human population and crop density. These
factors have been shown to influence human–elephant
conflict (Nyhus et al., 2000; Parker & Osborn, 2001; Sitati
et al., 2005). Land-use data were derived from 15 m
resolution 2008 ASTER satellite imagery that had under-
gone a supervised classification, and were verified by
random sampling to be . 80% accurate. Land use was
categorized as water, tea garden, forest, cropland, sand,
homestead/human-dominated or scrubland. Based on
comprehensive field records and observations the areas
classified as forest (all types, including degraded) and tea
gardens were reclassified as refuge areas. Refuge areas were
defined as localities to which elephants retreated during
the day. Elephants were generally undisturbed in such areas;
if the areas were close to human habitation, elephant
presence was usually tolerated.

Human population density was calculated using data
recorded from village surveys. Crop density (percentage
crop cover per km2) was calculated from a resampled 100m
resolution land-use raster map, with the value of each cell
based on the number of surrounding 10 × 10 cells classified
as cropland. For each record of elephant activity, the
distances from the nearest refuge, water and village were
calculated from the digitized data using GIS.

Data analyses

All spatial data used the projection WGS 1984 and UTM
Zone 46N, and were analysed using ArcGIS v. 9.3 (ESRI,
Redlands, USA) and the Geospatial Modelling Environment
(Spatial Ecology LLC, Toronto, Canada). To account for
environmental factors in areas outside but adjacent to the
study sites that could potentially influence elephant activity
within the study areas, a 10 km buffer zone was applied to
all land-use data so that these adjacent areas were included
in analyses. There were no elephant records for the buffer
zone but factors such as water bodies, refuge areas and
villages were included. The buffer was not applied over
obvious physical barriers to elephant movement, such as the
Brahmaputra River.

Initial data analysis compared human–elephant conflict
across the two sites and over the 3-year study period.
Conflict data were tabulated with the spatially associated
values for distance to nearest refuge, water body and village,
and human population and crop density. The relationships
between human–elephant conflict and these variables were
then explored spatially using GIS and statistically using
Spearman’s rank correlation.
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Results

At Sonitpur significant areas of potential refuge for
elephants were largely located outside the study area, within
the bordering national parks to the north (Fig. 2b). At
Goalpara the edge of the southern foothill forests is less
regular, and potential areas of forest refuge protrude into
the study area (Fig. 2a). This is reflected in the land-use
characteristics of each study site: 24.1% of Goalpara and

3% of Sonitpur are categorized as forest. In addition, 18.8%
of the Sonitpur study site is classified as tea garden. These
tea gardens are used extensively by elephants as refuge areas
and mostly comprise commercial plantations of 342–782 ha
(Government of India, 2013); they are all situated in the
north of the Sonitpur study site, where they are the
dominant refuge area available to elephants. The Goalpara
study site has no tea gardens. At both sites a significant
proportion of land is used for agriculture (20.6% in

(a)

Study area boundary <1500 m2 OF CROP LOSS or 1-4 PROPERTIES DAMAGED

1501 - 5500 m2 OF CROP LOSS or 5-12 PROPERTIES DAMAGED

5501 - 26800 m2 OF CROP LOSS or 13-20 PROPERTIES DAMAGED

Water

Refuge areas

FIG. 2 Distribution of refuges
and the occurrence of crop
depredation and property
damage by elephants at (a) the
Goalpara study site, and
(b) the Sonitpur study site.
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Goalpara, 31.6% in Sonitpur). Both study sites also have
small, dispersed patches of state or privately owned forest,
usually associated with villages, which are also classified as
refuge areas; these are all , 0.5 km2.

Elephant movement follows a seasonal pattern at both
study sites (Fig. 3), with elephants occurring annually. This
is consistent with previous reports of movement patterns
for the Goalpara district (Choudbury, 1999) but shows a
shift in the movement pattern for the Sonitpur district
compared with previously reported irregular and occasional
elephant movement.

