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One of the worst cases of human-elephant conflict in recent years has been that witnessed by the people and
elephants of Sonitpur district of Assam where both have lost many a life in the last few years of incessant conflict. Just
a few kilometers away, separated only by a state boundary and not by any ecological formation, lies the Pakke Wildife
Sanctuary in Arunachal Pradesh. Pakke has similar numbers of elephants but better forest cover. However, deforestation
had reached its very boundaries in the late 90s and conflict was only a stone’s throw away. In the early part of this new
millennium, WTI was offered an opportunity to work on elephants in Pakke. To begin with, there was little understanding
of numbers, density or demography of elephant populations in Pakke, nor was there a clear understanding of the
conflict. What was clear was that local Nyshi tribesmen were reporting high levels of conflict and the forest department
was besieged with calls for compensation.

The elephant project was carried out in Pakke for over five years (2000-2005) and not only did a fairly comprehensive
understanding of elephant population dynamics in the area begin to emerge but conservation issues such as resolving
the conflict and protecting the corridors that existed in the area were better understood. Simultaneously, the project
started conservation action, for WTI projects are not research oriented alone. This is carrying on in some measure to this
very day. A watcher compensation scheme was initiated and so were schemes to protect various corridors. Guards
were given the first level of anti-poaching training and various small rapid action projects were carried out in the area
near Seijosa. This helped win the confidence of the local Nyshi community and forest officials.

The project was greatly strengthened by the continuous support of successive DFOs of the area and the Arunachal
forest department in general. The Village Forest Development Committees of the local villages and the Gaon Burrhas
were also partners in the project. The project was also unique in involving a non WTI, principal investigator Surendra
Varma (this model has been tried out with great success in a few other projects as well after this) that extended this
partnering concept.

This report is a culmination of all that has been learnt and done in Pakke vis-à-vis elephant conservation. Much
has changed in the project itself, for example the replacement of the watcher scheme with the grain-for-grain scheme, a
unique way of giving relief to those affected by elephant depredations. Even more important to note is, that Pakke has
not witnessed any retaliatory killing of elephants by man nor has it claimed a human life in the recent past. This, by
itself, is testament to the success of this project

Vivek Menon
Executive Director
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operation and guidance, it would have beena a difficult task to conduct conservation activities in Kameng Elephant
Reserve. So, we are very much thankful to him.
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University, Assam). We are greatly indebted to him not only for supervising the work but also for constant encouragement
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There were several other people who helped during documenting field activities. Among them Mr. Narayan
Magor, Mr. Pradeep Adhikari and Late Taya Tayam for field based data collection and Mr. N. Keno (Darlong Village),
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Nicpo Tachang (A-3 Village), Mr. Rabin Balo (Jolly Village), Mrs. Mekap Tachang (Mebuso-II Village), Mr. Natung
Tachang (Mirgaso Village), Shilendra Kino (Taraboso Village) and Mr. Barun Khadiyan (Tipi) for documenting day to
day elephant visit in the villages and watchers activity during the project period. Their help has been greatly
acknowledged.

Several our collogues of WTI were involved in administrative and other activities who has big hand in success of
the project activities. Among them, Dr. P.S. Easa (former Director), Ms. Nidhi Gureja ( former Programme Officer), Dr.
Sandeep Kumar Tiwari (Manager), Dr. Anil Singh (Asstt. Manager), Mr. Sunil Karyong Subba (Manager), Mr. Aniruddha
Mookerjee (Senior Director), Dr. Rahul Kaul (Director, Conservation), Dr. N.V.K. Ashraf (Director, Wild Rescue), Mr.
Sathyan (Manager, Accounts), Dr. Dargey Tsering (ex-Asstt. Veterinary Officer), Dr. Naim Akhtar (ex-Senior Field
Officer), Dr. Ruben Soloman (ex-Manager), Dr Murali Pai (Regional Manager) Mr. Uttam Bhatta, Mr. Bhola Ram, Mr.
Harish Matilal and Mr. Bikram Bhatta (all assistants) are greatly acknowledge. We are also thankful to Dr. Joydeep
Bose (Asstt. Manager, PELT), Dr. Rakesh Singh (Co-ordinator) and Mr. Dinesh Pandey (Asstt. Project Officer) for
extending moral support during the implementation of the project.
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The Kameng Elephant Reserve is an area of high abundance of Asian elephants in Arunachal Pradesh. The forest
in this landscape is relatively intact with very low pressure of collection of forest produce and illegal hunting. Increased
levels of deforestation, developmental activities and human encroachment along the Assam border have caused, in the
recent past, an influx of elephants into this landscape which has resulted in a moderate level of human-elephant
conflict. The Government of India’s Project Elephant has recognised the Kameng and Sonitpur landscapes (interstate
area covering 3312 km2) as Elephant Reserves, but the Sonitpur Elephant Reserve is under extreme biotic pressure and
in Kameng most areas are difficult for the elephant to access because of the rugged terrain and dense vegetation.  The
large scale destruction of  forest areas in the Sonitpur reserve has caused a severe strain on the Kameng Elephant
Reserve and there is a need to develop a comprehensive management plan for the entire landscape.

The landscape, which has dense forest cover and very low human population density approaches an ideal for
understanding the ecology of the Asian elephant in the world and implementing conservation measures. Habitat
destruction is likely to be the major and most serious threat to the conservation of all species in this reserve. Protecting
this forest is a formidable task for the concerned department, which (relative to national averages) is poorly staffed and
lacking in essential equipment. The landscape is one of the richest biodiversity areas globally but has not been given its
due in the past. Given this, many aspects need to be considered for a long-term perspective plan for the region.

Except for a few studies or surveys, no detailed investigations have been carried out so far on the status of the
reserve in terms of its extent, distribution, contiguity, fragmentation, corridors, elephant population and status. The
region has a rough terrain, and assessing the status of vegetation and estimating elephant numbers or habitat usage
pattern using a direct method is not easy. Using indirect methods is not easy either and there is a need for identifying
a suitable approach for estimating numbers and habitat usage pattern of Asian elephant for the region.

The Asian elephant population is today threatened by a multitude of factors like habitat degradation and
fragmentation, ivory poaching  and damage to crops, humans and property. This, coupled with insufficient information
of the status and population dynamics of the species in certain areas have compounded the problem of elephant
conservation in India. To address some of these problems, the Wild Species programme of WTI initially started work in
the Pakke Wildlife Sanctuary, Arunachal Pradesh in collaboration with the Arunachal Forest Department, in partnership
with IFAW and ANCF and supported by the USFWS.

The programme in Pakke Wildlife Sanctuary was planned to
Gain a comprehensive understanding of the elephant population and habitat,
Evaluate the extent of man-elephant conflict through village visits, questionnaire  surveys and direct observations,
Collect information on elephant mortality and possible cause of death, and to assist the forest department in
minimizing this and
Conduct conservation actions that support elephant conservation in the Kameng Elephant Reserve

Project Achievements:
The project objectives have been achieved to a great extent in the five years of work between 2000-2005 and by two

more years of associated conservation work. Baseline information has been generated on elephant population, habitat
and distribution in Kameng Reserve. Data have also been collected on the extent of human elephant conflict and the
results of mitigation measures taken by employing watchers and resource persons from among the local community. A
comprehensive account of such baseline information on the elephant, its habitat, the issues surrounding its conservation
and the work done in this area to conserve the elephant population is presented  in this report.

WTI’s engagement with elephant conservation efforts in Arunachal started in the year 2000.  Since 2001, the
following have been the salient achievements of the project:

EXECUTIVE SUMMARY
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1. Informal training of the Forest Department in census techniques by AERCC and WTI staff in 2001

2. Technical consultation to the Arunachal Pradesh forest department in the elephant census in 2001 including
assistance in writing the report and analysis of census data for the following forest divisions: Khellong, Banderdewa,
Pakke WLS

3. Technical support in creating a management plan for Pakke WLS and  Sessa Orchid Sanctuary in early 2001

4. Preparation of a perspective plan for the Kameng part of the proposed Kameng-Sonitpur Elephant Reserve to feed
into the Project Elephant planning cycle.

5. Technical consultation to the Arunachal Pradesh forest department in conducting the elephant census of 2002.

6. Estimating elephant number and density for the Kameng Elephant reserve: This very challenging task, using both
direct and indirect methods was attempted for the first time for this region. For elephant density estimates, when
very old dung piles were included in the density calculation, the results showed a very high encounter rate leading
to a very erroneous density estimate.  As very old dung piles appeared to remain for a long time, any decay rate
estimate results (obtained from other regions) that has high rate of dung disappearance would not suit the condition
of this region. Density estimation through dung encounter rates may compensate the problem of estimating dung
density through line transect (direct or indirect), decay and defecation rates for the survey region. Through a
combination of these various techniques however, this project estimates between 466 to 612 elephants for the
Kameng Elephant reserve, spread over 1500 sq km of elephant suitable habitat with a density of 0.311- 0.408
elephants per square kilometer.

7. Landscape and vegetation: Supervised classification of the subset image shows that the study area landscape is a
mosaic of nine different elements.  The landscape constitutes a vast extent of evergreen forest clearly indicating this
as the dominant vegetation type, followed by semi evergreen forest. Degraded forests, cultivation, tea gardens are
found in a very low proportion of area suggesting the landscape is least disturbed. The vegetation survey results
show that like in other tropical forests, species show a significant aggregated distribution. This forest system
appears to be as speciose (species rich) as other forest types in India as 0.36 ha accounts for 52 species.  The region
may also come under higher species rarity as many species are represented by one individual.

8. Identification of seven elephant corridors in the state of Arunachal Pradesh and completion of the first level of
ground truthing of these. Overall results of habitat usage suggest that there could be specific patterns of elephant
habitat usage. These results could also be related to the movement and corridor availability for the animal. As
habitat is uniform, non-fragmented habitat used by elephants is uniform.  The random distribution and relatively
low abundance of food species may result in wider movement or distribution of elephants in search of food plants.
Corridors located within Tipi region appeared to be relatively less disturbed as it has less degraded, cultivated and
more of evergreen forest in relation to Sejosa. However, elephants appear to be using Seijosa region significantly
more than the Tipi region. Elephants use the corridor trails more and also specifically during the conflict season
and villages that are located close to corridor region are more affected. This may be due the presence of crops and
may not be due to habitat specialization as the plant (tree) species similarity appeared to be uniform for both
Corridor and Non – Corridor trails. However, elephant movement through these corridors is very crucial as they
connect very large landscapes.  It is known that, even a small scale of crop depredation affects subsistence farmers
very hard and may lead to negative impacts on elephant conservation. Given this scenario, the strategy for mitigating
conflict should be a balancing act considering the needs of both the elephants and the local community.

9. A human-elephant conflict workshop was conducted in the fringe villages of Pakke WLS in early 2001. This was
followed by an analytical report on the conflict situation around  Pakke WLS with guidelines of future work in
conflict resolution.

10. Watcher scheme implementation in fringe villages: In 2000, WTI’s Rapid Action Project in conjunction with the
Forest Department and a local NGO – Arunachal Wildlife & Nature Foundation (AWNF) implemented a volunteer
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watcher scheme. This was a measure taken up in response to the levels of crop depredation in the fringe villages,
Seijosa and Tippi, of the sanctuary. The scheme has been dependent on the cooperation and collaborative efforts
of the Forest Department, the Wildlife Trust of India, AWNF and the local village councils (Village Forest
Development Councils). After more than four years of implementation and analyses, the scheme has been amended
to become the grain-for-grain relief scheme from 2005-07 and is currently running successfully in the region.

11. Completion of conducting anti-poaching training of 40 and equipping of 87 staff in Pakke Wildlife Division

12. Collating the elephant mortality statistics of the state of Arunachal Pradesh for the past seven years and analysing
the need for a rigorous recording system

13. During implementation of the Watcher Scheme, regular visits and interactions with the villagers by the field
researchers led to the local community especially the village heads developing trust in the field staff.  This lead to
two benefits: a) awareness among common people and b) fear amongst hunters and people who had strong
opinion of killing the wildlife, especially elephants when they approached the village area.  Earlier, villagers
used to hunt wild boar, deer, primates, hornbills and other birds for food and other ornamental use. This hunting
has decreased to a certain level due to the active presence of the field staff and awareness campaigns with the help
of the forest department.

14. Villagers were antagonistic to
elephants because of crop
depredation and physical damage to
structures apart from injury and
killing of people. It is also very
difficult to chase elephants without
any weapons. Villagers previously
used gunfire on them. But, after
implementation of the Watcher
Scheme, no such gunfire was heard
to chase elephants, suggesting that
use of firearms might have been
given up.

15. Illegal logging was a very common
problem in Pakke Wildlife Sanctuary
and Papum RF area about 5-7 years
ago. But, the ban imposed by the
Supreme Court of India, resulted in
restricting of illegal logging in the
Pakke TR area. However, some
illegal felling continues within
Papum RF area. The mass awareness
and implementation of the Watcher
Scheme did change the trend and
illegal felling has come down
considerably in Seijosa.

16. Fishing: Previously, large scale
fishing was done either by blasting
or by poisoning the river or stream.
In 2003 and 2004 no such blasting
or poisoning was reported for
fishing purpose. Fig. 1
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1.1 Introduction
The Asian elephant (Elephas maximus) is

distributed across 13 Asian range states, of which, India
holds over 50% of the global population – approximately,
24-28,000 distributed across 18 states of the country
(Menon 2003, Sukumar 2003). The southern zone of
distribution in India is home to approximately 50% of
the country’s population, with a further 30% of the
population residing in the northeast of the country (Bist,
2002). Habitat degradation and fragmentation, human-
elephant conflict, and poaching primarily for ivory and
to some extent meat, are all threats that have pushed the
Asian elephant to the brink of extinction throughout its
distribution range. Fortunately, the Asian elephant is
inextricably linked to the continent’s mythology and
history. Traditionally worshipped as Lord Ganesha, the
elephant headed God, the elephant is also a symbol of
fertility, wealth and abundance and has a long history
of domestication in India. It is this indirect prevalence of
the animal in the daily lives of the general populace that
has saved the species from local extinction.

A fifth of the known world habitat of the Asian
elephant (Elephas maximus) is found in northeast India
spread geographically across an area of 255,083 sq.km
(Choudhury & Menon, 2006). Physiographically, the
region can be divided into five areas; the northern
Himalayan range, the hill ranges of the east and south,
the Meghalaya plateau, the Brahmaputra river valley
and the Barak valley. The elephant habitat in this
geographically distinct region of India is contiguous with
Bangladesh, Myanmar, Nepal and Bhutan. Elephants
are distributed in 16 discrete populations or sub-
populations in the region, although some of these have
been described as splinter populations. At least six of
these are large enough to be considered populations
(Choudhury & Menon, 2006). One of these major
populations which lies on the north bank of the River
Brahmaputra has been termed the North Brahmaputra
population which occupies an area extending from
western Assam to eastern Arunachal Pradesh, bound
by the river Brahmaputra in the south and the Himalayas
in the north.

CHAPTER 1

Introduction

1.2 The North Brahmaputra Elephant range
The North Brahmaputra Elephant Range (Project

Elephant, 2007) is located in the foothills of the Eastern
Himalayas, which (as part of the Himalayas) is one of
the 34 biodiversity hot spots of the world (Mittermeier et
at 2004). The Himalayan hotspot is home to 46 mammals,
43 birds and 21 amphibians that are critically
endangered, endangered or vulnerable following IUCN
(2003) and have 107 plant and vertebrate genera endemic
to it (Mittermeier et at 2004). This alone is enough to
emphasize the biodiversity importance of this region
globally.

The entire North Brahmaputra elephant range
consists of a wide variety of forest types such as tropical
evergreen forest, tropical moist deciduous forest, tropical
semi-evergreen forest and wet savannah grassland.
Tropical moist deciduous forest (Eastern hill sal forest
3C/Cla and Eastern bhabar sal forest 3C/Clb occurs in
western Assam and part of north Bengal (Duar region).
Tropical wet evergreen forest (Upper Assam Valley
tropical evergreen forest 1B/C2 is found in the tri-
junction of Assam, Arunachal Pradesh (of India) and
Bhutan (Champion & Seth, 1964). This forest extends
through the Kameng Elephant Reserve up to Pasighat
and the foothills of the Mishmi Hills in Arunachal
Pradesh and Dulung RF of Lakhimpur district of Assam
(Choudhury, 1999; Choudhury & Menon, 2006). In
between these two forest types, tropical semi-evergreen
forest (Assam Valley tropical semi-evergreen forest 2B/
Cl) is found (Champion & Seth, 1964; Kaul & Haridasan,
1987) and it extends up to the foothills of Bhutan and
North Bengal. Wet Savannah grassland occurs in
patches in Jaldapara WLS, Manas TR, Bornadi WLS,
Kabo Chapori and Dibru-Saikhowa NP of Assam and
D’Ering WLS and Dibang RF of Arunachal Pradesh.   The
entire range has an elevation of 100 to 1000m M.S.L.
with the exception of the hilly districts (Jalpaiguri and
Darjeeling) of north Bengal and Pir-la-top of the West
Kameng district of Arunachal Pradesh, which lies at
3300m.

The entire elephant range has about 2,700-3,000
elephants out of 10,300-11,300 elephants in Northeast

Surendra Varma, Prabal Sarkar and Vivek Menon
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India (Choudhury & Menon, 2006). The approximate
habitat available for elephants in this range is about
11,000 km2, which includes north Bengal – 1,500 km2

(Darjeeling and Jalpaiguri districts), Assam – 3,400 km2

(Kokrajhar, Chirang, Baksa, Udalguri, Darrang, Sonitpur,
Lakhimpur, Dhemaji, Dibrugarh and Tinsukia districts),
Arunachal Pardesh – 4,500 km2 (West Kameng, East
Kameng, Papum Pare, Lower Subansiri, West Siang, East
Siang, and Dibang Valley districts) and Bhutan – 1,600
km2 (Paro, Thimpu, Wangdu, Phodrang and Tongsa
provinces) (Choudhury & Menon, 2006).

1.3 Kameng Elephant Reserve
The Kameng Elephant Reserve (Fig : 1.1) lies

entirely in Arunachal Pradesh. Arunachal Pradesh,
lying between 26º 28’-29º 30’ N and 91º 30’-97º 30’ E, is
the largest state in the north-east India, with an extent of
83,743 km2. Located in the Eastern Himalayan (2D)
province of the Himalayan bio-geographic zone, it is at
the junction of the Palaearctic and Oriental (Indo-
Malayan) zoogeographic realms (Rodgers and Panwar,
1988). The state comprises mostly of mountains that ring
eastern Assam; a dramatic terrain thrown up by the
sharp twisting of the Himalayan ranges as they turn
suddenly from a south-easterly to a southerly direction.
These mountains drop precipitously into tropical
lowland evergreen forests. As a result of the wide
gradients in elevation (50 m-7000 m) and rainfall (1000
mm-5750 mm/annum), an array of forest types are
present, ranging from tropical evergreen forests, tropical
semi-evergreen forests, riverine semi-evergreen forests
& sub-tropical pine forests, to temperate broadleaved
forests, temperate coniferous forests, alpine forests, and
high montane grasslands. Such diversity of habitats
harbouring a rich plant and animal life, packed into a
relatively small (bio-geographically) area, render
Arunachal Pradesh a biodiversity hotspot. The state is
home to over 5000 species of plants (including 600 species
of orchids), 500 species of birds, 29 species of Schedule I
mammals under the Indian Wildlife Protection Act
(including four large cat species, seven primates and
three goat antelopes), and over 100 species of amphibians
and reptiles (Anon., 1994).

Culturally diverse, Arunachal Pradesh, has a
population of under 10 lakh people 70% of whom are
tribal. It has 21 major tribal groups with over 100
ethnically distinct subgroups and over 50 distinct
languages and dialects. Spread over 14 districts, its
people practice semi-nomadic swidden horticulture
(also called jhum cultivation), terraced wet agriculture,
high montane pastoralism, and traditional trade and
barter.

Arunachal Pradesh is the land of mighty rivers like
the Siang, Dibang, Lohit, and Kameng, all of which join
the Brahmaputra in the Assam valley. Over 70% of the
state is forested, and 11.8% of its total land area falls
under the Protected Area network with one Biosphere
Reserve (Dibang-Dihang), two Tiger Reserves
(Namdapha and Pakke), one National Park (Mouling),
nine Wildlife Sanctuaries and one Orchid Sanctuary
(Sessa). Eighty-six Reserved Forests (RFs) account for an
additional 12.7% of the total forest area. The rest of the
forested areas come under the purview of the 3649
villages and are classified as Village Forest Reserves
(VFRs) or Unclassed State Forests (USFs).

As per the latest governmental census carried out
in 2001, Arunachal Pradesh has 1606 elephants of which
the highest were recorded in Pasighat division (421)
followed by Khellong division (377) and Bandardewa
division (221) (Appendix 1). Other than these population
estimates very little work has been done on the
demography of north-eastern elephant populations and
the densities in which they exist in this part of the world.

It is in such a state that the Kameng Elephant
Reserve consisting of an area of 1,892 km2 (Project
Elephant, 2007) lies. The reserve is contiguous with the
Nameri National Park and Sonai-Rupai Wildlife
Sanctuary in Assam, which has habitat contiguity with
Bhutan on the northern side and connects with the
Manas Biosphere in the south, extending up to the Duar
belt through the foothills of Himalayas and the Terai
tract. On the eastern side, the habitat extends up to
Pashighat at the foot of Mishmi Hills in Arunachal
Pradesh. Elephants occasionally migrate to the South
Bank of the Brahmaputra through the Dibru-Saikhowa
NP (Choudhury & Menon, 2006).

The Kameng Elephant Reserve comprises of three
PAs, namely Pakke Wildlife Sanctuary, Sessa Orchid
Sanctuary and Eaglenest Wildlife Sanctuary, and
Reserved Forests (RF) namely, Amortala, Doimara and
Papum RF. It is adjacent to the Sonitpur Elephant Reserve
in Assam which comprises of two protected areas (PA),
Nameri National Park and Sonai-Rupai Wildlife
Sanctuary and RF, namely Gohpur, Singlijan, Behali,
Biswanath, Naduar, Balipara, Sengelimara, Charduar,
Rowta and part of Bhairabkunda (Table-1.1 & 1.2). Both
these reserves are part of  the North Brahmaputra
(Arunachal and Assam) Elephant Range (Project
Elephant, 2007).
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Table –1.1: Details of protected areas and reserved forests in Kameng Elephant Reserve

Divisions Protected area and RF Total area (km2) Proposed area of
the reserve (km2)

Pakke Wildlife  Pakke Wildlife Sanctuary 861.95 586
Division  Eaglenest WLS 217 126

 Sessa Orchid Sanctuary 100 36
Khellong  Amartala RF 293.1 255
Territorial  Doimara RF 216.72 215
Division  Papum RF 1063.87 674

The Kameng Elephant Reserve was once one of the most undisturbed, dense and high bio-diversity areas and had
a very high number of vertebrate and plant species, genera and families (Kaul & Haridasan, 1987; Dutta,…). However,
over the years a lot of the degradation has taken place in Assam and along the inter-state boundary of Assam and
Arunachal pradesh. A loss of 90% of the forest area (Table-1.2)ook place in Naduar RF followed by 70% of Biswanath
RF, 30% of Sonai Rupai Wildlife Sanctuary and 10% of Behali RF that resulted in a loss of 344 km2 of forest area
between 1994 and 2002 (Das pers comm.). As a result of this, the entire range on the Assam side has become highly
fragmented, and has resulted in a number of small forest patches.

Table-1.2:  Details of protected areas and reserved forests in Sonitpur ER

SL No. Protected area Total area Encroached

1 Rowta RF 77.4 10
2 Charduar RF 240.7 75
3 Balipara RF 189.7 10
4 Sonai-Rupai WLS 220.0 10
5 Singlimari RF 3.40 2
6 Nameri Tiger Reserve 200.0 -
7 Naduar RF 80.0 10
8 Biswanath RF 105.6 10
9 Behali RF 140.2 10
10 Singlijan RF 14.0 1.8
11 Gohpur RF 133.1 99.6
12 Goroimari RF (disjunct) 4.2 -
13 Bhomaraguri RF (disjunct) 1.6 -
14 Singri Hill RF (disjunct) 48.5 -
15 Panpur RF (Kaziranga NP) 61.0 20

Source : Project Elephant

This large-scale destruction of the forest also lead to both a loss and/or a change in vegetation types (Table-1.3).
Reported loss of moist deciduous forest in this region was about 227 km2 between 1994 and 1999, and 118 km2 between
1999 and 2002. This accounts for a total loss of 345 km2 (45.38%) between 1994 and 2002. The semi-evergreen forest
accounted for 20-km2 loss between 1994 and 1999. The loss of sub-tropical evergreen forest is minor or negligible.
However, a major loss of grassland ecosystem has been noticed between 1994 and 1999 (Kushwaha & Hazarika, 2004).
This change in vegetation pattern has resulted in habitat modification and a loss of preferred habitat which is one of the
factors that could have influenced the elephants to stray out of the forest (Sukumar, 1989) and resulted in human-
elephant conflict in this region. Most part of Amartala, Doimara and Papum reserved forests are degraded, with some
patches of evergreen forest still existing only due to inaccessibility.
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Table-1.3: Habitat loss in Sonitpur Elephant Reserve between 1994 and 2002.

Forest types Forest status Area (Km2) Habitat loss/ gain (Km2)

1994 1999 2002 1994-1999 1999-2002 1994-2002

Sub-tropical Dense 1319.78 1314.23 1314.23 -5.55 0.00 -5.55
Evergreen Open/ degraded 17.69 23.24 23.24 5.55 0.00 5.55

Tropical Dense 977.67 957.23 957.00 -20.44 -0.23 -20.67
Semi-evergreen Open/ degraded 22.85 10.62 10.22 -12.23 -0.40 -12.63

Tropical Dense 760.48 533.72 415.40 -226.76 -118.32 -345.08
Moist deciduous Open/ degraded 17.83 79.06 58.56 61.23 -20.50 40.73

Grassland 6.23 0.00 0.00 -6.23 0.00 -6.23

Non-forest  4120.16 4324.59 4464.06 204.43 139.45 343.88

1.4 Earlier records of the status of elephants in North Brahmaputra Elephant Range
As per the census report of 1997, 470 elephants were reported for Kameng part of the reserve in Arunachal

Pradesh (Census, 2001). Of these, 86 elephants were found in Pakke TR, 5 in Eaglenest WLS, 2 in Sessa Orchid
Sanctuary and 377 in Khellong Division.  Similarly, a total of 577 elephants were estimated for Sonitpur Elephant
Reserve, which constitutes 11% of the total of 5312 elephants in Assam. Of this 577 elephants, 186 were recorded in
Sonitpur East Division, 161 in Sonitpur West Division and 230 in Western Assam Wildlife Division. (Table: 1.4;
Appendix: 1.1 & 1.2).

Table – 1.4: Number of elephants in Kameng and Sonitpur Elephant Reserves

Reserves Forest Divisions  Total  Grand  Total  Ref

 Sonitpur East Division 186  
Sonitpur Sonitpur West Division 161 577  Census 1997
 Western Assam Wildlife Division 230   

Pakke WLS
(Pakke Wildlife Sanctuary Division) 86   
Eaglenest WLS

Kameng (Pakke Wildlife Sanctuary Division) 5 470  Census 2001
 Sessa Orchid Sanctuary

(Pakke Wildlife Sanctuary Division) 2   
 Khellong Division 377   

The elephant density in Kameng Elephant Reserve was estimated by the forest department through these censuses
as about 0.25 elephants/km2 (Table: 1.5). For Sonitpur Elephant Reserve, the estimated density was 0.54 elephants/
km2.

Table – 1.5: Elephant density in Kameng and Sonitpur Elephant Reserves

Part of the No. of elephants  Forest area  Elephant density
Reserve  (Km2) (Km2)
Sonitpur 577 1076*  (1420-344) 0.54
Kameng 470 1892 0.25

* Available habitat as on today
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1.5 Status of the Human-elephant conflict in
Kameng and Sonitpur Elephant Reserves

An increase in encroachment into forested areas
has also led to an increase in elephant-human conflict.
Human-elephant conflict in the elephant’s home range
is an escalating issue threatening all efforts associated
with Asian elephant conservation. Approximately 20%
of the globe’s human population resides near or in the
present range of the Asian elephant (Anon, 2000).
Annually, as many as 300 people are killed in
confrontations with elephants in Asia (Kemf & Jackson,
1995 in Anon 2000). India meanwhile records losing
over 190 elephants an year annually (Bist 2000) Elephant
mortality in retaliation to crop depredation and human
killing and due to poaching has far reaching implications
for the long-term survival of the elephant population in
the region and thus, this and its related aspects should
be the prime focus of conservation work in the region.

Human-elephant conflict is neither endemic to the
north-eastern region of the country, nor India as a whole.
Throughout Asia and Africa, cultivators along the fringes
of protected areas are affected by elephants. With human
population growth and expansion of settlement areas,
prime elephant habitat, which also makes for prime
cultivation land (at least in Asia), is taken up for
propagation of food plants. Thus, the elephant’s habitat
is broken into sections, joined only by cultivated stretches
of land. Following traditional migratory routes, or in the
search for food and water during particular seasons of
the year, the animal ventures into cultivated fields. These
fields are a source of highly nutritive food for which the
elephant has to do minimal work, and therefore are
raided. During this process, property may be damaged
too, and humans may fall victim to trampling.

Throughout their distribution range in Africa and
Asia, numerous methods have been employed to reduce
levels of conflict, including the building of stonewalls,
digging trenches, erecting electric fencing and so forth.
However, most measures have proved to be only
temporary deterrents to the problem. In India, the most
common measures used to scare elephants include the
beating of drums, lighting fire torches, shouting, clapping
hands, and lighting firecrackers. The topic of paying
compensation to the victims of depredation is a
contentious one. Primarily however, this measure is used
to increase the tolerance of the villagers towards
marauding elephants. Many argue against
compensation schemes since more often than not, the
claims that are filed are bogus and therefore end up
wasting precious resources – both manpower and money

of the Forest Department. Also debatable is the method
of determining the amount of compensation to be received
by each villager, which includes damage quantification
methods.

To understand the background of conflict in the
area, one has to critically look at the Sonitpur district of
Assam that lies adjacent to the project area (Kameng
Elephant Reserve) but is not covered by the project itself.

(a) Crop depredation: Elephant depredation to crops has
been reported from Bedeti, Behali, Gingia, Panpur,
Jamugurihat, Nameri, Balipara, Dhekiajuli and greater
Tezpur areas of Sonitpur district of Assam that are
located near the Sonitpur Elephant Reserve.
Unfortunately, no proper record on actual crop damage
in these areas is available.  However, a systematic
documentation of the actual crop cultivation and damage
in Seijosa, Tippi, Elephant flat and Namorah areas of
East and West Kameng districts of Arunachal Pradesh
located within the Kameng Elephant Reserve, are
available. During 1990 to 2001, available records showed
the highest crop depredation of 210ha in 1990 and a low
of 5.04ha in 2001 (Table: 1.6). Most of the crop
depredations took place in the 11 villages of Seijosa area
and least in Namorah area.

Table-1.6: Crop depredation in Seijosa and Namorah areas
(Arunachal Pradesh)

SL No. Year  Total damage (ha)

1 1990 210
2 1991 184
3 1992 196
4 1993 40
5 1994 11
6 1995 23.04
7 1996 12.08
8 1997 58
9 1998 11.05
10 1999 73.02
11 2000 11.23
12 2001 5.04
13 2002* 5.05

Source : Department of Environment and Forest, Arunachal
Pradesh

(b) Human death or injury: Human death and injury
due to conflict has become common phenomenon in
Assam. More than 450 cases of human death were
recorded in Assam between 1991-2002. On an average
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38 (range 15-52) humans died per year in Assam due to
conflict. However, the Sonitpur district itself reported
the highest number of human death cases in Assam
(Gureja et. al, 2002). A total of 213 deaths were recorded
from these two sub-divisions of Sonitpur district of
Assam between 1991 and 2001 (Assam Forest
Department, 2003). A year-wise record of death showed
the highest of 28 deaths during 1992 and a low of 6
during 1998 because of this conflict (Table: 1.7). The
highest number of death took place in Tezpur sub-
division of Sonitpur district of Assam.

Table – 1.7: Human death records in Sonitpur district of
Assam.
Year Tezpur Biswanath TOTAL

Sub-division Sub-division
(currently
Biswanath and
Gohpur)

1991 9 8 17
1992 19 9 28
1993 16 8 24
1994 13 10 23
1995 9 8 17
1996 2 3 5
1997 13 7 20
1998 5 1 6
1999 11 5 16
2000 5 5 10
2001 10 15 25
2002 8 14 22

Source : Assam Forest Department

In Kameng Elephant Reserve, human death and
injury due to conflict is not that common as in Sonitpur
Elephant Reserve. Only three cases of human death (two
in Tippi and one in Namorah) and one case of injury
were recorded in Tarabaso village of Seijosa Circle during
2001-2005.

(c) Elephant killing or injury: In Sonitpur part of the
reserve, the concept of elephant as “God” has changed
to that of “robber and killer” resulting in retaliation and
killing of this giant creatures. A total of 44 deaths were
reported between 1998 and 2002 of which 22 were killed
by either poisoning or electrocution (Table: 1.8). This
indicates one death out of three elephant deaths due to
human-elephant conflict (Gureja et. al., 2002). These

figures are the minimum number as many of the elephant
death remains unnoticed in the forest. In Kameng
Elephant Reserve, no such elephant death due to conflict
was recorded. However, villagers often injure elephant
once these approach the field for crop depredation.

Table – 1.8: Number of elephant deaths due to conflict in Sonitpur Elephant Reserve.

