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Abstract

In Kerala, human-elephant conflicts (HEC) are reported in almost all parts of the Western Ghats region, exceptionally high
in Wayanad. In recent years, there has been a notable surge in HEC occurrences throughout the state, leading to the loss of
property, animals, and life. The dependency of humans on enclosures, the transformation of natural areas into plantations,
and the fragmentation of natural ecosystems are the main reasons for the escalating conflict between people and elephants.
As a result, it is necessary to study the suitability of habitat for elephants and ensure their conservation. The study aims to
identify suitable elephant habitats in the Wayanad Wildlife Sanctuary using geospatial data based on their known associa-
tion with environmental variables. This study employs the Analytic Hierarchy Process (AHP), an approach to determining
the weightings of individual parameters in assessing habitat suitability. The analysis findings indicated that the central
portion of the study area within the Sultan Bathery (43.63 sq. km), range represents the most suitable area for elephant
habitat followed by Kurichat (33.59 sq. km) and Tholpetti (19.45 sq. km). The final output of the study, the Habitat Suit-
ability Map was validated by adding the human-elephant conflict locational data, which illustrates that the Kurichiat range
recorded the highest HEC conflict (50%), followed by Muthanga (29%), Sulthan Bathery (12%), and Tholpetti (9%). The
map could assist in managing, conserving, and protecting forest resources and aid in decision-making activities.
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Introduction

Habitat is a term that refers to a specific species and possibly
even a specific plant or animal population (Morrison, 2006).
Wildlife habitat is a space combined with resources like
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disintegrating or being converted to other land uses. As a
result, numerous species have undergone significant popu-
lation declines, eventual extinction from specific locations,
and even extinction. Moreover, the species that depend on
those habitats are inevitably threatened. According to a sig-
nificant report by the conservation organization WWF, wild-
life numbers have decreased by more than two-thirds in less
than 50 years on a global scale.

Asian elephants (Elephasmaximus) are the continent’s
largest terrestrial mammals. They were once widely dis-
persed across the Indian subcontinent but are now listed
as the world’s most seriously endangered species of large
mammals on the IUCN red list (Natalie Diemer, 2003). In
thirteen range countries covering South and Southeast Asia;
they live in dry to wet forest and grassland landscapes. A
rapid fall in wild populations and severe habitat fragmen-
tation threaten the Asian Elephant, which was previously
common in tropical south and south-east Asia (Choudhury
1999). With the growing human population and their desire
for a higher quality of life, the elephant is threatened by hab-
itat loss and fragmentation (Pearson et al. 1996). Moreover,
they are exposed to habitat loss and fragmentation due to
the increased human population, and these elephant habi-
tats are being cleared for human settlement, agriculture and
logging. As a result, elephants, in search of food and water,
tend to enter human habitations and, in the process, often
come into direct conflicts with humans by destroying crops,
livestock, or property and sometimes by even killing peo-
ple (Areendran et al. 2011; Kushwaha and Hazarika 2004;
Sukumar 1994). The elephants in Asia have lost so much
of the former habitat that they are often forced to invade
the displaced communities, leading to increased conflicts
with men (Natalie Diemer, 2003, Santiapillai, 2010). The
greatest dangers to the elephant’s survival are changes in its
habitat and a decline in its suitable habitat, both of which are
brought on by increased human activity (Sharma et al. 2020;
Zhang and Wang 2003).