In total we recorded 1,561 incidents of human–elephant
conflict (Sonitpur, 993; Goalpara, 568), and the scale and
financial impact of these are shown in Table 1. The most
commonly reported form of human–elephant conflict was
crop damage, followed by property damage. Fig. 2 shows the
spatial distribution of refuge areas in relation to areas where
crop and property damage by elephants were reported.
There were too few records of injuries or fatalities to people
or elephants to show any meaningful spatial or temporal
patterns. The temporal patterns of crop and property
damage are shown in Fig. 3, with both showing distinct

seasonal peaks. In 2007 and 2008 property damage was
most extensive between May and June and crop damage
between August and December. This pattern differed in
2006 because of severe flooding in Assam, which impeded
the movement of elephants into both study areas and also
disrupted the usual agricultural calendar. There is a clear
diurnal pattern to human–elephant conflict, with the
majority of incidents at both sites occurring between 18.00
and 22.00 (Fig. 4). However, human–elephant conflict
begins earlier at the Goalpara study site, with more conflict
occurring between 16.00 and 18.00 compared to the
Sonitpur site.

Using Spearman’s rank correlations we identified se-
veral significant relationships between the various human–
elephant conflict and environmental variables. Distance to
refuge area was most commonly significantly correlated
with other variables (Tables 2 & 3); spatial analyses comple-
mented these findings. We identified strong spatial relation-
ships between refuge areas, elephant movement patterns
and the occurrence and severity of human–elephant conflict.

At both study sites we identified a relationship between
the distribution of people and of refuge areas: villages were

FIG. 3 Temporal trends in crop
loss and property damage as a
percentage of the total annual
loss at the two study sites
during (a) 2006, (b) 2007, and
(c) 2008.
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predominantly located close to refuge areas. At the Goalpara
study site 75% of all villages were within 1 km of a refuge
area and 50% were within 400 m. Similarly at the Sonitpur
study site 75% of villages were within 900 m of a refuge and
50% were within 500 m. The spatial patterns and scale of
human–elephant conflict showed an even stronger relation-
ship to refuge, with 90% of all recorded parameters related
to human–elephant conflict occurring within 700 m of a
refuge area. The only exception to this was property damage
at the Goalpara study site, where 50% of incidents occurred
within 200 m of a refuge area and 90% within 1.48 km.
Seemingly contradictory to these findings is the strong
positive correlation at both study sites between the areas of
crop loss as a result of elephant depredation and the distance
to the nearest refuge area, indicating that the area of crop
damage per incident increases as crop depredation occurs
further from refuge areas.

In Goalpara the mean herd size was 18.8 ± SD 9.48
(range 1–50), composed of 1.6 adult males, 3.1 adult females,
0.6 juveniles, 4.0 calves, and 3.0 individuals of unknown
age or sex. At the Sonitpur study site the mean herd size
was 11.1 ± SD 17.2 (range 1–130), composed of 0.5 adult males,
0.4 adult females, 0.6 calves, and 8.0 individuals of unknown
age or sex.

Discussion

In landscapes that have been transformed by anthropogenic
influences such as expansion of agriculture, isolated popu-
lations of species often occur, persisting largely in remnants
of suitable habitat. Populations of wide-ranging species
such as elephants, however, may continue to move through
such landscape mosaics, and their movement patterns are
often influenced by the spatial distribution and suitability
of remaining refuge areas. Our findings indicate relation-
ships between refuge area distribution, elephant movement

patterns and the occurrence and severity of human–elephant
conflict, with communities adjacent to refuge areas being
most affected by human–elephant conflict. There is also
evidence of temporal variance, both seasonal and diurnal,
of conflict, as well as potential variance in the severity and
nature of the conflict as a result of cultural and socio-
economic differences in communities. These factors all have
implications for human–elephant conflict management.

