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Abstract

Increasing human population put significant impact on the wild-life habitats all over
the globe. Guwabhati, the largest city of North-Eastern part of India experiences the
human-leopard conflict from last few decades. Studies advocate that once this region was
a suitable abode for many animal species, especially for the leopards. But the growing
urban built-up progressively shrinks the suitable habitation site for this species that
leading to the frequent conflicts between man and leopard within the city region. Rapid
decrease of leopard population and increasing incidences of encounters are the major
concern for the sustainable conservation of the species. In this study, an effort has been
made to evaluate the habitat suitability of leopards in Guwahati city region by using
composite score method. Four parameters are considered to perform the spatial analysis
such as leopard conflict locations collected using camera traps, pug marks/scat, and
conflict locations; spatial distribution of population derived from LandscanTM
population data; land use/ land cover data classified using Landsat 8 OLI satellite
imagery and elevation information extracted from SRTM Digital Elevation Model (DEM).
Results of the analysis suggests that the region near Fatasil hill, Japorigog hill and areas
of Amsang Reserve forest as the most suitable habitat for the leopards. Outcome of this
study will help the people living within or near those region to avoid possible encounters,
while it will also help the concerned authorities to take adequate steps for the
conservation of the species as well as the habitats.

Keywords: Guwahati city, human-Leopard conflict (HEC), habitat-suitability,
composite score, spatial analysis

1. Introduction

Human impact on the forest and wildlife have been well monitored, documented [1,
2,3] and established in different parts of the globe. Out of the many factors leading to
deforestation and extinction of wildlife, the human footprints[4, 5, 6] have been the
prominent one and many contemporary researchers have believed that human influence
arguably is the most influencing factor affecting all kinds of life form in today’s world[2].
Urban forest has been increasingly fragmented [7, 8], deteriorated due to anthropogenic
pressure [9, 10, 11, 12] and has been reflected in growing fragmentation, encroachments
and increasing concrete surfaces, etc. The wildlife of the urban forest has been worst
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affected as reducing prey density [13, 14], habitat and retaliatory casualties [15] are on the
rise. In situ conservation or protected areas offer asylum to those threatened species,
however, it is not sufficient to reduce growing man-animal conflict [16, 17, 18, 19],
[20],.However, conflicts outside the peripheries of the protected areas are more significant
and often remain unnoticed and uncounted.

Although the increase of human population is often related to decreasing of wildlife
population, yet in many cases the human concentrations ie urban centers also
accommodate a lot of wildlife [21, 22]. The conservation efforts, therefore, warrants
inclusion of new and untouched areas into the ambit of conservation[23, 24],. The
numerous cases from countries all over the world demonstrate the severity of human-
wildlife conflict [25, 26, 27] and suggest that (IUCN - the World Conservation Union -
Red List of Threatened Species, 2003) an in-depth analysis is essential to understand the
problem and support the conservation prospects of threatened and potentially endangered
species. this for the first paragraph in a section, or to continue after an extract.

Leopards are highly adaptive species that live in and around many human-dominated,
both urban and agricultural landscapes. It is a daunting challenge to ensure the peaceful
co-existence of leopards among high densities of human settlements[27]. Carnivore
density is known to be dependent on prey density. Research indicates that even in such
high human density areas, attacks on humans and domestic animals in most cases can be
kept in very low levels. The goodwill and trust of people especially in these areas are vital
to dealing with crisis situations arising out of the loss of life and livestock by leopards.
The Guwahati, the largest city of the North-eastern part of India also experience growing
man-leopard conflict which needs to be addressed not only to save this species but also to
reduce growing human and leopard casualties arising out of the conflicts. The present
study attempts to identify and record the human-leopard conflict areas in Guwahati city
through field observations, camera trapping, GPS survey, etc. based on the 168 field
observations over a span of three years (2015-2018) and tried to prepare a habitat
suitability map and zonation so that in-situ conservation planning can be extended to the
one of the most beautiful predator on earth besides minimizing human casualties through
the adoption of necessary proactive measures.

2. Study Area and database

2.1 Study Area: Guwahati, the capital city of Assam confined to the Kamrup
Metropolitan District. It covers an area of 178.5 km? (excluding the area covered by the
Brahmaputra River) and having the population of 9.68 lakhs according to the 2011
census. The average altitude of the city is 49.5- 55.5m above the MSL[28]. The city
Guwahati is demarcated in the north by the Brahmaputra river; in the south by the
extension of the Khasi Hills of Meghalaya plateau; in the south and south-west by the
Rani Reserve Forest, Deepor Beel, an important Ramsar site and the alluvial tracts of the
Brahmaputra Plain; and in the east by the hill ranges of Meghalaya. The Guwahati city
enjoys the Sub-tropical climatic conditions characterized by the high humidity and heavy
precipitation in the summer and mild winter [28]. The Guwahati city experiences
maximum temperature of 35-39 °C in summer and 5-8 °C in winter [29]. The soil
taxonomy of the Guwahati city is characterized by coarse-loamy (Mollic Fluvaguents),
clayey (Typic Kandihumults) and fine (Typic Kandihumults) soils according to the
National Bureau of Soil Survey & Land Use Planning (NBSS & LUP) State Soil Map.