Forest Divn/ PA   Cause of death 1998 1999 2000 2001 2002 Total

Darrang (Rowta RF only)  Poisoning/ Electrocution  - -  - -  - -  - -  - - 0
  Accidental/ Natural  - -  - - 1  - -  - - 1
 Sonitpur West Division  Poisoning/ Electrocution 2  - -  - - 6 3 11
  Accidental/ Natural 5 4  - - 5 7 21
 Western Assam WL Divn  Poisoning/ Electrocution  - -  - -  - - 11  - - 11
 (Nameri Tiger Reserve)  Accidental/ Natural  - -  - -  - -  - -  - - 0
 Sonitpur East Divn  Poisoning/ Electrocution  - -  - -  - -  - -  - - 0
  Accidental/ Natural 8 3 5 1 2 19

Fig. 1.2
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1.6 Need for a comprehensive understanding
of the issues

The forest of the Kameng Elephant Reserve is intact,
with relatively low human presence and pressure. In
the Khellong Forest Division (Amartala, Doimara and
Papum RFs), Sessa Orchid Sanctuary and Eaglenest
Wildlife Sanctuary, moderate disturbance and
deforestation and other associated disturbances are due
to shifting cultivation and establishment of villages
within the reserved forest areas. In Sonitpur Elephant
Reserve, large-scale destruction of the forest areas is
taking place due to logging and encroachment of the
forestland. This leads to severe strain on the Kameng
part of the reserve.

The Kameng Elephant Reserve is one of the high
Asian elephant density zones within Arunachal Pardesh
(Department of Environment and Forest, 2001). The high
abundance may be due to these areas bordering Assam
having increased levels of deforestation, developmental
activities and human encroachment causing an influx
of elephants into the Arunachal side of the reserve.

The status of habitat plays an important role in
determining the status of elephant. If the habitat is
disturbed or degraded or isolated, this could result in
many elephant conservation problems, most specifically
human-elephant conflict. Such conflict influences overall
status of elephants, their movement, feeding behaviour
and habitat or corridor usage pattern of the species. As
the degree of conflict increases, the conservation of
elephant becomes a most challenging tusk.

1.7 Need for a holistic elephant conservation
project

As seen from the status of elephants and the habitat
mosaic available to them the Kameng Elephant Reserve

could form one of the important elephant conservation
landscapes in India. However, a basic  understanding
of the status of the habitat or the species was not available
at the time of the start of this project.

Simultaneously, large gaps in the information base
are evident. Migratory routes of the elephants are not
clearly charted and there is no ongoing research to
monitor the effects of these anthropogenic pressures on
the dynamics of the elephant population in the region.
Besides the anecdotal evidence from villagers and forest
department, very little is known of the population
structures of the population inhabiting the Kameng and
Sonitpur Reserves. Information on migratory patterns is
necessary not only when considering the long term
solutions to conflict, but the change in dynamics is
essential to monitor the effects of poaching and habitat
fragmentation and loss.

Obtaining conservation insights for the species or
the Reserve is possible only when the overall status of
the landscape, elephant population status and their size
is known.  Detailed elephant  distribution pattern in
relation to the habitat types and the habitat utilization
pattern of elephant specifically during crop and non-
crop seasons may also provide some directions in
understanding the status of elephants and human
elephant conflict issue. Information such as the status of
elephant corridors and their seasonal usage pattern by
elephants may add some more insights in understanding
this issue.

Investigations on the extent of crop and structural
damages, number of human and elephant deaths and
injuries, crop depredation in relation to the crop types
and their phenological stages, available landscape
elements, and the damages caused by the herd and lone
elephant are also some of the most crucial aspects in
understanding or mitigation of the conflict issue.
Mitigation measures suggested or evolved will be more
effective only when the details of economic loss and
compensation procedures and their efficacies are
available. Understanding people’s attitude towards
human-elephant conflict and merit and demerit of
various indigenous method of scaring wild elephant or
of employing elephant driving squad may also provide
more insights of the problem.

Although much work has been done on the species
in its other habitats in India, in northeast India, its status,
distribution and other aspects related to conservation is
poorly documented. These factors motivated us to assess
the status of elephants, habitat usage pattern and human

Fig. 1.3
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– elephant conflict in the Kameng Elephant Reserve of
Arunachal Pradesh, where no studies or surveys of the
species have been carried out earlier to this study.

This reserve, which has dense forest cover and low
human population density (Kaul & Haridasan, 1987), is
an ideal state for implementing conservation measures.
Habitat destruction due to illegal felling activity is likely
the major and most serious threat to the conservation of
all species, including the Asian elephant. Protecting this
forest is a formidable task for the concerned departments,
which is poorly staffed and lacking basic equipment.
The reserve is one of the richest biodiversity areas
(Mittermeier et al 2003, Tiwari et al 2006) and has not
been given proper attention for fund allocation in the
past. Any perspective or management plan or study
should incorporate the parameters such as status of
habitat, elephant density, use of corridors; socio economic
and cultural aspects of the human communities that live
here for the long- term viability and conservation of this
landscape.

1.8 Project aims and objectives
The Wildlife Trust of India established a field

station  called Gajah in Pakke in 2000 in collaboration
with the Arunachal Forest Department and then with
its  technical partner, the Asian Elephant Research and
Conservation Centre, its international partner the
International Fund for Animal Welfare and support from
the Asian Elephant Conservation Fund of the US Fish
and Wildlife Service, initiated a holistic project on
elephant conservation in Arunachal Pradesh in October
2001. In December 2001, a training programme was held
in Bangalore, South India, conducted by AERCC, where
the Pakke field officer was trained in various censusing
techniques, age-sex classifications, conflict resolution
and damage quantification methods and computer
software used for the analysis of such data. The
programme included field visits to the Wyanad
Sanctuary where AERCC is conducting a human-
elephant conflict resolution experiment funded by
USFWS, including the use of a power fence. This training
programme was followed up in September 2002, when a
senior researcher from AERCC travelled to Delhi and to
the northeast as part of a review of the project. The review
included a preliminary analysis of the data collected
thus far and the methodologies being used. Field visits
to another AERCC conflict study site in Buxa Tiger
Reserve in Eastern India were made in order to give the
field officer first hand experience at damage
quantification. Following the review and a visit to Pakke
Wildlife Sanctuary, the approach to both conflict work

and population monitoring were modified. The project
description given below includes the current
methodology that is being employed at Pakke and future
plans for the project.

The philosophy of the project is based on selectively
monitoring one particular elephant population for the
long-term to understand and analyse the issues and
threats facing the population, to actively participate in
its long-term recovery and to determine the success of
conservation measures over time.

Thus this project, aspired towards not only
studying elephant demography and human-elephant
conflict in the fringe villages, but also suggesting
mitigation measures and assisting in long-term elephant
conservation in the area. While WTI aimed to maintain
a more practical, conservation orientated approach to
the project, technical expertise was regularly provided
by AERCC. The data collected was planned to be used to
assist the Arunachal Forest Department in planning
elephant management measures and also  utilized in
the central government’s report to CITES (Convention
on International Trade in Endangered Species of Wild
Fauna and Flora), which is the largest conservation treaty
(152 signatories) to which India is a party. The main
objectives of the project at the time of initiation were as
follows:

1. To monitor the elephant population and habitat
a) To assess forest contiguity and the status of

elephants in the state and to identify possible gaps
in the Protected Area networks in some areas of
Arunachal Pradesh. To monitor habitat through
ground surveys in  and around Pakke WLS

b) To examine the changes seen in elephant
distribution between the 1984 study and the present
one, and to project all the data on maps that could
be used by both the Forest Department for better
management as well as researchers to conduct
further work.

c) To estimate population density through indirect
count (dung count) and feeding behaviour
observations  in Pakke WLS

d) To monitor the population through identification
of different age and sex classes through direct
sighting in Pakke WLS

2. To chart elephant status, distribution, human-
elephant interaction and other socio-economic
parameters in the Kameng-Sonitpur Elephant
Reserve and to prepare a perspective plan for the
Reserve
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a) To evaluate extent of man-elephant conflict through
village visits, questionnaire surveys, & direct
observations

b) To record the number of elephant visits, crop and
household damage, human injury and death and
elephant death near selected villages.

c)  To conduct a direct assessment of conflict
d) To implement a watcher scheme in the fringe

villages of the sanctuary

4. To collect information on elephant mortality and
possible cause of death, and to assist the Forest
Department in minimizing this

5. To identify important elephant corridors, ground
truth them and prepare for securing.

6. To put into place a holistic conservation plan and
implement it in order to ensure a long-term future
for the elephant in the region.

The following chapters chronicle the methods and
results of various elephant conservation researches and
actions that were undertaken between 2000-2005 in the
Kameng Elephant Reserve.
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CHAPTER 2

The status of elephants, forest contiguity and gaps in
protected area network in Arunachal Pradesh

Bharath Sundaram, Surendra Varma, Arun Venkataraman and Raman Sukumar

Table 2.1 Details of Ground surveys for elephant abundance

Area District Forest Protection distance Number Encounter
Division level walked of signs rate/km

(km) (km) walked

Chessa I Papum Pare Bandardewa RF, USF 12 28 2.33
Chessa II Papum Pare Bandardewa RF, USF 8 15 1.88
Kimin Papum Pare Bandardewa RF, USF 15 24 1.6
Deomali I Tirap Deomali RF, VFR 15 79 5.27
Deomali II Tirap Deomali RF, VFR 7 29 4.14
D’ Ering East Siang Pasighat WLS 16 88 5.5
Tipi East Kameng Khellong WLS 12 78 6.5
Seijosa East Kameng Khellong WLS 15 89 5.93

2.1 Methods
The status and habitat available for elephants were

determined through field and questionnaire surveys.
Field surveys were undertaken in East Kameng, West
Kameng, Papum-Pare, Lower Subansiri, Dibang Valley,
Lohit, Tirap and Changlang districts of Arunachal
Pradesh (Fig 2.1).  Survey of India topographical sheets
were used to assess forest contiguity in the low- and
mid- elevation (100-900m) areas. Information regarding
the area was first gathered from the Divisional Forest
Office, after which trails in the forest were identified.
These trails were then traversed on foot, and data on
elephant signs, i.e. dung, foot prints, scratch marks and
feeding signs were collected. GPS locations were taken
every 1 km and the habitat at that point was classified
by recording the forest type, geographical features and
four tree species characteristic of the vegetation in the
nearest vicinity. Direct sightings of elephants were also
recorded. Closest proximity to human settlements from
the area was also noted. In addition to field data
collection, secondary information was gathered through
questionnaire surveys (Appendix III) in villages and
Divisional Forest Offices. Information on the distribution,
movement pattern and number of elephants was
collected from Forest Department personnel as well as
the local people living in the area. Since very few elephant
populations in Arunachal Pradesh are resident, data
about seasonality of sightings/movement were also
collected. Fieldwork was carried out from January-March
2001.

Encounter rates (frequency of sighting elephant
signs per kilometre walked) were calculated (Table 2.1).
The encounter rates were used to identify, within the
study area, specific zones of high (encounter rate in the
range 4 and above), medium (encounter rate in the range
2.5 to 4), and low (encounter rate in the range 1 to 2.5)
elephant abundance.

Maps were created using MapInfo Professional,
ArcView GIS, and GMView.   Layers of political
boundaries, Protected Area network, forest cover using
VMap Level 0 data (the data set was derived from 1-km
resolution Advanced Very High Resolution Radiometer
(AVHRR) data spanning a 12-month period- April 1992-
March 1993), and Global Land Cover Characterization
datasets obtained from the International Steering
Committee for Global Mapping, Geographical Survey
Institute, Japan. The GPS survey points were overlaid
on the forest cover map (Fig 2.2), and inferred elephant
distribution (from secondary information) was plotted
(Fig 2.3).

2.2 Results
2.2.1. East and West Kameng districts: The areas
surveyed in these two districts included Pakke WLS and
Khellong Forest Division. One of the high elephant
abundance areas, these two districts are also subject to a
lot of human-elephant conflict (Fig. 2.4). The high
abundance may be because these areas border Nameri
National Park and Sonitpur RF in Assam, from where
there could be a possible movement. While the forest
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Fig 2.1 : Protected Areas of Arunachal Pradesh

Fig 2.2



21

types in Pakke WLS range from semi-evergreen to
evergreen with patches of secondary jhum forests, the
forests in the Bhalukpong side (Khellong Forest Division-
Amartala, Doimara and Papum RF’s) are mostly
degraded, with some patches of evergreen forest still
existing due to their inaccessibility. Elephants range right
from the foothills of the Dhansiri river (at the Bhutan
border), to Papum RF east of Pakhui WLS. A specific
area of high elephant conflict is Tipi (a town close to
Bhalukpong). The position of the Tipi Orchid Research
Centre (situated in a natural elephant pathway),
increased levels of human encroachment, and the
construction of Territorial Forest Range Office on an
elephant path has added to the increasing levels of
human elephant conflict. Project Elephant has
recognised the Kameng –Sonitpur interstate area (ca
4300km2) as an Elephant Reserve (National Elephant
Conservation Action plan, 1992), but this area is under
lots of pressure on the Assam side due to the ever-
expanding cultivation.

2.2.2.  Papum-Pare and Lower Subansiri Districts: The
areas surveyed in these two districts included Itanagar
WLS and Bandardewa Forest Division. This area has
medium elephant abundance, with highly migrant
populations. These areas are also highly fragmented and
degraded due to increased human encroachment and
illegal deforestation. Areas like Poma, Jote, Kimin, Hoj,
Tarajuli, Chessa, Hollongi, Changmara, Kokila,
Tengabari, and Balijan have a matrix of habitats

composed of semi-evergreen and evergreen forest, and
cultivation. Unplanned development in the Itanagar area
has also destroyed much of the habitat and has been
noted as a factor to reckon with as far back as 1984 (Lahiri-
Choudhury 1985). Setting up of an Elephant Reserve
has been planned in Papum-Pare district, but the success
of this plan depends entirely on the effective control/
removal of encroachments

This area shows very little influx of elephants from
Assam because the areas in the Assam side are
completely under cultivation. The Subansiri Range of
Panir RF (Bandardewa Forest Division) is an interesting
situation where repetitive disturbance has been observed
to affect elephants. Dolunmukh is a village bordering
Panir RF, which has not reported the presence of
elephants for the past 10 years due to the presence of a
bombing range (an area used for target practice by the
Indian Air Force). Even though bombing operations have
ceased a few years ago, elephants are yet to return. These
areas show the presence of large patches of semi-
evergreen and evergreen forests. More interestingly,
Dolunmukh was reported to have been an area of high
human-elephant conflict (Lahiri-Choudhury et al., 1984).

2.2.3. Lohit District: The floodplain areas of the Lohit
river, like the Paya and Digaru Ranges, were surveyed
in the Lohit Forest Division within this district. Of the 7
Ranges in this division, these two Ranges show seasonal
presence of elephants. Dung encounter rates indicate

Fig  2.3: Distribution of the Asian elephant in Arunachal Pradesh as inferred from
Questionnaire Survey
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Fig 2.4: Kameng – Sonitpur elephant area in Arunachal Pradesh- Assam

that these areas have medium elephant abundance.
Affected heavily by flood, the landscape in these areas is
highly amorphous. Struck by a major earthquake in 1950,
many of the natural forests of this area were destroyed
due to inundation by the Lohit river, which had changed
its course as a result of earthquake.  The habitat in this
area is a combination of secondary riverine forest,
Saccharum grasslands and plantations. Plantation
activities were initiated, after the earthquake, to restore
some of the original forest. Providing fresh herbage for
the elephants after the first rains, this area assumes
immediate importance and it therefore becomes more
necessary to bring these areas under the Protected Area
network. This area is also heavily disturbed due to the

presence of ‘khutis’ (herds of unproductive cattle).
Overgrazing was seen to occur in the Digaru area. The
Paya and Digaru areas are approximately 300 km2 in
size, and this area is supposedly has at least 10-12 khutis
(ca. 2500-3000 heads of cattle). Such a large number of
cattle is bound to put undue pressure on the grassland
ecosystem, and should be brought under control.
Choudhury (1999) has also cited illegal capture of
elephants to be common in this district, but no instances
of this were observed during this study.

2.2.4. Dibang Valley District: The areas in and around
Mehao WLS were surveyed. Mehao WLS (281.5 km2) lies
along an elevational gradient and evergreen forests are
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found up to 900m (an area of around 100 km2). This area
has medium elephant abundance. It appears to be highly
disturbed with a high degree of encroachments
(especially in the Koronu and Ippipaani areas), where
the people are not aware that they are living in the middle
of a Wildlife Sanctuary. Elephants that use the Dibru-
Deomali elephant corridor sometimes visit this area.

2.2.5.Changlang District: Namdapha TR was surveyed
in this district. This area was found
to have low elephant abundance.
Namdapha TR (1985 km2) is
located at the Myanmar border and
movement of elephants to and from
Myanmar cannot be totally ruled
out. A survey conducted by
Surendra Varma in 1999 yielded
very poor results as far as elephants
were concerned. The forest types
in Namdapha TR range from semi-
evergreen to evergreen at the lower
reaches. Evergreen forest habitat
has been considered to be sub-
optimal habitat for elephants and
this may be the reason for their
inherently low abundance.

2.2.6.Tirap District: Deomali Forest
Division (286 km2) was surveyed in
this district. Arunachal Pradesh
Forest Corporation used this area
for conducting timber operations.
The operations stopped in 1997 and
selection-felled patches are
recuperating. This is an area of high
elephant abundance, with elephant
influx from Nagaland in the west,
as well as movement of elephants
from neighbouring Joypur RF in
Assam. A high number of natural
salt licks (pungs) were detected in
the Namsangmukh area. These
areas are classified as VFRs and
RFs and must be incorporated into
the Protected Area network, taking
into account their value for
elephants. Elephants also
frequently move from Tinsukhia
and Digboi areas (especially
around Dibru-Saikhowa NP) to this
area and vice-versa (Fig 2.5). Fig 2.5: Dibru-Deomali area in Arunachal Pradesh- Assam

2.2.7.East Siang District: D’ Ering Memorial WLS was
surveyed in this district. D’ Ering WLS (184 km2) is a
sanctuary composed of mainly of Vettiveria grasslands
and plantations of Dalbergia and Bombax. Another area
of high elephant abundance, D’ Ering WLS is used
seasonally by elephants (before and during the
monsoons). This area is also flood prone and is rendered
a virtual island during heavy floods due to the formation
of new rivulets. Heavy siltation occurs in the flood
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affected areas. Elephants frequently cross over from Jonai
and Kobo Chapori in Assam to this area. Cited as an
important movement pathway for elephants
(Choudhury, 1999), the Dibru-Deomali elephant corridor
includes D’ Ering WLS, Jonai and Kobo Chapori areas
(Assam), Dibru-Saikhowa NP, Joypur RF and Deomali
Forest Division. Consequently, this whole area (ca 4000
km2) is under the Dibru-Deomali Elephant Reserve.
Presently D’ Ering WLS is not protected to the full extent
due to shortage of manpower and resources. As a result
many people from Pasighat and Mebo use it as a hunting
ground. Frequent burning of the grassland also occurs.

2.3 Discussion and recommendations
2.3.1 Habitat patchiness and human elephant conflict

Most of the areas surveyed showed a very patchy
habitat. Mosaics of forest types like semi-evergreen forest,
degraded jhumed forests, degraded grasslands,
cultivated land, and degraded riverine forests were
encountered. This affects the mobility as well as the
ranging of elephants in various ways. For example,
elephants try and maintain their original ranging
patterns even after part of their ‘range’ are destroyed or
modified. One of the manifestations of this behaviour is
the increase in human-elephant conflict. The scattering
of villages and towns also puts hurdles before the
elephant’s normal ranging behaviour. Human elephant
conflict was a common problem in most of the areas
surveyed. The people of Arunachal Pradesh have always
been living in close conjunction with their forests, but
uncontrolled development has already destroyed many
prime elephant areas like the foothill forests in Papum-
Pare district and Lower Subansiri. The problem of human
elephant conflict is compounded by the fact that a large
proportion of agriculture in Arunachal Pradesh is
subsistence agriculture. Crop depredation hits the
subsistence agriculturist very hard, and the existing
system is not equipped to deal with this problem at all.
The formulation and implementation of a relief scheme
will greatly help improving relations between the
common man and the government agencies involved.

2.3.2 Gaps in protection
While the following account is in no ways a

complete picture of the gaps in the protected area network
of Arunachal Pradesh, during the project  it was noticed
that many areas that are important for elephants do not
fall under the Protected Area network. The northeastern
elephant population is no exception to human
encroachment into forested areas, and its habitat being
lost to agricultural practices, development projects and
other anthropogenic pressures. While the northeastern
part of the country has a spread of approximately
41,000km2 of elephant habitat, only 14.5% of this area is
protected (Bist, 2002). The protected area coverage for

the elephant population of Arunachal is only around
3,281 km2 through D’ Ering Wildlife Sanctuary (WLS),
Itanagar WLS, Namdhapa Tiger Reserve, and Pakke WLS
(Envis, 1998) in the form of forest types which comprise
both elephant habitats and corridors, while the
remainder of the area is unprotected.  The overall decline
in the forest cover of 334 km2 of dense forest between
1993-95 in Arunachal Pradesh (Source; National Remote
Sensing Agency for 1980-82, and State Forest Report for
1993) is an alarming figure, but it might be an outcome
of incorrect classification while conducting change
detection. In general it gives an indication of degrading
habitat condition due to several biotic activities.

Of the areas that are not part of the PA network
that are critical for elephant conservation, the Deomali
area in Tirap district is a good example. An important
link in the Dibru-Deomali corridor, this area is presently
classified as a Village Forest Reserve (VFR).  It is not only
important to bring such areas under the Protected Area
network, but it is imperative that existing parks and
sanctuaries are well protected. The D’ Ering Memorial
WLS is a very important area for elephants as it is largely
composed of savannah grasslands. Limitations on
manpower and resources make the job of protection an
unenviable task (the Wildlife Trust of India has in the
past assisted in the communication needs of the Park by
providing a number of hand-held wireless sets to the
area), and a solution to the problem lies in finding a
cost-effective remedy to ensure protection by involving
the locals and NGOs. Since the elephant populations in
the northeast region know no political boundaries, it
becomes important to ensure their protection in the
neighbouring states of Assam, Meghalaya and
Nagaland. Unprecedented levels of deforestation in
Assam often pose a problem for elephants in the areas
where cross-border movement of elephants is common,
like Kameng (bordering with the Sonitpur and Balipara
forests of Assam) and East Siang - Tirap (bordering with
Dibrugarh-Digboi areas) zones. The Forest Departments
of these states must work a common strategy for the
protection of elephants on a regional scale by identifying
these key areas.

2.3.3 Preservation of key habitats
Some habitats like riverine semi-evergreen forests

and grasslands are extremely important for elephants,
as they are a ready source of food, especially after the
first showers. These habitats are constantly under threat
due to conversion into agriculture land. One of the viable
alternatives to livestock grazing is stall-feeding and this
must be propagated in large scale in order to reduce
pressure on forest resources. It is very clear that there
can be no long-term solution without the combined effort
of the Forest Department and the indigenous people of
the area.
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3.1 Introduction
The Kameng Elephant Reserve (Fig 3.2) covering a

total area about 1892 km2 has altitudes that range from
334 mtrs to 3213 mtrs above msl (Abo, 2002; Kumar,
2004). The climate and rainfall are important factors
determining the unique status of the landscape and
based on these two factors the year can be divided into
four seasons: (1) Winter (December to February), (2) Pre-
monsoon (March to May), (3) Monsoon (June to
September) and (4) Post-monsoon (October to November)
(Borthakur, 1986). The distribution of rainfall is uneven
(approximately 2500 mm; in 1991, 3056mm rainfall was
recorded at Seijosa of Pakke)  and the month of June and
July are the wettest. The lower portion of the reserve has
high temperature during summer and moderate in
winter.  But the high altitude areas are very cold during
winter and the temperature goes below 00 C.  The higher
areas receive heavy snowfall during winter (December,
January and February) and dew in the night is a common
feature throughout the year. The humidity ranges from
40 to 85% (Abo, 2002) and the landscape is drained by
several nallah, streams and rivers. Pakke, Kameng, Khari,
Nameri, Tipi, Pani, Pinjoli, Dunukho, Diji, Sessa are the
important rivers and nallahs of the area.  The important
tribes of this part are Akas, Mijis and Nyishis. Nyishi
are one of the largest groups of people inhabiting the
area. The villagers traditionally are agriculturists. Other
sources of livelihood are negligible. Land around the
human habitation is neither rich nor easy to cultivate
due to its tough terrain and only a few places which are
accessible are cultivated for the subsistence. Literacy
level is very low and only few people are employed in
government jobs. Hence, the dependency of most of the
people is on forest (Fuentes et al., 1989) for their day to
day requirements.

The project was conducted in the Kameng Elephant
Reserve. The investigation on elephant population,
habitat and corridor usage was carried out in Pakke
Wildlife Sanctuary (Pakke Tiger Reserve) and the
westernmost part of the Papum RF. The elephant
distribution pattern study was carried out in Pakke TR,
Sessa Orchid Sanctuary, Eaglenest Wildlife Sanctuary
and Amortola RF of Arunachal Pradesh (Fig – 3.2).

 CHAPTER 3

Project area : Kameng Elephant Reserve

However, the human-elephant conflict and its mitigation
studies were conducted in the fringe villages of the Pakke
Wildlife Sanctuary. The project was conducted from
April 2000 to February 2005. Initially the basic
information of the reserve, elephant numbers, conflict
status and other associated aspects were collected from
the forest department, local administration and local
community. During the first stage of study, a detailed
questioner survey was carried out in the fringe villages
of  Pakke Wildlife Sanctuary (part of Kameng Elephant
Reserve) to assess the human-elephant conflict and
people perspective the issue. In the second stage, the
population estimation of Asian elephant and vegetation
study were carried out. In the third stage, detailed
investigation on habitat status, corridor and human-
elephant conflict were carried out.

3.2 Pakke Wildlife Sanctuary
The Pakke Wildlife Sanctuary (260 55’ to 270 15’ E;

920 35’ to 930 10’ N) is under the administrative control
of the Pakke Wildlife Sanctuary Division (Fig 3.2). It
covers an area of 861.95 km2, which is composed of 20%
of the East Kameng district of Arunachal Pradesh. The
park is almost completely hilly with altitudinal ranges
starting from 100 to 2040m above MSL.  The terrain
occupied by the forest is highly rugged with
mountainous ranges, narrow plains and valleys with
hill slopes, which are moderate to steep. The
mountainous part of the reserve consists of temperate
climate and subtropical to tropical climate is generally

Prabal Sarkar & Surendra Varma

Fig. 3.1
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found in the lower belt comprising narrow plains and
valley areas. Floods frequent peripheral zone and
valleys.  The annual average rainfall is approximately
2500 mm.  In 1991, 3056 mm rainfall was recorded at
Seijosa (Abo, 2002). As per Champion & Seth (1964), the
vegetation profile of the Pakke Wildlife Sanctuary is
classified mainly as Assam valley tropical semi-evergreen
forest. Pakke Wildlife Sanctuary has got six types of
vegetations namely: Assam valley tropical semi-
evergreen forest, Sub Himalayan light alluvial semi-
evergreen forests (2B/C/151), Eastern Hollock forests

(3/152(b)), Upper Assam valley tropical evergreen forest
(1B/C. 2B), Tropical riverine forests (4E/RSI) and
Secondary moist bamboo tract (E1/2/SI). The area
abounds in epiphytes and variety of lianas and other
creepers (Kaul & Haridasan 1987).

The Reserve has a great diversity of fauna (Gupta
and Shukla, 1988; Singh, 1991, 1994, 1999; Katti et al.,
1992; Chanda, 1994; Datta and Goyal, 1997; Dutta et al.,
1998; Sinha, 1998; Datta, 1999a,b,c, 1999; Kumar and
Singh, 1999; Ashok and Bhatt, 2000; Nath and Dey, 2000;
Borang and Bhatt, 2001; Borang, 2001; Pawar and Birand,
2001) having 120 species of mammal and 268 species of
birds, 35 species of reptiles, 29 species of amphibians,
40 species of fishes and 33 species of butterflies (Tiwari
et. al, 2006). Some of the major important  faunal species
of the sanctuary is rhesus macaque (Macaca mulatta),
Assamese macaque (M. assamensis), capped langur
(Trachypithecus pileatus), sambar (Cervus unicolor),
barking deer (Muntiacus muntjak), wild pig (Sus scrofa),
Indian hare (Lepus nigricollis), gaur (Bos gaurus), elephant
(Elephus maximus), tiger (Panthera tigris), leopard (P.
pardus) clouded leopard (Neofelis nebulosa), wild dog
(Cuon alpinus), jackal (Canis aureus), Indian fox (Vulpes
bengalensis), Asiatic black bear (Ursus thibetanus).

Fig. 3.4 : Pakke Wildlife Sanctuary. The sanctuary with its drainage systems and reserved forests, protected areas and
settlements located north, south, west and east of it.

Fig. 3.3 : Tiger pug mark
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Himalayan yellow throated marten (Martes flavigula),
Malayan giant squirrel (Ratufa bicolor), common otter
(Lutra lutra),  Brush tailed porcupine (Atherurus
macrourus), large Indian civet (Viverra zibetha), mongoose
(Herpestes spp.), fruit bat (Sphaerias blanfordi). Several
species of birds, reptiles and amphibians are also
observed in this region.

Pakke has two Ranges vis, Seijosa (540.79 km2.)
and Tipi (321.16 km2.).  Prior to 1980, the west bank of
the Pakke River was leased to the Armed forces for firing
practices and the east bank for settlement of the retired
Army (Abo 2002, Kumar 2004) although currently the
area has no leases.

3.3 Sessa Orchid Sanctuary
The Sessa Orchid Sanctuary (92023’40’ to 92036’ E;

2703’ N to 27011’ N) is also under the control of the Pakke
Wildlife Division located in the West Kameng district of
Arunachal Pradesh. It has an area of 100 km2. The Sessa
orchid sanctuary has hilly terrain and altitude ranging
from 600m to 3100m  above msl (Abo, 2002; Kumar, 2004).
The terrain occupied by the forests is sloping eastwards.
The soil is alluvial and is of considerable depth and
well drained. The terrain has highly rugged
mountainous range with dissected hills which is the
origin of numerous streams and rivulets.  The sanctuary
is rich in vegetation i.e. tree species and various types of
orchids, under following types of vegetation: - Tropical
forest, Sub-tropical forest and Alpine forest. The orchid
sanctuary has a great diversity of floral and faunal
species (Kaul & Haridasan, 1987; Kumar, 2004).

3.4 Eagle nest Wildlife Sanctuary
The Eagle nest Wildlife Sanctuary (260 55’ to 270

15’ E; 92030’ to 93010’ N) is also under the control of the
Pakke Wildlife Division located in the West Kameng
district of Arunachal Pradesh. It covers an area of 217
Km2. The Eagle nest Wildlife Sanctuary has hilly terrain
with altitude ranging from 334 m to 3213m above msl
(Abo, 2002; Kumar, 2004).  The terrain has highly rugged
mountainous ranges with a narrow plain and valley
having moderate to steep slopes. The PA has varied kind
of vegetation ranging from Semi-evergreen and Evergreen
forest in the foothill areas and Temperate to Coniferous
forest at higher elevation.  By and large, the forest dealt
with may be classified as: i) Tropical Evergreen and Semi-
evergreen forest, ii) Sub-tropical broad-leaved hill forests

and iii) East Himalayan dry temperate coniferous forest
(Kaul & Haridasan, 1987; Datta, 1999; Abo, 2002; Kumar,
2004).

The Sanctuary is home to various endangered
species like Red panda (Ailurus fulgens), musk deer
(Moschus chrysogaster), snow leopard (Uncia uncia), Blyth’s
tragopan (Tragopan blythi) etc. It is also home to five
varieties of hornbills beside tiger, elephant, Assamese
macaque (Datta, 1999; Abo, 2002) etc.

3.5 Papum RF
It is located in the eastern boundary of the Pakke

Wildlife Sanctuary in East Kameng district of Arunachal
Pradesh. It has an area of 1063.87 km2 of which 674 km2

constitutes a part of the Kameng Elephant Reserve. This
RF is under the control of the Khellong Territorial Forest
Division.

3.6 Amortala RF
The Amortala RF is located in the western

boundary of the Pakke TR 3n West Kameng district of
Arunachal Pradesh. It has an area of 293.1 km2 of which
255 km2 constitutes a part of the Kameng Elephant
Reserve. This RF is under the control of the Khellong
Territorial Forest Division.

3.7 Doimara RF
The Amortala RF is located in the western boundary of

the Pakke TR in West Kameng district of Arunachal Pradesh.
It has an area of 216.72 km2 of which 215 km2 constitutes a
part of the Kameng Elephant Reserve. This RF is under the
control of the Khellong Territorial Forest Division.

3.8 Overall rainfall pattern for the landscape
The landscape receives a mean rainfall 2754 (SE =

240) per year and its ranges are from 2235 to 3489 for
five years (1998-2002); the peak rainfall months are June,
July, August and September rainfall ranging from 415 to
669 mm for those four months (Fig 3.5 to 3.8). Mean
number of rainy days are 152 (SE = 6.1) ranging from
137 to 159 days per year. The landscape receives rainfall
all most every month. The low rainfall months are
November, December January, February and March,
these months receive rainfall of only 6 to 22 mm, and
other months receive a rainfall of more than 100 mm/
month.
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Fig. 3.6 : Rainfall pattern for the Kameng Elephant Reserve. Number of rainy days for 5 years (1998 to 2002) is
plotted against the months.

Fig. 3.5 : Rainfall pattern for the Kameng Elephant Reserve. Rainfall (mm) for 5 years (1998 to 2002) is plotted
against the months.
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Fig. 3.7 : Rainfall pattern for the Kameng Elephant Reserve. Mean (± SE) rainfall (mm) for 5 years (1998 to 2002) is
plotted against the months.