According to the Project Elephant (2017), the estimated
population of wild Asian elephants in India is 29,964. The
figures are lower than those from the 2012 census estimate.
According to the 2017 elephant census, Karnataka, Assam,
and Kerala are the states with the most elephants. In Kerala
the elephant population shows a decreasing trend from 6177
to 5706 from 2012 to 2017 (MoEFCC 2017). The Western
Ghats are famous for their incredible list of larger mam-
mals, which includes 25% of the Asian elephant worldwide
population. (Baskaran 2013). Most of the elephant ranges
in the southern Western Ghats regions are mountainous
areas with tropical wet evergreen, semi-evergreen, moist
deciduous, dry deciduous and dry thorn forests in addi-
tion to high altitude Shola grasslands and plantations. Due
to a rise in human population and the resulting clearing of
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forest land for the establishment of industries, hydroelectric
projects, irrigation dams, and mining, the elephant popula-
tion and distribution reduced to isolated habitats inside the
Ghats throughout the 20th century (Baskaran 2013). Asian
elephants can adapt to various environments, ranging from
dense forests and grassy plains, and often concentrate where
there are perennial water supplies and vegetation (Prasad
et al. 2011). But the increased forest degradation and frag-
mentation of the natural elephant habitat due to human
encroachment results in the worst problem, the “Human
Elephant conflict” (HEC) which is the major issue in India’s
wildlife management field (KFRI 2002). In Kerala, the HEC
is reported in almost all districts and was particularly high
in Wayanad, Palakkad and Kannur (Sengupta, 2020). The
dependency of humans on enclosures and fringes has caused
fragmentation and depredation, which has increased the fre-
quency of human-wildlife conflicts. Moreover, vast areas
of natural forests have been transformed into teak, rubber,
and other monoculture plantations for economic purposes,
fragmenting natural ecosystems and escalating conflict
between people and elephants. The increased Human-Ele-
phant Conflict (HEC) has recently been the area’s primary
social and environmental problem. Little study has been
done on the area’s habitat analysis and human-elephant con-
flict. In this context, it is necessary to evaluate how well the
habitat suits the elephant species. Habitat suitability analy-
sis is an approach for determining whether a place will be
suitable for a specific species or group of species based on
their known interaction with environmental variables (Row-
den, 2017). An analysis of habitat suitability is performed
by evaluating the attributes of the habitat to determine the
habitat’s suitability for a particular species. GIS and Remote
Sensing techniques have been widely used to determine the
habitat of a particular species (Mandal et al., 2021; Huiyi et
al. 2021; Bukombe et al. 2022). Analytic Hierarchy Process
(AHP) is a decision-making tool that can be used to assess
the suitability of a habitat for a particular organism or group
of organisms. AHP allows for the prioritization of multiple
criteria and the determination of their relative importance in
a systematic and consistent manner. By utilizing these tools,
complicated linkages between factors can be evaluated, as
well as ecosystem management (O’Neill 1996). With the
application of geospatial analysis, the present study aims to
identify suitable habitat for elephants in the Wayanad Wild-
life Sanctuary.

Description of the study area
Wayanad Wildlife Sanctuary, established in 1973, formed

an integral part of India’s first biosphere reserve, the Nil-
giri Biosphere Reserve (NBR). Nilgiri Biosphere Reserve
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was the first from India to be included in the UNESCO-
designated World Network of Biosphere Reserves (desig-
nated in 2012). It is a contiguous protected area connected
to Nagarhole and Bandipur of Karnataka in the northeast
and Mudumalai in Tamil Nadu in the southeast (Fig. 1).
Administratively, the forest ranges in the Wayanad Wild-
life Sanctuary are divided into Sulthan Bathery, Muth-
anga, Kurichiad, and Tholpetty (Deepu et al., 2019), with
an undulating terrain and the altitude ranges from 650 to
1158 m. The Wayanad Wildlife Sanctuary is abundant in
both diversity and richness of animals. Almost all of Penin-
sular India’s big animals have been seen in the area, and the
elephants (Elephasmaximus) are prominent species in the
region. Wayanad Elephant Reserve has the greatest elephant
density (0.57 per km) in the state, followed by Anamudi,
Periyar and Nilambur Elephant Reserve according to the
results of the 2010 wild elephant census (KFRI 2012). The
sanctuary is comprised of moist and dry deciduous forests,
interspersed with plantations, agricultural areas, and settle-
ments (Fig. 2). The Protected Area is rich in diversity of
flora and fauna with many endangered, threatened, and rare
species. Wayanad District, as such, is distinct with a pre-
ponderance of tribes and has a high density of human settle-
ments within the Protected Area. As a result, the forest area
is in the stage of deterioration, resulting in deforestation,
wildfires, and the spread of invasive plant species, leading
to habitat fragmentation. The amount and pace of forest con-
version to other types of land use during 1950-1982 have
accelerated the man-wildlife conflict and forest degradation
in Wayanad Wildlife Sanctuary (KFRI 2001). Elephants are
an umbrella species protected in the sanctuary; thus, their
habitat suitability was analysed to determine the

Fig. 1 Location map of the study 76°00°E

habitats inside the sanctuary based on their known associa-
tion with environmental variables.