Water availability often influences the movement of
animals but we found no correlation between water distri-
bution and any of the human–elephant conflict parameters.
The main movement of elephants at both study sites occurs
between protected areas and the Brahmaputra River through
a highly transformed human-dominated landscape but
where water is widely available in rivers and numerous
water bodies. Water influences human-population density
and crop density, as expected for rice-based agricultural
systems, but it is the distribution of refuge areas that
influenced elephant movement and thus human–elephant
conflict patterns in this study.

The nature, as well as the distribution, of refuge areas
may influence human–elephant conflict. The refuge areas at
our study sites were generally of a low value in terms of food
availability and nutritional quality for elephants. Remaining
forest patches were commonly state or community owned,
planted with commercial species, and with low levels of
biodiversity. Although tea gardens provide important re-
fuge areas, they contain little or no food resources for
elephants. We recorded no incidents of elephants consum-
ing tea. Demographic data showed that incidents of
human–elephant conflict tended to involve small herds
containing sub-adult individuals and calves. This could be
indicative of a nutritional necessity for crop depredation
and the raiding of granaries. Crop-raiding behaviours
in particular have more commonly been recorded amongst
male elephants in other regions and attributed to a high-risk
foraging strategy employed to gain a breeding advantage

TABLE 1 Quantification of the effects of human–elephant conflict
during 2006–2008 in the Sonitpur and Goalpara districts of Assam
(Fig. 1), and in total for both study sites, in terms of crop
depredation, property damage, injuries and fatalities suffered by
people, and injuries and fatalities suffered by elephants Elephas
maximus.

Sonitpur Goalpara Total

Area of crop depredation (km2) 1.81 1.24 3.05
Financial losses as a result of
crop depredation (GBP)

30,265 14,364 44,629

No. of properties damaged 442 362 804
Cost of damage to properties
(GBP)

15,042 14,973 30,015

No. of people injured 14 8 22
No. of human fatalities 7 7 14
No. of elephants injured 5 7 12
No. of elephant fatalities 0 0 0

FIG. 4 Diurnal pattern of incidents of crop loss or property
damage caused by elephants, showing the percentage of
incidents that occurred during different time periods.
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(Sukumar & Gadgil, 1988; Sukumar, 1991). The drivers for
depredation of crops and granary stores by elephants
require further investigation but these results may indicate
that mitigation methods themselves (the protection of crops
and granaries), though removing the direct risks to people
and elephants inherent in human–elephant conflict situa-
tions, may place nutritional stress on elephant populations.
Management strategies should consider fostering attitudes
of acceptance towards low-level crop loss rather than
attempting to negate all elephant crop depredation, and
should focus on the management of refuge areas that have
a food resource value for elephants.

Our findings indicate that the primary function of refuge
areas for elephants is not nutritional but to enable elephants
to avoid contact, and conflict, with people. Refuge areas may
also have a physiological role, such as the provision of
shade to assist thermal regulation (Kinahan et al., 2007).
Elephants leave the refuge areas in the evening, which would

fit with both of the above suggested functions, and human–
elephant conflict occurs mostly between evening and dawn.
This diurnal resting pattern has been observed in other
elephant populations experiencing conflict with humans
(Venkataraman et al., 2005). Elephants at the Goalpara
study site become active earlier and anecdotal field reports
suggest that this difference in behaviour is because of
variations in how communities respond to elephants. At the
Sonitpur study site, particularly around the tea gardens,
communities respond more quickly and aggressively to
elephants emerging from refuges, thus limiting crop and
property damage. The delayed occurrence of human–
elephant conflict at the Sonitpur study site may be a result
of the proactive approach of communities to protecting
their crops and properties, or it may be because elephants
emerge from refuge areas later, when they feel more secure.
The tea garden communities are largely composed of
immigrant labourers, and such communities may not have

TABLE 2 Spearman’s rank correlations* between factors potentially influencing the occurrence and scale of human–elephant conflict at the
Sonitpur study site.

