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Abstract

Throughout the tropical regions, raising demands for the land due to the exponential growth of the human population has
resulted in habitat loss and fragmentation for wildlife. Consequently, wild animals come out from the fragmented habitats
and compete with the human for resources. In order to reduce this conflict, sustainable habitat management balancing the
socioeconomic needs of the people is of the utmost importance. The present study is an effort to assess the elephant’s habitat
suitability in the trans-boundary forested areas of India and Bangladesh, Patharia Hills Reserve Forest. This is an important
study considering the increased human—elephant conflict in the area, and also the area is home to many IUCN’s red-listed
animals including Chinese pangolin, spectacled monkey, capped langur. Field surveys were conducted to collect the elephant
distribution data and identify potential anthropogenic disturbances. Remote sensing and geographic information system along
with analytical hierarchy process were used in the methods for modeling habitat suitability to identify habitat parameters
and preparation of suitability maps. Vegetation status (32.50%), settlements (23.30%), elevation (17.20%) and water sources
(12.70%) were found to be the most weightage parameters for the movement of the elephant. The study on elephant habitat
suitability mapping in the trans-boundary forest revealed that 6.88% area of the habitat is highly disturbed, 36.07% area is
somehow disturbed, 35.38% area is moderately suitable and only 21.67% area is most suitable for the Asiatic elephants.
Identification of suitable areas and potential factors disturbing the habitats is important for conserving and management of
wildlife for particular species and in particular sociophysical conditions. Sustainable management strategies can be fixed
based on the findings for the long-term conservation of elephants and other wildlife of the area.
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Introduction

Wildlife habitats are continuously being transforming into
agriculture, monoculture, settlements and many develop-
mental activities. Besides, modernization, globalization
Wildlife Research and Conservation Laboratory, Department and urbanization coupled with subsequent human popula-
(s)iljggrk;gg}é 6“1“11 Ii:g;’;onmemal Sciences, Assam University, tion explosion and demand for land have created huge inter-
’ ference in their wild habitats (Fahrig 2003; Fletcher et al.
Centre for Biodiversity and Climate Change Research, 2018). In India, land use land cover (LULC) transformation
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is continuously increasing as every year approx. 15.6 mil-
lion human populations are added to the current population
of India (UN 2017) and more land is required for their food
and shelter. The human population density of India was 138
per km? in 1955, which reached 460 per km? in 2019 (UN
2019; Worldometers 2019) and is expected to increase con-
tinuously to become the world’s most populous country by
the coming five years (UN 2019). This obviously indicates
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consistent increasing pressures on the wildlife habitats.
Habitat loss, increasing habitat fragmentations, edges and
patches are common consequences (Fletcher et al. 2018).
Fragmentation causes an increase in animal migration to
the nonforested lands (Haddad et al. 2015) and impels con-
flict with human. Large migratory animals are affected more
due to their relatively higher home range and increase con-
flict with the human. For instances, human—elephant con-
flict (HEC) has raised an alarming rate throughout its geo-
graphical distribution (Parker et al. 2007; Wahed et al. 2016;
Gunaryadi and Sugiyo 2017; Shaffer et al. 2019) and is a
major problem in elephant conservation in India (Sukumar
1994; Easa 2002; Singh et al. 2002; Kushwaha and Hazarika
2004). Almost 40,000 elephant populations are distributed
across its ranges; India alone holds almost 60% of them.
The state of Assam is the second largest number of elephant
population (5719) after Karnataka (6049) in India (MoEF
2017). Only a few proportions of the populations are sustain-
ing in the protected areas, while remaining major percent-
ages of the total population are struggling to survive in the
unprotected, disturbed and fragmented habitats (Choudhury
et al. 2008; MoEF 2017). Habitat loss and fragmentation are
the major causes of the decline of the population besides
poaching, killing, poisoning, electrocution, etc. (Leimgru-
ber et al. 2003; Hedges et al. 2005; Choudhury et al. 2008;
IUCN 2012). Conflict between human and elephant causes
crop raiding, injuries, deaths to humans and elephant’s death
by retaliating, food poisoning, electrocution and poaching
(Sukumar 1989, 1991; Hoogesteijn et al. 1993; Hoare 1995;
Cozza et al. 1996; Naughton-Treves et al. 1998; O’Connell-
Rodwell et al. 2000; Choudhury 2004). On average, every
day one human being is facing death due to elephant attack
and more than 100 elephants are being killed per year due
to HEC in India (Lenin and Sukumar 2011; George 2017).
HEC mitigation is a vital solution to conserve the endan-
gered elephant as well as the protection of human and property.
A lot of techniques have been utilized in different geographical
ranges but a holistic solution to this problem is yet to achieve
due to lacking science-based approaches (Desai and Riddle
2015; Parker et al. 2007; Wahed et al. 2016; Gunaryadi and
Sugiyo 2017; Shaffer et al. 2019). HEC solutions would be fea-
sible only after wild habitats are protected. Thus, sustainable
wildlife management (SWM) is the vital solution that ideally
acts as the efficient management of wild species, their habitats,
balancing with human needs and aspiration (FAO 2015). Such
protection of habitats needs proper management focusing on
the factors influencing their distribution and movement. The
parameters may be biotic or abiotic, natural or anthropogenic
(Porwal et al. 1996; Kushwaha et al. 2001; Sanare et al. 2015;
Dash et al. 2015), which are allied with the geographical fea-
tures or information (Aini et al. 2015). Geographical informa-
tion systems (GIS) and remote sensing (RS) are widely used
for obtaining information (Ahmad and Goparaju 2016; Ahmad
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et al. 2017) and identifying land use transformation on the
Earth’s surface. The tools are now being extensively used in
monitoring habitats for different species in different protected
areas of India and outside (Areendran et al. 2011; Porwal
et al. 1996; Yamada et al. 2003; Parihar and Panigrahy 1986;
Kushwaha et al. 2001; Sanare et al. 2015; Dash et al. 2015) to
fix appropriate strategies. RS and GIS can be used to gather
information pertaining to the physical parameters of habitat
or landscape. Complex attachments among the parameters
can also be assessed with these technologies incorporating
the parameters in the hierarchy process for decision making
and management at the ecosystem level (O’Neill 1996; O’Neil
et al. 2005). Analytical hierarchy process (AHP) introduced
by Saaty (1980) is widely used to assess both subjective and
objective parameters in choosing the best alternatives in vari-
ous fields (Lee et al. 2001; Qureshi and Harrison 2003).