Materials and methods

The movement and distribution of an elephant’s home range
are influenced by a variety of parameters, including physical
and anthropogenic, biotic and abiotic, and variables related
to spatial or geographical information (Suhaida, 2015).
Identifying these parameters based on the examination of
prior research and knowledge is the first stage in evaluating
the habitat suitability analysis. The suitability of the habitat
for elephants in Wayanad Wildlife Sanctuary was investi-
gated through the establishment of parameters, which were
based on primary and secondary data. The distribution of
the elephant data was evaluated in a GIS environment using
seven habitat parameters: land use, Normalized Difference
Vegetation Index (NDVI), distance from water bodies, dis-
tance from roads, slope, and elevation. Each habitat factor
was identified and analyzed in the raster format in Arc. GIS
software. Each factor is divided into sub-parameters to ana-
lyze the elephant habitat interaction (Fig. 3).

Analytic Hierarchy Process (AHP)

The Analytic Hierarchy Process (AHP) is an effective
method for dealing with setting priorities in decision-mak-
ing that has the benefit of verifying the consistency of the
expert’s assessment. The ranking is done about an overall
aim and broken down into criteria using a nine-point scale of
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Fig.2 Land use and Land cover 76°00°E
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5=strong importance, 7=very strong importance, and
9 =extreme importance (Mandal 2021). The pair wise rela-
tive assessments of the parameters without inconsistent
decision-making make the methodology more accurate
for habitat susceptibility mapping. For efficient conserva-
tion planning and habitat suitability evaluation methods, it
is critical to identify the parameters that affect the spatial
distribution of elephants. Pair wise comparison scores are
standardized to create the standardized comparison matrix
for mapping elephant habitat suitability (Table 1). The pair-
wise comparison matrix shows the relative importance of
different factors that affect habitat suitability for elephants.

ana2 ... Ay
21G22 . . . A2y

1
A = (aij) = aiizl,aji:aij,aij# 0 (1

[T

The assumption of the set of criteria is C = {Cj | j=1, 2,
...... , n}.The output of the pairwise comparison is summa-
rized to an (n _ n) evaluation matrix A in which every ele-
ment aij (i, j=1,2, ...., n) is the quotient of weights of the
criteria(1). Following that, the weights are calculated using
the arithmetic mean form, which is expressed as (2)

Aw = dmaxw 2

The consistency ratio (CR) was determined using the fol-
lowing Eq.
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The CR represents consistency ratio (0.055951), CI denotes
consistency index (4) of, max is the main matrix eigen
value (0.07), RI for random index (1.32) and n stands for
the number of matrix criteria. Each parameter was evaluated
independently and divided into many subcategories for the
habitat suitability analysis. Several suitability criteria were
offered to each subgroup according to relative priority using
the analytical hierarchy process (Table 2). Finally, using the
method based on the weighted linear sum, the individual
parameters are combined with their acquisitive weights to
create a single habitat suitability map (Fig. 4).

The habitat suitability index map

The habitat suitability Index Map was generated by calcu-
lating and evaluating the statistical significance and prefer-
ence weights of the chosen parameters acquired from the
AHP analysis. The derived weightages are combined to pro-
duce the habitat suitability Index map, categorized into four
zones: very low suitable, low suitable, medium suitable and
very high suitable (Table 3). According to the habitat suit-
ability analysis, out of the 454.22 sq. km area, 107.27 sq. km
is highly suitable for elephant habitat. About 112.71 sq. km
are classified as highly suitable, whereas 167.15 and 67.07
are classified as low and very low suitability, respectively.
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Fig. 3 Identified parameters for
Elephant Habitat Suitability
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Table 1 Pairwise comparison matrix for calculating parameter weight in AHP
0.00 LULC NDVI DW DR DS SLOPE ELEVATION
LULC 1.00 2.00 4 5 6 7 8
NDVI 12 1.00 3 4 5 6 8
DW 1/4 1/3 1.00 2 3 4 6
DR 1/5 1/4 1/2 1.00 2 3 5
DS 1/6 1/5 1/3 1/2 1.00 2 3
SLOPE 17 1/6 1/4 1/3 1/2 1.00 2
ELEVATION 1/8 1/8 1/6 1/5 1/3 1/2 1.00
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Table 2 Parameters sub-criteria classes and its significant weight gen-
erated from AHP calculation