Fig. 3.8: Rainfall pattern for the Kameng Elephant Reserve. Mean (± SE) rainy days for 5 years (1998 to 2002) is plotted
against the months.
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3.9 Fringe villages of the Pakke TR

In the eastern most periphery of the Pakke TR, there
are eleven inhabited villages located under Seijosa Circle
of Arunachal Pradesh (Abo, 2002; Kumar, 2004). The
villages are named as Darlong (including Niti Darlong),
Upper Seijosa, Bali (including lower Bali and Upper Bali),

A-2/ Mebuso-I, A-3, Goloso, Jolly, Lanka, Mebuso-II,
Mirgaso and Tarabaso. This does not include a village
called Dibru as presently, there is no human habitation.
It was previously a settlement area given for 20 years
lease to Ex-servicemen by the Government of India. Now,
as the tenure of the lease has been completed, these people

have left the area. In the western periphery of the Pakke
TR, there are five villages namely, Bhalukpung, Tippi,
Elephant flat, Sessa and Kimi areas located in West
Kameng district of Arunachal Pradesh. Elephants often
visit Bhalukpung and Tippi areas and occasionally visit
Elephant Flat area. In these areas, no crop has been
cultivated and only Tippi area was considered as a study
village (Table : 3.1).

Table 3.1: Name and the location of the study villages

SL Village Circle Latitude Longitude
No.

1 Darlong Seijosa 26058.304 92059.159
2 Upper Seijosa ,, 26057.495 93000.638
3 Bali ,, 26058.750 93001.112
4 A-2/ ,, 26059.961 93004.040

Mebuso-I
5 A-3 ,, 26059.593 93059.593
6 Goloso ,, 27000.030 93002.499
7 Jolly ,, 27000.878 93002.801
8 Lanka ,, 27001.047 93002.706
9 Mebuso-II ,, 26059.961 93004.013
10 Mirgaso ,, 26059.730 93005.221
11 Tarabaso ,, 26059.810 93006.289
12 Tippi Bhalukpung 27001.686 92036.946

3.10 Population
The population of the eleven villages in Seijosa and

population in Tippi as per 1991 census report are given
in Table 3.2.

Table 3.2: Population status of the villages

SL No. Village Household Population

1   Darlong 229 1071
2   Upper Seijosa 268 1316
3   Bali 35 197
4   A-2/ Mebuso-I 40 219
5   A-3 12 76
6   Goloso 46 155
7   Jolly 21 112
8   Lanka 11 50
9   Mebuso-II 5 33
10   Mirgaso 9 52
11   Tarabaso 11 34
12   Tippi 174 611

Source : C.O office, Seijosa

3.11 Communities:

In Seijosa, the Nyishi community (Solanki, 2002)
occupies all the villages covered under the study area.
They are also called as “Bangnis”. There are four types of
“Nyishi” namely Tagin, Pakketing, Yano and Kodong.
Most of the Seijosa people belong to the Yano clan. Other

Fig. 3.9

Fig. 3.10
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communities of this district (East Kameng) are Akas, Mijis
and Puroiks (Sulung). In Tippi, the Miji (Sajolang) is the
dominant community. Other community of this district
(West Kameng) is Monpas, Akas, Nyishi etc. They are
Mongoloid in origin, and each of the tribal communities
celebrates their own traditional festivals. The main
festival is Nyokum of the Nyishi, Sorrok of the Akas,
Pongkalam of the Mijis, Gum-Kum-Gumpa of the Puroiks
(Sulung). The Puroiks (Sulung) is the most poorest and
backward tribe of Arunachal Pradesh. They were
previously treated as slaves (Shukla, 1965; Solanki, 2002).

Fig. 3.11 Fig. 3.12

Hunting is a way of life for the local tribal inhabiting
the areas for meat, skin, teeth, feather, beaks etc. Mostly
the animals of higher vertebrate and birds are victim for
them. Almost 20% of the total populations in the areas
are traditionally hunters. Livestock plays an important
role in the socioeconomic structure of the villages.
Livestock are reared for the purpose of meat and eggs.
Sacrifices of domestic animals during festival are common
features. Cattle, mithun, goat, pig, poultry and duck are
common. The villagers of adjacent villages are partly or
to some extent dependent on the fringe area of PA for
their daily requirement of fuel wood and NTFP since
generations (Shukla, 1965; Solanki, 2002).
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4.1 Introduction
The Kameng Elephant Reserve and its surrounding

landscape is crisscrossed with mountains and valleys
and most of the places are very difficult to access due to
its rugged terrain and dense vegetation, probably
important factors in preserving such a vast track of
excellent forest. Firstly, this reserve has relatively few
landscape elements, each spreading across a large extent
of area. The area has relatively low number of forest
patches and the mean patch is relatively large. The
second important factor is that the region harbors
abundant bio-diversity (Tiwari et al., 2006).  The
landscape has very dense forest cover (Kaul and
Haridasan, 1987), low human population density and
the disturbance level within the landscape is limited.
However, various factors, both biotic and natural (e.g.
landslide and fire) likely influence the status of different
landscape elements found in this region.  Given this, a
specific understanding of the status of the landscape  is
very important(Baker, 1992; Franklin & Forman, 1987;
Fueutes et al, 1989; Hansson & Angelstam, 1991)  that
can be explored through the following objectives:

1. To identify the different types of landscape
elements, particularly major types of vegetation and
calculate their area and spatial distribution.

2. To develop a classified map of landscape elements
and a contour map of the entire project area.

4.2 Methodology
4.2.1 Project area coverage

Project area coverage of Kameng Elephant Reserve
including Pakke Wildlife Sanctuary was created using
Survey of India (SoI) toposheets (1:50,000) sourced from
the Forest Department.  For satellite imagery, Landsat 7
ETM+ image of spatial resolution 28.5m and path-136
and row-41 was downloaded from Global Land Cover
Facility website (http://glcf.umiacs.umd.edu). The scene
taken on December 24, 2001 and covered areas of Assam
and Arunachal Pradesh. A subset of false color
composite (FCC) of the image of project area was made.
The area lies within these following geographic
coordinates:  N 27° 17.4’ E 92°15’ and N 26°49.8’
E 93° 24’.

4.2.2 Ground truthing
The Landscape of Kameng Elephant Reserve

including Pakke Wildlife Sanctuary was surveyed
during the project period particularly from September,
2001 to February 2005. Two different models of Global
Positioning System (Garmin GPS 12 Personal Navigator
and Magellan) were used for ground truthing work.
Multiple GPS waypoints (location) were recorded with
details on land use pattern, forest cover, forest/vegetation
type, and terrain and disturbance levels for each of them.
In the beginning of every ground truthing survey,
geographic coordinates of campsites or guest/rest
houses were taken to cross check the function and
accuracy of the reading. Locations of the landscape were
taken in such a way that it covered a maximum area
(extreme east, west, north and south direction) of the
landscape.

For ground truthing work on vegetation, the survey
was done in two phases. Six transects  that were laid for
elephant density estimates and six  corridor survey trails
were used for vegetation type verification.  At every 500-
meter intervals of each trail or transect a 10 X 10m plot
was established. In this manner, a total of 48 quadrates
each were established in different parts of Pakke Wildlife
Sanctuary.

CHAPTER 4

The Kameng Landscape - through remote sensing
and geographical information system

Surendra Varma, Prabal Sarkar, Anisha Thapa and Narendra Babu

Fig. 4.1 : Prabal Sarkar taking a GPS reading
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A broad category land use map was created to
identify the training sites and ground truthing points
using GPS. The area and the spread of each land use
type were calculated to obtain number of waypoints in
proportion to the each land use type.

4.2.3 Accuracy assessment
Accuracy assessment is important to ensure the

reliability of a classified map. A classification is not
complete until its accuracy is assessed and this helps in
determining the percentage accuracy associated with the
c l a s s i f i c a t i o n
carried out.

A classified
map is assessed
for its accuracy
using a set of
ground truthing
points collected
on field. These
points are called
reference points
that have a
corresponding
class as observed
on ground. This
known reference
information is
then compared
against the
corresponding
classes derived
from remotely sensed data.

A reference dataset of 557 points were used as user-
defined-points to assess the classification accuracy of
landscape elements in the Kameng Elephant Reserve
including Pakke Wildlife Sanctuary. When the accuracy
assessment function was run in the image processing
software, the results obtained were reported in the form
of error matrix. Accuracy here is represented in three
forms: user’s accuracy, producer’s accuracy and overall
classification accuracy. User’s accuracy represents the
probability that a given pixel will appear on the ground,
as it is classed while producer’s accuracy represents the
percentage of a given class that is correctly identified on
the map (Emch, 2001). The overall accuracy is computed
by dividing the total number of correctly classified pixels
by the total number of reference pixels (Lillesand & Kiefer,
2002). User’s accuracy is a measure of error of
commission that indicates pixels that were placed in a

given class when they actually belong to another class,
whereas producer’s accuracy is a measure of error of
omission, which indicates the percentage of pixels that
should have been put into a given class but were not.

4.2.4 Landscape classification
ERDAS Imagine 8.3.1 was used for all image-

processing functions. Supervised classification was
performed using ground truthing points, information
from past surveys (Kaul & Haridasan, 1987), forest
department records, and land cover classification from
earlier surveys (Choudhury, 1999). Finally, pixels were
re-sampled using Maximum Likelihood algorithm.

3.2.5 Contours
Elevation Contours for the landscape were

extracted from Shuttle Radar Topography Mission
(SRTM) data taken in 2001 from the GLCF website. The
degree tiles of the SRTM data used for study area were:

i) u03_n026e092
iii) u03_n027e092
ii) u03_n026e093
iv) u03_n027e093

4.3 Results and discussion
4.3.1 Ground truthing:

A total of 557 and average of 62 (SE = 23.0) GPS
location/landscape element was obtained. Number of
points obtained for each landscape roughly matched
with the proportion of the area size of each landscape
element (Table : 4.1).

Table -4.1: Number & percentage of GPS location taken
for each landscape element

S.no Type Number Actual area
 of location % %

1 Coniferous 4 0.7 3.8
2 Cultivation 108 19.4 5.4
3 Evergreen 174 31.2 52.9
4 Grassland 7 1.3 1.2
5 Human habitation 60 10.8
6 Plantation 7 1.3
7 Riverine 23 4.1
8 Semi-evergreen 147 26.4 23.8
9 Disturbed habitat 27 4.8 8.0

Total 557 100
Mean 61.9
SE 23.1

Fig. 4.2 : In the field
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4.3.2 Accuracy assessment
The overall accuracy for the classification of

Kameng Elephant Reserve including Pakke Wildlife
Sanctuary has been found to be 79.35%. The accuracy
results shown below can be considered as generally valid
for the entire study region. However, some level of error
must be accepted as a trade-off for the cost savings of
remotely sensed data (Congalton & Green, 1999). The
results of the accuracy assessment are presented in the
table 4.2.

4.3.3 Landscape
Supervised classification of the subset image shows

that study area landscape is a mosaic of nine different
elements (Fig 4.5).  Northern part of landscape constitutes
a vast extent of evergreen forest clearly indicating
evergreen forest as the dominating vegetation type (53%),
followed by semi evergreen forest (23%), degraded
habitat (8%), cultivation (5%) and coniferous forest (4%).
Within the Pakke Wildlife Sanctuary (WLS), the
evergreen forest has an area of 82% (about 661 km2), semi
evergreen forest 14% with an area of 116 km2 and
cultivation 0.3%, accounting for 2.5 km2. Degraded
forests, cultivation and tea gardens are found in a very

small proportion suggesting the habitat is less disturbed
(Table 4.3).

Table 4.3: Extent and distribution of landscape elements
in study area

S. No CLASS PAKKE LANDSCAPE

1 WATER 0.95 18.50
2 EVERGREEN 661.27 2706.82
3 DEGRADED 2.87 410.95
4 SEMI EVERGREEN 116.15 1217.82
5 TEA GARDEN - 16.43
6 GRASSLAND 2.09 62.35
7 CULTIVATION - 278.82
8 MEADOWS 3.45 216.07
9 CONIFEROUS 16.75 193.53

TOTAL 803.53 5121.29

The reserve has contour layers starting from 80 to
2540 meters (Fig 4.6) of which the contours layers of 80

Table -4.2: The results of the accuracy assessment

Class Name Reference Totals Classified Totals Number Correct Producers Accuracy Users Accuracy

Water 1 1 1 100 % 100 %
Sand 34 74 31 100 % 42.0 %
Evergreen 148 124 114 77.02% 92.0 %
Semi evergreen 146 135 123 84.3% 91.1%
Degraded habitat 25 30 25 100 % 83.3%
Cultivation 65 25 24 37.0 % 96.0%
Coniferous 27 30 23 85.2 % 76.7 %
Meadows 34 54 34 100 % 63.0 %

Totals 480 473 375   

Overall Classification Accuracy = 79.35%

Fig. 4.3 Fig. 4.4
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to 600 meters are reasonably gentle, and above 1120 the
terrain is steep.  The evergreen forest is distributed from
200 meters; cultivation and tea gardens are located
within the 200 meters.

4.3.4 Detailed description of vegetation structure
metrics of different landscape

(a) Evergreen forest
An area of 2706 km2 of the total area is occupied by

evergreen type of forest. Of the total landscape, 52%
percent of area falls under evergreen forest in Kameng
Elephant Reserve, (this accounts for 82 % in Pakke
Wildlife Sanctuary) (Fig – 4.7). This forest type is
distributed through out the reserve.

(b) Semi-evergreen forest
About an area of 1217 km2 of  the total area is

constituted of semi-evergreen type of forest and it’s the
second largest landscape elements within the reserve.
This forest occupies about 14% of the Pakke Wildlife
Sanctuary covering an area of 116 km2. This forest type
is distributed in the southern region of the landscape.

(c) Grassland
Grasslands have been found along riverbanks and

floodplains. They occupy an area of 62 km2 within the
reserve accounting for 1% of the total area. Grasslands
are found only 0.25 % within Pakke Wildlife Sanctuary.

(d) Coniferous
This vegetation type is mostly found in the higher

elevation zone occupying about 4% in the reserve and 2
% in Pakke Wildlife Sanctuary covering a total area of
193 km2 within the reserve.

(e) Degraded Habitat
Degraded habitat account for 8 % covering an area

of 410 km2, but its proportion within the Pakke Wildlife
Sanctuary was only 0.35% covering an area of 2 km2.
The degraded forest or habitats are located in the
southern part of the landscape. It appears the Semi-
evergreen forest have been converted to degraded type
of forest by felling of trees near village and cultivated
areas.

Fig. 4.7 : Landscape elements of Pakke Wildlife Sanctuary
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(f) Cultivation
Cultivations are found in the southern region of

reserve and eastern side of Pakke Wildlife Sanctuary. It
occupies an area of 279 km2 within the reserve covering
5% of the total reserve, and 0.31% of Pakke Wildlife
Sanctuary. The total area occupied by the cultivation as
shown by the results is about 2.5 km2 in Pakke Wildlife
Sanctuary. However, Pakke Wildlife Sanctuary has no
cultivation within its boundary and in reality cultivated
lands adjoins the wildlife sanctuary boundary. Two
factors would have contributed for this error- one being
the error in demarcation of the boundary line and
secondly, the estimated accuracy.

(g) Tea gardens
Tea gardens occupy only 0.3 and 0.07% of total

areas of the reserve and Pakke Wildlife Sanctuary
respectively, and they are concentrated towards the
southern regions of the reserve close to the Assam border.
However, Pakke Wildlife Sanctuary has no tea garden
within its boundary, and tea gardens adjoin the wildlife
sanctuary boundary in the southern part. Like
cultivation the two factors reported for the error would
have contributed for tea gardens also.

4.5 Conclusion
The survey reveals that 52% percent of the total

landscape falls under evergreen forest and this
constitutes 82% in Pakke Wildlife Sanctuary.   The semi-
evergreen forest type is the second dominating type and
is distributed along the southern region of the landscape.
Grasslands have been found along riverbanks and
floodplains. They occupy an area of 62 km2, accounting
for 1% of the total landscape. Coniferous vegetation is
mostly found in the higher elevation zone occupying
about 4% of the landscape. Degraded habitats account
for 8%, covering an area of 410 km2 and are located in
the southern part of the landscape.  Cultivations are
found in the southern region of landscape and eastern
side of Pakke Wildlife Sanctuary, covering 5% of the total
landscape. The total area occupied by the cultivation
and tea garden is about 2.5 km2 and 0.61 km2 respectively
in Pakke Wildlife Sanctuary. However, these landscape
elements are actually in the Papum RF, and the total
extent of the area estimated through the GIS and remote
sensing study matches with the actual ground survey of
the cultivation.
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5.1 Introduction
Although several descriptive accounts on the

vegetation of the region exist, detailed information of
different forest types, their species composition, spatial
distribution and other parameters related to vegetation
types is lacking. A vegetation survey was thus conducted
as part of this project in an attempt to develop baseline
information on the overall status of species with the
following objectives:

1. To assess the vegetation (tree species) status
through species diversity, richness, evenness,
similarity, spatial distribution and other factors
associated to it.

2. To compare the results obtained through this project
to assess the validity of the inferences

CHAPTER 5

Tree species diversity, similarity and spatial distribution

5.2 Methodology
Vegetation survey was done using six trails. At

every 500 meter interval of each trail, a 10 X 10 plot was
established for vegetation survey, and a total of 36
quadrates each with 10 x 10m were established in
different parts of the Pakke TR. The data was processed
using computer programs Biodiversity Pro and
EstimateS 8.0. Species diversity, evenness, spatial
distribution, species area curve, and similarity matrix
were calculated using these programs.

5.3 Results and discussion
5.3.1 Species number, relative abundance and spatial
distribution

A total of 428 individuals belonging to 47 species
of 27 families (Appendix IV) were enumerated in 3600m2

Prabal Sarkar, Surendra Varma and Suresh HS

Fig. 5.1 : Species area curve for the project region. The cumulative number of species is plotted against the cumulative area (m2)
sampled.
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(0.36 ha area) sampled. Among all species Khokan
(Duabanga grandiflora) dominated (12%), followed by
Karibadam (Sterculia alata) (11%). Only 11 species had
more than 10 individuals and remaining all other species
had only one or two individuals. With reference to
number of individual, families Sterculiacea dominated
followed by Sonnerattiaceae and Euphorbiacea. With
reference to number of species, families such as
Combretacea, Moracea and Sterculiacea dominated
followed by Euphorbiacea. Although spatial distribution
of most of the species (73%) was random, only 8 species
of them (23%) had statistically significant (p > 0.005)
random distribution. The results show 27% species had
aggregated distribution, and interestingly 92% of them
were significantly aggregated.

5.3.2 Species diversity, richness and evenness
Out of nine different locations surveyed, number

of species ranged from 12 to 20 tree species, with the
mean number of species of 16 (SE = 1.1)/location.
Number of individuals ranged from 24 to 67 with the
mean number of individuals of 48 (SE = 4.0)/location.
Shannon – Wiener’s diversity index (Magurran, 1988)
values ranged from as low as 1.07 to a high of 1.30,
suggesting a uniform diversity value for all the locations
surveyed. Evenness value for the study region is 0.033,
and it ranged from 0.06 to 0.09. Fisher’s alpha index
value ranged from 6 to 13/location (Table 5.1).

5.3.3 Species area curve
The species area curve for the 0.36 Ha sample area

is presented in Fig.5.1, there is a gradual increase of
species and every 400 m2 plot, an average of 4.1 (SE =
0.9) noticed. The increase of number of species was not
uniform as an initial increment of 9 species and the
increase was stabilized to 2 species. As there was a
constant increase of species, the species area curve for
the study region did not stabilize, suggesting a small
sample size for species saturation.

5.3.4 Species similarity
Results of species similarity matrix is presented in

Table 5.2 and it can be seen that, locations Dichu 1 and
West Bank had similarity of 76% followed by West Bank
and Khari (64%) and Sukan nalla and Dichu 1 (57%).
The least similar regions were Long Bong and Lanka

Table 5.1: Species diversity, richness and evenness

Sukan nallah Long-bong Dichu -1 Seijusa nallah Golosa Lanka Dichu- 2 West bank Khari

No of Species 19.0 16.0 20.0 13.0 12.0 12.0 20.0 17.0 14.0
No of Individuals 42.0 47.0 52.0 40.0 24.0 43.0 67.0 56.0 57.0
Shannon Hmax . 1.28 1.20 1.30 1.11 1.08 1.07 1.30 1.23 1.15
Evenness 0.07 0.08 0.07 0.09 0.09 0.09 0.06 0.07 0.08
Alpha 13.37 8.55 11.90 6.69 9.55 5.52 9.65 8.30 5.92

Table 5.2: Similarity Matrix for study locations

Locations Sukhanalla Longbong Dichu1 Seijusa Golosa Lanka Dichu2 Westbank Kahri

Sukhanalla * 42.7 57.4 53.7 21.2 18.8 33.0 51.0 52.5
Longbong * * 58.6 41.4 8.5 4.4 49.1 54.4 48.1
Dichu 1 * * * 50.0 5.3 12.6 43.7 75.9 53.2
Seijusa * * * * 25.0 9.6 43.0 50.0 55.7
Golosa * * * * * 23.9 15.4 7.5 19.8
Lanka * * * * * * 20.0 14.1 24.0
Dichu 2 * * * * * * * 45.5 54.8
Westbank * * * * * * * * 63.7
Kahri * * * * * * * * *

Fig. 5.2
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(4%) followed by Dichu1 and Goloso (5%). Although
Dichu-1 and 2 are located relatively closer to each other,
both had only a 44% similarity.

The results of species similarity show only 20%
species were similar in all location (Fig 5.3),  whereas for
eight locations, similarity was only 25%. Further, 50 %
species similarity was noticed for seven locations.

5.4 Conclusion
The results based on the vegetation survey are

unique to this reserve.  The sample size was not adequate

for a meaningful comparison of the results with other
regions or forest types. However the results do reflect
very unique patterns. Like other tropical forests species,
species in this forest show a significant aggregated
distribution. This forest system appears to be as speciose
(species rich) as other forest types in India. This can be
evident from 0.36 ha accounting for 47 species. If species
that are yet unidentified (contribute 10%, second
dominant class) are identified, the species number may
further go up.  The region may also have higher species
rarity as many species are represented by one individual.

Fig. 5.3 : Species similarly for the project region. The results are based on Bray – Curtis Analysis (single link) of all the locations
sampled
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6.1 Introduction
While the forest department has conducted  a

number of censuses of elephants in the area and some
elephant experts have hazarded approximations of
elephants in the region, no systematic or long-term
population monitoring of the elephant has been carried
out in the area nor has a methodology for direct or indirect
estimation been standardised for this region. Therefore,
the project also had as its objectives, the:

(i) Study of methods for estimating elephant densities
and identifying an appropriate sampling strategy
for the region.

(ii) Based on this sampling strategy, to determine the
population size of elephants in this region.

6.2 Methodology
6.2.1 Estimation of elephant density

Data on the distribution and density of elephants
in various parts of the Kameng Elephant reserves was
collected using the dung count method (Barnes and
Jensen 1987). In this method, elephant dung density,
dung decay and defecation rates are used to estimate
elephant density. The following formula is used to
compute elephant density

E= (Y x R)/ D

Where, E = Elephant density
Y = Density of dung
R = Daily rate of decomposition
D = Number of times an individual
         defecates per day.

6.2.2 Elephant dung density estimates through line
transect method

A total transect distance of 36 km was covered in
three different micro-habitats (six transect of two km in
each micro-habitat) for this exercise. The transect covers
only the eastern part of the Pakke Wildlife Sanctuary
(Fig 6.1). The number of dung piles observed along each
transect survey were recorded, making notes on the stage
of decay of the dung piles and the perpendicular distance

CHAPTER 6

Estimating elephant density and population size
in Kameng Elephant Reserve

from the transect line. Maintaining the same age-
classification of the dung piles (A to E) described by
Barnes & Jensen (1987), each dung pile was classified as
specific age-class based on the shape (of the boli), and
status as described in Table: 6.1 and other factors.  This
age-classification was solely based on the experience
and the field knowledge of the observer.

Table 6.1: Different stages of dung decay

Stages  Characteristic Age
features

A All boli intact, fresh, Very fresh (within 1 day)
moist with color

B All boli intact, dry Fresh (not dry, with
with odour smell, moving towards

dark green or brownish
color and 2 to 3 days
old)

C1 More than 50% of Old – I (dry boli, no
the boli intact smell, but intact,

becoming yellow in
color 4 days 15 days)

C2 Less than 50% of Old – II  (boli broken, no
the boli intact smell, yellow in color 2

weeks to a month)
D All boli broken up Old  - III (boli broken

or flat amorphous total mass still remain
mass together 1 to 2 months

old)
E Dung piles no Very old  - mixed up with

longer visible soil,  above 2 months)

6.2.3 Defecation and decay rate observations
Given the poor visibility and low density of

elephants of the region, direct observation of wild
elephants from dawn to dusk was a very difficult task in
a terrain like the foothills of the Eastern Himalayas.
Hence, the defecation rate-per-day could not be worked
out. Similarly, the experiment of dung-decay rate could
not be done due to unexpected and heavy rain that
damage several attempts. Given this, an attempt was
made to obtain the results of decay and defecation rates
from the habitats for which information are available.

Surendra Varma, Prabal Sarkar and Nidhi Gureja
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Table 6.2a: Density estimates based on different sample sizes and decay rate experiments

Location A B C A B C A B C

Sample Size 547 547 547 325 325 325 179 179 179
Transect length 36 36 36 36 36 36 36 36 36
Dung Density 5579.1 5579.1 5579.1 2990.4 2990.4 2990.4 1662 1662 1662
Standard Error of dung density 248.3 248.3 248.3 173.5 173.5 173.5 205 205 205
Decay Rate 0.0086 0.072 0.005 0.009 0.072 0.005 0.01 0.072 0.005
Standard Error of decay rate 0.0002 0.004 0 0.0002 0.004 0  0.0002 0.004 0
Defecation Rate 16.16 20 19.04 16.16 20 19.04 16.2 20 19.04
Standard Error of defecation rate 0.36 0.55 0.53 0.36 0.55 0.53 0.36 0.55 0.53
Mean Elephant Density 2.97 20.11 1.46 1.59 10.7 0.78 0.79 5.37 0.39
95 % Confidence Interval 2.66 17.02 1.31 1.38 9.07 0.67 0.66 4.34 0.32

to 3.31 to 23.46 to 1.62 to 1.81 to 12.92 to 0.89 to 0.94 to 6.6 to 0.46

A: Dung decay results of Buxa Tiger Reserve – India, B: Bago Yoma, C: Rakhine Yoma – Myanmar

Table 6.2b: Density estimates based on different sample sizes and decay rate experiments

Location A B C A B C

Sample Size 96 96 96 63 63 63
Transect length 36 36 36 36 36 36
Dung Density 1496 1496 1496 1022 1022 1022
Standard Error of dung density 117.8 117.8 117.8 158.3 158.3 158.3
Decay Rate 0.01 0.072 0.005 0.01 0.072 0.005
Standard Error of decay rate 0 0.004 0 0 0.004 0
Defecation Rate 16.2 20 19.04 16.2 20 19.04
Standard Error of defecation rate 0.36 0.55 0.53 0.36 0.55 0.53
Mean Elephant Density 0.88 6.00 0.44 0.54 3.70 0.27
5 % Confidence Interval 0.65 to 1.11 4.33 to 7.73 0.32 to 0.55 0.38 to 0.72 2.45 to 4.94 0.18 to 0.36

A: Dung decay results of Buxa Tiger Reserve – India, B: Bago Yoma, C: Rakhine Yoma – Myanmar.

Table – 6.3a: Estimated daily dung decay rate for different sample sizes and dung densities

Location A B C A B C A B C

Sample size 547 547 547 325 325 325 179 179 179
Dung Density 5579.1 5579.1 5579.1 2990.4 2990.4 2990.4 1662 1662 1662
Decay Rate 0.0086 0.072 0.005 0.009 0.072 0.005 0.01 0.072 0.005
Decay rate/day 48 401 28 27 215 15 17 120 8

A: Buxa Tiger Reserve –India, B: Bago Yoma, C: Rakhine Yoma –Myanmar

Table- 6.3b: Estimated daily dung decay rate for different sample sizes and dung densities

Location A B C A B C

Sample size 96 96 96 63 63 63
Dung Density 1496 1496 1496 1022 1022 1022
Decay Rate 0.01 0.072 0.005 0.01 0.072 0.005
Decay rate/day 15 108 7 10 74 5

A: Buxa Tiger Reserve –India, B: Bago Yoma, C: Rakhine Yoma –Myanmar
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For this, results from Buxa Tiger Reserve in India (CES,
2004) and Bago and Rakhine Yoma of central (Varma et
al., 2007) and western Myanmar were considered.

6.2.4 Density based on encounter rates
The project also experienced difficulties in laying

transects in the dense forest habitats of Kameng Elephant
Reserve. As there were difficulties in laying transects
and conducting experiments of decay and defecation
rates, it was important to consider other approaches that
could give a reasonable estimate of elephant densities in
dense evergreen forest regions. For this, a crude method
was followed to estimate the approximate elephant
density, through estimating elephant dung encounter
rate/km from the transect and trail surveys and
incorporating elephant dung encounter rate and density
estimated in Buxa Tiger Reserve, which has a similar
habitat type as that of Kameng Elephant Reserve.  For
this, the following approach was adopted.

(i) Estimating elephant dung encounter rate (Number
of dung piles encounter per km trail) though transect
or trail surveys

(ii) Using the elephant density and encounter rate of
dung piles/km of Buxa

(iii) Computation of density based on Encounter rate
of Pakke WLS multiplied by the density at Buxa
and divided by the encounter rate at Buxa.

(iv) Estimating population size as density/km2 is
multiplied by the total elephant distribution area
of the Kameng Elephant Reserve

For this, two distinct approaches were followed
for estimating elephant densities for the region. One was
using a line transect method and the second was one
using a trail survey method. Transects laid in each
microhabitats (for density estimation) and 29 trails
covering different locations (for habitat usage survey
across the landscape) were the source of the data (see
chapter 7).

6.2.5 Data processing
Elephant dung densities were estimated using a

the computer program DISTANCE beta 5.1, and elephant
density was computed using a program Gajaha 2006
(modified version, Archana & Sukumar, 2005)

6.3 Results and Discussion
6.3.1 Elephant densities based on line transect method
using different sample sizes and daily decay rate
experiments:

The results showed that a total of 547 dung piles

were encountered for the 36km survey, accounting for
an encounter rate of 15.4 dung piles/km surveyed. The
encounter rate/km appeared to be very high and almost
equal to the encounter rate of high-density elephant
habitats (Varman et al, 1995). This high dung encounter
rate also results in higher elephant density for the region
(Table 6.2a,b). The high dung density may suggest that
the decay rate of old dung piles are to be very slow, or
almost nil giving rise to more dung piles getting
accumulated in the system. The result shows that if decay
stages of up to C2 (with sample size of 175) or D (325) or
E (547) were used, they may not provide appropriate
density estimates for the region.  Decay stages up to C1
(96), more precisely up to the stage of B (63) may be an
ideal approach for estimating an acceptable density
estimate for the region.

Apart from using appropriate dung decay stages,
appropriate daily decay rate results are also other
important factors to be considered. The results using
different decay and defecation rates estimated from
different regions have given interesting insights. High
mean decay rates (0.072, SE =0.004) result in high
elephant densities (Table 6.2a,b) and ideal mean daily
dung decay rate for the region should range anywhere
between 0.0050 (SE=0.00) and 0.0086 (SE=0.0002).
Combinations of dung decay stages up to B or C1 with
the dung decay rate of 5 to 7/day (Table: 6.3a,b) may
provide a reasonable density estimate for the region.

The inference of optimal sample size (dung stages)
and dung decay rate is based on the number of elephant
estimated for the region by the forest department during
the census operation in 2001. During 2001 census, 115
elephants were estimated for the 40% of region (344km2

of Pakke) – assuming the census team could explore only
40 % terrain (influenced by the factors such as the tough
terrain, availability of captive elephants to explore the
forest and other factors) and these results almost match
with results of the combinations of stages up to B or C1
and the dung decay rate of 5 to 7/day. This combination
estimates the density range of 0.44 (95% CI=0.32 to 0.55)
to 0.27 (95%CI = 0.18 to 0.36) accounting for 95 to 150
elephants for 40 % area of the region.

6.3.2 Density estimates based on encounter rate of
elephant dung piles
6.3.2.1 Transect method

For this method, an encounter rate of 2.66/km was
considered (as sample size of 96 dung piles of transect
method) was considered as an appropriate sample size
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for this region. To estimate the elephant density of the
region, elephant density (0.33/km2) and encounter rate
(4/km) of Buxa Tiger Reserve was incorporated in to the
following formula

2.66 (a) x 0.33(b)
_______________   = 0.219/km2

4 (c)
(a: encounter rate of dung piles/km for Pakke TR,
b:  density at Buxa Tiger Reserve,
c: encounter rate at Buxa Tiger Reserve)

This density of 0.21 /km2 is comparable to that of
expected density for evergreen forest which is assumed
to range from 0.2-0.3/km2 (Varma, per. Obs).

The dung encounter rate in Kameng Elephant
Reserve (evergreen forest) was crudely compared to that
in prime elephant habitat (tropical mixed deciduous of
Mudumalai Wildlife Sanctuary and Bandipur National
Park of southern India).

2.66 (a) x 1.7(b)
_____________   = 0.288 /km2

15.7 (c)
(a: Kameng Elephant Reserve encounter rate,
b: Mudumalai WLS elephant density,
c: Mudumalai WLS elephant encounter rate).

The result indicated that Kameng Elephant Reserve
supports a density of 0.3/km2, which also matches the
broad elephant density for evergreen forest habitats. This
translates to an estimated population of 450 elephants
for the areas under elephant distribution as calculated
by this study (see Chapter VI).