The city is inhabited with Indian Common Leopard (Panthera pardus fusca), a
schedule one species under Indian Wildlife (Protection) Act 1972. However, over the
years, there have been growing casualties on human-leopard conflicts in the region which
requires urgent attention to mitigate the conflict[30] and adopt sustainable conservation
measures.
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Figure 1: Location of the Study Area

2.2 Database: Different datasets were used for this study to fulfill the mentioned
objectives. Digital Elevation Model (DEM) plays important role to understand the
behaviour of leopard habitat with respect to different altitudes. Here we considered the
Shuttle Radar Topography Mission (SRTM) DEM of 1 Arc-Second (30m) for elevation
information of the study area. Land use/Land cover of the study area prepared using
Landsat 8 OLI level-1 data. Both DEM and Landsat 8 OLI imageries were downloaded
from https://earthexplorer.usgs.gov/. Nine classes were made in the Landsat images using
supervised classification technique by applying Maximum likelihood Classification
(MLC) method in ArcGIS 10.6 environment. On the other hand human population data of
the study area derived from LandScan 2017TM. Necessary leopard observations were
made using extensive field survey, camera traps, pug-mark survey, questionnaire, and scat
sample survey. Den areas and conflict locations were marked with GPS during the field
observation. All the datasets used in this study are represented in the (Table 1). For geo-
visualization and spatial analysis ArcGIS 10.6 was used.

Table 1: Data used in the study

SI No | Data Description Source

1 DEM SRTM DEM (30m) | https://earthexplorer.usgs.gov/
2 Population LandScan 2017TM https://landscan.ornl.gov/

3 Land use/Land cover Landsat 8 OLI https://earthexplorer.usgs.gov/
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3. Methodology

To achieve the required objectives following methodology have been applied (Figure 2).

Leopard / DEM / / Satellite Image / / Population /
Sighting Case

Pre-processing Reclassification
Supervised
Classification
Reclassification
N Ll
Weights Assigned | | Weights Assigned | | Weights Assigned |
)

v I
Composite
Score

Habitat Suitability
Analysis using
Interpolation Method

l

Leopard Habitat
Suitability Map for the
Study Area

Figure 2: Methodology adopted in the study

3.1 Identification of Leopard Sighting Cases: Leopard sighting cases were identified
with a detailed fieldwork, where human-leopard conflict, pugmarks, camera traps, wild
caught, cattle lifting, scats, mortality and accidental deaths, and rescue cases, etc.
analyzed and GPS points for every location were recorded. Altogether 168 identification
sites were finalized and considered for this study.

3.2 Digital Elevation Model: Digital elevation model of SRTM for the region was
clipped and re-classified into five different classes based on their elevation. Value for
each class was assigned based on actual occurrences of human-leopard conflict in each
zone.

Table 1: Elevation wise Leopard Sighting Cases

SI. No. Altitude (m) Frequency of HLC Assigned Weights
1 <72 47 4
2 72-107 37 3
3 107-146 57 5
4 146-193 18 2
5 >193 9 1

3.3 Land Use/Land Cover: Supervised classification technique was applied to classify
the different land use/land cover categories following the work of [31, 32, 33 , 34].
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Landsat 8 OLI-TIRS (Operational Land Imager/Thermal Infrared Sensor) multispectral
satellite imagery for the year 2018 was obtained from the USGS (United States
Geological Survey) Earth Explorer with zero percent cloud cover to perform the image
classification process. Radiometric correction of the satellite image was done using dark
pixel subtraction method. Spectral enhancement techniques such as band ratio were
applied to enhance the image quality and to improve the quality of the interpretation. The
Supervised classification techniques using both parametric (Maximum likelihood) and
non-parametric (Feature space) decision rules in Erdas Imagine (v 2014) were used with
sub-setted satellite imagery. During the signature collection process with respect to each
LULC category, information from Google Earth, Survey of India topographical maps
(1:50,000) and a handheld Global Positioning System (GPS) device were used.