Causal factors Sub-factors Weights CR

LANDUSE MD Forest  0.35 0.03
DD Forest 0.24
Waterbody 0.16
Plantation  0.11
Open scrub  0.07
Agriculture  0.05
Settlement  0.03
NDVI > 0.7 0.45 0.08
0.60-0.70  0.31
0.50-0.60  0.14
0.40-0.50  0.06
<0.5 0.04
DISTANCE FROM WATER <1000 0.42 0.04

1000-2000 0.30
20004000 0.15
4000-6000 0.07
> 6000 0.04
>2000 0.42 0.03
1500-2000 0.23
1000-1500 0.17
500-1000  0.11
<500 0.07
> 6000 0.46 0.03
4500-6000 0.26
30004500 0.15
1500-3000 0.08

DISTANCE FROM ROAD

DISTANCE FROM SETTLEMENT

<1500 0.05
SLOPE <5 0.37 0.01

5-10 0.24

10-15 0.17

15-25 0.12

25-35 0.06

>35 0.03
ELEVATION <750 0.50 0.02

750-850 0.26
850-950 0.16
> 950 0.08

The study revealed that the northern and central portions
of the study region had the highest habitat suitability with
less anthropogenic disturbance. The largest area for suitable
habitat was found in the Sultan Bathery range followed by
Kurichat and Tholpetti (Table 4). The very high suitable
area covers the central part of the study area in the Sultan
Bathery range and comprises moist deciduous forest with
a moderate slope and elevation. Medium suitable areas
include the Kurichiat and Tholpetti range. The Muthanga
range in the southern part exhibits the smallest area of for
suitable habitat. The elephant habitat in this area is highly
fragmented, appearing as tiny, isolated patches, and the con-
nection between habitat patches is minimal in this location.

@ Springer

Validation of the habitat suitability map

The habitat suitability map was validated by adding the
human-elephant conflict location data (Fig. 5). It was gen-
erated from the records of the forest department, Wayanad
compensation records, field visits, and a questionnaire sur-
vey. Incorporating the HEC locations into the habitat suit-
ability map allows for the identification of human-elephant
hotspots. The validation illustrates that the Kurichiat range
recorded the highest HEC conflict (50%), followed by
Muthanga (29%), Sulthan Bathery (12%), and Tholpetti
(9%). The majority of the conflict sites, according to the data
analysis, were agricultural fields close to the settlement and
none of the HEC points fell in the predicted suitable habitat
zones, proving the higher accuracy of the Habitat Suitability
Map. The map could assist in the decision support system
for forest managers and aid them in their decision-making
activities, better managing, conserving, and protecting valu-
able species of fauna.

Results and discussion

The movement and distribution of an elephant’s home range
are influenced by a variety of parameters, including physical
and anthropogenic, biotic and abiotic, and variables related
to spatial or geographical information (Suhaida 2015). Iden-
tifying these parameters based on the examination of prior
research and knowledge is the first stage in evaluating the
habitat suitability analysis. The spatial pattern of elephant
data was evaluated on the GIS platform using the recog-
nized habitat parameters, including land use, NDVI, dis-
tance to the road, distance to the water body, and distance to
the settlement, slope, and elevation. Each habitat factor was
identified, and each factor was divided into sub-parameters
to analyze the elephant habitat interaction.

