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Editorial

Heidi S. Riddle (Member Editorial Board)

This journal, Gajah, is the IUCN Asian Elephant 
Specialist Group (AsESG)’s best asset.  Through 
submitted reports, notes, and manuscripts, Gajah 
presents a broad array of views and knowledge, 
and offers input on a wide range of elephant 
conservation issues. Gajah addresses the most 
important reason for the existence of this group 
– sharing ideas, experiences, and challenges 
regarding elephant conservation. 

Through this primary communication tool, the 
AsESG takes part in conservation education. 
Members of the AsESG have a responsibility to 
promote and support ongoing public education 
about elephant conservation by sharing 
information, creating awareness of problems 
and issues facing elephants, and encouraging 
advocacy. Is the AsESG membership truly 
capitalizing on its role in education, and has the 
effectiveness of conservation education been 
adequately assessed?

Due to the variety of conservation education 
efforts and the differences within environments 
implementing such programs, it would be 

difficult to get a consensus response to the 
above questions. But one thing is clear; there is 
room for improvement and a need to expand the 
overall approach to education in the context of 
elephant conservation. Education and awareness 
programs are often treated as secondary issues 
in conservation work; yet effective education, 
especially in local communities where elephants 
are present, is one of the most important 
components of wildlife conservation.

Elephant conservation is not solely the 
responsibility of wildlife experts; a variety of 
skills are beneficial, as no single area of expertise 
can fully implement successful conservation 
work. Existing tools and knowledge should be 
used more effectively to address education as a 
significant facet of conservation. There are many 
ways to educate; contributing a manuscript to a 
journal such as Gajah is only one approach. Using 
opportunities for oral presentations, distributing 
pamphlets, or publishing posters are commonly 
used educational tools. Building capacity within 
local communities through various avenues of 
outreach and awareness is another essential aspect. 

Wild elephant in Sampoenit, Aceh 
Photo by Mahdi Ismail
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Conservation education should also target those 
people who directly work with captive elephants, 
as increased understanding of environmental 
management enables these people to better 
understand and support conservation actions. 
Other possible concepts, such as the creation of 
mentoring programs to support ongoing education 
at a grassroots level, are often overlooked; yet 
there is a real need to continuously challenge 
ourselves as conservationists and find ways 
to improve education programs if sustainable 
elephant conservation is to be effective.

In Asia, broad issues of elephant conservation 
(i.e. habitat loss, HEC) are common across 
all the range countries, yet cultural, religious, 
economic, and social differences exist from 
region to region, from country to country, and 
even within countries from a state or province to 
a village level. When we talk of educating local 
people about elephant conservation issues, we 
need to be aware of, and consider such variations 
because peoples’ sensitivities of these issues and 
of elephants differ greatly. A better understanding 
of people’s feelings, how they actually perceive 
elephants and wildlife in general, how these 

perceptions affect interactions amongst their 
communities and between themselves and 
the surrounding environment, all help create 
more valuable education programs. Careful 
consideration of the individual environments 
will facilitate communication of appropriate 
messages and strengthen education efforts. 
Conservation education often does not reach the 
majority of local people who live with the threat 
of elephants in their daily lives, so efforts should 
increase to ensure that these people truly benefit 
from education and awareness programs.

Education work is ongoing, but approaches need 
to be periodically evaluated to ensure that every 
opportunity is leveraged, and that attitudinal 
and behavioral changes beneficial to elephant 
conservation are being shaped. As education 
is an important element of successful elephant 
conservation, the AsESG should constantly strive 
to better share information and experiences. Gajah 
is an existing tool that supports the AsESG’s 
education efforts. Continuing to communicate 
your thoughts and achievements through Gajah 
is an effective step in improving conservation 
education.

Elephants in Tangkahan, North Sumatra
Photo by Mahdi Ismail
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25 years ago, in May 1986 the very first issue of the 
AsESG newsletter/journal was published by the 
late Mr Lyn de Alwis who was then the Chairman 
of the AsESG. Starting off as a newsletter (Asian 
Elephant Specialist Group Newsletter) in 1986 
the group’s publication grew, evolved and also 
changed its name to “Gajah” in 1992, becoming a 
journal.  We need to acknowledge the contribution 
of Dr. Charles Santiapillai to AsESG Newsletter 
and Gajah, soon after newsletters launch he took 
charge and almost single handed kept the journal 
going till 2006 – almost 20 long years – Thanks 
Charles. 