6.3.2.2 Trail survey method
Elephant dung survey through 29 trails (covering

a distance of 129 km) encountered 479 dung piles
accounting for 3.68 dung piles/km and estimated
densities of 0.311 and 0.408 elephants/km (using
elephant densities and encounter rates of Buxa TR and
Mudumalai Wildlife Sanctuary respectively). These
densities estimate a number of between 466 and 612
elephants for the reserve.

6.4 Conclusion
The results indicate that estimating age of dung

piles more than 1 month old is not easy and if these
dung piles take a very long time to decay, that would
result in a very high encounter rate (equal to prime
elephant habitats) and very erroneous density estimates.
Dung decay rate is a very important factor that influences
the results. Here two factors need to be considered; firstly,
if decay rate were very fast (say 1 dung pile/day) this
would result in very high elephant density for the region.

Fig. 6.1 : Locations of the transect lines surveyed for the population density estimation using line transect indirect
method.
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As dung piles appeared to stay for a long time, any decay
rate estimate results (obtained from other regions) that
has high rate of dung disappearance would not suite
the condition of this region. Density estimation through
dung encounter rates (of both survey and other regions)
and elephant density (from other region) appeared to be
working very well. This would compensate if there are
problems in estimating dung density through line
transect, decay and defecation rates for the survey region.

However, to estimate an acceptable density through this
approach, estimating proper dung decay stages is also
very important. Based on this experience, we conclude
the optimal decay rate may range between 0.0050 and
0.0086, and an elephant density of 0.44 to 0.27/km2 could
be arrived for the region. Both methods estimate numbers
(450 and 466-612) that closely approximate the 2001
elephant census for Kameng Elephant Reserve that had
estimated 470 elephants.

Fig. 6.2 : Pakke forest
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7.1 Introduction
Habitat may be defined, as those areas that fulfill

feeding, resting and the mating needs of a given species.
Among all these requirements, feeding is regarded as
the most important determinant factor in selecting a
habitat by a given species (Vancuylenberg, 1977).  The
measurement of the quality of the habitat is species-
specific, which depends on a number of factors like
vegetation type, status of the forest, food-plant species
and their distribution pattern over a period of time and
space Balasubramanian et al., 1993, Balasubramanian
et al., 1995; Animon & Cheeran 1997;Sivaganesan and
Johnsingh, 1993; Sukumar,1990).  Among all these
factors, the distribution pattern of the food plants within
a given habitat determines the spatial distribution of a
given species (Animon & Cheeran 1997; Mary et al., 1998;
Sukumar,1990). This pattern ultimately determines the
population size of a species in a given area. This chapter
aims to determine the pattern of habitat usage, spatial
distribution, and presence and the choice of food species
of the Asian elephant. Hence, the objectives of this
chapter are as follows:

1. To determine the habitat-usage pattern of elephants
in habitats close and away from human habitation
during a specific season (non-cropping season) and
in habitats close to human habitation during non-
cropping and cropping seasons.  And also to
understand the overall habitat usage by elephants
throughout the landscape (irrespective of habitat
close or away from the human habitation).

2. To determine elephant distribution based on the
habitat-usage pattern and vegetation types and
more specifically to understand the altitudinal
variation in the distributional pattern of elephants
in the landscape.

3. To identify the broad pattern of the presence of food
plants and choice of plant parts by elephants in
Pakke WLS.

7.2 Methodology
7.2.1 Habitat utilization pattern

Three distinct approaches were followed to fulfill

CHAPTER 7

Habitat usage, distribution and feeding behaviour of
asian elephants in Kameng Elephant Reserve

the objectives of understanding the pattern of habitat
usage by elephants.

(a) Approach-1
A total of six transects were established in three

locations (two in West bank, two in Dichu and two in
Khari area) inside the Pakke WLS. Among these, three
transects were located within Pakke, close to human
habitation while three other transects were established
away from human habitation (Fig 7.1). These transects
were surveyed for preliminary information on elephant
distribution during the non-crop season.

(b) Approach-2
As the cultivated lands are located in between the

eastern boundary of the Pakke WLS and the western
boundary of the Papum RF, an attempt was undertaken
to find out the elephant habitat-usage pattern of this
region. For this, six trails were permanently identified
and were monitored throughout the year. Among these
six trails, three trails were located in the eastern most
boundary of the Pakke Wildlife Sanctuary and other three
were in the western most boundary of the Papum RF
(Fig 7.1). Each trail was of two kilometer length and was
surveyed in the months of June and August (non-crop
season) and in November and February (crop season).
Data collection included the identification of elephant
sign (classified as dung, track, feeding, trumpeting and
other), their status, and GPS location wherever possible.
A comparison of the dung-encounter rate of the six trails
was made between crop and non-crop seasons to
understand the status of habitat-usage pattern during
conflict and non-conflict months.

(c) Approach -3
To understand the overall habitat-usage pattern

including the six trails (of western and eastern
boundaries), 29 trails were surveyed. These trails were
spread across the park covering all major micro and
macro habitat types (Fig 7.1). Trails were of varying
length of 1.5 to 14 (mean 4.3, SE= 0.59) kms covering a
distance of 129 kms and similar methodology of
Approach-2 was followed for the data collection.

Surendra Varma, Prabal Sarkar and Naim Akthar.
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7.2.2 Distribution pattern in response to the habitat
types and altitude

Data collected for habitat-usage pattern was used
to understand the overall elephant distribution in relation
to habitat types. In addition to this, a specific attempt
was also made to find out the elephant distribution
pattern across increasing altitudes in Pakke TR and other
PAs of Arunachal Pradesh. For this, a systematic survey
along the altitudinal gradient was carried out to record
direct and indirect signs of elephant that could be used
to infer their distribution along a given gradient. During
this survey, elephant signs, their status, GPS readings
including altitude, vegetation type and landscape details
were recorded. Arcview 3.2 was used to overlay data of
location of survey, vegetation types and contours in a
GIS format.

7.2.3 Assessment of selection of elephant food plants
A total of 12 trails were surveyed 42 times covering

different seasons to record the elephant food plants in
Pakke TR. For this, direct feeding observation and
indirect approaches through feeding signs were
followed:

(a) Direct observation: In this method, direct
observation of feeding behavior of specific  food
plants was recorded.

 (b) Indirect method: Only three species of food plants
were identified through direct observation due to
poor visibility, low density of elephant and less
possibility to follow the elephant herd or lone
individuals and the data collected depended more
on the indirect method. In this method, any feeding
sign by elephant was recorded with respect to
species name during trail survey.

In both the cases, species name, status of the sign
(old or new), parts eaten (leaf, stem, fruit, flower, bark
etc.), type of plant (full grown or sapling), and availability
of the same species in 10m radius of the food plant were
recorded.

7.3 Results and discussion
7.3.1 Habitat utilization pattern
7.3.1.1 Habitat usage pattern across habitats during a
specific season

Comparison of the results of encounter rate between
the habitat close and away from human habitation
indicates the encounter rate at the habitat close to human
habitation was 9.8 (SE = 1.43)/km and the habitat away
from human habitation was 20.6 (SE = 5.04) /km (Figure
7.2). The results of encounter rate of fresh dung piles/

km also showed the similar trend of 0.72 (SE = 0.27)/km
for habitat close to human habitation and 2.8 (SE = 0.8)/
km for habitat away from human habitation (Fig 7.3).

7.3.1.2 Habitat usage pattern across different micro-
habitats during different seasons

 The results of the trails (micro habitat) survey give
a specific pattern of habitat usage by elephants.  Except
for Dichu and Seijosa, the encounter rate of elephant
sign was consistently very high during the months of
January and February (Table 7.1).

Table 7.1: Encounter rate of elephant dung piles/km in
different trails (micro habitats) for different months

Trail Name June- Aug- Oct- Jan-
Jul Sep Nov Feb

Long Bonk 3.5 0 11.5 17.5
Seiojusa 4.5 4.5 13.5 9.5
Lanka 11.5 8.5 8.5 20
Sukan 8.5 3.5 4.5 8.5
Dichu 6 0 13.5 5.5
Goloso 3.5 0.5 3 14

7.3.1.3 Habitat usage for different months
The data of the individual (micro-habitats) trails

were pooled and overall patterns for different months
are presented in figure 7.4 and 7.5.

Although mean encounter rate was different from
each month, there is a clear over lap of the results of
October –November and January – February and between
June-July, October –November and January – February.
Mean encounter rate/km was significantly different for
the months of June-July and August – September and
between June-July and January-February.  Given this
result, elephants appeared to be using these habitats more
during January and February.  However, if encounter
rate of only fresh dung piles were considered (Fig 7.5),
statistically no differences in the results for all these
months were noticed.

7.3.1.4 Habitat usage pattern for different microhabitats
(trails) during different seasons

As there is no clear pattern for different months
(considering only the fresh dung piles) if these months
are placed under broad categories for different trails
(micro-habitats) during cropping and non-cropping
seasons, during the crop season, irrespective of trails,
the dung encounter rate was much higher than the non-
crop season (Table :7.2).
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Table 7.2: Encounter rate of elephant signs for different
trails (micro habitat) cropping and non-cropping season.

Trails (micro habitat) Non-Cropping Cropping

Long Bonk 3.5 29
Seiojusa 9 23
Lanka 20 28.5
Sukan 12 13
Dichu 6 19
Goloso 4 17
Mean 9.08 21.58
SE 2.78 2.87

7.3.1.5 Habitat usage for different seasons:
The result for different season, using all dung piles

across the seasons shows that, during the cropping
seasons elephant appear to use the habitat (Fig 7.6), and
the results may be statistically significant.

Our observations of the decay rates of dung piles
appeared to suggest, that the dung piles stay a long
period than expected in the system and it is possible
that other season dung piles could be wrongly
encountered in the survey season. Considering this, if
only fresh dung piles are used the results show (Fig 7.7)
may not be statistically significant for both seasons.

 7.3.1.6 Habitat usage pattern across different macro
habitats:

Although there is difference in the mean encounter
rate of dung piles for each habitat (Fig 7.8), they may not
be significantly different from each other. However,
elephants appear to be using Tippi region very less

Fig. 7.2 : Habitat usage by elephants in habitats close to and
away from human habitation in Kameng Elephant Reserve.
Mean (± SE) encounter rate of elephant dung piles (all
stages)/km is plotted against habitat close to and away from
human habitation

Fig. 7.3 : Habitat usage by elephants in habitats close to and
away from human habitation in Kameng Elephant Reserve.
Mean (± SE) encounter rate of only fresh dung piles/km is
plotted against habitat close to and away from human
habitation

Fig. 7.4 : Habitat usage by elephants for different months in
Kameng Elephant Reserve. Mean (± SE) encounter rate of
elephant dung piles (all stages)/km is plotted against
different months. The combinations of the months (e.g June
to July) are based on cropping pattern that includes sowing
(June and July) to harvesting (January to mid February)

Fig. 7.5 : Habitat usage by elephants for different months in
Kameng Elephant Reserve. Mean (± SE) encounter rate of
fresh dung piles/km is plotted against different months.
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compared to other regions. Fresh dung piles also reflected
a similar pattern (Fig 7.9) of habitat usage, In Tippi, no
dung piles were encountered for any of the six  trails
surveyed.

 7.3.2 Elephant distribution in relation to the habitats
and the altitude ranges:

The trail survey results reveal that within the
reserve, elephants have wide distribution; they are
distributed in a wider range of east to west about 75 km
and south to north about

20 km (Fig 7.10) and this range of distribution could
cover an area of 1500 km2. Habitat usage pattern reflects
that elephants are reported from the altitude range of
200 to 1120 meter. If old dung piles remain for a long
period and even if elephant do not or stopped using
region, presence of all dung piles may give wrong
inference of their presence.

However presence of only fresh dung piles also
support the same pattern (Fig 7.11) of wider distribution
of elephants in this landscape.

Elephants appeared to show no specific preference
to altitudes within a range. Encounter rate of elephant
dung piles for different heights seems to suggest that
they use habitats with in the range of 200 to 2900 m
equally (Fig 7.12)

The results of transect and trail survey results
suggest elephants are distributed in both Evergreen and
semi-evergreen forests. As the survey was not done in

Fig. 7.6 : Habitat usage by elephants for cropping and non
cropping seasons in Kameng Elephant Reserve. Mean (± SE)
encounter rate of elephant dung piles (all stages)/km is
plotted against cropping and non cropping seasons. The
cropping season is defined as crops under vegetative to
harvesting stages and non cropping season is defined as
both no cultivation and up to sowing stage of cropping.

Fig. 7.7 : Habitat usage by elephants for cropping and non
cropping seasons in Kameng Elephant Reserve. Mean (+ SE)
encounter rate of fresh dung piles/km is plotted against
cropping and non cropping seasons.

Fig. 7.8 : Habitat usage by elephants for different micro
habitats in Kameng Elephant Reserve. Mean (± SE) encounter
rate of elephant dung piles (all stages) /km is plotted against
different micro habitats. Micro habitats are defined based
on different location of the reserve, these locations are called
Seijosa, Tipi, Khari, Nameri and Eagle nest

Fig. 7.9 : Habitat usage by elephants for different micro
habitats in Kameng Elephant Reserve. Mean (+ SE) encounter
rate of fresh dung piles /km is plotted against different micro
habitats.
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Fig. 7.10 : Elephant distribution in relation to habitats and altitudinal contours in Kameng Elephant Reserve. The
pattern of distribution  is expressed through the presence of dung piles (all stages) in different habitat and
altitudinal contours

Fig. 7.11 : Elephant distribution in  Kameng Elephant Reserve. The pattern of distribution is based on 2 km buffer
created around each dung piles encountered during the survey. The presence of both, all stages of dung piles and
only fresh dung piles are considered for this.
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proportion to the areas of each vegetation type, no specific
inference of their preference to a given vegetation
typecould be made (Fig 7.13).

The specific survey in relation to the altitude ranges
indicate, elephants visiting the flat terrain or gentle
terrain of 154m altitudes in Bhalukpung area to an
altitude of 3300m) (Appendix V) in Pir-la-top area in
West Kameng district of Arunachal Pradesh. There is a
distinct pattern of elephant distribution within an
altitude range. Elephants are reported in the range of
150 to 775 meters, the repeated sampling reveals that
there are no signs of elephants from the altitude range of
800 to 2300 meters; interestingly elephant signs are seen
from the range of 2400 to 3300 meters. The study found
that steepness along with the food species distribution
seems to be determining the distribution pattern of
elephants. Areas such as Sessa, Saidal whose altitude
ranges from 1000-1500m, have dense evergreen forest
and these regions had no elephant sign. This could be
due to the steepness of the terrain that restricts the
movement of elephant to these localities. However, direct
and indirect signs of elephant presence were recorded
from Doimara forest camp (185m) to Ramalingum camp
(1925m), this could be due to the gentle terrain along
with evergreen forest, and bamboo patches that make
one of the prime elephant habitats in this region. This
region with relatively gentle terrain extends up to Pri-la-
top (3300m) where elephant dung could be traced during
field survey. Interestingly, this altitude seems be the
highest elevation up to which Asian elephant have been
distributed. This is perhaps the new or first authentic
record of a present altitudinal distribution of elephant.

  7.3.3 Food plants and their availability:
A total of 46 species of elephant food species

belonging to 26 families were identified from the reserve

(Appendix VI). Plant family Arecacea (Calamus sp.) was
selected more, followed by Moracea (Artocarpus, ficus
species).  Although only 18 % food plants show
significant random distribution (out of 77% species
random distribution) and most of the food plant seems
to have scattered distribution.  Relative abundance of
the food species consumed by elephant appeared to be
on average only 0.8 % (SE = 0.3) of the total number of
tree species found in the sampled region (Table 7.3).

This random distribution and relatively low
abundance of food species may result in wider
movement or distribution of elephants in search of food
plants.

Elephants were observed to be feeing on plant parts
such as stem (with twigs), bark and fruits. Elephants
were observed to be consuming 39 species of stems
(78%), 25 species of bark (52%), and 11 species of fruits
(24 %) in Pakke region (Table 7.4). They appeared to be
selecting more of stem part of plant species; this selection
is evident from their specific choices of this part
individually or along with bark or fruits. After stems,
bark appears to be their second choice.

The distribution of bamboo patches along with a
number of food plant species has made the habitat
suitable for elephant. Presence of 50 food species (36
species of tree, 2 species of bamboo, 6 species of canes
and 6 other species including wild banana) makes the
Pakke Wildlife Sanctuary an ideal elephant habitats.
Studies carried out in other regions  had a more limited
feeding repertoire for elephants as that indicated by this
study. For eg.  Datye (1995) identified 21 species of grasses
and 33 numbers of browsing species in Dalma WLS of
Bihar as elephant food plant. Tiwari (2000) recorded 37
species belongs to five families selected as food plant by
elephant in Chandaka Wildlife Sanctuary of Orissa. This
is explained as due to the fact that Pakke being an
evergreen dominated landscape, elephants have to
explore more to optimize its foraging needs.

7.4 Conclusion
The results of this project do not show any specific

pattern of utilisation for elephants in habitats close to
human habitation or away from it  However, no fresh or
old dung piles were observed in Tipi region and this
may suggest that elephants do have specific pattern of
using some locations of the habitat in Kameng.  This
could be related to corridor availability for the animal
but this is not confimed. It can be assumed that, if habitat
is uniform (in terms of vegetation type) and not

Fig 7.12 : Elephant distribution in different altitudinal
contours in Kameng Elephant Reserve. Mean (± SE) elephant
dung piles (all stages)/km is plotted against two specific
altitudinal contours of 200 to 400m and 2100 to 2900m.
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fragmented (have less mean number of patches, patches
are larger in sizes and irregular in shapes), elephant
may use the habitat uniformly. The random distribution
and the relatively low abundance of food species  may
also result in wider movement or distribution of
elephants in search of food plants. Factors such as
number of rivers, their extent and size, slope and
steepness of terrain also play an important role and affect
elephant movement. Some river systems may effectively
brake the habitat or movements of elephants, and high
water current (through out the year or specific seasons),
and steepness of the habitat may also prevent elephant
using one habitat to another. One conclusion that this
project can make with some certainity however is that
steepness of terrain  and food species distribution seems

to be determining the distribution pattern of elephants
in Kameng Elephant Reserve.

Another interesting finding of this study is the
elephant distribution extends up to Pri-la-top (3300m)
till where elephant dung could be seen during the field
survey. Interestingly, this altitude seems be the highest
elevation up to which Asian elephant have been
distributed in India. This is perhaps the new or first
authentic record of a present altitudinal distribution of
elephant.

The project results also show that elephants are
attracted to lowlands and especially cultivated
lowlands. Sometimes even if the habitat within the

Table 7.3: Relative abundance and spatial distribution of food plants

S.no Food species Relative abundance Spatial distribution Probability

1 Albizia procera 5.8 Aggregated 0.0007
2 Altingia excelsa 0.7 Random 0.1503
3 Anthocephalus chinensis 0.2 Random 0.4338
4 Artocarpus chaplasha 0.5 Random 0.0422
5 Artocarpus lakoocha 0.5 Random 0.5377
6 Baccauria sapida 0.9 Aggregated 0.0178
7 Bridelia retusa 0.2 Random 0.4338
8 Castanopsis indica 0.2 Random 0.4338
9 Dillenia indica 0.9 Aggregated 0.0005
10 Dillenia pentagyna 0.2 Random 0.4338
11 Ficus benghalensis 0.5 Random 0.0422
12 Flacourtia eatafraeta 0.2 Random 0.4338
13 Gmelina arborea 3.0 Aggregated 0.0123
14 Horsfieldia amygdalina 0.5 Random 0.0422
15 Kydia glabrescens 0.2 Random 0.4338
16 Lagerstroemia speciosa 0.7 Random 0.6488
17 Lannea grandis 0.2 Random 0.4338
18 Mangifera sylvatica 0.5 Random 0.5377
19 Melia azaderatch 0.5 Random 0.5377
20 Terminalia bellirica 0.5 Random 0.5377
21 Terminalia chebula 0.2 Random 0.4338
22 Terminalia myriocarpa 1.2 Aggregated 0.001
 Mean 0.8  

SE 0.28   

Table 7.4:  Number of food plants and % of different plant parts consumed by elephants in Pakke WLS.

Total % spp of % spp of % spp of % Stem % Bark % Fruit % All % Stem % Stem % Bark
number stem Bark fruits alone  alone alone three  + Bark  + Fruit + Fruit
of spp  eaten eaten eaten
46 77.0 51.0 23.0 32.0 21.0 0.0 15.0 17.0 6.0 2.0
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Fig. 7.15Fig. 7.14

reserve is intact elephants are reported to have damaged
cultivated crops, and this pattern may show some specific
foraging strategy by elephants.  Low lands, may attract
elephants for two reasons: easy accessibility due to
relatively flat terrain, and the presence of cultivated crops

and our results of habitat uniformity (in terms of
vegetation type) and elephants confining themselves
towards to relatively low altitudes (within the semi
evergreen belt of forests and crop lands) may support
these assumptions.
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8.1 Introduction
Corridors are defined as a linear landscape element

that provides for survivorship and movement between
other habitats.  They are meant to increase the
connectivity of landscapes by facilitating movement of
animals between habitat fragments and thus avoiding
the risk of inbreeding (Noss, 1987; Simberloff, 1988; Soule
et. al, 1991; Fahrig & Merriam, 1994).  Like other mega-
herbivores, the Asian elephant is known to be a long
ranging species with large habitat, nutritional and other
resource requirements. Elephant corridors have known
usually to occur in patchy human altered landscapes
and are likely to be surrounded by human settlements
(Sukumar, 1989; Menon et. al., 2005). A detailed study
including ecological sensitivity of the passage/
connectivity is very important for a clear understanding
of the value and functions of corridors. While studying
the ecological sensitivity, the biological resources
available (particularly of plant species), landscape
feature, ownership (lease, rented, encroached, patta),
status of forest land (Reserve forest, Revenue forest,
Protected forest,) and the effect of development activities
and other expected change in land use pattern in the
passage/ connectivity on the threatened resources also
need to be considered. Objectives for this part of the
projects include:

1. To identify all the existing corridors of within the
Kameng Elephant Reserve, more specifically in the
Seijosa and Tipi regions (located in Papam
Reserved Forest and Doimara Reserved Forest of
Khellong Forest Division respectively) and develop
a detailed landscape, vegetation and habitat usage
pattern of elephants in this region.

2. Quantitative and qualitative analysis of the habitat
connections in relation to landscape, vegetation
status and land use pattern of the corridor

8.2 Methodology
8.2.1 Landscape mapping

Study area coverage (containing the Tipi and Seijosa
regions with two corridors for each region) was created

CHAPTER 8

Elephant corridors in Kameng Elephant Reserve

using Survey of India (SoI) toposheets (1:50,000) owned
by the forest department.  For each corridor, 5 km radius
area (10 km radious of each region and a total of 20 km
radious) was slected for comparing landscape elements
and their extent.  For satellite imagery, Landsat 7 ETM+
image of spatial resolution 28.5m and path-136 and row-

41 was downloaded from Global Land Cover Facility
website (http://glcf.umiacs.umd.edu). The scene taken
on December 24, 2001 covered areas of Assam, and
Arunachal Pradesh. A subset of false color composite
(FCC) of the image of study area was made.

For ground truthing, multiple GPS waypoints
(location) were recorded with details on land use pattern,
forest cover, forest/vegetation type, and terrain and
disturbance levels for each of them.  Data collected for

Surendra Varma, Prabal Sarkar, Sandeep Kumar Tiwari, Suresh HS, Narendra Babu and Anisha Thapa.

Fig. 8.2

Fig. 8.1
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vegetation assessment through trail surveys were also
used as ground truthing points.  ERDAS Imagine 8.3.1
was used for all image-processing functions. Supervised
classification was performed using ground truthing
points, information from past surveys (Kaul &
Haridasan, 1987) and forest department records. Finally,
pixels were resampled using Maximum Likelihood
algorithm. Elevation Contours for the landscape were
extracted from Shuttle Radar Topography Mission
(SRTM) data taken in 2001 from the GLCF website.

8.2.2 Vegetation Surveys
Vegetation survey was done on six trails used for

corridor survey.  At every 500 meter interval of each trail
or transect a 10 X 10 plot was established for vegetation
survey and a total of 24 quadrates each with 10 x 10m
were established in the corridor region around Seijusa.
The data was processed using computer programs
Biodiversity and Estimate S, species diversity, evenness,
spatial distribution, species area curve, and similarity
matrixes were calculated using this program.

8.2.3 Assessment of status of corridors and habitat
usage by elephant

Detailed description of each corridor within Seijosa
and Tipi region was made, information such as

lengh, and width of corridors, forest types, land status,
major land use, corridor dependent villages or
settlements, human artefacts, frequency of usage of the
corridor by elephants, major threats and conservation
priorities were collected. For habitat usage pattern
assessment, six trails within Seijosa region were
permanently identified and were monitored throughout
the year. Another six trails from Tipi region was
identified and surveyed once.

8.3 Results and discussion
8.3.1 Landscape mapping

Extent and Distribution of Landscape Elements in
Seijosa Corridor regions

The landscape has a mosaic of nine different
elements for Seijosa & Tipi corridor regions (Table 8.1).
Both regions have extensive coverage of evergreen forest
that dominate (58 % for Seijosa and 61 % Tipi) followed
by semi-evergreen forest (32 % for Seijosa and 29 % Tipi),
degraded habitats (3% for both), cultivation (2 % for
Seijosa and 1 % for Tipi).

Both regions have almost equal sizes of landscape
elements; however, Tipi relatively has more evergreen
forest, as evergreen forest size is more, the area occupied
by semi evergreen is less. On a relative scale, Tipi region
appeared (Fig 8.3 & 8.4) to be less disturbed as it has less
degraded and cultivated areas and has more area under
evergreen forest in relation to Seijosa.

As per the altitude is concern both regions have
very dense forest, with a contours level starting from 200
to 2540 meter above sea level. Within this contour layers,
200 to 600 are very important from elephant movement
and landscape conservation point of view, as this
altitude level are gentle and also a location for human
settlements. Both Dezling and Sejiosa corridors have
more area under cultivation and fall under 200 to 600
meter altitude range. For both Tipi and Sejiosa corridor
regions, part of Assam State (was not under study area)
is also included for landscape elements and land use
mapping to provide for comparison of land status and
use pattern within these regions (Arunachal and
Assam).

Table 8.1: Extent and Distribution of Landscape Elements in Seijosa & Tipi Corridor regions.

S.No CLASS Seijosa corridors Tippi Corridors
Sq. km % Sq. km %

1 WATER 0.4 0.3 0.3 0.3
2 EVERGREEN 79.7 58.4 61.3 60.7
3 DEGRADED FOREST 3.5 2.5 2.7 2.7
4 SEMI EVERGREEN 43.3 31.8 29.6 29.3
5 TEA GARDEN 0.4 0.3 0.3 0.3
6 GRASSLAND 1.7 1.2 1.2 1.2
7 CULTIVATION 2.6 1.9 1.1 1.1
8 MEADOWS 2.4 1.8 1.5 1.5
9 CONIFEROUS 2.3 1.7 3.1 3.1
  136.4 100.0 101.0 100.0
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Fig. 8.4 : Landscape elements within 5 km buffer of Tipi corridor region.
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Comparison across the individual corridors within
these regions provides the same pattern of landscape
elements. Corridors located in the northern regions
(Longa and Tipi corridors) of the landscape have more
evergreen forests, are less disturbed and have less
cultivated lands (Table 8.2)

8.3.2 Vegetation
8.3.2.1 Spatial distribution, diversity and richness

A total of individuals belonging to 44 species
(Appendix 1) were enumerated in 2400-m2 (0.24 Ha) area
sampled for Seijosa corridor region. Spatial distribution
of most of the species (78%) was random, however only
two species of them (6%) had significant (p > 0.005)
random distribution. The results show 22 % species were
aggregated distribution, and 90% of them had significant
aggregated distribution. Fisher’s alpha index varied from
6 to 13 (mean 9.3, SE = 1.2) and Shannon index varied
from 1 to 1.3 (Mean 1.2, SE = 0.04) for the six trails
surveyed in the Sejiosa corridor region.

8.3.2.2 Species similarity across the trails
The highest species similarity reported was (Table

8.3) for Longbong and Dichu (59%) followed by
Sukannalla and Dichu (57%), Sukanalla and Sejiosa (54
%) and the least similar trails are Longbong and Lanka
(4%) and Dichu and Golosa (5%).

The results of Bray-Curitis cluster analysis (Single
link) shows species similarity for all the trails together
was only 20%. Trails that are relatively close to each
other are more similar, as the distance from trails to
another increases, the similarity decreases (Fig. 8.5).

8.3.3 Assessment of the status of corridor and habitat
usage by elephants

The following corridors were identified during this
project and more details of this are given in Menon et al
2006.

8.3.3.1. Pakke - Doimara at Tippi (27º01’54'’–27º02’12'’
N, 92º36’21'’–92º36' 34'’ E)

This is a vital link between Pakke Wildlife
Sanctuary and Doimara Reserve Forest. The corridor
length is about 1 km and width of it is about 0.6 km. The
elephants cross the River Kameng and Bhalukpong-
Bomdila road near Tipi village. Sessa Orchid Research
Centre, Tipi Range Office and Tipi village along with
settlements are a major hindrance to elephant movement.
Elephant bulls and herds regularly use this corridor
during October–January.

Major land use within or close to the corridors (Fig
8.7) includes, forest (tropical, evergreen and semi-

Table 8.2: Extent and Distribution of Landscape Elements for individual corridors in Seijosa & Tipi Corridor regions

S.No CLASS Lonka Seijosa Dezling Tippi
Km2 % Km2 % Km2 % Km2 %

1 WATER 0.2 0.2 0.4 0.5 0.3 0.4 0.2 0.2
2 EVERGREEN 56.5 69.8 38.2 45.9 46.6 56.4 56.1 67.4
3 DEGRADED FOREST 1.0 1.2 3.2 3.9 2.6 3.2 0.8 1.0
4 SEMI EVERGREEN 16.9 20.8 34.2 41.2 27.0 32.6 20.5 24.7
5 TEA GARDEN 0.3 0.3 0.3 0.4 0.3 0.3 0.2 0.2
6 GRASSLAND 1.1 1.4 1.4 1.7 1.2 1.4 0.7 0.8
7 CULTIVATION 1.3 1.6 2.4 2.9 1.1 1.3 0.6 0.7
8 MEADOWS 1.9 2.4 1.7 2.1 1.2 1.4 1.3 1.6
9 CONIFEROUS 1.8 2.3 1.2 1.5 2.5 3.0 2.9 3.4
  80.9 100.0 83.1 100.0 82.7 100.0 83.3 100.0

Table 8.3: Similarity matrix for trails surveyed in Sejiosa corridor region

Sukanalla Longbong Dichu Sejiosa Golosa Lanka

Sukanalla * 42.6966 57.4468 53.6585 21.2121 18.8235
Longbong * * 58.5859 41.3793 8.4507 4.4444
Dichu3 * * * 50 5.2632 12.6316
Sejiosa * * * * 25 9.6386
Golosa * * * * * 23.8806
Lanka * * * * * *



63

evergreen forests), settlement (Tipi village with 23
houses), including Orchid Research Centre, Forest Range
office (Territorial) and quarters. Expansion of the Tipi
township, and heavy traffic on Bhalukpong-Bomdila-
Tawang road are the major threats to the corridor.

Relocation of Sessa Orchid Research Centre and
Tipi Range Office and regulation of vehicular traffic at
night in the Bhalukpong-Bomdila-Tawang road are the
some of the conservation priorities for this corridor.

8.3.3.2. Pakke - Doimara at Dezling (27º01’13'’–
27º01’39'’ N, 92º37’21'’–92º38’08'’ E)

This corridor (Fig 8.7) with a length 1 km and width
of 0.9 km connects Doimara Reserve Forest with Pakke
Wildlife Sanctuary and is located between the town of
Bhalukpong and Tipi. The corridor area starts from the
Dhuwang Nullah and extends up to 900 m towards
Tippi. The area is relatively plain and used extensively
by elephants. Bulls and herds regularly use the corridor
mostly in winter

Major land-use include forest plantation and
Bhalukpong-Bomdila-Tawang highway.  Expansion of
Tipi village and Bhalukpong town and traffic along the
Bhalukpong-Bomdila-Tawang highway are the main
threats to this corridor. Prevention of the expansion of
Tipi village and Bhalukpong town towards the corridor,
preventing damage to plantation in the corridor area
and regulation of night traffic on Bhalukpong- Bomdila-
Tawang road are some of the suggested conservation
priorities of this corridor.

Fig. 8.5 : Species similarly for the Seijosa Corridor Region.
The results are based on Bray – Curtis Analysis (single link)
of all the locations sampled within Seijosa Corridor Region.

Fig. 8.7 : Land use pattern around Tipi Corridor Region

8.3.3.3. Pakke - Papaum at Seijosa Nullah (26º58’39'’
N, 93º00’51'’ E)

The corridor (Fig 8.8) with a length of 0.8-to1 km
and width of 0.5 km connects Pakke Tiger Reserve with
Papum Reserve Forest and the elephants use the Seijosa
nullah bed to move between these two habitats
throughout the year. The corridor is about seven km from
the Seijosa Police Check Gate.

Major land-use includes Forest (tropical evergreen
forest) agriculture (on the river bank) and settlement
(Upper Bali, Lower Bali and A2 / Mebuso1) Human
settlements on the bank of Seijosa Nullah and the river,
expansion of agricultural land and traffic along the
Pakke-Kissang road are the major threats to the corridor.
Finding alternatives for the few villagers living on the

Fig. 8.6
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riverbank and regulation and monitoring of night traffic
on Pakke-Kissang road are the some of the conservation
priorities for this corridor

8.3.3.4 Pakke - Papum at Lonka (27º01’11'’ N, 93º02’39’’
E)

 This is a narrow corridor (Length 0.5 km, Width:
0.6 km) that connects Pakke Tiger Reserve with Papum
Reserve Forest, is at the foothills near Longka nullah
and is an old plantation area (Fig 8.8).