Currently, habitats under protected areas are only safe-
guarded by the governments by creating Protected Areas (PA)
such as National parks and Wildlife Sanctuaries. Habitats out-
side protected areas are not considered with due importance
for conservation, and these are mostly lined with human settle-
ment. These types of habitats are easier to encroach and hence
deteriorating at a faster rate with increasing HEC. Conserva-
tion and management are crucial in such kinds of habitats for
the long-term sustenance of the elephants. Most of the con-
flicts in those small fragmented areas are not even reported.
About 45-50 elephants existed in the Patharia Hills Reserve
Forest (RF) of Assam, India, which are now restricted to only
five female elephants. The absence of a male elephant has lim-
ited their propagation, and the species is in serious threats due
to various anthropogenic activities both in habitat and along
their migratory corridor. India—Bangladesh International Bor-
der (IB) continues through the Patharia Hills RF, and different
parts of the IB are open for elephant migration. The elephants
often migrate through the trans-boundary India—Bangladesh
border. Unfortunately, habitats of the elephants have been
deteriorating because of diverse anthropogenic activities and
hence need special attention for long-term conservation of the
herd. Keeping this backdrop, the prime concern of the present
study is to identify the habitat suitability levels of the Asiatic
elephant in the Patharia Hills RF, characterizing threats with
the geospatial approach and exploring the viable solution to
protect it. Therefore, habitat suitability model was used in this
study to assess the existing elephant habitat and inventory for
future management.

Methods
Study area

The study was carried out in the Patharia Hills RF of Karim-
ganj district, Assam, India, and its adjoining Juri Range of
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Moulavibazar district, Bangladesh (Fig. 1). The southern
part of the area shares a boundary with the state of Tripura,
India, and Biani bazar and Karimganj town at the north
while Moulavibazar town, Bangladesh, at the west and
Patharkandi town, Assam, at the eastern side of the area.
Long rainy summer and short dry winter is the climatic con-
dition of the area. Annual average temperature ranges from
21 to 39 °C. The coldest month is December when tem-
perature even falls to 10 °C, and June—July are the warmest
months having temperature of 39 °C. Humidity varies from
80 to 90% in the morning and 40 to 50% at night. Annual
precipitation is greater than 2800 mm, which is mostly the
monsoon rainfall occurring during May—July or August.
The topography of the valley is comprised of large numbers
of small undulating hills with water sources at the middle.
Bangladesh’s largest waterfall ‘Madabh-kunda’ originated
from the area. Tropical evergreen and semievergreen forests
are the characteristics of the vegetation of the areas lying in
both Indian and Bangladesh territories (Champion and Seth
1968, Muzaftar et al. 2007).