Distance
to refuge

Distance
to water

Human
population
density

Crop
density

Distance
to nearest
village

Crop loss
(area)

Human
death or
injury

Elephant
death or
injury

Property
damage
(count)

Distance to refuge
Distance to water − − −
Human population density + + NS
Crop density + + + − − + + +
Distance to nearest village NS + + + − − − − − −
Crop loss (area) + + + − − − NS + + + − −
Human death or injury NS NS NS NS NS NS
Elephant death or injury − NS NS NS NS NS NS
Property damage (count) − − + NS NS NS − − − + + + NS

*+, positive correlation (P, 0.05); ++, positive correlation (P, 0.01); + + +, positive correlation (P, 0.001); −, negative correlation (P, 0.001);
− −, negative correlation (P, 0.01); − − −, negative correlation (P, 0.05); NS, no significant correlation

TABLE 3 Spearman’s rank correlations* between factors potentially influencing the occurrence and scale of human–elephant conflict at the
Goalpara study site.

Distance
to refuge

Distance
to water

Human
population
density

Crop
density

Distance
to nearest
village

Crop loss
(area)

Human
death or
injury

Elephant
death or
injury

Property
damage
(count)

Distance to refuge
Distance to water − − −
Human population density + + + − − −
Crop density + + + − − − + + +
Distance to nearest village + + + − − − NS + + +
Crop loss (area) + + + NS NS + + + NS
Human death or injury NS NS NS NS NS NS
Elephant death or injury + NS NS NS NS NS + +
Property damage (count) + + + NS NS + + + NS + + + + + + + + +

*+, positive correlation (P, 0.05); + +, positive correlation (P, 0.01); + + +, positive correlation (P, 0.001); −, negative correlation (P, 0.001);
− −, negative correlation (P, 0.01); − − −, negative correlation (P, 0.05); NS, no significant correlation
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experience of dealing with elephants or share the local
tolerant attitude towards elephants, which is influenced by
religion. These communities live on the edge of tea gardens,
which function as refuge areas, and are therefore situated
in high-risk areas for human–elephant conflict. Their
more aggressive nature towards elephants, combined with
a greater occurrence of property damage compared to crop
depredation (as they are primarily labourers rather than
farmers), suggests that they pose a greater physical threat to
elephants. These cultural variances between communities,
both in terms of attitudes towards elephants and the type of
conflict experienced, need to be considered when engaging
communities in conservation.

For all communities those most affected by human–
elephant conflict are situated within 700 m of a refuge area.
These communities tend to have smaller than average
populations, with poorly protected homesteads and no
electricity. They are commonly dependent on small-scale
subsistence agriculture and live in areas of less than optimal
growing conditions. This finding is supported by other
studies that have also found that conflict with elephants
increases in intensity with proximity to forests (Kiiru, 1995;
Nath & Sukumar, 1998; Naughton et al., 1999; Nyhus et al.,
2000; Lahkar et al., 2007; Riddle, 2007). Sukumar (1989)
found that herds tended not to venture further than 1 km
from a forest boundary.

However, not all communities in areas of low crop and
human density suffer from human–elephant conflict, and
there is a lack of correlation between these factors in our
results. This indicates that there are several areas of low
human population density where elephants are present but
where there is no significant conflict. These communities
are not in close proximity to a refuge area but are in areas
through which elephants travel between refuges. There may
also be an increased likelihood of communities that have
been targeted by elephants previously being targeted again
in future raids (Sitati et al., 2005; Stewart-Cox & Ritthirat,
2007).We found that communities in areas of higher crop
density, which are further from refuges, suffer significantly
larger areas of crop loss per incident of elephant depredation
than communities close to refuges. However, communities
near refuge areas are subject to a much higher frequency
of crop damage by elephants. This may indicate different
crop depredation behaviours dependent upon access to
refuge areas. Field observations indicate that elephants often
employ a hit-and-run strategy, in which refuge areas are
used as a safe retreat. In areas of higher crop density, which
tend to be further from refuge areas, the increased area of
crop damage per incident may be a direct result of the higher
density of crops, which facilitates the consumption of more
crops in a short time. Areas of high crop density, perhaps
indicating more commercial rather than subsistence plots,
may also be more difficult to protect, and elephants may feel
more secure and remain for longer periods. These results

warn against misinterpreting parameters such as area of
crop loss when trying to quantify human–elephant conflict.
Small losses may have a disproportional effect on a
subsistence farmer. Similarly, minor but frequent instances
of elephants entering villages and damaging property may
have much larger psychological and economic effect than
major but infrequent occurrences, particularly in remote,
marginalized communities.