Major land-use includes forest (tropical evergreen
forest and plantation), settlements (Longka and Jolly)
and the Pakke-Kissang road. Illegal felling of trees,
drilling activities for the dam and the traffic on Pakke-
Kissang road are the threats to the corridor. Preventing
illicit felling of trees, finding alternatives for three families
that live in Longka village and regulating night traffic
on the Pakke-Kissang road are some of the conservation
priorities for this corridor.

8.3.4 Assessment of habitat usage of elephants in the
corridor regions

The results of mean encounter of dung piles for
Tipi and Seijosa corridors are presented in Fig 8.9:
Elephants appear to be using the Seijosa region
significantly more than the Tipi region.

Habitat usage within the region for all the trails
within the Seijosa corridor regions appeared to be
uniform, although encounter rate of dung piles/km
appeared to be more in some trails, but the differences
may not be significant  (Fig 8.12).

Fig. 8.8 : Land use pattern around Seijosa Corridor Region
Fig. 8.9 : Habitat usage pattern of elephants in Corridor
regions. Mean (± SE) encounter rate of elephant dung piles
(all stages) is plotted against Seijosa and Tipi Corridor
Regions

Fig. 8.11Fig. 8.10
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Fig. 8.12 : Habitat usage pattern of elephants in Seijosa Corridor
Region. Mean (± SE) encounter rate of elephant dung piles (all
stages) is plotted against the locations surveyed in Seijosa   Corridor
Region

Fig. 8.13 : Habitat usage pattern of elephants for different
months in Seijosa Corridor Region. Mean (+ SE) encounter
rate of elephant dung piles (all stages) is plotted against
different months

Fig. 8.14 : Habitat usage pattern of elephants for conflict and
non conflict seasons in Seijosa Corridor Region. Mean (+ SE)
encounter rate of elephant dung piles (all stages) is plotted
against different location surveyed in Seijosa Corridor
Region during conflict and non conflict seasons.

The results of mean encounter rate for different
months and seasons also show similar trend of
elephants using the corridor uniformly (Fig. 8.13 & 8.14).

8.4 Conclusion
The study region landscape is a mosaic of nine

different elements for both Tipi and Seijosa corridor
regions, dominated by extensive coverage of evergreen
forests followed by semi evergreen forest, degraded
habitat and cultivation. Tipi region appears (Figure 1
and 2) to be relatively less disturbed as it has less
degraded and cultivated land and more of evergreen
forest in relation to Sejosa. For 0.24 Ha sampled area of
Seijosa corridor region, a total of 45 plant species were
enumerated. Spatial distribution indicates more species
were significantly aggregated. Species similarity for all
the trails together was only 20%. Elephants appear to be
using Seijosa region significantly more than the Tipi
region. Habitat usage for all the trails, for all months
and all season within the Seijosa corridor regions
appeared to be uniform.
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9.1 Introduction
Most studies conducted on the Asian elephant deal

mostly with their ecology and distribution (Eisenberg &
Lockhart, 1972; Baskaran et al., 1993; Sukumar, 2004;
Fernando, 1993 McKay, 1973; Santiapillai et al., 1984).
Only a few detailed studies on human-elephant conflict
have been carried out in different elephant range
countries (Nair et al., 1980; Nath & Sukumar, 1998;
Venevongphet, 1993; Daim, 1993; Htut, 1993; Khoi,
1993). This is equally, if not more, true of North-east India
where only very preliminary and patchy works exists
(Chaudhury, 1991, 1992a,b, 1993a,b, 1998b; Christy &
Johnsingh, 1996; Lahiri-Choudhury, 1980; Gurung and
Lahiri-Choudhury, 2000& 2001).  Also broad landscape
studies are less important and site-specific studies are
more important to understand the cause and the degree
of conflict if it is directed at helping in mitigation of the
problem. An attempt was made to study the human-
elephant conflict in Seijosa and Tippi areas bordering
Pakke Wildlife Sanctuary in order to find out the degree
of conflict and to map a conservation strategy for the
elephant in Pakke Wildlife Sanctary and other
surrounding areas.  The project had the following
objectives.

1. To determine the overall status and degree of
human-elephant conflict.

2. To assess the loss of stored grain and standing crop,
degree of structural damage to property and  death
or injury to human beings and elephants due to the
conflict

9.2 Methodology
To understand and quantify the crop raiding

pattern and extent (this included banana, bamboo,
sugarcane, papaya etc apart from cereals), damage to
property, injury and death of human beings and
elephants the following methods were adopted during
the financial years 2002-03 and 2004-05 (April to March).

9.2.1 Area cultivated
(a) Area: Each agricultural plot was measured using a
measuring tape to calculate the total area of cultivation.

CHAPTER 9

Extent of human-elephant conflict in
Kameng Elephant Reserve

During measurement, each plot was given a code
number, and a GPS location was recorded. In addition
to this, details of individual plot owners were also
collected.

(b) Crop types: The crop type cultivated in each plot was
recorded every year. Where more than one crop was
cultivated in a given plot, area of each crop cultivated
was measured. In some cases, where a part of the plot
was not cultivated, total area cultivated was measured
with respect to crop types. In addition to this, the total
area of cultivation with respect to crop types for each
individual farmer was assessed whenever possible.

The data on area cultivated with respect to crop
types were further analysed to arrive at a measure for
the total cultivated area in a village as well as far a crop
across different years.

9.2.2 Crop damage
Whenever there was damage to crops, the field

ecologist visited the spot and measured the area of the
crop and crop types with respect to the original plot
number and farmer name(s). A GPS location of the
damage site was also recorded during data collection.
The area damaged was compared to the total area
cultivated for each plot to find out the percentage loss
with respect to crop, village and farmer.

9.2.3 Damage to stored grain
It was difficult to measure and quantify the damage

to stored grain since the actual amount of stored grain
before damage could not be estimated. In such a case,
qualitative information of such damages was recorded.

9.2.4 Damage to other vegetation
A regular visit was made in the village area to record

the damage to other vegetation (other than cultivated
crop such as banana (Musa sp.) papaya,  bamboo spp.
and other vegetable. In these cases, damage was
measured based on the remains of the plant with respect
to species.

Prabal Sarkar, Surendra Varma and Vivek Menon
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9.2.5 Structural damage
Whenever there was information from the resource

persons (who were temporarily employed in each village)
about damage/s to man made structures, the field
ecologist visited the spot and recorded the following
parameters:

- Type of structure (Resident/ abandoned house/
temporary shed/ granary/ pet house/ watch tower
etc.)

- Building materials (concrete/ bamboo/ wood/
combination of wood and bamboo etc.)

- Nature of damage (full/partial)
- Area damaged
- Cause of damage
- Date and Place of damage
- Owner of the structure
- A GPS location of the damaged structure.

9.2.6 Human death and injury
The following parameters were considered for data

collection.
- Name, age, sex and address of the person dead/

injured.
- Date of incident
- Kind of injury (if injured)
- Location where the incident took place
- Cause of such incident

9.2.7 Elephant killing and injury
In case of any elephant deaths or injuries the

following parameters were considered for data
collection:
- Place and date of the incident of elephant deaths

or injuries
- Number of elephants killed or injured
- Age and sex of the individual(s) dead or injured
- Cause of death or injury
- Method of killing or injury
- Responsible person(s).

9.3 Results
9.3.1 Area cultivated
9.3.1.1 Total cultivated area

A total of 61 plots covering 219 ha was cultivated
in and around Pakke Wildlife Sanctuary during 2002-
03. During 2003-04, an area of 190 ha was cultivated
which was 13.1% less compared to 2002-03. However,
during July 2004, a devastating flood resulted in the loss
of about 60.7% of the total cultivated area and therefore,
only 86.14 ha area was found to be cultivated during
2004-05 (Table: 9.1).

Table – 9.1: Area cultivated

Year Area cultivated Percentage decrease
(m2)  in comparison with

2002-03 (%)

2002-03 21,92,405.27  - -
2003-04 19,04,888.21 13.1
2004-05 8,61,355.73 60.7

9.3.1.2 Village wise total cultivated area
 A detailed account of total cultivated area in each

village for the three years is given in Table: 9.2. During
2003-04, four villages were found to be cultivating the
same area of land as the previous year, but villages such
as A-2/ Mebuso-I, Bali-A2-A3 area, Jolly-Lanka, Mirgaso
and Tarabaso cultivated less area compared to 2002-03.
The total area of crop cultivated by the Jolly-Lanka village
was 62% less, A-2/ Mebuso-I 51% less, Mirgaso 30%
less, Tarabaso 28% less and Bali-A2-A3 area 8% less
compared to 2002-03. However, flood resulted in the
highest loss of cultivated area (95%) in Bali-A2-A3
villages, followed by 88% in Goloso, 81% in Upper
Seijosa and 14% in Darlong villages during 2004-05.
However, a total of 62% in Jolly-Lanka, 50% in Mebuso-
II, 40% in A-2/ Mebuso-I, 30% in Mirgaso and 28% in
Tarabaso were found less cultivated during 2004-05
compared to 2002-03.

 Table 9.2: Village wise total cultivated area

                     Area cultivated (ha)
Villages 2002-03 2003-04 2004-05

Darlong 29.08 29.08 25.09
U. Seijosa 28.85 28.85 5.52
Bali 31.68 31.68 21.72
A-2/Mebuso-II 11.10 5.42 6.69
Bali, A-2 to A-3 68.56 63.10 3.59
Goloso 4.81 4.81 0.56
Jolly-Lanka 22.00 8.42 8.42
Mebuso-II 9.10 9.10 4.51
Mirgaso 6.67 4.69 4.69
Tarabaso 7.39 5.34 5.34

9.3.3 Crop wise cultivation
9.3.3.1 Crop wise total cultivated area

The total cultivated area with respect to different
crops (rice, millet and mustard) during 2002-0, 2003-04
and 2004-05 is given in Table: 9.3. About 5.2% of the
total area of rice was cultivated less in 2003-04 compared
to 2002-03. Millet was cultivated 50.2% less during 2003-
04 compared to 2002-03 and mustard was cultivated
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30% less during 2003-04 and 2004-05 compared to
2002-03.

 Table.9.3: Crop wise total cultivated area

Crop 2002-03 (ha) 2003-04 (ha) 2004-05 (ha)

Rice 174.88 165.82 69.58
Millet 31.63 15.76 7.65
Mustard 12.73 8.91 8.91

9.3.3.2 Village wise cultivated area of different crops:
(a) Rice: During 2002-03, a total of 67 ha was cultivated
with paddy in Bali-A2-A3 area followed by 29 ha in
Bali, 29 ha in Upper Seijosa, 28.4 ha in Darlong, 8 Ha in
Jolly-Lanka, 7 Ha in A-2/ Mebuso-I, 1.1 Ha in Mebuso-II
and 0.2 Ha in Mirgaso villages. However, paddy was
never cultivated in Tarabaso village during the study
period. During 2003-04, the same areas were cultivated
with paddy in Darlong, Upper Seijosa, Bali, Goloso, Jolly-
Lanka and Mebuso-II villages. However, about 50.7%
less area in A-2/ Mebuso-I and 8% in Bali-A2-A3 area
was cultivated during 2003-04 compared to 2002-03.
Paddy was not cultivated in Mirgaso during 2003-04
and 2004-05, but was cultivated during 2002-03. During
2004-05, a drastic change in paddy cropping pattern
was recorded. A total of 95% less area in Bali-A2-A3
area followed by 86% in Goloso, 81% in Upper Seijosa,
34% in Bali and 12% in Darlong was cultivated during
2004-05 compared to 2002-03. However, in A-2/ Mebuso-
I, the same area was cultivated with paddy, but no
cultivation was recorded in Mirgaso and Tarabaso
villages during 2004-05 (Fig: 9.1; Table: 9.4).

(b) Millet: Out of the total of 32 Ha, the largest area
of 14 Ha was cultivated with millet in Jolly-Lanka
followed by 8 Ha in Mebuso-II, 4 Ha in A-2/ Mebuso-I, 3
Ha in Bali, 1.1 Ha in Mirgaso, 0.6 Ha in Darlong and 0.8

Ha in Goloso villages during 2002-03. Millet was not
cultivated in Upper Seijosa, Bali-A2-A3 and Tarabaso
villages during the study period. In 2003-04, the same

Table 9.4: Difference (less) in total area cultivated for different crops

2002-03 & 2003-04      2003-04 & 2004-05
Villages Rice Millet Mustard Rice Millet Mustard

Darlong 0 0 0 12 100 0
 U. Seijosa 0 0 0 81 0 0
 Bali 0 0 0 34 0 0
 A-2/Mebuso-II 51 52 0 0 100 0
 Bali, A-2 to A-3 8 0 0 95 0 0
 Goloso 0 0 0 86 100 0
 Jolly-Lanka 0 97 0 0 97 0
 Mebuso-II 0 0 0 0 57 0
 Mirgaso 100 0 33 100 0 33
 Tarabaso 0 0 28 0 0 28

Fig. 9.1 : Patterns of crop cultivation in the project region.
Area cultivated (ha) for paddy for different years is plotted
against the study villages. The arrangements of villages are
based on their locations from southeast to northeast of Pakke
WLS and for years are based on the cropping pattern which
is defined as sowing to harvesting (for example June 2002 to
February 2003).

Fig. 9.2
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areas were selected for millet cultivation except the A-2/
Mebuso-I and Jolly-Lanka villages where about 52% and
97% less area was cultivated respectively compared to
2002-03. However, an area of 97% and 57% less area
was selected for millet cultivation in Jolly-Lanka and
Mebuso-II villages respectively during 2004-05
compared to 2002-03, while no cultivation was taken up
in Darlong, A-2/ Mebuso-I and Goloso villages during
the study period (Fig 9.3; Table 9.4).

(c) Mustard: Out of 13 Ha area, mustard was cultivated
only in Mirgaso and Tarabaso villages during 2002-03.
But, during 2003-04, 33% and 28% less area was less
cultivated in Mirgaso and Tarabaso villages respectively
compared to 2002-03, which remained constant during
2004-05 (Fig 9.4).

9.3.2 Extent of Crop damage
9.3.2.1 Total damage in and around Pakke

A total of 6.7 Ha was damaged out of 219 Ha
cultivated, that accounted to 3% of the total loss during
2002-03 (Table 9.5; Fig 9.5). But, the extent of crop
depredation came down to 2% during 2003-04 and as
low as 0.1% during 2004-05. WTI’s presence and
conservation action during this period was definitely

one of the reasons for this sharp decline.
 Table 9.5: Total loss due to conflict

Year Area Area  Loss
 cultivated (ha) damaged (ha) (%)

2002-03 219.20 6.73 3.07
2003-04 190.50 4.07 2.14
2004-05 86.14 0.10 0.12

9.3.2.2 Extent of damage to different crops
The loss of different crops with respect to area is

given in Table 9.6. It clearly shows paddy was damaged
more irrespective of the years. However, a percentage
loss of the different crops showed that millet was the
most preferred crop by the elephant. Hence, millet
received the highest rate of damage compared to paddy
and mustard irrespective of the years (Fig 9.6).

 Table 9.6: Total area of loss due to crop depredation

                                    Area damaged (ha) in different year
 Crop types 2002-03 2003-04 2004-05

 Rice 5.18 3.61 0.1
 Millet 1.46 0.32 0
 Mustard 0.09 0.14 0

Fig. 9.3 : Patterns of crop cultivation in the project region.
Area cultivated (ha) for millet for different years is plotted
against the study villages.

Fig. 9.4 : Patterns of crop cultivation in the project region.
Area cultivated (ha) for mustard for different years is plotted
against the study villages

Fig. 9.5 : Patterns of crop damage by elephants during the
project period. Area of damage (%) of crops is plotted against
different years.
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9.3.2.3 Village wise total damage
The village wise crop depredation 2002-03 showed

that the highest damage (8.86%) took place in Darlong
followed by 7.89% in Upper Seijosa, 5.28% in Mebuso-II,
4.94% in Jolly-Lanka, 2.51% in Mirgaso, 1.17% in
Tarabaso and <1% in Bali and Goloso villages during
2002-03. The extent of damage in 2003-04 in Jolly-Lanka
was almost the same (which was found to be the highest
damage during 2003-04) followed by 4.47% in Goloso,
3.93% in Darlong, 3.37% in Mirgaso, 2.53% in Upper
Seijosa, 1.93% in Mebuso-II, 1.61% in Bali-A2-A3 and
<1% in Bali villages. However, no damage was recorded
in A-2/ Mebuso-I and Tarabaso villages during 2003-
04.  In 2004-05, though the degree of damage was less
due to flood, about 7.28% damage in Goloso and <1% in
Upper Seijosa and Jolly-Lanka villages were recorded.
However, no damage was recoded in Darlong, Bali, A-
2/ Mebuso-I, Bali-A2-A3, Mebuso-II, Mirgaso and
Tarabaso villages this year (Fig 9.7).

9.3.2.4 Village wise damage of different crops
(a) Rice: An analysis of village-level depredation on
paddy showed that Mebuso-II received the highest
damage of 20% during 2002-03 followed by 9 % in
Darlong, 8% in Upper Seijosa and <1% in Bali, Goloso
and Jolly-Lanka villages. But, no damage to paddy was
recorded in A-2/ Mebuso-I, Bali-A2-A3 area and Mirgaso
villages (Fig 9.8). There was no cultivation of paddy in
Tarabaso village during the study period. During 2003-
04, the village level highest depredation to paddy was
recorded as 4% in Goloso (comparatively less than the
highest figure of 2002-03) followed by 4% in Jolly-Lanka,
4% in Darlong, 3% in Upper Seijosa, 2% in Bali-A2-A3
area and Mebuso-II villages. However, no damage was
recorded in A-2/ Mebuso-I and no paddy was cultivated
in Mirgaso and Tarabaso during 2003-04.

(b) Millet: The highest damage of 14% to millet was
recorded in Mirgaso followed by 7% in Jolly-Lanka and
3% in Mebuso-II villages during 2002-03. But, no damage
was recorded in Darlong, Bali, A-2/ Mebuso-I, Goloso
villages, and no cultivation was recorded in Upper
Seijosa, Bali-A2-A3 area and Tarabaso villages during
this period. In 2003-04, depredation to millet reached up
to 42% in Jolly-Lanka followed by 16% in Darlong, 12%
in Mebuso-II and 1% in Miraso villages. But, no damage
was recorded in Bali, A-2/ Mebuso-I and Goloso villages
(Fig 9.9).

(c) Mustard: Mirgaso and Tarabaso are the two villages
that cultivated mustard during the project period. In
2002-03, Mirgaso and Tarabaso received a damage of
1.17% and 0.10% mustard respectively. In 2003-04,
Mirgaso received the highest of about 4% damage to
mustard. However, no damage to mustard so far has
been recorded during 2004-05 (Fig: 9.10).

Fig. 9.6 : Patterns of crop damage by elephants for different
crops during the project period. Extent of damage (%) for
different years is plotted against different crops.

Fig. 9.7 : Patterns of crop damage by elephants for different
villages during the project period. Extent of damage (%) for
different years is plotted against different villages.

Fig. 9.8 : Patterns of crop damage by elephants for different
crops for different villages during the project period. Extent
of damage (%) of paddy for different years is plotted against
different villages.
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9.3.2.5 Farmer wise total loss
The overall crop damage was only 0.1 to 3% for the

study region, but the extent of damage received by each
farmer showed interesting results. It was found that the
farmers suffered a low of 0.4% to a high of 88% damage
irrespective of crops (Fig 9.11). A low of 4% and a high of
76% farmer wise loss were recorded for paddy. In the
case of millet, farmers received a low of 1% to a high of
88% damage. However, a farmer wise depredation to
mustard was comparatively less than that of paddy and
millet, and recorded a low of 0.42% and a high of 5%

depredation during the study period. It may indicate
that crop depredation could have an adverse affect on a
farmer’s economy.

9.3.2.6 Damage to stored grain
A total of four incidents of damage to stored grain

was recorded during the project period (Table: 9.7).
Among these, three incidents took place in granaries
while the other incident took place in the paddy field
itself. In the latter incident, while guarding the harvested
grains, the farmer was drunk and the elephant ate the
grain taking the opportunity to do so.

9.3.2.7 Damage to other vegetation
Banana was found to be the most affected plant

after bamboo and sugarcane and this could be due to the
availability of banana species within these villages.
Elephants have damaged a total of 47 clumps  (each
clump is made up of 6-20 numbers of trees) of banana
trees, 1 clump of sugarcane and 24 bamboo clumps
during 2002-03. In 2003-04, elephants damaged 31
clumps of banana and 8 clumps of bamboo while 6
clumps of bananas were damaged during 2004-05
(Appendix: VII).

9.3.2.8 Crop damage in relation to elephant visit
An attempt to correlate crop damage to the number

Table 9.7: Damage to stored grain

Year  Village  Farmer’s name  Crop types  Source  Damage
   (Approximate)

2002-03  Darlong  Loyang Tallang  Stored rice  Granary house  200 kg
  Darlong  Mogeswar Dako  Stored rice  Granary house  200 kg
  Mebuso-II  Massam Tachang  Stored rice  Paddy field  ?
2004-05  Darlong  Driver  Stored rice  Granary house  100 kg

Fig. 9.9 : Patterns of crop damage by elephants for different
crops for different villages during the project period. Extent
of damage (%) of millet for different years is plotted against
different villages.

Fig. 9.10 : Patterns of crop damage by elephants for different
crops for different villages during the project period. Extent
of damage (%) of mustard for different years is plotted
against different villages.

Fig. 9.11 : Patterns of crop damage by elephants for
individual farmers for different crops. The lowest and
highest damage (%) for individual farmers is plotted against
different crops.
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of times elephants have visited the crops was made.
Elephant group visits to cultivated areas varied from 2
to 22 to times, Jolly – Lanka and Mebuso II had the
highest of group visit and the least was in Goloso for
2003 (Fig 9.12 a). With reference to the proportion of area
cultivated, damage and elephant visit, Village A-3 had
the largest area under cultivation (33%), but interestingly
no groups visited and there was no crop damage in this
village. Goloso village had the least area under
cultivation, and elephant visit and the damage was also
very less. In 2004, number of elephant visit (number of
times and both solitary and herd), damage was more in
Jolly lanka (Fig 9.12 b)

Visit of elephants in-group and as solitary animals
and the damage of given crop are presented in
Fig 9.13a,& b. There may not be any difference in the

visit of both groups and solitary animals. However, there
may be a correlation between group visit and damage to
crops, this may be evident from Darlong and Mebuso II
for rice and for millet in Mirgaso. The number of elephant
visits and damage to mustard matched those in Mirogoso
and Tarabaso.

9.3.2.9 Elephant visitations to human habitation and
croplands

The highest number of elephant visitations was
between 18.00 and 19.00 hours and a second peak was
between 22.00 and 23.00 hours for 2003. In 2004 the peak
of visit was 20 to 22 hours. There was a sharp drop after
midnight in the frequency of elephant visits for 2002-03
& 2003-04 (Fig 9.14).  Data collected for 2002-03 suggests
that there is not much difference in the correction between
of number of individuals and time of visit, however,

Fig. 9.12a : Patterns of crop damage in relation to elephant
visit. Both number of elephant visit and damage (%) are
plotted against different villages for both solitary and herd
visits.

Fig. 9.12b : Patterns of crop damage in relation to elephant
visit. Ratios of crop damage, number of elephant visit and
solitary and herd are plotted against different villages.

Fig. 9.13a : Patterns of crop damage in relation to elephant
visit. Proportion of elephant visits (herds and solitary
animal) and crop damage (for different crops) are plotted
against different villages

Fig. 9.13b : Patterns of crop damage in relation to elephant
visit. Ratios of crop damage (for different crops) and
elephant visit (for solitary animals and herds) are plotted
against different villages
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number of individuals visited decreased between 19.00
and 21.00 hours (Fig 9.15)

9.3.3 Structural damage
Elephants damaged a total of 13 structures during

this period (Table 9.8; Appendix 8). Among these, six
houses (4 granaries and 2 shops) were damaged as they
had stored grain. Other six structures that were damaged

by elephants were surrounded by croplands. Among
these six structures, one house was completely brought
down to the ground, and the remaining five structures
were partially damaged. Of these six structures, two were
residential house, two were temporary shelters in the
paddy field one was a school and the other was a pet
house.

9.3.4 Elephant death or injury due to conflict
There was no official record of any death of

elephant related to conflict of elephants during the
project period. However, one adult male elephant was
observed with severe injuries to its forelimb. It appears
that, the injuries took place while the animal was
approaching a cropland.  However, in areas across the
border in Assam State, a total of 35 elephants were  killed
in due to poisoning and electrocution (see Chapter: 1)

9.3.5 Human death or injury due to conflict
Two cases of human injury were recorded from

Mirgaso and Tarabaso villages during 2002-03 due to
chasing by an elephant. Two cases were reported during
2001 where elephants killed two people inside the
Doimara RF bordering western part of the Pakke Wildlife
Sanctuary.

9.4 Conclusion
If the results of crop damage or overall status of

human – elephant conflict is compared with other
regions or studies, this project found the degree of damage
done by elephants much less than expected. Overall 3-
5% crop damage was reported for Buxa Tiger Reserve
(AERCC, 2003). The present project showed a total
damage of 0.1-3% to different crops.  With reference to
individual crop damage, total amount of damage to
paddy was more compared to other crops in Seijosa.
Nath & Sukumar (1998) found that about 48% of the
total damage took place with paddy followed by coffee
with 17%, cardamom with 10.5%, coconut with 8.6%
and banana with 6.2%.  However, the selection of given
crop showed a different trend. The study found that

Fig. 9.14 : Patterns of elephant visits to villages during the
project period. Number of visits of elephants is plotted
against different time slots

Table 9.8: Structural damage done by elephants during the study period.

Structure damaged  Number Cause  Remarks

 Shop 2 Stored grain  Located inside the village
 Granary house 4 Stored grain  Located inside the village
 House 2 Crop depredation  Cultivation around the houses
 Public school 1 Crop depredation  Cultivation around the houses
 Temporary shelter 2 Crop depredation  Cultivation around the shelter
 Pet house 1 Crop depredation  Cultivation around the pet house
 House 1 Country liquor  Located inside the village

Fig. 9.15 : Patterns of elephant visits to villages during the
project period. Number of visits and number of individuals
are plotted against different time slots
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millet was damaged more (4.4 to 4.6%) compared to
paddy (2 to 3%) and mustard (0.15%) during the study
period. Earlier studies in southern India showed that
elephants damaged paddy the highest (3%) followed by
millet (2%) and maize (1%) (BNHS Report, 1995). The
study by Nath & Sukumar (1998) also showed that the
number of raids paddy was the highest compared to
other crops in most of the study zones. The variation in
selection of different crops in different areas might be
due to types and total area of crops cultivated in a given
area.

The village wise damage showed a high of 9% of
total damage. As study conducted in Dalma, Orissa,
central India (Datye, 1995) recorded a high of 2% of
damage in different villages during 1989-91. If we assume
the pattern of damage has not changed for Dalma (from
2%), the damage reported by our study region per village
is high.  Village wise damage may be high for the study
region, but overall damage is lower than the study
villages of Buxa Tiger Reserve. The extent of crop damage
may be only 0.1-3% in Seijosa, but its effect on the ground

level is huge once it is further analyzed up to the farmer
level. The result showed that elephants damaged a low
of 0.4% to a high of 88% of the total crop of a farmer.
Significant numbers of incidents of the structural damage
including granaries were reported, however the
frequency such damages were comparatively less than
that of the number of incidents occurred in the Sonitpur
Elephant Reserve in Assam.  Both groups and solitary
elephants were equally preponderant to crop raiding.
Timing of visitations of elephants to the crops peaked
between 18.00 hours and 19.00 hours and then again
between 22.00 hours and 23.00 hours. The incidents of
human/elephant deaths or injuries were very less
compared to other regions such as Sonitpur in Assam
(Gureja et al., 2002; Talukdar and Barman 2003). Local
attitudes to crop raiding, however, may make it out as a
more serious case and there is also a possibility of an
increase of such conflict in the near future as habitat
loss is continuing and reached an alarming proportion
in the Sonitpur Elephant Reserve (Talukdar and Barman
2003).
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10.1 Introduction
One of the important measures of the extent of

human-elephant conflict is in terms of economic loss. In
most cases in rural India, agriculture is the backbone of
an individuals’ economy and therefore, a loss to crop
(including stored grain) due to such conflict has an
adverse affect on society. The death or injury of human
beings due to elephant also has a high social cost. In
India, a comprehensive study carried out on the status
of human- elephant conflict does reflect the status and
extent of economic loss due to conflict (Nath & Sukumar,
1998; Sukumar, 1985, 1989, 1990; Mishra, 1971; Datye,
1995 Tiwari, 2000). Interestingly, no study has been
conducted in Northeast India on the economic loss due
to elephants. So, an attempt was undertaken to study
productivity of different crops and its loss due to the
elephant in economic terms. Beside this, an attempt was
also made to evaluate specific ex-gratia payments to total
economic loss caused by an elephant.  For this, part of
the study, the following objectives were in place.

- To find out the total/ overall value of production
to different crops

- To find out the total/ overall value of loss to different
crops

- To find out the total/ overall value of loss of different
crops

- To evaluate the amount of ex-gratia payment with
respect to total economic loss caused by an elephant.

10.2 Methodology
10.2.1  Total value of production
(a) Total production

To find out the total production, the total cultivated
area (in hectares) with respect to different crops was
measured. Then, a total of 36 quadrates for paddy, 10 for
millet and 15 for mustard, each of 1 x 1m size, were
established in different villages to find out the actual
productivity of different crops. An average weight of seed
obtained from each quadrate was multiplied with the
total area of cultivation to find out the village wise total
productivity (in kilograms) to different crops.

CHAPTER 10

Economic loss and payment of compensation
in the Kameng Elephant Reserve

(b) Total value
The total productivity (in kilograms) was

multiplied with the market price of the given crop to find
out the value of different crops.

10.2.2 Total value of loss
(a) Actual area loss

For every crop damage incident, the damage was
measured in terms of area. Thirty-nine quadrates for
paddy, 10 for millet and 15 for mustard of each 1 x 1m
size were made in both damaged and undamaged plots
to find out the actual loss (%) to different crops.
Undamaged plants in the damaged quadrates were
compared with the average number of plants available
in undamaged quadrates to find out the ratio of loss (%)
of the damaged area.  The total area loss (in hectares)
was further multiplied with the rate of loss to find out
the actual area loss (in hectares).

(b) Actual value of loss
The actual area loss (in hectares) was multiplied

with the market price to find out the value of loss to
different crops across the years and crops.

10.2.3 Total value of individual loss
(a) Total loss

Farmer wise actual loss (in hectares) to different
crops was measured by using methods as described
above.

(b) Total value of loss
Farmer wise actual loss (in hectares) to different

crop was multiplied with the market price to find out the
total value of economic loss for each farmer.

10.2.4 Evaluation of ex-gratia payment
(a) Data collection

Detailed information on ex-gratia paid by the
government was collected from the Pakke Wildlife
Sanctuary Division, Department of Agriculture and
Circle Office. Data on money received by each farmer
with respect to crop types and area reported loss were
also collected.

Surendra Varma and Prabal Sarkar
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(b) Evaluation
The total money paid as ex-gratia by the

department was compared with the value loss due to
crop depredation in each year during the study period
in order to evaluate the ex-gratia payment.

10.3 Result and discussion
10.3.1 Economic expenditure for production

On an average, a villager spends about 3305.00
(SE = 186) Indian Rupees for crop cultivation for 0.6 acre
per year (more specifically 4 to 5 months of crop
cultivation, this includes sowing to harvesting). Among
these, a bulk amount (mean 2691; SE 172) was being
paid towards salary for labor. A very small amount (mean
614; SE 40) was paid towards seed.

10.3.2 Total value of production
10.3.2.1 Total value of production
(a) Production rate

An average of 236 (SE = 6.4) grams of paddy, 165
(SE = 11.5) grams of millet and 183 (SE = 5.3) grams of
mustard were produced/m2 in the study area (Fig 10.1).

(b) Total production
As crop cultivation varied year to year, the

production also varied accordingly (Table 10.1). As area
under cultivation decreased steadily (see chapter 9) over
the three years, so did total economic production values.
Production value was more for 2002-03 (43%) followed
by 2003-04 (38%) and 17% for 2004-05.

Table 10.1: Crop production value for different years of
all crops together for the study villages

S.No Year Production value
(Indian Rupees)

1 2002-03 41,73,072.95
2 2003-04 36,55,524.37
3 2004-05 16,84,406.63

Individual crop wise production value also varied
year to year, among all crop, production value for paddy
was more due to more area being under paddy
cultivation (Table 10.2).

Table 10.2: Crop wise total value of production:

Crop types  Production value (Indian Rupees)
2002-03 2003-04  2004-05

Paddy 33,01,797 32,91,168 13,13,614
Millet 5,21,866 1,19,746 1,26,183
Mustard 3,49,409 2,44,609 2,44,609

10.3.2.2 Village wise total value of production
Percentage of crop production for different village

during different years shows  that although value of crop
produced by B-A2-3 was more for two years, and for the
third year, Bali contributed more, there was a consistence
of value of crop production for the villages such as
Darlong and upper Seijosa.

10.3.2.3 Village and year wise total value of production
of different crops

Crop wise production value for paddy (in relation
to other crops) for all villages for two years (2002-03 and
2003-04) was same (42%) and for the following year it
was only 17%. For millet, crop production value was
more (68%) in 2002-03 and only 16% for 2003-04 and
2004-05 (Table 10.3). Crop production value for Jolly
Lanka was 44% for the year 2002-03, 29% for 2003-04
and Bali contribute more for the year 2004-05 (35%).

Fig 10.1: Patterns of crop production for different crops
during the project period. Mean (± SE) crop production/m2

is plotted against different crops.