The dense vegetation of the area along with many peren-
nial water sources is the home of many wild fauna IUCN
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Fig. 1 Map of India showing the state of Assam and the study area

2004; Talukdar and Choudhury 2017b; Talukdar et al. 2018)
including eight varieties of primate and endangered Asiatic
elephant. Khasi, Tripuri, Manipuri and Bengali communities
are surviving in and around the forest. Among them, many
families of the first three communities were the forest dwell-
ers from the last many decades and many have migrated.
Khasi communities are well-known forest dwellers in the
area, and their livelihood completely depends on the forest
ecosystems. The communities in the area cleared forest to
plant beetle leaf and beetle nut as the source of cash crops.
Besides, slash-and-burn practices (locally known as Jhum)
are prevalent in the area. Major roads connecting villages
in and around the forest create disturbance in the habitats
and provide easy excess to illegal logging and collection of
nontimber forest products (NTFP).

Both India and Bangladesh signed Memorandum of
Understanding (MoU) in 2015 (TOI 2015) to conserve
Endangered Phayre’s leaf monkey ( Trachypithecus phay-
rei) in the area; however, no such initiative was taken for
conservation of the Asiatic elephant, which is the need of
the hour. Human settlements, construction of roads, elec-
tricity and other LULC conversion are prevalent in the area,
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forcing HEC. Large areas of agricultural lands are affected
by the HEC, and many areas were kept barren to cot the
crop raiding.

Habitat suitability analysis
Data collection and preprocessing

Data were collected from November 2015 to June 2019
as per (Nath et al. 2009; Nath et al. 2013; Rahman et al.
2012; Matleb et al. 2016). Two groups were arranged along
with the first and fourth authors comprising three com-
munity members in each group who were trained to col-
lect all the incidents spots, secondary sources such as their
trails, pugmark and fecal deposits spots. These community
members were selected from three locations to widespread
cover of the study area. The members collected informa-
tion especially in summer and winter seasons as most of the
human—elephant conflict occurs at these seasons. Elephants
often come out of the forest at night, but their movements
were traced following their indications on conflict incidents,
trails, pugmarks and fecal deposits. Members visited their
respective areas every day from 8.00 to 10.00 in summer,
while in winter, elephants were followed from 14.00 to 17.00
based on their visible movements through the small forest
patches and tea gardens. Their presence was confirmed from
the residents and tea laborers, and then their movements
were followed from 14.00 to 17.00, i.e., until the elephants
approach the crop field at dusk. Global Positioning System
(GPS) which recorded all the locations confirmed the pres-
ence of elephants. After the completion of field study, Tar-
geted Group Discussions (TGD) were accomplished with
the Border Security Forces (BSF), Forest Staff (FS), HEC
victims and local communities to collect the relevant infor-
mation. Besides, major disturbances such as roads and set-
tlements within the study area were noted with GPS coor-
dinates. Major roads defined here are the vehicular roads
causing problems to the elephant movement. However, Jhum
cultivation (slash-and-burn type) identified in the survey was
not taken separately as it is reflected in the Normalized Dif-
ference Vegetation Index (NDVI) analysis.

Habitat suitability analysis

Habitat suitability analysis of the elephants in Patharia Hills
RF was studied establishing parameters based on the primary
and secondary data available on the elephants in the Patharia
Hills RF. Distribution of the elephant data was analyzed in GIS
environment with six identified habitat parameters, namely
Normalized Difference Vegetation Index (NDVI), Normal-
ized Difference Water Index (NDWI), Digital Elevation Model
(DEM), slope, settlements and major roads, to study the habi-
tat utilization of elephants. The former four parameters are
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important for habitat suitability (Kushwaha and Roy 2002;
Areendran et al. 2011, Aini et al. 2015), while the latter two
parameters are the prevailing elephant disturbance collected
during the field survey.