Land use and land cover features create a heteroge-
neous habitat pattern, which also greatly influences habi-
tat selection and ecosystem function (Mandal 2021). The
land use and NDVI were generated from the Landsat 8
OLI satellite imagery obtained from the USGS Earth
Explorer data portal. The land use types of Wayanad
wildlife sanctuary are divided into dry and moist decidu-
ous forest, plantations, open scrub, agriculture, settle-
ments, and water bodies. The forest is the best example
of a deciduous forest, and teak plantations dominate the
region. The prominence of bamboo breaks, along with the
dryness, is one of the area’s most notable characteristics.
Elephants frequently favour areas with grass growth and
other fodder (KFRI 1994). The land use map indicates
the majority of the region is occupied by agricultural
land, mainly close to water resources. The agricultural
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Fig. 4 Elephant Habitat Suit-
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Table 3 Suitable habitat zones

Class Area (sq. km) % of suitable habitat zones
Very low suitability — 67.07 14.76
Low suitability 167.15 36.80
Medium suitability 112.71 24.81
Very high suitability  107.27 23.61

Table 4 Area of suitable habitat ranges in wayanad wildlife sanctuary

Range Area of (sq. km) suitable habitat ranges
Very high Medium Low Very low
suitability suitability suitability suitability
Muthanga 10.49 30.65 39.20 13.76
SulthanBathery ~ 43.63 21.11 23.00 9.68
Kurichat 33.59 35.49 56.62 26.36
Tholpetti 19.45 2531 48.22 17.20

crops in the region include plantains, arecanuts, paddy,
coffee, elephant yam, colocasia, purple yam, etc. These
areas experience crop raiding and frequent human-ele-
phant conflicts. NDVI determines the vegetative cover
in the area and differentiates between forest and non-
forested areas. The NDVI value shows that the central
and northern portions have abundant, healthy vegetation,
which is the elephants’ natural home. The low NDVI in
the southern portion indicates the loss of green cover and
forest degradation due to human interference. Elephants
prefer the areas with the greatest NDVI value and high
vegetative growth.

One factor determining habitat choice is proximity to a
water source (Ngene et al. 2009; Alfred et al. 2001). The
availability of water may be significantly influenced by

T T T
76°10'0"E 76°20'0"E 76°30'0"E

the distribution of elephants. They prefer perennial water
bodies and avoid those with temporary human dwellings
(Pastorini, 2010). A raster buffer distance from the water
body of 1000—6000 m was created. The buffer distance
from water bodies was analyzed, and a significant corre-
lation was revealed with the water sources. Elephants in
the region get their drinking water from streams and riv-
ers, while habitat suitability decreases with distance from
the water source. The Kabini River, Noolpuzha, Manjar-
thodu, and Bavelipuzha drain the region. The elephants
always prefer areas close to water bodies; hence, it is
ideal for their habitat. The water bodies mainly drain the
central and southern portions of the study area; hence, the
preferences for ideal habitat will be high in this area. It
is crucial to consider human disturbances when evaluat-
ing habitat suitability since human activities are becom-
ing more and more vital for the survival of wild animals.
The settlement data was acquired from classified satellite
imagery. A total of 107 settlements are distributed within
the 57 enclosures inside the Wayanad Wildlife Sanctuary.
These settlements are inside the sanctuary, near the agri-
cultural land and water bodies. Most of the settlements
in the area were identified along the southern part of the
sanctuary. A raster buffer distance from settlements of
1500-6000 m was generated. When the anthropogenic
activity inside the habitats expanded, the habitats became
more fragmented, causing the elephants to move outside
the area (Ngene et al. 2009; Alfred et al. 2001). They were
forced to abandon the dense forest and move to nearer
settlements due to habitat loss. Moreover, the effective

@ Springer
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Fig.5 HEC and EHS
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area that elephants may inhabit is being reduced by the
invasion of alien species. As a result, several native spe-
cies decline, and less food, water, and shade will likely be
available in the ecosystem, which may tempt elephants to
wander into nearby human settlements and cause conflict.
One of the worst manifestations of the human-animal
conflict reported in the study region is crop raiding. Crop
raiding has also reportedly been caused by an increase in
elephant populations and local overabundance that has
deteriorated habitat. The main crop raiders in the region
were eclephants, wild boar, gaur, sambar deer, spotted
deer, etc. Among them, elephants were responsible for
75.85% of crop robberies. Paddy was the most frequently
raided crop, followed by ginger, coconut, plantains, are-
canuts, and coffee due to trampling, followed by feeding.
The seasonal occurrences of crop raiding reveal that most
crop raiding occurred during the wet season, with the
remaining occurring in the summer (KFRI 2001). Crop
raiding and the associated conflict events were more fre-
quently reported in enclosures than in peripheral settle-
ments (Menon, 2020).