Fig. 10.2 : Patterns of crop production for the villages for
different years. Crop production (%) is plotted against
different villages. Years are based on cropping pattern
which starts from sowing to harvesting (for example June
2002 to February 2003).
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10.3.3 Total value of loss
10.3.3.1 Total value of loss
(a) Rate of loss

An average loss (%) of paddy, millet and mustard
are given in Table 10.4. It indicates that about 31% of
paddy, 30 % of millet and 38 % of mustard of the damaged
plots remained undamaged even after crop depredation
by elephant.

Table 10.4: Cropp loss

S.No Crop types Loss (%)

1 Rice 69.3
2 Millet 69.9
3 Mustard 62.0

(b) Total value of loss:
A total of 61% loss was present in 2002-03, followed

by 2003-04 (38%). This decreasing trend could be due to
the decreasing trend of crop cultivated across the year
(Table 10.5).

Table 10.5: Economic loss for different years

Year Loss value (Rs) %

2002-03 86225.35      61.17
2003-04 53362.77      37.85
2004-05 1362.55      0.96

10.3.3.2 Crop wise total value of loss:
Production value loss for paddy had an increasing

trend (88 to 100%) from 2002-03 to 2004-05, for millet it
was on the decrease (Fig 10.3). This was due to no damage
to millet and mustard during 2004 -05 and cultivated
lands under these crops were also less in relation to the
previous years.

10.3.3.3 Village wise total value loss
Total value of loss for different years for different

villages ranged from 0 to 39 % (mean 10, SE =5) for 2002-
03, for 2003-04 (Fig 10.4) it was 0 to 28% (mean 10, SE =
4) and for 2004-05 it was 0 to 49% (mean 10, SE = 6).

For paddy the highest loss was 49% and 29% for
Darlong during 2002-03 and 2003-04 respectively, and
for 2004-05 49% in Jolly Lanka.  No specific pattern could
be observed for millet and mustard for all the years.

10.3.3.4 Actual value loss
(a) For all crops

The actual economic loss due crop damage by
elephant varied across the years and the percentage of
economic loss ranged from 0.08 to 2% of the total
production value across the year. There is clear pattern

Table 10.3: Cropping patterns

Year Rice Millet Mustard
Production value % Production value % Production value %

2002-03 3301797.27 41.76 521866.19 67.97 349409.49 41.66
2003-04 3291168.38 41.63 119746.74 15.60 244609.26 29.17
2004-05 1313614.16 16.61 126183.2a2 16.43 244609.26 29.17
Total 7906579.805  767796.15  838627.997

Fig. 10.3 : Patterns of crop production for different crops
during different years. Crop production (%) for different
crops is plotted against different years.

Fig. 10.4 : Patterns of value (economic) loss due to crop
damage by elephants for different years for different
villages. Value loss (%) due to crop damage by elephants is
plotted against different villages for different years.
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of reduction in economic loss incurred due to elephant
damage to cultivated crops (Table 10.6).

Table 10.6: Crop production and loss values

Year Production  Loss value % loss
value (Rs)  (Rs)

2002-03 4173072.95 86225.35 2.07
2003-04 3655524.37 53362.77 1.46
2004-05 1684406.63 1362.55 0.08

(b) For specific crops
The actual economic loss due to crop damage by

elephant for different crops cultivated for the study
villages also varied across the years and the percentage
of economic loss for paddy ranged from 0.2 to 3 % for
millet it was from 0 to 5 % and for mustard 0 t 2% of the
total production value across the year (Table 10.7).

Table 10.7: Cropwise production and loss values

Year Crops Production Loss % Loss
value (Rs) value (Rs)

2002-03 Rice 3301797.27 97798.38 2.96
Millet 521866.19 24127.72 4.62
Mustard 349409.49 2531.30 0.72

2003-04 Rice 3291168.38 68178.21 2.07
Millet 119746.74 5255.73 4.39

 Mustard 244609.26 3918.68 1.60
 2004-05 Rice 1313614.16 1965.60 0.15

Millet 126183.22 0 0.00
 Mustard 244609.26 0 0.00

10.3.3.5 Farmer wise total value of loss
Frequency of farmer-wise total value loss ranged

from 1000 to 9000 rupees and the 1000 rupee loss range

Fig. 10.5 : Patterns of value (economic) loss due to crop
damage by elephants. Value loss (%) due to crop damage by
elephants is plotted against the frequency range values of
Indian Rupees

dominated 68% for 2003-04 and 55% for 2002-03
(Fig 10.5), followed by 1000 to 2000 rupee range (18% for
2002-03 and 20% for 2003-04). Very few farmers incurred
the loss of 8000 to 9000 rupees.

The same patterns of results were observed for
individual crops, particularly for paddy (Fig 10.6), the
value loss frequency range was concentrated more in
1000-rupee range, and a few cases of 8000 to 9000 rupees.

Mean individual loss/farmer was 2945 (SE = 556)
rupees for paddy, 937 (SE = 263) for millet and 261 (SE =
53) rupees in 2002-03 (Fig 10.7). For 2003-04 it reduced
(Fig 10.8) to 815 (SE =133) and 459 (SE = 126) for rice and
millet respectively, and for millet it was 347 (SE = 94).

Fig. 10.6 : Patterns of value (economic) loss due to crop
damage by elephants. Value loss (%) due to paddy damage
by elephants is plotted against the frequency range of Indian
Rupees

Fig. 10.7 : Patterns of value (economic) loss due to crop
damage by elephants. Mean (± SE) rupee loss (%) due to crop
damage by elephants/year is plotted against different crops
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Table 10.8: Loss due to stored grains

Year  Village  Farmer’s name  Source  Damage  Economic
     (Approximate) Loss (in Rs.)

2002-03  Darlong  Loyang Tallang  Granary house  200 kg 1600.00
  Darlong  Mogeswar Dako  Granary house  200 kg 1600.00
  Mebuso-II  Massam Tachang  Paddy field -  -
2004-05  Darlong  Driver  Granary house  100 kg 800.00

- no detail is available.

Table 10.9: Structural damage for different properties in study area

Year Village Owner of the  Structure damaged  Cost damaged
  damaged property   (Approximate)

2002-03  Darlong  Loyang Tallang  Granary house 1,000.00
  Darlong  Mogeswar Dako  Granary house 1,000.00
  Mirgaso  Tala Tallang  House 25,000.00
   Hotu Talang  Pet house 1,000.00
2003-04  Hotu Talang  House 1,000.00
  Jolly  Public  School and desk-branches 10,000.00
  Upper Seijosa  Smt. Yama Langlang  House in the paddy field 10,000.00
   Talar Tachang  House in the paddy field 10,000.00
  Lower Seijosa  Labour  House 2,000.00
  Darlong  Sibo Chiri  Shop & property 10,000.00
2004-05   Yeha Tayam  Shop & property 20,000.00
   Driver  Granary house 2,000.00
  Bali  Leader  Granary house 1,000.00

Fig. 10.8 : Patterns of value (economic) loss due to crop
damage by elephants. Mean (± SE) rupee loss (%) due to crop
damage by elephants/year is plotted against different crops

10.3.3.6 Stored grain

Loss due to damage or consumption of stored grain
(paddy) was about Rs. 3000/- year (Table 10.8)

Fig. 10.9 : Patterns of ex-gratia payment by the Forest
Department for the crop damage by elephants. Mean (± SE)
ex gratia payment/year is plotted against different years.

10.3.3.7 Structural damage
The structural damages ranged from granary, pet

shop, school, houses and shops (Table 10.9), and the
loss due to this was 28,000 Indian rupees for 2002-03,
43,000 for 2003-04 and 23, 000 in 2004-05.
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10.3.4 Ex-gratia payment
Compensation paid to individual farmers ranged

from Rs. 400/- to Rs. 6000/- (for 27 farmers) with a mean
amount of 3022 (SE = 259)/farmer for 2000-01 (Fig 10.9).
For 2002-03, it ranged from Rs. 2400/- to Rs. 6400/- for
32 farmers with mean of 3658 (SE = 205). This result

suggests that there is an increase in the amount paid as
compensation despite a corresponding decrease in
damage.

Frequency range of compensation paid was more
in 2000 to 4000 range (Fig 10.10) for both years (2000-01
and 2002-03), and about 35 to 40 farmers received about
2000 to 4000 rupees.

Fig. 10.10 : Patterns of ex-gratia payment by the Forest
Department for the crop damage by elephants. Amount paid
(%) is plotted against the frequency range of Indian Rupees.

10.3.5 Comparison of actual amount spent, economic
loss and compensation paid

The comparison of the results of actual loss and
compensation paid for different years gives a very clear
picture of the status of compensation payment. The mean
amount paid as compensation is more than mean actual
crop damage. Data on actual amount spent for crop
cultivation is available for only one year, however an
assumption was made the farmers may spend the same
amount for the cultivation every year. The economic loss/
farmer was 57% of the actual amount spent for 2002-03
and it reduced to 32% for 2003-04, however,
compensation payment for the year 2002-03 was only
91%, but for the year 2003-04 it was about 191%
(Fig 10.11).

10.4 Conclusion
The crop production for the study villages reduced

across the years from 43 to 17% (2002-03 to 2004-05).
Two reasons contributed for the reduction, one was due
to the change in rainfall pattern and other was due to
the excessive flow of the river that resulted in washing
away the cultivated lands.  Crop production value for
rice was more compared to other crops, and because of
this more area was cultivated under rice. Across the
years, village wise paddy production decreased from 42
to 17% and for millet from 68 to 16%. Economic value
due to crop damage also varied from 61 to 1% (2002-03
to 2004-05) and this was due to both the reduction of
area under cultivation and damage. Actual economic

Fig. 10.11 : Patterns of value (economic) loss and ex-gratia
payment by the Forest Department for the crop damage by
elephants. Mean (± SE) of value of Indian Rupee is plotted
against amount spent for cultivation, actual loss (for 2002 –
03 & 2003 – 04) and compensation payment (for 2000 – 01
and 2002- 03)

Fig. 10.12 : House damaged by elephant in Pakke



81

loss due to crop damage ranged from only 0.08 to 2% for
study villages from 2002-03 to 2004-05. Economic loss
due to millet damage was more among the crops
cultivated; it ranged from 3.0 to 3.2%.

More meaningful patterns may emerge if individual
farmer wise crop loss and its implication on the economic
loss are quantified. The results showed that the frequency
of individual farmer economic loss due to crop damage

ranged from 1000 to 9000 rupees, although 1000 rupee
value damage was more. The economic loss/farmer was
57% of the actual amount spent for 2002-03 and it reduced
to 32% for 2003-04. The payment of ex-gratia showed
interesting results, as the mean amount paid as ex- gratia
was more than the mean actual loss and the payment
made for the year 2002-03 was only 91%, but for the year
2003-04 it was about 191% of the amount spent.



82

11.1 Introduction
Documenting the significance of habitat change

and the resultant elephant – human conflict (Nath and
Sukumar 1998) and developing effective strategies for
maintaining the genetic flow through migration of
elephants across the disturbed landscapes is a major
challenge today. One approach to link habitats can be
identification, monitoring and conservation of corridors
(Soule & Gilpin, 1991; Fahrig & Merriam, 1994). Recently
in India too, Wildlife Trust of India (WTI) and Asian
Elephant Research and Conservation Centre (AERCC)
were listed 88 elephant corridors (Menon et. al, 2005).
This chapter explores the status of elephant – human
conflict in elephant corridors and in non-corridor areas
with the following objectives

1. To assess the status of human-elephant conflicts
along the corridor and non corridor regions

3. To identify the reciprocating relationship between
usage of corridor and human- elephant conflict and
resultant conservation implication of the
relationship

11.2 Methodology
11.2.1 Corridor identification and monitoring

Four elephant corridors were selected. Six forest
trails within two corridor areas (across cultivated lands)
and six trails within the other two corridor areas (across
abandoned crop lands) and 17 trails within forested
habitat were selected and monitored for elephant habitat
usage patterns.  These trails were named as Corridor
and Non-Corridor Trails and also the trails within the
habitat.. Corridor and Non-Corridor (close to croplands)
trails were monitored during Conflict (October –
November) and Non-Conflict seasons (June – July). In
all trails, the data collection focused on the number of
elephant signs (fresh and old) found/km. For Corridor
and Non-corridor (close to croplands) vegetation
assessment was also carried out.

11.2.2 Vegetation Survey
Vegetation survey was done on six trails used for

corridor survey.  At every 500 meter interval of each trail
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or transect a 10 X 10 plot was established for vegetation
survey and a total of 36 quadrates each with 10 x 10m
were established in different parts of the Pakke Wildlife
Sanctuary. The data was processed using computer
programs Biodiversity Pro (McAleece, et al., 1997) and
Estimate S, species diversity, evenness, spatial
distribution, species area curve, and similarity matrix
was calculated using these programs.

11.2.3 Assessing the status, extent and patterns of
elephant – human conflict

Twelve villages located along the fringes of the
sanctuary were selected and the total crop areas of these
villages were measured. Through weekly visit to villages,
monthly coverage of each village during day and night
visits and conflict monitoring by resource persons,
assessment of cropping pattern, elephant visit, actual
crop damage measurement, conflict mitigation,
productivity, and economic loss due to crop damage were
carried out. The villages were also labelled as corridor
(close to cultivated or abandoned crop) or non-corridor
(close to cultivation) villages

The forest department provides support to the local
people for conflict mitigation; this could be in the form of
ex- gratia payment or providing watcher or captive
elephants as elephant scaring squad. There are other
proposals or discussions such as the construction of
concrete wall along the Pakke River and the forest
boundary to prevent elephant entry to the villages. This
wall is proposed to go along the Pakke River from Upper
Seijosa to Tarabaso, most of which  passes through the
elephant corridor.

11.3 Results and discussion
11.3.1 Pattern of corridor and non-corridor usage

Encounter rate of elephant dung piles/km was
more in Corridor Trails (close to cultivated area), and
they were used more during conflict months (Fig 11.1).
For Non-Corridor Trails and the combination of both
Corridor and Non-Corridor trails, during the Conflict
and Non -Conflict months, there are no differences in
encounter rates (Fig 11. 2).

Prabal Sarkar, Naim Akthar and Surendra Varma
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The encounter rate of elephant signs in Corridor
Village trails (where crop cultivation was abandoned
due to sever damage) was very low and Corridor Trails
(close to cultivated area) showed higher encounter rate
(Fig 11.3). Comparison of results of encounter rate for all
the habitat show no difference in habitat usage (Fig 11.4)

11.3.2 Vegetation survey
The result of vegetation assessment showed the

plant (tree) species similarity across the habitat (both
Corridor and Non-Corridor trails) was not different from
each other (Fig 11.5). However, the results of plant

Fig 11.1 : Habitat usage pattern of elephants for corridor
and non corridor trails. Mean (± SE) encounter rate of
elephant dung piles/km is plotted against corridor and non
corridor trails. Selection of trails was based on their location
close to or away from the corridors.

Fig 11.2 : Habitat usage pattern of elephants for corridor
and non corridor trails during conflict and non conflict
seasons. Mean (± SE) encounter rate of elephant dung piles/
km is plotted against the corridor and non corridor trails
during conflict and non conflict months.

Fig 11.3 : Habitat usage pattern of elephants for non corridor
and corridor region (area close to crop cultivation) and area
corridor region (close to no cultivation). Mean (± SE)
encounter rate of elephant dung piles/km is plotted against
non corridor and corridor region (area close to crop
cultivation) and Corridor area (close to no cultivation).

Fig 11.4 : Habitat usage pattern of elephants for different
micro habitat and corridor and non corridor regions. Mean
(± SE) encounter rate of elephant dung piles/km is plotted
against different micro habitat and corridor and non corridor
regions.
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similarity are only based on tree species. Woody plants
and elephant food plant species distribution across
corridor and non-corridor trails need to be investigated
for specific pattern of the habitat use by elephants.

Sample 1, 3 & 5 : NCT (Non Corridor Trail),
Sample 2, 4 & 6 : CT (Corridor Trail)

Pattern of crop damage
As seen from the results (Fig 11.6), overall, crop

damage ranged from 2 to 3 % of total cultivated area for
study villages during the study period

Damage to Rice (Oryza sativa) was 2 to 3 % per
year, for Millet (Setaria Spp) 4 to 5 % per year and for
Mustard (Brassica juncea) 0.7 to 2%. Elephants appear to
damage millet more (in relation to crop cultivated) than

any other crops (Fig 11.7) for all villages and individual
farmers (Fig 11.8).

11.3.4 Patterns of crop damages in Corridor and Non-
Corridor Villages

Corridor Villages encountered more damage for all
crops (Fig 11.9), more specifically to millet (Fig 11.10).
Rice damage across both corridor and Non- corridor
villages was not significantly different.

The out comes indicate two negative effects; paying
more compensation than the actual loss, and fewer
people receiving the overall compensation. This
ineffective compensation approach and failure of other
conflict mitigation measures motivate the villagers to
explore various other methods, including a proposal for

Fig 11.5 : Species similarly for the corridor and non corridor
trails. The results are based on Bray – Curtis Analysis (single
link) of all the trails sampled in both corridor and non
corridor regions.   Samples 1, 3 & 5 are non corridor trails
and samples 2, 4 & 6 are corridor trails.

Fig. 11.6 : Pattern of crop damage for study villages. Crop
damage (%) by elephants for study villages during the
project period is plotted against different years

Fig 11.7 : Crop damage in relation to crop cultivated.
Deviation from expected pattern of crop damage (%) is
plotted against different crops.

Fig. 11.8 : Pattern of crop damage for individual farmers.
Crop damage (%) by elephants for individual farmers is
plotted against lowest and highest levels of crop damages
for different crops.
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Fig. 11.9 : Pattern of crop damage by elephants for corridor
and non corridor villages. Mean percentage (± SE) of crop
damage is plotted against corridor and non corridor villages

Fig. 11.10 : Pattern of crop damage by elephants for corridor
and non corridor villages. Mean percentage (± SE) of
damage to millet is plotted against corridor and non
corridor villages

the construction of a wall along the river to prevent
elephants visiting the croplands and villages.  However,
given the high rainfall (3000-mm) status of this region
and resources needed for construction of such a long
wall, on the long run it may not be an effective and
economically viable option. This may also prevent
elephant movement across their habitat.

11.4 Conclusion
Elephants appear to use the Corridor Trails more

and also specifically during the Conflict Season. This
may be due the presence of crops and may not be due to
habitat specialization as the plant (tree) species similarity
appeared to be uniform for both Corridor and Non –
Corridor trails. It is known that, even a small scale of
crop depredation affects subsistence farmers very hard
and may lead to negative impacts on elephant
conservation. However, elephant movement through
these corridors is very crucial as they connect very large
landscapes. Given this scenario, the strategy for
mitigating conflict should be a balancing act considering
the needs of both the elephants and the local community.
Our results lead to the conclusion that conflict mitigation
measures should not be unplanned, like building a wall
across the corridors, as they may have a negative impact
by cutting off contiguity for these elephant populations.
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12.1 Introduction
There are many methods widely followed to

prevent or mitigate human-elephant conflict. These vary
depending on several factors including the cost, the fund
availability and social acceptance (Sukumar 1989; Nath
& Sukumar, 1998; AERCC, 2003a,b). Elephant proof
trenches; power fences, walls, repellents, etc. have been
in use in different areas  (Nath & Sukumar, 1998). Recent
experiences suggest that all these methods are becoming
increasingly costly, needing special skills and a proper
monitoring system to achieve maximum benefit.
However, there have also been traditional methods of
scaring away elephants in India with sound producing
mechanisms like drums, crackers, etc. and keeping watch
on the cultivated areas. The people in the villages
surveyed have been traditionally keeping the elephants
away from the cultivation and the village by scaring
them. Among all the approaches, the implementation of
the “Elephant Driving Squad” has been considered a
traditional official approach. As people have their
inherent knowledge of scaring wild elephants developed
over a long period, conservationists all over the world
started thinking that the efficacy of indigenous
knowledge that would be more economically viable.

At a meeting that was attended by the executive
director, WTI and the representatives of the Arunachal
Wildlife and Nature Foundation (AWNF) on September
09, 2000 it was decided to create a force of 30 village
watchers who would guard the fields during the night
with the understanding that while WTI would support
half of them at Rs 1,068 per head, the rest would be
supported by the Village Forest Development Council.
This force was to be kept in place for the crucial harvest
months of November to January.

In Seijosa and Tippi area, the Wildlife Trust of India
(WTI) in association with the local NGO Arunachal
Wildlife & Nature Foundation (AWNF) and the local
village-based forest administrative body Village Forest
Development Council (VFDC) implemented a “Watcher
Scheme” during 2001-02 to 2003-04 in which an
“Elephant Driving Squad” was created. The purpose of
this scheme was to provide moral support to the villagers
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in elephant scaring activities and to test the efficacy of
this indigenous knowledge.  For this, watchers from each
village were engaged during the peak cropping and
conflict season (October to January).  This opportunity
was used to document the various aspects of the schemes
and also to find out the site-specific efficacy of such a
scheme with the following objectives.

To collect the details about the elephant visit, crop
damage and the approach of elephant scaring
activities and the watcher scheme.
To evaluate the efficacy of the scheme in terms of
its merits and demerits
To assess the factors responsible for the success or
failure of the watcher scheme.

12.2 Methodology
The following methodologies were adopted.

12.2.1 Assessment of experiences in elephant scaring
activity

To find out the experience of the elephant scaring
activity of each village, about 5 to 10 senior individuals
village were interviewed about individual and collective
experience of elephant scaring activity over a period of
time. The information obtained from them was
crosschecked with the year of establishment of the given
village.

The people of the Darlong village have highest
experience of driving away elephants since last 50 years.
This village was the first settlement during British period.
Next, the people of the Upper Seijosa (first settlers came
immediately after the Indo-China war in 1962) have an
experience of about 40 years. Most of the people of other
villages have an experience of 20-30 years. However, the
village Tarabaso was established just 8 years ago. Its
residents came from Charduar area of Assam and settled
there. So, they have the least experience of scaring
elephant (Table 12.1). In Tippi, the Miji tribals settled
between 30-35 years ago. For 25 years they drove back
the elephants and finally, stopped cultivating in the past
few years. The depredations, however, continue with
damage to houses and other property.

Prabal Sarkar, Sunil Subba, Surendra Varma and Vivek Menon
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Table – 12.1 : Village level experience of scaring elephant

SL Villages  Experience of scaring  Remark
No. Elephant (years)

1  Darlong  > 50
2  Upper Seijosa 40
3  Bali 25-30
4  A-2/ Mebuso-I 20-25
5  A-3 20-25
6  Jolly-Lanka 25-30
7  Mebuso-II 10
8  Mirgaso 15-20
9  Tarabaso 8
10  Tippi  > 25

12.2.2 Selection procedure of watchers
With the financial support from WTI, the

responsibility of selecting watchers was given to AWNF
and VFDC. They selected a total of 17 watchers from the
study villages.  A total of 2 to 4 watchers from each village
were selected and under the scheme each village
provided an equal number of local villagers as volunteers
to work with the watchers. After this selection of both
watchers and volunteers, it was decided that AWNF and
VFDC would monitor their activities as well as distribute
their monthly salaries. Apart from this, the field
researcher appointed three watchers from Tippi village
who were not under the control of AWNF and VFDC but
worked directly with WTI.

Only those who had agricultural land were selected
as watchers and both AWNF and VFDC have justified
this procedure as those who do not have agricultural
land may not work properly since they do not feel the
pain of crop depredation. This concept was strictly
followed during the selection procedure of watchers from
each village in the Seijosa area.

12.2.3 Assessing the efficacy of the watcher or elephant-
driving scheme
(a) Measuring the extent of damage

Data collected on crop damage during the survey
were further analyzed with respect to presence or absence
of watchers to find out the efficacy of the Watcher
Scheme.

(b) Participation of watchers and villagers
Participation of the watchers and villagers during

each elephant scaring activity as collected and recorded
by the Resource Person on a daily basis and a cross
checking of the data collection was made during “Night
Visit” by the field researcher.

12.3 Results
12.3.1 Experience of elephant scaring activity

The villagers have experienced the issue for a long
time, ranging from 8 to 50 years (mean 26, SE = 4.0 years).
Darlong village was the first settlement to be established
in Seijosa during the British period. It was found that
the people of Darlong village had the most experience of
scaring elephants since the last 50 years. People of the
Upper Seijosa, which was established immediately after
the Chinese war in 1962, have experience of about 40
years. Except for Tarabaso villages, most of the people
from other villages have an experience of 20-30 years.
Tarabaso village was established just 8 years ago when
the villagers from Charduar area of Assam settled here
(Table 12.2). In Tippi, the Miji tribe were settled for more
than 20-25 years and has an experience of scaring
elephants for more than 25 years.

Table – 12.2: Village level experience of scaring elephant

SL Villages Experience of scaring
No. Elephants (in yrs)

 Minimum Maximum

1  Darlong   50
2  Upper Seijosa  40
3  Bali 25  30
4  Jolly-Lanka 25  30
5  Tippi   25
6  A-2/ Mebuso-I 20  25
7  A-3 20  25
8  Mirgaso 15  20
9  Mebuso-II 10
10  Tarabaso 8

Source: Village interview

12.3.2 Extent of crop damage in villages with and with
out watchers
12.3.2.1 Area damage

In 2003, the damage to the crops was more in the
villages where watchers had been appointed. About 91%
of the area under cultivation had watchers and 9% of
the area had no watchers. The damage in areas with
watchers was 3.2% of the total area cultivated and no
watcher area recorded 1.3% of damage to the total area
cultivated. For a meaningful comparison, in 2003, only
villages with or with out watchers were compared. For
this, village Goloso (has no watcher) was compared with
village of Jolly and Lanka (having watchers). Village
Mebusa II (having watcher) was compared with villages
Mirgoaso and Tarabaso (having no watchers). The
pattern of comparison was based on one village (has no
watcher), with 2 villages (having watchers) and another
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comparison was that of two villages (having no
watchers) with one village (has watcher). Goloso, which
had no watchers, showed less damage than villages
Jolly and Lanka, which had watchers and                 showed
more damage of crops. However, the most important
parameter that must be considered is that both Jolly and
Lanka villages had about 82 % of area under cultivation
as compared to villages without watchers (Fig 12.1).

Hence the damage in areas with watchers might
only go to prove that these are indeed the target villages
for crop raiding by elephants and that the initial
presumptions based on which watchers were appointed
to these villages was correct. Villages with no watchers
are those with negligible crop damage. This could also
be an indication that the number of watchers has to be
increased in relation to the area under cultivation. To
guard preferred crops such as millet villages have to be
more vigilant, and motivation for that could originate
from watchers in these villages.

In 2004, about 92% of the area under cultivation
had watchers and 8% of the area had no watchers. The
damage in areas with watchers was 2.1% of the total
area cultivated and no watcher area recorded 2.5% of
damage to the total area cultivated (Fig 12.2). In 2004,
when villages with or with out watchers were compared
only Goloso, which had no watchers, showed less
damage (4.5%) and villages Jolly and Lanka, which had
watchers showed more damage of crops (6%). Villages
with watcher and no watcher showed similar amount
of damage (about 2% and result is much different from
the 2003)

12.3.2.2 Crop wise damage
(a) Rice: In 2002-03, damage to rice was more in areas
having watchers compared to the areas without
watchers. However, a reverse trend could be found in
2003-04 where less damage took place in those areas
having watchers compared to the areas without watcher
(Fig 12.3).

(b) Millet
In 2002-03, damage to millet was less in areas

having watchers compared to the areas without
watchers. However, a reverse trend could be found in
2003-04 where more damage took place in those areas
having watchers compare to the areas without watchers

Fig. 12.1 : Efficacy of the watcher scheme implemented as
conflict mitigation measure during the project period.
Villages that were provided with waters for elephant
chasing operation and villages with no waters for different
years is plotted against crop damage (%) and area cultivated
(%).

Fig. 12.2 : Comparison of villages with or without watchers
to test the efficacy of the watcher scheme implemented as
conflict mitigation measure during the project period.
Villages that were provided with watchers for elephant
chasing operation and villages with no watchers for different
years is plotted against crop damage (%) and area cultivated
(%).

Fig. 12.3 : Pattern of crop damage by elephants in villages
with watcher and without watchers. Crop damage (%) is
plotted with different years for different crops.
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 A comparison of areas with and without watchers,
in relation to cultivated crops for 2003, shows interesting
results. Rice was the most affected in village with
watchers, while millet and mustard was not affected in
villages with no watchers. Millet is the most preferred
crop compared to other crops and this pattern of damage
emerged from the village with no watchers. In 2004, there
was no cultivation of millet in the villages where there
were no watchers.

12.3.3 Elephant visitations to watcher and no watcher
villages

There were two peaks in visiting villages with
watchers and the peak time of visits in villages with no
watchers was from 20.00 to 22.00 hours (Fig 12.4).
Elephants appear to following specific patterns for
visiting villages with or with out watchers during the
study period. This could be due to a chance alone,
however the consistency of this pattern need to be
investigated more in detail with more data covering
number of years.

12.3.4 Evaluation of watchers participation in elephant
scaring activity

Elephants visited Seijosa and Tippi areas during
October to January in 2002-03 and 2003-04 a total of 55
and 97 times respectively. However, the watchers could
prevent a total of only 7 % of elephant visits during 2002-
03. About 80% times the elephant visit could not be
prevented while on 13.3% of the times the watchers were
not aware of the elephant visit. Similar trends were also
recorded in 2003-04 where the watchers could prevent
only 22 % times of the total elephant visits and were not
able to prevent a total of 61 % of the total elephant visits
while 18 % of the time they were not aware of the elephant
visits (Fig 12.5). Initiating and its subsequent monitoring
may have increase the efficacy (7 to 22%).

A village wise efficacy of the Watcher Scheme in
different years also showed a similar trend irrespective
of village and year (Table 12.3).

Fig 12.4 : Pattern of elephant arrival to those villages with
or without watchers. Number of visits of elephants is plotted
against different time slots for villages with and without
watchers

Fig 12.5 : Efficacy of watcher participation in elephant
chasing operation. Incident of elephant visit (%) is plotted
against the success or no success of preventing elephant
visiting crop lands.

Table 12.3: Efficacy of the watcher scheme: year 2002-03 and 2003-04

Village No. of times Watcher could Watchers failed Watchers did not
elephant resist elephant to resist know about
visited entry elephant entry elephant visit

2002-03 2003-04 2002-03 2003-04 2002-03 2003-04 2002-03 2003-04

Darlong 6 9 1 0 3 5 2 4
Upper Seijosa 1 10 0 0 1 10 0 0
Bali 3 4 0 1 3 2 0 1
A-2/Mebuso-I, A-3 1 18 0 1 0 13 1 4
Jolly-Lanka 22 56 3 19 18 29 1 8
Mebuso-II 15  - 0  - 13  - 2  -
Tippi 7  - 0  - 6  - 1  -
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12.3.5 Villagers’ co-operation and participation in
elephant scaring activity
12.3.5.1 Villagers’ participation and number of times
of elephant visit

Overall (all villages together), irrespective of
villages with watchers or no watchers, a total of only
2.26 and 1.38 times did additional villagers participate
in elephant scaring activities during 2002-03 and
2003-04 respectively. However if we consider specific
village level participation of villagers and watchers, the
trend was different as it varied.  During 2002-03, the
highest of 6.5 times and lowest of 0.8 times villagers
participated with the watchers in driving elephants in
Seijosa and Tippi areas respectively. During 2003-04, a
maximum of 4 times and a low of 1.21 times did villagers
participate with the watchers (Table 12.4). This indicates
a very low support of the villagers to the watchers in
elephant scaring activity.

12.3.5.2 Number of villager participating per scaring
activity

The number of villagers who participated with the
watchers in scaring elephants varied from villages
having no watchers. An average of 4.28 of villagers
participated in scaring activity compared to 8.27 in those
villages having no watchers (Fig. 12.6). This further
indicates that the elephant scaring activity was more
active in those villages where no watchers were
employed.

 12.4.1 Evaluation of constraints and limitations of the
watchers

There are many constraints and limitations, which
partially affect the elephant scaring activity.

Most of the agricultural plots are scattered.   In this
case, it is very difficult to guard all the plots at a
time not only by the watchers but also by the owner.
So, some of the plots always remain unguarded
under this scheme.

The number of watchers provided by the village
was very less compared to the requirement. When
some plots were under vigil, elephants visited the
plots that were unguarded and crops were
damaged.

12.4.2 Concept of selecting people as watchers
This concept followed by both NGO and VFDC of

selecting only those who had agricultural land perhaps
had some negative effects. This assumption was made
through monitoring the activities of the watchers.

The watchers were found to be using only their
own watch tower (locally called tongi) house at the
croplands and never found sharing tongi houses
of other villagers.

Even if they were present, the watchers were never
found guarding the cropland throughout the night.
They were observed to be awake only for some time
and went to sleep inside the tongi house located at
their own agricultural plot.

On many occasions, the watchers did not go for
their patrolling activities, but stayed in their

Table 12.4: Villagers participation in elephant scaring activity: FY 2002-03 and 2003-04

Villages Watchers Villagers Ratio of villagers participation
2002-03 2003-04 2002-03 2003-04 2002-03 2003-04

Darlong 9 15 43 17 4.78 1.13
 Upper Seijosa 0 19 13 33 6.5 1.74
 Bali 5 6 4 24 0.8 4
 A-2/ Mebuso-I 0 28  - - 34  - - 1.21
 Jolly-Lanka 47 204 49 266 1.04 1.3
 Mebuso-II 21  - 48  - 2.29  -
 Tippi 12  - 55  - 4.58  -

Fig. 12.6 : Participation of local villagers (as farmers) in
elephant chasing operations. Number of villagers
participated in chasing elephants is plotted against villages
with or without watchers.
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respective houses and only when there was an
incident or information about elephant (through
the noises made by villagers), watchers visited the
site.

Whenever there was an incident of elephant visit,
in many cases, watchers took care of their land first
and only if time or the incident permitted they
moved to other areas.