The Landsat image (path/row: 136/43) of the time Decem-
ber 2018 was downloaded from the USGS Web site. Down-
loaded imagery was cloud-free, and preprocessing of the
imagery was done by the Dark Object Subtraction method for
atmospheric haze reduction. This image was used for clas-
sifying the Patharia and Juri Forest landscape. The imagery
was used to create an NDVI map, which significantly high-
lights the vegetation health. The continuous NDVI image was
used for density slicing over the FCC for getting the various
vegetation class threshold value, which was later converted to
four classes, namely dense forest, medium forest, open forest
and nonforest. The NDWI (Gao 1996) was generated from
the satellite image to identify the water bodies and finally to
create water buffer. The settlement area and major roads were
digitized using high-resolution satellite imageries of Google
Earth, and toposheets were then converted to vector layer in
GIS software. The DEM was used to generate the elevation
and slope map. All thematic layers representing the factors
were then generated. Furthermore, multiple ring buffers for
representing the proximity to the variables were created at a
particular distance based on the field observations (Ahmad
et al. 2018). Maps were simplified using the spatial analysis
tool in GIS software.

The findings of the distributional data analysis were used
in assigning weights to evaluate Saaty’s analytical hierarchy
process (AHP) (Saaty 1980) (Table 1). AHP is the most used
multicriteria decision-making method to derive weightage for
assigning, in particular, habitat parameters (Kushwaha and
Roy 2002; Zhixi et al. 1995; Areendran et al. 2011, Aini et al.
2015; Dash et al. 2015; Sarkar et al. 2014; Carrilho 2015),
which is based on the assumption that few parameters are
higher influential than others in certain circumstances. Each
parameter was assigned a value compared with another rela-
tive importance for selecting the best, and then the values of
geometric progression (GP) were calculated for each row.
Reciprocal matrix and then normalized matrix were calculated
(Table 2) for constructing a priority rating of all the habitat
parameters. Then, consistency ratio (CR) was tested using the
following formula

CR = CI/RI ey

where RI is random index (value depends on order of the
matrix) and CI is consistency index. The CI is obtained
through the following equation:

A
Cl = Zmax 2)
n—1
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Tablg 1 Pairwise cgmparison Habitat parameters ~ Priority (%) Rank NDVI = Settlements Elevation NDWI Road Slope

matrix using analytical

hierarchy procedure NDVI 32.50 1 1 2.00 3.00 200 300  4.00
Settlements 23.30 2 0.50 1 2.00 3.00 2.00  3.00
Elevation 17.20 3 0.33 0.50 1 2.00 3.00 3.00
NDWI 12.70 4 0.50 0.30 0.50 1 2.00  3.00
Road 8.70 5 0.33 0.50 0.33 0.50 1 2.00
Slope 5.70 6 0.25 0.33 0.33 0.33 050 1

Principal eigenvalue =6.29

Eigenvector solution =5 iteration, delta=8.8E—8

Number of comparisons =15

Consistency ratio=4.7%

Table 2 Assigned ranks (AR) and normalized ranks (NR) for habitat
suitability

Factors Class AR NR
Major roads Below 100 m 4 0.4
100-200 m 3 0.3
200-300 m 2 0.2
Disturbance free 1 0.1
Settlements Below 100 m 4 0.4
100-200 m 3 0.3
200-300 m 2 0.2
Disturb free 1 0.1
NDWI Other than water buffer 2 0.67
Water buffer (< 100 m) 1 0.33
NDVI Non forest 4 0.4
Grassland 3 0.3
Open forest 2 0.2
Dense forest 1 0.1
Elevation Below 36 m 5 0.33
36-75 m 4 0.27
75-114 m 3 0.2
114-153 m 2 0.13
Above 153 m 1 0.07
Slope >36° 5 0.33
26°-36° 4 0.27
16°-26° 3 0.2
6°-16° 2 0.13
<6° 1 0.07

where A is the biggest eigenvalue of the framework and can
be effectively decided from the specified matrix and n is the
number of habitat suitability factors. The CR must be below
0.1 (Saaty 1980; Malczewski 1999).

The special scale was used to compare the factors domi-
nating one another to a given attribute and derive priority
scales (Saaty 1980). Assigned rank (AR) value 1 means it is
highly suitable, whereas higher values mean it is least suit-
able. Finally, potential parameters were integrated with the

GIS domain (Ahmad et al. 2018) for determining the differ-
ent levels of habitat suitability of the elephant. Each of the
vector layers was converted into raster format and multiplied
with the corresponding derived weight of all the factors.
Subsequently, the derived raster layer values were regrouped
to get the final habitat suitability area (map). A novel habitat
suitability model was used to extract the suitable habitat area
based on the weighted analysis method.