The presence of many human settlements within the
area and a large number of road networks disturbs the
elephant habitat. The impact of highways and settlement
areas inside the sanctuary breaks the previously con-
tinuous ecosystems and results in the loss of potential
habitats (Zhang et al. 2021). The open street map (OSM)
format obtained the road layer inside the sanctuary. The
number of roads in an area greatly impacts habitat loss,
degradation, and fragmentation. The roads in the study
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area include highway, metalled, and unmetalled roads.
Most of the roads are unmetalled fair-weather jeepable
roads, and the total length of the road network inside the
study area is 270.65 km. The influence of forest roads
was analyzed using a raster buffer with a distance rang-
ing from 500 to 2000 m. A major elephant corridor runs
through the northern part of the Tholpetti range between
Thirunelli and Kudrakote. The wildlife in the forest
region closer to the road is disturbed by heavy vehicle
movement, loudness, and the frequency of human activ-
ity. The high road frequency in the forest area has a nega-
tive impact on habitat loss and fragmentation. Most of
the settlements in this research region are scattered over
the surrounding forest and agricultural areas. Road prox-
imity is a sign of higher disturbances, whereas habitats
further from these elements showed fewer disturbances
(Areendran et al. 2011). The close proximity to the road
network disturbs the western part of the study region.
Elephant density and suitable habitats are constrained
by increasing elevation and slope (Ochieng 2015). The
DEM was used to calculate the elevation and slope using
ArcGIS software. The area’s elevation ranges from 733
to 1156 m, with a slope of 39.04 degrees. Topographic
elements like slope and elevation constrained the distri-
bution of elephants. Generally, elephants avoid high ele-
vation and steep slopes because of their large body size
and prefer medium elevation and moderate slopes.
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Conclusion

Habitat fragmentation and loss due to human activities have
resulted in the decline of wildlife populations, including the
endangered Asian elephant species. As the human popula-
tion continues to grow and development activities expand,
more wildlife habitats are being converted into agricultural,
settlement, and other land uses, leading to severe habitat
fragmentation and loss. The human-elephant conflict (HEC)
is a significant issue in Wayanad, Kerala, and has resulted in
habitat fragmentation and degradation. The protected area
is home to many endangered, threatened, and rare species,
but the high density of human settlements within the pro-
tected area has led to deforestation, wildfires, and the spread
of invasive plant species. The habitat suitability analysis is
necessary to identify suitable habitats inside the sanctuary
based on the elephants’ known associations with environ-
mental variables. The study’s results can be used for eco-
system management and the development of conservation
strategies to reduce human-elephant conflict and preserve
elephant habitats. The impact of highways and settlement
areas inside the sanctuary breaks the previously continu-
ous ecosystems and results in the loss of potential habitats.
The study highlights the importance of considering human
disturbances when evaluating habitat suitability, as human
activities are becoming increasingly vital for the survival
of wild animals, and crop raiding and associated conflict
events are more frequently reported in enclosures than in
peripheral settlements. The study revealed that the north-
ern and central portions of the study region had the high-
est habitat suitability, with the Sultan Bathery range having
the largest area of suitable habitat. The Habitat Suitability
Map was validated using human-elephant conflict locational
data, which proved its accuracy. The study ultimately delin-
eates elephant habitat suitability zones using geographic
and ecological parameters. The findings of this research
may help address socio-economic problems involving ani-
mals and habitat quality. Planners and managers may benefit
from a map of demarcated suitability zones for controlling
migratory elephant patterns and the management of wildlife
by conserving and protecting valuable species of fauna.
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