Given this experience, it would have been better, if
the selection of people as watchers was based on people
who do not own croplands, and this would have fulfilled
the following aspects,

Instead of individual or personal interests, the
watchers would have shown greater interest
towards solving others issue whenever there was
such emergency.

The watchers would have received more pressure
from those villagers who have agricultural land
and therefore, watchers would do their duties more
consciously.

12.4.3 Problem at the grass root level
NGO and VFDC as the local partners for the

activities in Seijosa area, did contribute the effective
functioning of the scheme. Although villages, which had
watchers, had more damage, it does indicate that initial
presumption based on which the watchers were
appointed, justifies the selection of watchers to these
villagers.  However, a few lacunae could be seen during
this process –

As per verbal agreement, each village head (Gaon
Bura) was to provide an equal number of volunteers
with the watchers who join the elephant scaring
activity. But, no village was observed to be
providing such volunteers. This may be one of the
major drawbacks leading to failure of the Watcher
Scheme.

In most of the cases, the local NGO and the VFDC
either verbally or directly or through messages
communicated to the watchers the responsibilities
and duties of the watchers. As there was no direct
monitoring, the watchers were often confused about
their responsibilities and duties. This badly affected
the functioning and the efficacy of the scheme.

Neither the local NGO nor the VFDC officials visited
the villages during night hours to check the
functioning of the scheme. As there was no
monitoring process, watchers did not do their work
properly and this may be one of the main reasons
for the failure of the scheme.

Initially for two years there was a delay in salary
payment to watchers. The delay in payment along
with no communication about duty protocol or
responsibility or lack of information about their job
status made the watcher lose their morale or interest
towards the job.

12.4.4 Behavioural challenges
Behavior is one of the most important factors

required to be assured before the implementation of any
scheme. This is because, the behavioural approach of
the people among whom the scheme is implemented or
the person/institution that is implementing, determines
the success of the project.  Customs and various
behavioral issues have also greatly influenced the efficacy
of the Watcher Scheme.

(a) Alcoholism: It was found that most of the watchers
were alcoholic. Therefore most often watchers could not
do their duty properly. In some occasions, although, the
watchers were at the tongi houses, they were in an
alcoholic stupor and they were not aware of the elephant
visit and damage. In some cases, they were not able to
move out their houses due to over consumption of
alcohol.

(b) Food habit and timing (dinner timetable):  In general,
villagers have the habit of having their food (more
specifically dinner) soon after sun set. This coincided
with the time of elephant arrival in most of the cases.

(c) Watcher - local people conflict:  The villagers started
developing an opinion that it was only the watchers
(who were paid salary for their duty) who should scare
away elephants and check crop depredation.  This led
to severe conflict and when there was crop depredation;
people shouted a lot at the watchers. Most of the watchers
often had to face this type of problem and they sometimes
did react to such quarrels very badly and occasionally it
reached to extreme levels beyond control. Consequently,
the watchers lost interest and therefore, at times left the
village for a few days without information.
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12.4.5 People’s cooperation:
Cooperation of the villagers is also an important

factor that determining the success of the scheme or
programme. A number of factors may have negatively
influence people’s cooperation to the watcher scheme

Neither the local NGO nor the VFDC officials
discussed the issue and action plan for the scheme
with the village heads (gaon burah) and other
villagers during the selection of watchers.
According to the local villagers, the selection was
made based on personal interest of some of people
and no proper plan or care was taken This led to
the villagers losing their interest and not
cooperating with the watchers in the elephant
scaring activity.

Villagers were very aggressive towards paying the
watchers for their work and there was an opinion
that the villagers were also to be paid as they also
guarded the crop fields.

As the money was paid only to a few people others
who did not get the resources, stopped interacting
or cooperating with the watchers. There was a clear
indication of jealousy and conflict among the
villagers

Very little cooperation of the villagers (1.38 to 2.26
times more than watchers) was recorded during the
evaluation of the efficacy of the Watcher Scheme.
Similarly, two times more participation of the villagers
in those villages having no watchers compared to the
villages having watchers further indicates that the
Watcher Scheme to some extent failed to achieve the goal.

12.4.6 Strategy and action plan
A proper strategy and action plan are always

required for the success of any scheme or program. The
watchers and villagers observed no such strategy and
action plan. This has been identified as one of the major
lacunae that affected the efficacy of the Watcher Scheme.
A number of other factors were responsible for the failure,
and the factors listed below:

12.4.7 Location of the tongi houses
It has been found that the agricultural plots, which

are located outside the village area, are most vulnerable
to crop depredation. As elephants use the river as a path,
the agricultural plots, which are close to the river, are
most vulnerable to crop damage. Besides, the presence
of forest area in the periphery of the agricultural plots
also plays a major role in increasing the degree of crop

depredation by elephant. Elephants use this forest patch
as a hiding site during crop raiding seasons.
Interestingly, no tongi house was found constructed close
to elephant entry or exit points. Unfortunately, villagers
construct the tongi houses on their own agricultural plots
and in many case both watchers and villagers were not
aware of the elephant visit till the next morning.

No watcher was found to discuss the mater with
other watchers and villagers to develop a comprehensive
strategy for elephant scaring activity. Each and every
watcher and villager acted as an independent unit, and
no cooperation has been recorded in elephant scaring
activity. Therefore, the watchers and villagers were not
able to prevent most of the elephant visits.

For a long time, people in groups have been actively
involved in elephant scaring activity. As this scheme
was introduced and a component of money was involved
for the work, it created discrimination; this eventually
broke the social bonding among the people. Once social
bonding is lost the involvement of people is always is
doubtful. Hence, we should accept that the involvement
of money broke the inherent system of elephant scaring
activity in Seijosa and Tippi areas.

12.5.2 Efficacy of other elephant proof barriers
Should construction of electric fence, trench, and

rubble wall to be considered?

Besides the management factor, a number of other
factors may affect such implementation.  Before initiating
any of these mitigation measures, two major aspects need
to be considered. For construction of electric fence, trench
and or rubble wall the geomorphology of the project area
should be considered. At the same time, the success in
implementing any of these preventive measures will
depend upon the interest, involvement and the behaviour
of the target people.

Constraints and limitations for constructing electric
fence, trench and rubble wall to minimize the human-
elephant conflict in Seijosa are given below.

(a) Geological factors
1. Soil in this region is too loose to support trenches,

as most of the arable fields are located in the
riverbank area.

2. River Pakke often changes its course; hence a rubble
wall will not be an effective measure.

3. Being a high rainfall area, there is higher possibility
of damage to the trench due to landslides.
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4. Being high rainfall area, excessive growth of herbs
and shrubs takes place, lowering the efficacy of the
electric fence

5. Electric fence is not possible at location where there
are rivers, streams or nallah flowing.

(b) Behavior of the target group
 1 Electric fence, trench, or rubble wall need regular

management. The target people have little
cooperation amongst themselves and skill in
maintaining these.

2. People often damage the electric fence, rubble wall
and trench to go to the other side. They would
definitely open some portion of the electric fence,
clear stones from upper part of the rubble wall and
fill up the trench with mud and stones. This is
expected to happen as villagers do go into the Pakke
TR to collect NTFP and for cattle grazing.

3. No villager will allow construction of rubble wall
or trench in his or her agricultural plot. If they are
convinced, they will definitely demand money,
which will be more than the actual cost of the entire
plot.

Given this the geology of the area and the
behavioural attitude of the target people, efforts needed
to construct electric fence, trench or Rubble wall would
be very high. If they are constructed, it will be a waste of
money. However, in a few regions under certain
conditions, electric fence scheme can be implemented in
Seijosa as a second priority.

12.7 Conservation activities to be done
It is clear that except the watcher scheme (the

concept evolved basically from the traditional approach
of chasing elephants by villagers for a long time), no
other mitigation measures appeared to be effective for
this landscape. The watcher scheme did provide
monetary benefits and moral support to the farmers
affected by elephants. But how long can the “Watcher
Scheme” be continued in Seijosa? Its time for some
permanent solution to be implemented to minimize the
human-elephant conflict in this region

Our investigation on elephants in Kameng
Elephant Reserve found two types of agricultural plots:
riverbank and non-river based and certain pattern and
problems related to mitigation of the human-elephant
conflict was also understood.

Pattern:
- Most of the arable lands are located in the riverbank

area.
- A few plots are located randomly within the village

or out side the village area.
- All the villagers construct their watchtower in their

agricultural plot.
- They have constructed the watchtower on big trees.

Problems:
- As a few agricultural plots are located randomly

within or out side the village area, it is very difficult
to keep watch on all the plots not only by the
watcher but also by the farmer concerned.

- Forests surround some of the agricultural plots.
Such forests are used as temporary shelter by
elephants during crop raiding.

- Some plots do not have any big tree. Hence, there is
no watchtower to keep watch on these plots.

Based on these patterns and its associated
problems, the following activities are suggested to
minimize the human-elephant conflict in Seijosa.

(a) River-bed based plots - Construction of Watchtower
Most of the agricultural plots are located in the

riverbank. So, instead of constructing a number of
watchtowers on individual plots, the villagers may
construct a few watchtowers in the riverbank. This could
save manpower as well as money. If villagers keep a
watch on the riverbank, they can stop elephants more
efficiently. Constructing 2-5 watchtowers per village
(Table 12.5), made up of cement on riverbanks area can
be another solution and this would establish a proper
system of monitoring.

Fig. 12.7
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Table 12.5: Proposed number of watchtowers for different
village areas

S. No Target Villages Proposed number of
watchtowers

1 Darlong 3
2 Upper Seijosa 4
3 Bali 2
4 Bali-A2-A3 plots 5
5 Goloso 2

Initially Goloso village may be taken up for
watchtower construction.The agricultural plots in
Goloso are of very small in size and therefore, it can be
considered as a model for testing. The agricultural plots
of Goloso are located in the Pakke River bed which is
used by elephant for movement. It will thus help in
recording the efficacy of such an initiative.

The agricultural plots are located near the human
habitat which may increase efficacy of the elephant
scaring activity.

By monitoring of the activity for success or failure
(in Goloso) further work may be taken up elsewhere.

b) Non-river bed based plots
In Jolly, Lanka, Mebuso-II, Mirgaso and Tarabaso

villages, all the agricultural plots are randomly
distributed. These plots are not riverbed based and either
partially or completely surrounded by forest. Most of the
plots are located far away from the village area. So, it is
very difficult to keep watch on these plots even by the
farmer himself. So, practically nothing can be done for
these plots. In that case, villagers have to take risk if he
or she would like to cultivate in these plots. Depending
upon the location of some agricultural plots with respect
to human habitation, electric fence could be
recommended in some of the plots. Fencing on second
priority basis which are given below:

 Jolly Only two plots can be recommended for
electric fencing – (i) plot located near the
hanging bridge and (ii) plot surrounded by
small tea plantation on one side. Rest of the
plots cannot be recommended for this as they
randomly distributed.

Lanka All the plots are randomly distributed and
located far away from the village area. So,
no plot can be recommended for electric
fencing.

Mebuso-II Only one plot, which is located near the
human habitation, can have electric fencing.
Rests of the plots are randomly distributed
and far away from village. So, these plots
cannot be recommended for fencing.

Mirgaso All the plots of this village are randomly
distributed and located not only far away
from each other but also from the village area.
So, no plot can be recommended for electric
fencing.

Tarabaso This village is the smallest in size compared
to other villages consisting of 3 (2003-04) to
10 (2000-03) households only. This is still
not a recognized village. All the households,
though belonging to Nyshi tribe are outsiders
to this area as they migrated from Assam.
They have very few agricultural plots and
observed to have good relationship amongst
them. So, the plot, which is located inside
the village and surrounding the human
habitation, can have electric fencing. Other
plots cannot be recommended since located
far away from human habitation.

 (d) Future Watcher schemes
The current “Watcher Scheme” has given mixed

reactions, and the out come of it may suggest that it failed
and broke villager cooperation in scaring away
elephants. However, scheme in Seijosa needs to be re
planned and continued in a different way in the coming
years. The money earmarked for salary of the watchers
may be used to buy crackers and then the scheme may be
stopped after watchtower constructions are completed.

People need to maintain the unity in the common
interest of scaring elephants. Otherwise, they may start
depending on others, take this as an excuse and keep
blaming concerned institutions for crop depredation.

(e) Search light
Two to five searchlights can be provided to each

village so those villagers can independently go to keep a
watch on elephants from the watchtower. This supply
should be a one-time activity.

(f) Grain for grain scheme
 The problem associated with the conflict mitigation

measures are many folds, for example compensation or
ex gratia mechanism followed in this reserve is identified
to be infective, biased towards only a few individuals.
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All the barriers mechanism including a proposal of
constructing a long wall along the Pakke River, to mitigate
the conflict have shown no practical values. However,
the local community depends on agricultural for
subsistence and the damage to it by elephants affect their
daily food intake. This may also give rise to people
attacking or killing elephant or getting attacked or killed
by them. Therefore, money spent on all these mitigation
measures may be used to provide grains under a scheme
of grains for grains itself. Our experience of assessing
the crop cultivation and its damage suggest that the
damage of crop could be compensated by crop itself. This
can be done on an experimental basis and could be
critically reviewed for its efficacy and long term viability.

12.8 Conclusion
Almost all people living close or within the elephant

habit have experienced elephant human conflict problem
and the villages in Seijosa and Tippi of our project region
are not an exception. In this scenario the implementation
of “Watcher Scheme” to prevent elephant entry to the
village or guard cultivated land and other properties,

gives a scope to critically assess the efficacy of it. More
specifically, it is worth examining whether the scheme”
has practically motivated the existing system of elephant
scaring activity or not. However, the investigation has
given a mixed efficacy results.

Theoretically, the degree of crop damage should
have reduced during the period when the Watcher
Scheme was implemented. But, no definite trend in
reduction of crop damage could be recorded. Besides, no
drastic difference in the degree of damage was recorded
in the villages provided with watchers and the villages
where no watchers were employed. In number of cases,
the damage or elephant visit to given village was not
known till next morning, this further suggesting the
failure of the watcher scheme. The presence form of
Watcher Scheme needs to be reviewed critically and it
may be continued in some locations, if the villagers do
not fully dependent upon the supporting agencies for
mitigation of crop depredation.   Compensating crops
for crops (that are damaged) can be also experimented
on a trail basis.
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13.1 Introduction
Human-elephant conflict affects the socio-economy

is of the villagers living in and around elephant habitat,
leading to a negative feeling towards elephants, thus
hindering conservation efforts for the species. However,
despite there being no comparative studies, there is a
general feeling that this varies drastically from place to
place.   A site-specific study to understand peoples’
perception of the issue of human-elephant conflict has a
great value in knowing the status of the conflict and also
for conservation strategies.  Apart from  a study by  Nath
& Sukumar (1998), no detailed study has been conducted
on this subject. Most of the landscapes are surrounded
by human habitation, and success in conservation effort
depends on the people, their perceptions, and attitude
towards the issues. If these aspects were not taken into

CHAPTER 13

Peoples’ perceptions of human-elephant conflict in
and around Pakke Wildlife Sanctuary

account, conservation goals would be difficult or costly
to achieve in terms of time and resource. It is important
to understand that villagers located close to elephant
habitat often complain about the lack of support from
concerned agencies during the peak depredation season.
Either in monetary or physical terms, it is this indifference
that is widening the gap between people and the
concerned agencies reducing the tolerance of the villagers
towards elephants. As little or no emphasis has been
given on understanding peoples’ attitude towards issue
of human-elephant conflict in planning or developing
management strategies, this issue is becoming a major
conservation concern.  An attempt was made to study
peoples’ perception of human-elephant conflict in Seijosa
and Tippi areas with the following objectives.

Prabal Sarkar,  Surendra Varma and Nidhi Gureja

Fig. 13.1 : Orphaned elephant calf being hand fed in Pakke
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1 To find out socio-economic condition of the
villagers; assess the cause and extent of human-
elephant conflict from peoples’ perception.

2 To find the methods followed to scare elephants
and assessing peoples’ view or suggestion on
conflict mitigation.

13.2 Methodology
To understand the peoples’ perception of human-

elephant conflict, a door-to-door questionnaire survey
was conducted in most of the villages (7 out of 11) in
Seijosa and Tippi areas. For this, a data sheet was
prepared with 21 parameters (socio-economic aspects
of the villagers, extent of human-elephant conflict,
preventive measures, alternate income source and
conservation value of elephant). The following aspects
were recorded during data collection.

13.2.1 Socio-economic condition of the villagers
- Number of dependents
- General occupation
- Prime source of income
- Prime crops cultivated
- Purpose of cultivation (subsistence or commercial)

13.2.2 Human-elephant conflict
i) Elephant visit:
- Frequency of elephant visit
- Seasonality of elephant visit
- Visitor: Herd or solitary
- Time of visit
- Place of/from where elephant visit

ii) Cause of conflict:
- Deforestation/ habitat loss
- Shortage of food
- Behavioral change
- Other cause

iii) Extent of conflict:
- Damage (%) to each farmer
- Degree of damage: increased or decreased
- Tolerance of crop damage & conflict
- Changes in daily life due to conflict
- Bad experience with elephant (human death/

injury)
- Cause of such experiences

13.2.3 Preventive measure
i) Response from the concerned departments and

villagers

a) Forest department response
- Types
- Efficacy

b) Villager response
- Types
- Efficacy

ii) Methods of prevention
- Use of cracker
- Use of fire ball
- Noise through beating of drum
- Gun shot
- Other methods

iv) Suggested solution
- Electric fence
- Trench
- Rubble wall
- Watchers
- Other types

13.2.4 Alternatives/compensation to crop damage
i) Ex-gratia payment
- Number of cases applying
- Number of cases received ex-gratia
- Discrimination if any in ex-gratia payment

ii) Alternative income source
- Alternate income source
- Consideration of alternate sources of income

13.2.5 Elephant – is it worth conserving?
i) Common belief
- General belief as God
- As an animal

ii) Is it worth conservation?
- Change of religious title
- Reasons
- Is it worth conserving elephants?

A total of 43 people from 7 (out of 11 villages) were
interviewed in Seijosa and Tippi areas. Most of the people
interviewed were men since women were reluctant to
answer interviews. The age group of the people
interviewed is given in Fig 13.2 and it can be seen that
they were between the age group of 16 to 75.
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13.3 Result and discussion
13.3.1 Socio-economic condition of the villagers
13.3.1.1 Number of dependents

An average of 7 individuals per family were
recorded in Seijosa and Tippi areas. A high of 15 and a
low of 3 individuals were recorded through the surveys.
Most of the families have 6 individuals/family, which
composes 20% of the total population followed by 7 (14%)
8 (13%) and 12 (12%) individuals/family. Five and 15
individual/ family composes 10% and 3 individual/
family composed of 1% of populations in surveyed areas
(Fig: 13.3). The overall results indicate families with 4 to
6 individuals were the most common in Seijosa and Tippi
areas.

13.3.1.2 Occupation and source of income
Most of the people (86%) of these areas were farmers

Fig 13.2 : People perception on elephant – human conflict.
Villagers interviewed (%) is plotted against different age
group of people.

Fig 13.3 : Family size and number of dependents for each
village. Population size (%) is plotted against number of
individuals.

(Fig 13.4). A few people (7%) had business men along
with agriculture as a side business. Daily labour and
government service constituted 2% and 5% respectively.
This indicates that agriculture constituted the backbone
of the economy of these areas. Rice was the prime crop
cultivated and this was mainly for subsistence.

13.3.2 Human-elephant conflict
13.3.2.1 Seasonality of elephant visit

Forty two percent of the people interviewed were
of the opinion that October to December is the most
common season of elephant visit followed by 30% that
said in October to January, 12% in October to February,
7% in September to December and 5% for both August to
December and October to November. This indicates that
October to January is felt to be the most common season
of elephant visit (Table: 13.1).  Both herd and solitary
individuals are known to visit the villages, primarily
from the Pakke Wildlife Sanctuary to the villages during
the night hours.

Table 13.1: Seasonality of elephant visit

SL No  Season of elephant visit Percentage

1   August to December 4.65
2   September to December 6.98
3   October to November 4.65
4   October to December 41.86
5   October to January 30.23
6   October to February 11.63

13.3.2.2 Cause of human-elephant conflict
A majority (58%) of the people felt that deforestation

in Papum RF (the neighboring territorial forests) has
resulted a higher human-elephant conflict in Seijosa area
followed by 12% that felt it was so due to a behavioural

Fig. 13.4 : Occupation status of the villagers in the project
region.
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Fig 13.6 : Villagers’ tolerance level towards crop damage.
Tolerance level (%) is plotted against the degree of crop
damage.

change of the elephant. Interestingly, about 16% of the
people felt that destruction of the Papum RF along with
a behavioural change of the elephant have resulted in
high human-elephant conflict (Table. 13.2). But, no one
knew the status of the deforestation in Assam bordering
Pakke WLS that may result in  a higher human-elephant
conflict in the Pakke region.

Table –13.2: Cause of human-elephant conflict

SL No Cause of Human-elephant Degree of
conflict conflict (%)

1 Destruction of the Papum RF 58.14
2 Habitat loss 2.33
3 Shortage of elephant food 4.65
4 Behavioural change 11.63
5 Combination of 1 & 3 16.28
6 Combination of 1 & 4 2.33
7 Combination of 2 & 3 2.33
8 Combination of 3 & 4 2.33

13.3.2.3 Extent of human-elephant conflict
(a) Crop damage

According to the villagers interviewed, human-
elephant conflict has been increasing. About 41% of the
villagers received 51 % to 75 % of  damage followed by
37% villagers had  26 to 50 % of damage, 7% villagers
had 76 to100% damage and 5% of the villagers
experienced 1to 25% damage. About 5% of the villagers
did not receive any damage to crop while 5% of the
people had no opinion about the status of conflict during
this survey (Fig: 13.5).

When villagers were asked about the tolerance level
to crop damage, about 59% of the total villagers
interviewed had no answer. However, no single person
favored tolerance to crop damage. Forty one percent of

Fig 13.5 : Villagers’ opinion on the status of crop damage.
Crop damage (%) is plotted against the degree of loss.

the total people showed a negative tolerance to crop
damage. However, a comparison of the tolerance level
with that of individual level degree of damage showed a
negative tolerance to crop damage irrespective to the
degree of damage (Fig: 13.6). It also indicated that people
who received 26-75% of total individual damage showed
the highest degree of negative tolerance to crop damage.
This might be because of economic loss due to crop
damage.

It was also found that conflict has an adverse affect
on their daily activity pattern. The villagers were not
able to sleep properly during cropping season and most
of them had to guard the paddy field at night. This has
resulted in change in diurnal activity pattern of people
during crop season.

(b) Human death and injury
Thirty seven percent of the people have had bad

experiences with wild elephants; according to them
people have been killed due to conflict. Among these 6
incidents, two deaths took place inside the forest area
while the concerned individuals were grazing cattle.
Three people died due to unproven attack of wild
elephant inside the village. Villagers did not know the
reason for one death. However, all these deaths took place
about 10 to 15 years ago.

13.3.3 Preventive measure
(a) Forest department response

Most of the people (95%) felt that the response of
forest department to prevent elephant from conflict was
very slow. The forest department provides cracker to all
the villages, but the number of crackers given to the
villagers is very less compared to their requirement. The
department occasionally rendered the services of camp
elephant to chase the wild elephant from the crop field.
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Fig 13.7 : Opinion about the alternate income. Percentage
of people who have the option of alternate income.

Fig. 13.8 : Expectations on alternate income from different
category of people. Expectation (%) of villagers who have
and do not have alternate income is plotted against their
different opinions.

Overall, according to the villagers, the service offered by
the forest department was not up to the mark.

(b) Methods of prevention
Drums, crackers and fireballs were used to chase

wild elephant. A combination of drums and fire balls
were used on most occasion (40%) followed by a
combination of fire ball, drum and cracker on 33 %
occasion and a combination of cracker with fire ball of 9
% as reported by the villagers (Table: 13.3).

Table 13.3: Methods of preventing elephant

SL No  Methods of chasing Uses (%)

1   Beating drum 2.33
2   Use of cracker 2.33
3   Use of fireball 13.95
4   Combination of 1, 2, 3 32.56
5   Combination of 1, 3 39.53
6   Combination of 2, 3 9.30

(c) Suggested solution
When asked about the solution of the human-

elephant conflict, most (58%) of the villagers had no
answer the question. However, about 19% of villagers
suggested for electric fence followed by 16% for trench
and rubble wall, 5% for watcher and only 2% for
combination of Electric Fence, rubble wall and trench to
prevent wild elephant (Table 13.4).

 Table 13.4: People’s suggestion on elephant preventing
method

SL No Methods Suggested
solution (%)

1 Electric fence 18.60
2  French & Rubble wall 16.28
3  Watcher 4.65
4  Electric Fence, Trench, Rubble wall 2.33
5  Not known 58.14

13.3.4 Ex-gratia payment
A total of 72 of people received damage applied for

compensation (ex-gratia) for crop damage. However, only
one third of the total applicants received ex-gratia for
crop damage. This indicates that only a few people
received ex-gratia for crop damage resulting in no faith
in ex-gratia payment leading to lack of interest in filing
complaints for ex-gratia to crop damage.

13.3.5 Alternate source of income
A total of only 7% of the total people have an

alternate source of income to crop cultivation, and 2%
had no opinion. Hence, crop damage may have an
adverse affect on the economy of a majority (91%) of
people of this area (Fig: 13.7).

When the majority (do not have alternate income)
was asked about considering an alternate source of
income, most of them (74 %) want to consider an alternate
source of income (Fig: 13.8). Among those who have
alternate income  a majority of them (72%) like to continue
to maintain their income through alternate income.
13.3.6 Elephant – is it worth conserving?
General view

Unlike many people in the rest of India, the villagers
in this region do not have belief of elephant as the Hindu
God, Ganesha. However, they do consider elephant as a
God. During this survey, as villagers were asked about
their opinion on giving a title to the  elephant, most (81%)
of the people pointed out that they did not consider wild
elephants as God since they damage crop, kill human
beings and spoil day-to day activity (Fig: 13.9).
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Fig 13.9 : Opinion on conserving elephants. Degree of change
(%) of elephant as not a God, by villagers is plotted against
their opinions about it.

Fig 13.10 : Current opinion on elephant by the villagers.
Degree of change (%) of villagers’ opinion is plotted
against their opinions of elephants as animal or enemy
or devil.

Fig. 13.11 : Conservation value of elephants: Degree of value
(%) is plotted against elephants’ conservation

Fig. 13.12 : Conservation value of elephants in relation to
crop damage. Loss (%) due to crop damage or other aspects
is plotted against villagers’ opinion of conservation value
of elephants.

When villagers were asked to consider elephant as
enemy or friend, most (58%) of the people consider wild
elephant as an enemy or devil while 12% of the people
treated them neither as an enemy nor as a friend and
only as an animal. However, 30% people had no answer
to this question (Fig 13.10).

As most of people consider the elephant as enemy,
the conservation of wild elephant could be a tough job.
A total of 26% (Fig 13. 11) of the people were not interested
in conserving wild elephants, while 21% people believed
that elephant should conserved, and the majority of
people had no opinion of conserving the species.

However, most of the people (53%) were very
confused about the question of conservation of wild
elephant. This indicates that the conservation of wild
elephant from the people perception is a matter to be
discussed. Although most of the people failed to answer
the question of the value of elephant conservation, almost

an equal number of people had a positive and a negative
approaches for elephant conservation irrespective to
degree of damage received by them (Fig 13.12).

13.4 Conclusion
The result of most of the villagers in this region

being agriculturalist, average family size and the
agriculture being backbone of the economy matches with
our field observations. However the area under
cultivation on a decreasing trend and dependency
through agricultural economy is increasing, due to non
availability of alternate source of income. Our field
observations show that the harvesting of agricultural
crops gets completed before mid January, however
elephants are observed to visit villages till mid February.
These observations also matched with the opinion of
people about elephant visit.

There is opinion among the people that the status
of elephant – human conflict is on increasing trend, but
our data on actual crop damage measurement show that,
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the pattern of conflict is decreasing. However one needs
to consider if the decease of crop damage alone will reflect
the actual conflict status. Villagers in this region appear
to be economically poor and have 5 to 7 dependents (in
most of the families) and the damage to property further
affects their economic status. Beside this, the crop is meant
for subsistence and no surplus production of crop was
noticed. Although over all crop damage is only 0.1 to 3
%, it does affect individual farmers more specifically,
total of only 7 % of the total people have an alternate
source of income to crop cultivation,.

Unfortunately, the people of this region have started
considering elephant as an animal or as their enemy,
but not as an object of worship. This change in attitude
reflects the nature and degree of human-elephant conflict

of this area. According to people, there is clear
irregularity in payment of ex-gratia by the concerned
department and only a few people were reported to
receive the ex-gratia for crop damage.   As the people
believe that a destruction of the forest habitat of Papum
RF along with a behavioural change has resulted an
increase of human-elephant conflict in this area, most of
the villagers think that the electric fence and rubble wall
are the only way to prevent human-elephant conflict.

On the whole, peoples’ attitude towards elephant
is very negative and if no efforts are made to change this
opinion, there is a higher possibility of killing or
poisoning of elephants, which could affects the
population of elephant in the near future.
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14.1 Introduction
WTI’s Van Rakshak Project or ‘Guardians of the

Wild’ Project has been providing customized training
and anti-poaching kits to frontline wildlife guards in
key protected areas, making them more effective. The
project is focussed on creating a strong, motivated and
well-equipped field force for effectively protecting India’s
wildlife. The target group of this project is front line forest
staff on field duties.

The front line staff working in an Indian wildlife
Protected Area constitutes range officers, foresters and
forest guards.   Except the forest guards, others are
generally  trained before joining the forest service. Range
officers and foresters are generally posted at their head
quarters and their main responsibility is to perform office
work.  On the other hand, forest guards are posted in
remote areas of the PA and are supposed to perform
mostly field duties.  Apart from the forest guards, casual
workers form the backbone of any PA.  These forest guard
and casual labours are usually neither trained nor
properly equipped to perform even their regular
patrolling duty. An average forest guard and casual
worker of any PA in India is on call 24 hours of the day.
His duties include assisting in forestry and wildlife
management, anti-poaching, law enforcement, visitor
management and fire fighting among many other things.
Most of the staff engaged in field duties in the forest
areas lack proper training and orientation to execute their
duties and prevent wildlife crime in their respective
areas. Many do not even have uniforms, jungle boots or
necessary field gear to equip them for patrolling duties.
The field staff is constantly under the threat of
sophisticated automatic weapons of the poacher and
has only his archaic and antiquated weapons as a
defence. Many a times, this results in their deaths. As for
the temporary worker, his family does not even receive a
token ex-gratia payment if he were to die on duty. Much
of the lower staff remains at the same post, with chances
of promotion being bleak, and finish their working life
in the same beat without a change or a promotion. It is
amazing that this untrained, poorly equipped and under
paid man manages to do what he does.

CHAPTER 14

Training and equipping field staff of  the
Kameng Elephant Reserve and Itanagar Wildlife Sanctuary

WTI decided to invest in the man-in-the-field
through its Van Rakshak Project and to organize training
programs for the front line staff of various protected areas
and to make them aware about various laws and cases
regarding wildlife.  It was also felt that after the training
the front line staff should be equipped with field articles
so as to boost their morale. Empowering, equipping and
enthusing the forest staff are the main pillars of this
project.

14.2 Module design and Anti-poaching kit
selection

After studying the ground problems of the frontline
staff posted in the wildlife areas, and consulting with
several PA managers and lawyers working for the
wildlife conservation, a detailed training module was
developed. The module consisted of three parts.

1. An intensive course in wildlife law for the staff of
the rank of Range Officer and Forester.

2. A more general course on prevention of wildlife
crime, for all frontline staff engaged in wildlife crime
prevention activities, from the rank of Range Officer
and below. This also included casual / temporary
workers who have been serving the forest
department in wildlife prevention activities for three
years or more.

3. Fire arms handling and maintenance for only those
who had been entrusted by the department for the
use of arms for prevention of wildlife crime.

14.3 The Training in Arunachal- An analysis
A basic anti-poaching training programme on

wildlife law, wildlife crime and enforcement techniques,
combined with the provision of composite anti-poaching
kits was planned to target the 113 field forest staff of the
Pakke, Eagle nest, Sessa and Itanagar Wildlife Sanctuary
and was held from February 26th to 28th 2001.  This was
the second protected area cluster of North-east covered
by the Wildlife trust of India under its Van Rakshak
project.

Rakesh Kr Singh and Vivek Menon
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 The training was conducted in three parts.  It
started on 6th March and finished on 12th March 2001 as
per the schedule given below:

6th – 7th March 2001 : Intensive training
9th March 2001 : General training
12th March 2001 : Firing practice and gun

discipline

Out of 113, only 47 staff attended the training and their
day wise attendance is shown in Fig 14.1 and 14.2

14.4 Intensive training
This module is meant for foresters and range

officers and they are the ones who are generally supposed
to prepare cases against apprehended persons.  The
intensive training was conducted on 6th and 7th March
2001.

The day of the training i.e. 06th March 2001 begun
at 10.30 AM and finished at 3.00 PM.  Mr. MKS Pasha,
Program Officer (Wild Aid) taught about the Wildlife
Crime, Anti-poaching checklist, Intelligence Network,
Surveillance, Interrogation technique, Crime Scene
search, Collection of Evidence from Crime Scene using
the basic information provided in Wildlife Crime – An

Enforcement Guide by Vivek Menon and Ashok Kumar..
During the training Mr. C. Loma, DFO, Pakhui Wildlife
Division, shared his experience and knowledge related
to wildlife crime.