Suitable habitat area (SHA) = [(Mr,Mr,,) + (St,St,)
+(NDWI,NDWIL,)
+ (NDVI,NDVIL,) + (DEM,,DEM,),)
+ (EL,EL,) + (SL,SL,)

3
where Mr is major roads, St is settlements, NDWTI is the
Normalized Difference Vegetation Index, NDVI is the Dif-
ference Water Index, DEM is the Digital Elevation Model,
El is Elevation and Sl is the slope. The subscripts w and

nr represent weights and normalized value, respectively, of
individual habitat suitability factors.

Results

A total of 567 spots were recorded throughout the study.
Suggested priority ranking was computed with AHP based
on the elephant distributional data, and six factors were
found to be playing significant roles in the elephant distri-
bution of the study area. Analyzing elephant distribution
data revealed that vegetation status (32.50%), settlements
(23.33%), elevation (17.20%) and water sources (12.70%)
were the most influential parameters in distribution and
selection of an area for foraging (Fig. 2a). Most of the
elephant distribution records were in the area with dense
forest cover, higher elevation, proximity to water sources
and free from anthropogenic activities and developments.
Among the all aforesaid parameters, vegetation status was
found to be significantly influencing the distribution of the
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elephants (y*=29.76, df=35, p <0.001). Roads (8.70%) and
slope (5.70%) were not major parameters in the distribu-
tion of the elephants in the Patharia Hills RF; however,
these parameters collectively played an important role in
the distribution of the elephants. The CR in AHP was 4.7%,
which is much lesser than the reasonable levels of accept-
ance (Table 1). Multiple rasters and vector layers of each
parameter are shown in Fig. 2b. Elephant distributed data
reveal that most of the distributions (92.59%) were recorded
within 57.06% area of the habitat, while only 7.41% of the
distributions were recorded from 42.94% area of the total
habitats (Fig. 3) indicating priorities on different parameters.
Considering all the parameters, elephant habitat suitability
within the trans-boundary forest was mapped (Fig. 4), which
shows that 6.88% of the habitat areas was highly disturbed,
36.07% was somehow disturbed, 35.38% was moderately
suitable and only 21.67% was most suitable for the Asiatic
elephants.

Discussion

The results of the study indicate the vegetation is the most
influencing parameter in the distribution of elephants in the
study area (Fig. 2a). Elephants were mostly restricted to the
dense vegetation of the study area. This is coinciding with
other studies (Areendran et al. 2011; Aini et al. 2015; de
Beer and van Aarde 2008; Ngene et al. 2009; Alfred et al.
2001) as the elephants are safe in such type of area for get-
ting food and free from disturbances. Once the habitats of
the area were very good and large number of elephants sur-
vived (Talukdar and Choudhury 2017a, b; Talukdar et al.
2018), however, increased anthropogenic activities within
the habitats resulted in increased fragmentation, forcing
the elephants to travel outside the landscape. Shrinking of
habitats forced them to come out of the dense forest. They
forage in the areas with open forest and sometimes associ-
ated forest patches of the Bhubrighat Tea Estate (TE), Putni
TE and Piplagool TE (Talukdar et al. 2019) adjoining with
the human settlements. Unlike vegetation cover, settlements
were found negatively correlated with elephant distribution
in the study area. More distributional records were found
from the areas away from the settlements and major roads,
whereas fewer records were in the close proximity of the
two parameters. Settlements affect the habitats in many ways
such as creating minor and major roads and collecting non-
timber forest products (NTFP) and increase LULC transfor-
mation (Wilkie et al. 2000; Lindenmayer and Fischer 2006;
Talukdar et al. 2019).

Elephants were distributed more in the higher elevated
areas rather than the lower elevated areas of the study areas.
This might be due to the fact that the landscape does not
vary too much in the area, and it was reported that elephants
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are capable of moving a wide range of elevation (Wheelock
1980; Sukumar 1989; Choudhury 1999). Coinciding with
our findings, Rood et al. (2010) also found that elephants’
optimal niche is related to areas of high vegetation and pro-
ductivity. The higher elevation of the study areas is covered
with dense vegetations which are free from disturbances,
whereas vegetation at the lower elevated areas of the land-
scape is affected by disturbances. However, lower elevated
areas were mostly found in using for their migration and in
search of water.