Table 2: Land use/ Land cover classes and assigned values

Land use/ land cover Value assigned
classes

Unclassified

Open forest
Non-forest/Grassland
Dense Forest

Built up

RN W|O

3.4 Population: According to the census of India 2011, the population of Guwahati city is
9,57,352 persons. In this study LandscanTM population data of 2017 was used. The
population data was clipped on the basis of city extend and re-classified into 5 different
classes (Table 4).

Table 4: Population class wise assigned values

Population (per km2) Class Value assigned
<906 Very low 5
906-2035 Low 4
2035-4681 Moderate 3
4681-9694 High 2
>9694 Very High 1

3.5 Habitat Suitability Analysis: A habitat suitability model attempted with the existing
datasets. Each spatial dataset was reclassified into five classes and a value assigned for
each class ranging from 1-5. A composite score map was generated based on the assigned
values for each class. The composite score values were interpolated using Inverse
Distance Weighted (IDW) method and habitat suitability of leopard in the study area was
visualized.

4. Results and Discussion

4.1 Leopard Sighting Cases: As mentioned in the methodology sections, depending on
the human-leopard conflict, pugmarks, camera traps, wild caught, cattle lifting, scats,
mortality and accidental deaths, and rescue cases, etc., leopard sighting cases were
considered and GPS locations were recorded. Here in Figure 3, all the 168 sighting
locations were visualised. Out of the total 168 cases, maximum of 32 were rescue cases,
31 were human-leopard conflict cases, 22 were wild caught, another 22 were mortality &
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accidental death cases, 18 cases recorded as scat, 17 cases were pugmarks, 17 cases
recoded as cattle lifting and rest 9 were recorded as camera trap cases (figure 4).
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Figure 2: Leopard Sighting Cases

35
3

30
25
20
15 4
10 4
5
o

No. of Cases

2
31
22 22
18
17 17
I I |

Rescue Human-Leopard Wild Caught Mortality & Scat Pug Mark Cattle Lifting Camera Trap
Conflict Accidental
Death
Different Types

Figure 3: Histogram showing category wise sighting cases within the study
area

4.2 Land use/ land cover in Guwahati: The classification scheme has been developed
based on ancillary information, fieldwork, local knowledge and visual interpretation of
each class of land cover over satellite imagery and Google Earth. The study area has been
classified into nine broad classes namely dense forest, open /degraded forest, non-forest
area (inside RFs) (as per FSI report 1987), non-forest area (outside RFs), grassland
(riverine grassland), tree outside forest area, mining area (stone quarrying), rivers & water
bodies and sand & dry river beds. The classes are further reclassed into six types based on
present study. The resulting LULC map was analyzed for both within and outside the
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reserve forests and their habitat change attributes within the reserve forest are shown in

the table 5 below.
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Figure 4: Land-use/ land-cover of Guwahati City

Table 5: Wildlife habitat change in the reserve forests in Guwahati

WILDLIFE HABITAT CHANGE

Habitat Types Areain sq. km

1988 2008 2018
Dense Forest 10.12 5.45 51
Open Forest 8.1 4.12 5.78
Degraded Forest 3.42 11.75 12.08
Scrub Forest 2.78 3.21 2.7
Grassland 1.44 2.87 1.78
Water Body 2.65 1.11 1.07
Total 28.51 28.51 28.51

4.3 Suitable habitats for leopard in Guwahati: In search of the suitable habitat for
leopard in Guwahati the habitat suitability map has been further reclassifies to get four
classes of suitability (figure 6). From the analysis it is revealed that despite heavy
anthropogenic pressure the city of Guwahati still possess an area of 18.97 km? as highly
suitable habitat and 67.67 km? as suitable region. This highly suitable and suitable part of
the region needs urgent conservation intervention so that those areas can be preserved for

leopard habitat.
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Figure 6: Leopard habitat suitability map of Guwahati city

Table 6: Habitat suitability classes for Leopards in Guwahati

Zone Area (km2) Area (%)
Highly suitable A 18.97 10.73
suitable B 67.67 38.29
moderately
suitable C 78.38 44.35
not suitable D 11.73 6.63
Total 176.75 100.00

5. Conclusion

The rise of the human population and expansion of settlements if the leopard habitats is one of the
major cause of growing human leopard conflict. To reduce the present conflict level in both the
respondents, it is required to conduct a thorough survey on the population structure and size of
leopard and to install alarming devices on the periphery of the designated site to monitor their
movement. The region identified as highly suitable leopard habitat should be prioritized for leopard
conservation zones. Since the city has become major business hub and concentration of
anthropogenic activities sees a high in recent times all development planning should also keep in
mind the urban wildlife specially the Leopards. Since leopards are a territorial species their
twrritory needs to ne preserved for lesser man-leopard conflict.
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