Whereas spatial patterns of elephant movement and
human–elephant conflict are influenced by the location of
refuge areas, seasonal patterns are more strongly influenced
by the agricultural calendar. Crop depredation peaks
between August and December, when the dominant Sali
rice crop is reaching maturity or is ready for harvest. This
period also coincides with an increase in property damage,
as elephants target stored crops. Sali rice is the major staple
subsistence crop and the primary source of income for most
rural families in the study areas, and crop depredation by
elephants is the most common trigger of human–elephant
conflict in Assam and throughout most of India (Lenin &
Sukumar, 2011). There is a smaller seasonal peak of crop
damage by elephants between May and July, when the Ahu
and Bodo varieties of rice reach maturity, although crop
losses are lower during this period. This may be a reflection
of the lower availability of these crops compared to the more
widely grown Sali rice. Property damage peaks during this
period, when it is likely that granaries will contain not only
newly harvested crops but also remains of the Sali harvest,
thus providing a more beneficial target for foraging
elephants. There is a significant correlation between the
occurrence of injuries and fatalities among villagers and
periods of increased property damage, when elephants are
entering villages. The results of this study could be used
to inform strategies to enable communities to persist
alongside elephants, and to provide guidance for land-
scape-scale management that will help sustain elephant
populations. Elephant movements are influenced by the
location of refuge areas, and manipulation of such refuge
areas could be used to manage where elephants and co-
mmunities come into contact. Large-scale projects to create
corridors for elephant movement are possible with sufficient
stakeholder involvement but when this involves rewilding or
relocation of human populations it can be politically
controversial and expensive. Corridors of tolerance may
be a more feasible alternative, where communities have
sufficient support and capacity to mitigate and tolerate the
degree of elephant-related loss incurred.

At a community scale an understanding of the spatial
and temporal patterns of human–elephant conflict is
necessary for effective elephant conservation but must be
combined with an understanding of cultural and socio-
economic influences. Marginalized communities close to
refuge areas are a priority for assistance but mitigation
and community engagement methods will need to be
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tailored to specific communities and sufficiently dynamic to
cope with seasonal variations in conflict situations. Effective
mitigation will increase tolerance towards elephants and
reduce the risk of aggressive retaliation. Community en-
gagement can also facilitate better management of negative
effects on existing refuge areas, such as encroachment or
illegal wood harvesting, and proactive measures to increase
the quality and quantity of available refuge areas, such as
reforestation projects. Crop losses as a result of depredation
by elephants can be reduced by using solar electric fences or
spotlights (Davies et al., 2011) but protection of granaries
should also be a strong consideration, particularly at times
of high risk.

Alternative livelihoods should also be a focus of
community-based conservation, removing dependence on
crops susceptible to depredation. Cash crops such as chilli,
turmeric and ginger, which elephants do not consume, can
diversify the harvesting periods and mitigate the risk of
elephant depredation.

Each community’s requirements are different, but
this study shows that temporal and spatial analysis,
when combined with an understanding of culture, socio-
economics and attitudes, can provide valuable information
for conservation initiatives at both community and
landscape scales.

The AssamHaathi Project has now expanded throughout
Assam. Selection of new project villages has been greatly
aided by spatial analysis of elephantmovements and conflict,
with particular attention to the refuge areas utilized by, and
influencing the behaviour of, local elephant populations.
A comprehensive community engagement process with
all new project villages continues to be the first and most
critical component of the conflict mitigation process.
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