Similar to the elevation, the availability of water plays a
crucial role in the distribution of elephants. Water is impor-
tant for habitat preferences (Areendran et al. 2011; Aini et al.
2015) and distribution of the elephants (de Beer and van
Aarde 2008; NgeneNgene et al. 2009; Alfred et al. 2001;
Claudia et al. 2012). Analyzing NDWI with elephant distri-
bution data in the study area revealed significant correlation
with the water sources. The southern parts of the area are
covered with many water sources, and the preferences of the
area for the elephants are more.

Roads in the habitats were not found to be creating too
many obstacles for elephant distribution as vehicular roads
in the area are at the peripheral or outside of the forest and
associated with the settlements. Only International Bor-
der Road is the major vehicular road within the study area
which is not creating disturbances as random people are not
allowed to access the road. Close proximity to roads is the
indicator of more disturbances, whereas habitats away from
these factors implied fewer disturbances (Areendran et al.
2011; Aini et al. 2015). The slope was also found in creating
disturbances to the elephant distribution although to a lesser
extent due to lower elevated landscape. However, elevation
combining with slope influences the distribution to a large
extent and hence usually elephants do not use the northern
part of the area. Besides, the extreme northern part of the
RF is covered with settlements and monocultural activities
creating unsuitable habitats.

Following the identified six significant factors and GIS
image processing through weightage overlay methods, four
potential habitat categories in the study area were identi-
fied (Fig. 4); areas with close proximity to the dense forest,
elevated areas, areas with available water sources and areas
free from disturbances were identified as most suitable habi-
tats, whereas areas away from water, having less vegetation,
having higher slope with elevation and in close proximity
to settlement and roads were considered unsuitable. The
scale of suitable categories was different from other studies
(Govil 2011; Kushwaha and Roy 2002; Aini et al. 2015) as
it is related to the distributional data, habitats conditions and
LULC of an area.

Although most of the habitats were found to be moder-
ate to highly suitable (57.06%), the ranges of somehow
disturbed (36.07%) and highly disturbed (6.88%) habitats
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were very high, indicating an urgent need for habitat res-
toration and protection. This is due to the fact new settle-
ments have increased in the recent past and the present
disturbed areas may turn into highly disturbed areas in
the near future. This scenario is very bad for any wildlife,
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especially large animals like elephants which require a
large amount of diet to sustain, and this might be the rea-
son for recent increasing HEC (Talukdar et al. 2019).

Implication for conservation

Habitat suitability mapping for the conservation of par-
ticular species is very essential to identify suitable and
disturbed habitats and therefore management. RS and GIS
can help in such an approach as RS provides accurate time
frame data to map and model with the GIS. In this study,
habitat suitability model provides existing suitable ele-
phant habitat as well as disturbed area which can be repli-
cated in other areas as well. Since most of the endangered
elephant populations are distributed outside the protected
areas (Choudhury et al. 2008; MoEF 2017) where they are
threatened by many anthropogenic activities and it is pro-
jected that climate change is going to rapidly decline the
habitats of the Asiatic elephant (Kanagaraj et al. 2019), in
that situation, such approach in the trans-boundary forest
is crucial where their habitat management will increase
the chances of survival of other wildlife as well. Impor-
tant parameters such as vegetation status, water sources
and settlements should be given high priority while plan-
ning management strategies. A large percentage of areas
were found to be somehow disturbed and highly disturbed
predicting more HEC in the upcoming days if the man-
agement activities would not be taken into consideration.
Least and moderately suitable areas should be taken into
consideration in afforestation programs to increase more
suitable areas to reduce HEC. Besides, demarcating the
lands is of the utmost importance to reduce encroachment
and LULC transformation. Tea garden owners of Assam
are encroaching into forest, impelling the habitat loss
and fragmentation (BBC 2018), which may be reduced
through demarcating the forest lands. In many areas, it
was noted that the forest was not under governmental
control and rubber plantation was carried out. Consider-
ing the importance of trans-boundary conservation, the
study approached to identify and map suitable areas of
the habitats falling under the jurisdiction of both India and
Bangladesh that should be used in future policy-making
in the study area for the long-term conservation of the
Asiatic elephants.
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