Mr. Santanu Bhattacharya, Advocate Guwahati
High Court joined the training on the second day i.e. 07th

March 2001 along with Mr. Bibhab Talukdar, Wild
Species Consultant, WTI.  This day’s training was
conducted from 9.30 AM to 4.30 PM.  The 10 members of
the village council authority also attended as it was
thought that this training would play a vital role in
community to motivate the people towards conservation.
Mr. Bhattachrya described the Wildlife (Protection) Act,
1972, its important definitions and the powers delegated
to forest officers under this act.  He also discusses about
cognizable, non-cognizable, bailable, and non-bailable
offences while describing important sections. Important
wildlife cases that were under trial at the Guwahati High
Court were discussed by Mr Bhattacharya.   He also
explained about the procedure and steps involved to file
a wildlife offence case before the court.  The training
finished at 2.00 PM after the distribution of cash awards
of Rs. 300/- to one group of participant (Mr. Darang and
others) who performed well in a legal exercise organised
by Mr. Loma

14.5 General training
This training was conducted on 9th March 2001 for

permanent staff below the rank of forester and contract
daily labour who had served the department for more
than three years.

The training started at 6.30 AM with a patrolling
exercise followed by teaching general sections of Wildlife
Crime.  A total of 22 staff attended this training.  This
session was taken by Mr. R.K. Singh, Program Officer
(Wild Aid) with the help of the DFO, who regularly
provided his input during training.  Gun discipline was

Fig 14.1 : Total number of staff targeted and number
that attended the training.

Fig 14.2 : Attendance of staff on various days of training

Fig 14.3 : Categories of staff trained
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Fig 14.4 : Number of staff trained

Fig. 14.5 : Handing over of boat and other patrolling aids to Pakke DFO by
Vivek Menon, Executive Director, WTI (second from left)

taught by Mr. C. Loma, DFO to the participants.  The
training was completed at 4.00 PM.

14.6 Anti-poaching kits
 Anti-poaching kits were also distributed to 87 staff.

The anti-poaching kit comprised of the following field
gear:

1. Rain suit
2. Hunter shoe
3. Winter jacket
4. Sleeping bag
5. Ground sheet
6.  Back-pack
7. Water bottle
8. Three cell torch
9. Cap

The protection measures in Pakke have to be
improved further. It is clear that the sanctuary needs
more staffs, arms and ammunition and other
infrastructure to enhance anti-poaching initiatives due
to a very large geographical area and tough terrain.  The
poaching of tiger, hornbill and elephant are the main
threats to the sanctuary at present.

The training conducted by Wildlife Trust of
India addressed some crucial issues related to Wildlife
crime and law will assist and facilitate the field staff of
Pakhui, Eagle nest, Sessa and Itanager Wildlife
Sanctuary to exercise their duties for better protection
and conservation of flora and fauna. However a few

constraints were clear in the implementation of the
training and the most important one of this was the small
number of staff who were trained (Fig 14.4)

It is clear from the above graph that the percentage
of staff trained is one-third of the national average and it
is unfortunate that a larger number of staff did not avail
of this unique opportunity. It is seen that many more
staff turned up for collecting the equipment which was
only partially good as they were not trained. As a result
of the Pakke training, WTI now distributes kits only to
those who receive training. However despite this
constraint, it was clear that at least a beginning was
made in training about a quarter of the staff of the four
sanctuaries and equipping nearly two thirds of them. It
is envisaged that a future refresher course would enable
covering larger segments of the park.
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Appendix I: Elephant population in Assam in 1993 and 1997.
Forest Division  District Elephant population in
  1993 1997

 Goalpara  Goalpara 0 0
 North Kamrup  Nalbari 32 0
 Kachugaon  Kokrajhar 83 215
 Haltugaon  Kokrajhar 93 85
 Aie Valley*  Bongaigaon  - - 70
 Dhubri  Dhubri 0 0
 East Kamrup  Kamrup 403 116
 West Kamrup  Kamrup 143 67
 East Sonitpu  Sonitpur 174 186
 West Sonitpur  Sonitpur 161 305
 Darrang**  Darrang  - - 148
 Lakhimpur  Lakhimpur 55 128
 Orang NP & Bornadi WLS  Darrang 10 11
 Nameri NP  Sonitpur 305 230
 Nagaon  Nagaon 896 464
 South Nagaon  Nagaon 243 233
 Laokhowa WLS***  Nagaon  - - 24
 Golaghat  Golaghat 54 109
 Jorhat  Jorhat 49 37
 Sibsagar****  Sibsagar  - - 24
 Dibrugarh  Dibrugarh 35 49
 Digboi  Tinsukia 157 137
 Doomdooma  Tinsukia    1 3 3 0
 Dibru-Saikhowa NP  Tinsukia 131 238
 Silchar  Cachar 21 4
 Karimganj  Karimganj 0 0
 Hailakandi  Hailakandi 0 1
 East Karbi-Anglong  Karbi-Anglong 378 189
 West Karbi-Anglong  Karbi-Anglong 294 76
 North Cachar Hills  N. Cachar Hills 25 15
 Hamren  N. Cachar Hills 74 385
 Manas NP  Barpeta 522 289
 Kaziranga  Nagaon 1092 945
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Appendix II: Elephant population in Arunachal Pradesh (Census 2001)
Forest Divn Range Locality TOTAL

Pakke WLS  Seijosa Dieho, West bank, Khari, Upper Dikorai 62
 Tippi Tippi 24
 Eaglenest Doima, Eaglenest 5
 Sessa ? 2
 Amartola Sukan Nallah, Yoloripum, Balemu, Balsiri, Dimasang 66
 Rowta Balisuti, Dimasang 75

Khellong  Foot hills Chapai,  Shergaon Nallah, Foot hills block,
Sonai-Rupai,  Dikasar block 174

 Bhalukpung Kalia Bhatti, Dazzling 14
 Namorah Namorah, Derring, Balisoo 8
 Seijosa Giladhari, Seijosa, Dibru beat 40

Banderdewa  Daflagarh Sanglijan, Ramghat Boroi, Tarasee Nallah 102
 Kokila ? 3
 Banderdewa Nowabhanga-Kundakowa Nallah 14
 Doimukh Bogoli beat, Gaisru 19
 Dirgha Kakoi, Dollunmukh, Boginodi, Borhill 72
 Subasiri Subansiri comp 1A, 1B 11

Itanagar WLS  Poma Poma 2
 Mebo Siluk, Takleng, Gegu 182
 Pasighat Sipi, Sirki 19

Pasighat  Korang Tapiu Korong, Dumite Korong, Sido Pabung,  Sido Nallah,
Tayek Bangko, Chisi & Jine, Agnra, Perlu,  Liya Koche,
Rofe, Neule Yorbe, Parok, Korang, Sipak, Sido 130

 Nari Dipi 9
Yingkyong  Pagin Rapar Yorba 15

 Basar Dari, Ishi, Pagi Dishi, Nyodo-Galu, Sago-Piri, Singi 48
Along  Gensi Gensi 15

 Likhabali Kome/ Miku, Ngopi, Jiadol, Tara Mori 51
Namsai  Tengapani Madhuban, Tengapani 68

 Namsai Nongtao 56
 Paya Paya, Hizu 28

Lohit  Tezu Dining 15
 Koromu Vishmaknagar, Digau 12

Tezu  Tezu Tidding, Bakudiang, Sibung/ Digaru 31
Pasighat  Mebo Mebo, Borguli, Segar, Silok, Cruting 81

 Roing Harupahar, Bomjir, Bijari 50
Dibang  Dambuk Dambuk 6

 Shantipur Kerim 1
Nampong  Nampong Loklai Nallah 6

 Namphai Songking 4
Changlang  Nandapha Deban  1

 Namdang Longran, Noigtang 5
Deomali  Borduria Borduria VRF 37

 Deomali Namsang VRF 14



112

Appendix III : Species code, scientific and local names, relative abundance and spatial
distribution of the plan species enumerated in the Kameng Elephant reserve
S.No Scientific name Local name Family No of Relative Spatial Probability

individual abundance distribution

1 Albizia procera Karoi Mimosaceae 25 5.8 Aggregated 0.0007
2 Alstonia scholaris Sationa Apocyanaceae 24 5.6 Random 0.0275
3 Altingia excelsa Jutli Altirgiaceae 3 0.7 Random 0.1503
4 Amoora wallichili Aamari Meliaceae 7 1.6 Random 0.2851
5 Anthocephalus Chinensis Kadam Rubiaceae 1 0.2 Random 0.4338
6 Artocarpus chaplasha Sham Moraceae 2 0.5 Random 0.0422
7 A. lakoocha Dewa Moraceae 2 0.5 Random 0.5377
8 Baccauria sapida Lateku Euphorbiaceae 4 0.9 Aggregated 0.0178
9 Bauhinia spp. Kanchan Caesalpiniaceae 12 2.8 Aggregated 0.0000
10 Bridelia retusa Kuhir Euphorbiaceae 1 0.2 Random 0.4338
11 Canarium strictum Dhuna Fagaceae 4 0.9 Random 0.3014
12 Castanopsis indica Hingori Lauraceae 1 0.2 Random 0.4338
13 Cinnamomum glauceseens Gansaoi Lauraceae 6 1.4 Random 0.6488
14 Cinnamomum tamala Tajpat Lauraceae 1 0.2 Random 0.4338
15 Dendrocalamus spp Bamboo Poaceae 8 1.9 Aggregated 0.0178
16 Dillenia indica Chalta Dilleniaceae 4 0.9 Aggregated 0.0005
17 Dillenia pentagyna Othsi Dilleniaceae 1 0.2 Random 0.4338
18 Duabanga grandiflora Khokan Sonnerattiaceae 52 12.1 Aggregated 0.0000
19 Dysoxylum procereum Bandardima Meliaceae 14 3.3 Random 0.0315
20 Elaeocarpus aristatus Gaharisopa Elaeocarpaceae 1 0.2 Random 0.4338
21 Endospermum chinesis Phulgamari Euphorbiaceae 42 9.8 Random 0.0676
22 Eugenia jambos Syn. Panijamun Myrtaceae 12 2.8 Aggregated 0.0000

Syzygium cumini
23 Eugenia spp. Lohajamun Myrtaceae 4 0.9 Random 0.7591
24 Ficus benghalensis Bot Moraceae 2 0.5 Random 0.0422
25 Flacourtia eatafraeta Paniol Flacourtiaceae 1 0.2 Random 0.4338
26 Gmelina arborea Gamari Verbenaceae 13 3.0 Aggregated 0.0123
27 Gynocardia odarata Chalmugura Flacourtiaceae 4 0.9 Aggregated 0.0178
28 Horsfieldia amygdalina Amol Myristicaceae 2 0.5 Random 0.0422
29 Kydia glabrescens Pisala Malvaceae 1 0.2 Random 0.4338
30 Lagerstroemia speciosa Ajar Lythraceae 3 0.7 Random 0.6488
31 Lannea grandis Jiapoma Anacardiacea 1 0.2 Random 0.4338
32 Leea indica Murgithengia Leeaceae 1 0.2 Random 0.4338
33 Mangifera sylvatica Aam Anacardiaceae 2 0.5 Random 0.5377
34 Melia azaderatch Ghora nim Meliaceae 2 0.5 Random 0.5377
35 Millettia pachycarpa Maleta Fabaceae 5 1.2 Aggregated 0.0185
36 Morus laevigata Bola Moraceae 17 4.0 Random 0.1975
37 Pterospermum acerifolium Hatipayela Sterculiaceae 3 0.7 Random 0.1503
38 Pterospermum lanceafolium Bonbaguri Sterculiaceae 10 2.3 Random 0.4338
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39 Pterygota spp. Kalakari Burseraceae 2 0.5 Random 0.5377
40 Sterculia alata Karibadam Sterculiaceae 45 10.5 Random 0.0280
41 Syzygium malaccansis Panijamun Myrtaceae 11 2.6 Aggregated 0.0000
42 Terminalia arjuna Arjun Combretaceae 4 0.9 Aggregated 0.0001
43 Terminalia bellirica Bahera Combretaceae 2 0.5 Random 0.5377
44 Terminalia chebula Silika Combretaceae 1 0.2 Random 0.4338
45 Terminalia myriocarpa Holock Combretaceae 5 1.2 Aggregated 0.0013
46 Tetramelis nudiflora Bhelu Tetramelaceae 13 3.0 Random 0.0812
47 Turpinia pomifera Paniomora Staphylaceae 2 0.5 Random 0.5377
48 Unidentified - - - - 45 10.5 Random 0.0280

   428 100   
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Appendix IV: Altitudinal variation in elephant distribution

 Name of the location Altitude Elephant presence Landscape pattern Vegetation type

 Bhalukpung Gate 154 Direct observation Gentle & flat terrain Settlement/Semi-evergreen
 Tippi 164 Direct observation Gentle & flat terrain Settlement/Semi-evergreen
 Foot hills forest check Gate 220 Direct observation Medium flat terrain  Semi evergreen
 Doimara forest camp 311 Direct observation Medium flat terrain  Evergreen
 Elephant Flat 332 Direct observation Flat terrain  Evergreen
 Near hydral 333 Direct observation Very steep  Evergreen
 Durga Temple 462 Direct observation Very steep  Evergreen
 Between Khellon and Doimara 685 Elephant sign Less steep  Evergreen
 Khellong beat office 775 Direct observation Less steep  Evergreen
 Dedza 1057 No sign Very steep  Grassland a few pine
 Jamiri 1075 No sign Very steep  Grassland a few pine
 Nag Temple 1092 No sign Very steep  Grassland a few pine
 Sessa area 1104 No sign Very steep  Evergreen
 Saidal Point 1172 No sign Very steep  Evergreen
 Dahung 1213 No sign Very steep  Grassland a few pine
 Tenga 1213 No sign Very steep  Grassland a few pine
 Junction of Rupa & Bomdilla road1213 No sign Very steep  Grassland a few pine
 Sisne camp 1219 Elephant sign Less steep  Evergreen
 Nechi-Phu Pass 1622 No sign Very steep  Evergreen
 “O” Point : Seppa-Bomdilla 1622 No sign Very steep  Evergreen/ secondary patch
 Ramalingum camp 1925 Direct observation Very steep  Grassland with medium size trees
 Bamphoo camp 2067 Elephant sign Less steep  Evergreen
 Lama camp (Pirla top) 2333 Direct observation Very steep  Evergreen
 Bomdilla 2343 No sign Very steep  Settlement
 Rangling Camp 2343 No sign Very steep  Grassland with a few pine
 Between Lama camp and
 Gorkha camp 2410 Elephant sign Less steep  Evergreen with bamboo
 Between Lama camp and
 Gorkha camp 2769 Elephant sign Less steep Evergreen with bamboo
 Gorkha camp 2769 Elephant sign Less steep  Evergreen
 Between Lama camp and
 Gorkha camp 2774 Elephant sign Less steep Evergreen with bamboo
 Chaku 3300 Elephant sign Steep  Evergreen
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Appendix V: Food plants recorded through feeding signs.

S.No Name Scientific names Family Stem with leaf Bark Fruit

1  Karoi Albiziz procera Mimosaceae Y Y
2  Tora Alpinia spp Zingiberaceae Y
3  Jutuli Altingia excelsa Altinaceae Y
4  Kadam Anthocephalus chinensis Rubiaecea Y Y
5  Sam kathal Artocarpus chaplasa Moraceae Y Y Y
6  Dewa/ Bahat Artocarpus lakoocha Moraceae Y
7  Leteku Baccaurea sapida Euphorbiaceae Y Y
8  Kanchan Bauhinia purpurea Caesalpiniaceae Y Y Y
9  Simalu Bombax ceiba Bombaceae Y Y
10  Kuhir Bridelea retusa Euphorbiaceae Y
11  Jeng beth Calamus erectus Arecaceae Y
12  Raidang beth Calamus flagllum Arecaceae Y
13  Suli beth Calamus graeilis Arecaceae Y
14  Rejai beth Calamus leptospadix Arecaceae Y
15  Dhuna Canarium bengalensis Burseraceae Y Y
16  Singori Castanopsis spp. Fagaceae Y
17  Gonsari Cinnamomum cecicodaphneLauraceae Y
18  Sissoo Dalbergia sissoo Fabaceae Y Y
19  Kako Dendrocalamus hamiltonii Poaceae Y
20  Pani beth Deronorps spp Arecaceae Y
21  Outenga Dillenia indica Dilleniaceae Y Y
22  Othsi Dillenia pentagyna Dilleniaceae Y
23  Amloki Emblica offinalis Euphorbiaceae Y
24  Bat Ficus bengalensis Moraceae Y
25  Dimaru Ficus glomerata Moraceae Y Y
26  Paniol Flacortia eatafraeta Flacourtiaceae Y
27  Gamari Gmelina arborea Verbenaceae Y
28  Banbaguri Horsfieldia amygdalina Myrtacaceae Y Y Y
29  Pichola Kydia galbrecens Malvaceae Y Y
30  Aajar Lagerstroemis specios Lythraceae Y
31  Jiapoma Lannea grandis Anacardiaceae Y
32  Tokou Livistonia jenkinsiana Arecaceae Y Y Y
33  Aam Mangifera sylvatica Anacardiaceae Y Y
34  Ghora nim Melia azederach Meliceae Y Y
35  Bola Morus laevigata Moraceae Y Y
36  Wild banana Musa sp. Musaceae Y Y Y
37  Bonsum Phoebe goalparensis Lauraceae Y
38  Koupat Phynium pulimerne Marantaceae Y
39  Bijoli Pseudostachyum polymorphum Poaceae Y
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40  Sal Shorea robusta Dipterocarpaceae Y
41  Udal Sterculia villasa Sterculiacea Y Y
42  Jamuk Syzigium praecox Myrtaceae Y
43  Bohera Terminalia bellirica Combretaceae Y
44  Hilika Terminalia chebula Combretaceae Y Y Y
45  Holok Terminalia myriocarpa Combretaceae Y
46  Phul beth  Arecaceae Y
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Appendix VI: Species code scientific and local names and number of individuals of the species
recorded for the Seijosa corridor region

S. No Scientific Name Local name Family No of individuals

1 Albizia procera Karoi Mimosaceae 11
2 Alstonia scholaris Sationa Apocynaceae 12
3 Altingia excelsa Jutli Altirgiaceae 3
4 Amoora wallichili Aamari Meliceae 3
5 Anthocephalus Chinensis Kadam Rubiaceae 1
6 Artocarpus chaplasha Sham Moraceae 2
7 Artocarpus lakoocha Dewa Moraceae 2
8 Baccauria sapida Lateku Euphorbiaceae 3
9 Bauhinia spp. Kanchan Caesalpiniaceae 2
10 Bridelia retusa Kuhir Euphorbiaceae 1
11 Canarium strictum Dhuna Burseraceae 4
12 Castanopsis indica Hingori Fagaceae 1
13 Cinnamomum glauceseens Gansaoi Burseraceae 1
14 Dillenia indica Chalta Dilleniaceae 8
15 Dillenia pentagyna Othsi Dilleniaceae 1
16 Dendrocalamus spp Bamboo Poaceae 1
17 Duabanga grandiflora Khokan Sonnerattiaceae 34
18 Dysoxylum procereum Bandardima Meliaceae 6
19 Endospermum chinesis Phulgamari Euphorbiaceae 21
20 Eugenia spp. Lohajamun Myrtaceae 3
21 Ficus benghalensis Bot Moraceae 2
22 Flacourtia eatafraeta Paniol Flacourtiaceae 1
23 Gmelina arborea Gamari Verbenaceae 4
24 Gynocardia odarata Amol Flacourtiaceae 5
25 Kydia glabrescens Pisala Malvaceae 2
26 Lagerstroemia speciosa Ajar Lythraceae 1
27 Lannea grandis Jiapoma Anacardiaceae 3
28 Leea indica Murgithengia Leeaceae 1
29 Mangifera sylvatica Aam Anacardiaceae 1
30 Melia azaderatch Ghoranim Meliaceae 1
31 Millettia pachycarpa Maleta Fabaceae 2
32 Morus laevigata Bola Moraceae 2
33 Pterospermum acerifolium Hatipayela Sterculiaceae 7
34 Pterospermum lanceafolium Bonbaguri Sterculiaceae 3
35 Pterygota spp. Kalakari Sterculiaceae 7
36 Sterculia alata Karibadam Sterculiaceae 24
37 Syzygium malaccansis Panijamun Myrtaceae 11
38 Terminalia arjuna Arjun Combretaceae 4
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39 Terminalia bellirica Bahera Combretaceae 1
40 Terminalia chebula Silika Combretaceae 1
41 Terminalia myriocarpa Holok Combretaceae 5
42 Tetramelis nudiflora Bhelu Tetrameliaceae 9
43 Turpinia pomifera Paniomora Staphylaceae 1
44 Unidentified   30

 26 families 248
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Appendix VII: List of plant damage other than crop during study period

Year Village  Victim farmer  Species  Loss

2002-03  Darlong  Nisam Nabam  Banana 2 sets
   Hola Tachang  Banana 1 set
  Upper Seijosa  Smt Konu Tachang  Banana 1 set
   Hare Tana  Banana 2 sets
   Hare Tana  Bamboo 9 Nos.
  Jolly-Lanka  Mayang Balo  Banana 14 sets

  Mayang Balo  Bamboo 15 Nos.
  Gedak Chadak  Banana 3 sets

   J. Tayam  Banana 3 sets
   Taru Nabam  Banana 3 sets
   Tita Rikam  Banana 5 sets
  Mirgaso  Taku Tana  Banana 2 sets
   Smt Makum Tachang  Banana 8 sets
   Smt Kara Tallang  Banana 2 sets
  Tarabaso  Makka Tachang  Sugarcane 1 set

2003-04  Jolly & Lanka  Mayang Balo  Banana 5 sets
  Mayang Balo  Bamboo 8 Nos.

   Kochi Chellang  Banana 3 sets
   Tajig Wage  Banana 2 sets
   Tare Nabam  Banana 1 set

  Tita Rikang  Banana 4 sets
   Lokar Kino  Banana 3 sets

  Kama Nabam  Banana 5 sets
   Chapo Bagang  Banana 3 sets
  Mirgaso  Takar Tallang  Banana 112 Nos.
   Tala Tallang  Banana 37 Nos.
   Hotu Talang  Banana 53 Nos.
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Appendix VIII : Structural damage (in details) during study period

Year Village Victim owner  Structure damaged Types of Types of the
  of the property   damage structure

2002-03  Darlong  Loyang Tallang  Granary house Partial damage Wood and bamboo made
  Darlong  Mogeswar Dako  Granary house Partial damage Wood and bamboo made

2003-04  Mirgaso  Tala Tallang  House Full damage Wood and bamboo made
   Hotu Talang  Pet house Full damage Wooden made

 Hotu Talang  House Partial damage Wood and bamboo made
  Jolly  Public  School and desk-branches Partial damage Wood and bamboo made
  Upper Seijosa  Smt. Yama Langlang  House in the paddy field Partial damage Wood and bamboo made
   Talar Tachang  House in the paddy field Partial damage Wood and bamboo made

2004-05  Lower Seijosa  Labour  House Full damage Bamboo made
  Darlong  Sibo Chiri  Shop & property Full damage Bamboo made

  Yeha Tayam  Shop & property Partial damage Wooden made
   Driver  Granary house Partial damage Wood and bamboo made
  Bali  Leader  Granary house Partial damage Wood and bamboo made
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Appendix IX: Copy of Questionnaire used to collect information on Elephant Distribution

1. Village name:
2. GPS Location:
3. Presence of Elephants: Y/N, If Y, For how long (years):
4. Numbers seen in last encounter:
5. Nearest forested area (Name, if protected; Name of area, if not):
6. Do Elephants cause crop damage: Y/N, (If Y, then questions 6-8)
7. What crops are preferred, and at which cropping season:
8. Which is the nearest village from where Elephants are reported:
9. Remarks on any recent events of depredation, human loss of life, etc.:
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Appendix X: Discussion meeting on the methodology for the proposed elephant census in
Arunachal Pradesh

Organised by: Asian Elephant Research and Conservation Centre (Bangalore), Wildlife  Trust of India (New Delhi)
and Arunachal Pradesh Forest Department.

Venue: Phakui Wildlife Sanctuary and the Office of the Principal Chief Conservator of Forest, Itanagar, Arunachal
Pradesh.

Dates: 14th January , 19th January, 21st January, 2001

Members present:

Mr. Surendra Varma
Research Officer, Asian Elephant Research and Conservation Centre,
Centre for Ecological Sciences,
Indian Institute of Science, Bangalore 560012

Mr. Chuku Loma
Divisional Forest Officer
Phakui Wildlife Sanctuary, Seijosa, Arunachal Pradesh

Mr. Sunil Subba
Field Officer,
Wildlife Trust of India
Camp: Seijosa, Arunachal Pradesh

Rathin Barman
Vice President
Aaranyak
Samanwoy path (Survey),
P.O. Beltola, Guwahati 781028, Assam

Mr. Bharat Sunderam
Research Trainee
Asian Elephant Research and Conservation Centre,
Centre for Ecological Sciences,
Indian Institute of Science, Bangalore 560012

Mr. Tagi
Range Forest Officer
Seijosa Wildlife Range
Pakke WLS Seijosa

Mr. Roy
Range Forest Officer
Pakke WLS Seijosa

Methodology
Based on our experience of surveying elephants in Pakke Wildlife Sanctuary, Sagalee Forest Division (10th to 21st

January 2001) and  Miao – Namdapha and Chakkun Pass area (1st March to 10th April 2000) of Arunachal Pradesh, we
feel stratified elephant back block count would be the appropriate method of estimating population numbers of Asian
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elephants for Arunachal Pradesh. We would like to also mention that, problems such as poor visibility, lack of trained
man power and steep and unapproachable nature of the terrain, would not permit the use of line transect methods
(direct or indirect). Block count method has been regularly used in Arunachal Pradesh. Based on our experience of
testing block count methods in southern India, it was found that the method generally under estimates the number of
the species concerned. This is due to the total area identified for the census being larger than the actual area covered. If
an area of 10 km2 is selected for the block count and the census party covers a distance of 20 km during the operation
and the visibility of the route covered is about 100 meters either side of the route, the actual area covered by the party
would only be 2 km2. This overestimate of the area covered underestimates the number of animals. Keeping this
problem in mind, if block count method is followed and different census routes are identified for the operation, observers
of each census routes should collect the information on the visibility of the route they cover.  This information on
visibility would provide the actual area covered by the census party, and the population density of elephants can be
calculated based on the area scanned and the number of elephants seen.  The stratification of the block can be based on
high, medium and low elephant density areas, and an acceptable proportion of areas (considering man power and
other resources available) of each of the above mentioned categories be used for the census operation.  Apart from
counting elephant numbers using the direct sighting of the block counts, other information such as habitat assessment,
elephant sign (foot, dung, feeding and other signs), visiting villagers within and outside elephant areas should also be
collected by the census parties.

As an alternative approach, money and other resources used for conducting the census can be used for short or
long-term survey of elephants by some of the forest officials. It has been noticed that Arunachal Pradesh Forest
Department has experienced and knowledgeable forest officials and staff, with whose experience and co-ordination
with research agencies, elephant surveys mainly on their number, distribution and movement can be carried out. This
information will be more useful for future census operations in the state.

In general, the operation can be classified into the following broad categories.

1) Stratified elephant back census method: the procedures followed for this approach would be identifying blocks
based on elephant densities and selecting appropriate routes for counting elephants.  Information such as block
and route name, their locations,  starting and closing time of the route covered, visibility observation on given time
intervals (say every half an hour of the walk or the route), number of elephants seen,  sex and age classes should
be collected.

2) Habitat assessment: This includes, stopping at regular intervals and collecting information on habitat quality,
disturbance and forest type. In addition to this, four nearest trees (local names) in every stop should be identified.

3) Elephant signs: In these pre-decided trials, indirect evidences (pad marks, dung, scratch marks and feeding
signs) should be collected along with the time of detection.  On identifying these signs, the stages of them (fresh or
old) should be noted for each route.

4) Village visit: This includes visiting villages within and outside the elephant range and collecting elephant related
information through questionnaire.

A model data sheet for habitat assessment, elephant sign and village are given to DFO Phakui WLS.
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Appendix XI: Training Program for assessing elephant habitat and distribution

A  training  program  was held in  Pakke  WLS,  East,  Kameng district,  Arunachal  Pradesh from 15th January to
21st  January 2000.  The training program was conducted by Mr. Surendra  Varma, AERCC,  Bangalore  for  Mr. Sunil
Subba  F.O.,  WTI;  Mr.  Bharath Sundaram, AERCC, Bangalore, and Dr. Rathin Burman, WTI, Guwahati.

The objectives of the program were:-

1. To establish a methodology to ascertain elephant distribution and to assess habitat available for elephants.

2. To procure information from local resource persons - like forest department staff, villagers and  hunters  regarding
elephant  numbers  and activity in order to build up a map  in  association with habitat parameters procured from
the field.

Methodology:
A. Field surveys:

Pre-visiting trails were chosen and were walked. During the walk, direct  and  indirect  signs (Pad  marks,  dung,
scratch  marks, feeding  signs, pathways) were collected along with the  time  of detection.  In the case of dung, the
decomposition stage of  dung (fresh  to  decomposed)  was  noted.  In  addition  to  this  GPS locations  were taken at 30
minute intervals. At this point, data on  geographical  features  (river,  road,  pathway,  village  or forested area). forest
type (evergreen forest, grassland, jhum plot,  semi-evergreen forest etc.) were collected. In addition  to this,  four nearest
trees were identified using local  names,  in order  to come up with information on species richness,  overness etc,  Any
other additional data on canopy  status,  disturbance, habitat  modification  etc., were also collected signs  of  other large
mammals were also noted.

16th January:
The training was conducted along a walk  along the river in the forest adjoining the Pakke river.  Data  on habitat

as  well  as  elephant signs  were  collected.  We  also recorded a tiger pugmark.

17th January:
A meeting was conducted in Seijosa, and attended by local leaders as  well as the Arunachal Wildlife and Nature

foundation.  Human elephant  conflict  was  the  agenda  of  the  meeting.  It   was encouraging to see that the people were
interested in a long term solution to the problem with active involvement from their side.

18th January:
We walked from Seijusa base camp to Dichu beat office (8 km away) along the river and through riverine patches

of grassland and forest.  A very strong correlation between  elephants  and Dillenia  indica  (Autenga) whose fruits are
much  preferred  was noticed. Tiger pugmarks were again noticed. A local cattle herder was  also interviewed and
information regarding elephant  numbers and season of appearance were collected.

19th Janaury:
We met with the DFO, Palhi WLS, as well as the education Minister and  members  of the state wildlife advisory

Board  in  a  social gathering held at Dichu.

20th January:
We made a walk to Khari Beat office (8.2kms away) and the  nearby areas  were  also surveyed. The same data

collection  techniques were applied.

21st January:
We returned back from Khari to Seijusa base camp to complete  our data analysis and to write the report.
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OTHER WTI PUBLICATIONS

A.   OCCASIONAL REPORTS
Tribal Territories:
Impact assessment around the Jarawa tribal reserve, middle and south Andaman Islands

Jumbo Express:
A scientific approach to understanding and mitigating elephant mortality due to train accidents in
Rajaji National Park.

Elephant in Exile:
A rapid assessment of the human-elephant conflict in Chhattisgarh

Against the Current:
Otters in the river Cauvery, Karnataka

Silent Stranglers:
Eradication of mimosa in Kaziranga National Park, Assam

Living at the Edge:
Rapid survey for the endangered Ladakh urial (Ovis vignei vignei)  in Leh district of Ladakh Trans-Himalaya

Search for Spectacle:
A conservation survey of the Phayre’s leaf monkey (Tranchypithecus phayrei) in Assam and Mizoram

Awaiting Arribadda:
Protection of Olive Ridley turtles (Lepidochelys olivacea) and their nesting habitats at Rushikuliya rookery, Orissa

Living with Giants:
Understanding human-elephant conflict in Maharashtra and adjoining areas

Crane Capital:
Conservation strategy for Sarus Crane (Grus antigone) habitat in Etawah and Mainpuri Districts, Uttar Pradesh

Carnivore Conflict:
Support provided to leopards involved in conflict related cases in Maharashtra

India at the International Whaling commission:
A policy document on India’s involvement in the IWC 1981-2003

Sighting Storks:
Status and distribution of Greater adjutant storks (Leptoptilos dubius) in the Ganga and Kosi river floodplains near
Bhagalpur, Bihar

Bait and Watch:
Popularization of alternatives to dolphin oil among fishermen for the conservation of the Ganges river dolphin (Plantanista
gangetica) in Bihar

Captive Concern:
Health and management of captive elephants in Jaipur
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Fair Concern:
Health and management of captive elephants in Sonpur

Ganesha to Bin Laden:
Human-elephant conflict in Sonitpur district of Assam

Deadly Tracks:
A scientific approach to understanding and mitigating elephant mortality due to train hits in Assam

Dog and Bull:
An investigation into carnivore-human conflict in and around Itanagar Wildlife Sanctuary, Arunachal Pradesh

B.   CONSERVATION ACTION REPORTS
Beyond the Ban:
A census of Shahtoosh workers in Jammu & Kashmir

Biodiversity, Livelihoods and the Law:
The case of the ‘Jogi Nath’ snake charmers of India

Goats on the Border:
A rapid assessment of the Pir Panjal markhor in Jammu & Kashmir distribution, status and threats

The Ground Beneath the Waves:
Post-tsunami impact assessment of wildlife and their habitats in India

C.   CONSERVATION REFERENCE SERIES
Wildlife Law:
A ready reckoner - A guide to the Wildlife (Protection) Act 1972

Back to the Wild:
Studies in wildlife rehabilitation

Right of Passage:
Elephant corridors of India

Commentaries on Wildlife Law:
Cases, statutes & notifications

Poisons and the Pachyderm:
Responding to poisoning in Asian elephants – A field guide

D.   OTHERS
Wrap up the trade:
An international campaign to save the endangered Tibetan Antelope

Tiger Bridge:
Nine days on a bend of the Nauranala

Emergency  Relief Network Digest 2005 – 2006

Emergency Relief Network Digest 2006  – 2007

Action Tiger:
Tiger action plans of 12 tiger range countries
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Project Team : top - left Nidhi Gureja, middle Vivek Menon
bottom: from left Prabal Sarkar, Surendra Varma & Naim Akthar
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