In the very first issue Lyn starts his editorial 
with “we, like the elephants we are pledged 
to conserve, apply ourselves to any task with 
ponderous determination and esprit de corps, yet 
are somewhat modest and unobtrusive (isn’t even 
crop damage seen only the next morning!) about 
our accomplishments. Again, like elephants 
we must have a “family bond”. He made this 
comment because of an AsESG meeting in 
November 1985 where the outcome of the 
humongous task of mapping elephant distribution 
(under WWF project 1777) was presented. A 
large volume of work has been accomplished but 
elephant conservationists were not fully aware of 
what was going on in the next state/province let 
alone in a neighbouring country or further away. 
Hence the need for a regular newsletter was felt 
by all members. It is to the credit of the group, the 
editors - Lyn, Charles and Jayantha Jayewardene 
(the current editor), the editorial boards, all the 
contributors, donors and not forgetting the readers 
who have kept this journal alive and well for the 
last 25 years. Simon and I take this opportunity 
to thank and congratulate each and every one for 
this.

Having attended (AAD) the 1985 meeting and 
seen AsESG and the journal since the early 1980’s, 
what are the major changes that are visible? The 
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Notes from the Co-chairs IUCN/SSC Asian Elephant Specialist Group

Ajay A. Desai and Simon Hedges

Co-Chairs’ e-mails:  ajayadesai.1@gmail.com  &  shedges@wcs.org

old problem of communication remains even today 
but is less pronounced than earlier due to greater 
direct interaction between people and because 
of IT revolution (internet). However significant 
problems remain, almost all peer reviewed 
journals are out of reach for most researchers in 
Asia as their institutes do not subscribe to them. 
A large body of work also remains unpublished. 
Demand for information has also increased 
significantly as elephant conservation is facing 
significant hurdles and elephant populations are 
increasingly threatened. 

Hank Hammatt and Jayantha were responsible 
making soft copies (PDFs) of the Gajah available 
online and we thank them for it. In this context the 
availability of all the older issues of the journal 
‘online’ is a significant boon to field workers 
(thanks to Hank, Christy Williams, Jayantha 
and all others who helped). The latest effort by 
Dr. Jennifer Pastorini with help from Michael 
Cordingley to make individual papers (from all 
AsESG Newsletters and Gajah issues) available 
online and by providing support for search 
engines to pick these papers (using keywords) 
is set to take accessibility to a new level. This 
will significantly increase access to the journal 
for people with no prior knowledge of the journal 
and give Gajah a much larger audience. Hank 
has put out a trial issue (1st issue) online on the 
AsESG website for testing and comments from 
members (please check and respond). We thank 
Jennifer, Michael and Hank for this latest effort.

Hank has also been responsible for establishing 
and managing the AsESG website and we thank 
him for this. The site also contains additional 
information and links that will help all researcher 
and conservationists in their work. 

The Task Forces have also been active, the 
AsESG Human-Elephant Conflict Task Force 
conducted a workshop in Bejing in 2009 and 
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has since put the HEC document online so that 
it can be edited and worked on by all. Creating 
an opportunity to contribute and also being 
inclusive. The final product (will keep changing 
as it will be a living document which will grow 
with our growing knowledge) will be a useful 
tool for all wildlife managers. Check it out at 
<http://www.fws.gov/international/DIC/species/
ase/ asian_elephant.html> and also at http://hectf.
wikia.com/>. Conflict remains one of the biggest 
hurdles in elephant conservation and there is a 
lot of ground to be covered. The HEC Task Force 
aims to get all the information and guidelines into 
a single comprehensive document. It will require 
inputs from all to develop such a document 
that systematically and effectively addresses all 
diverse HEC situations we see across Asia.

The AsESG Veterinary Task Force has posted 
draft guidelines on ‘veterinary care’ and have 
also brought out the ‘Elephant pre-shipment 
guidelines for Range States’. While the former 
is already on the website the later will be posted 
soon. Peter Stroud brought to our notice the case 
of an elephant that had suffered severe injuries 
(possibly untreatable) during an accident and 
several members suggested euthanasia to end the 
needless suffering the animal was undergoing. 
Since then several similar cases have been 

brought to the notice of the co-chair or members.  
As this is a tricky issue and requires clear 
guidelines and quality assessment of situations 
where it can or should be applied the Vet Task 
Force is contemplating developing a decision 
making protocol for euthanasia. Your inputs and 
suggestion would be welcomed by them even at 
this stage – as also the question – should we put 
out such guidelines? There are several other areas 
like capture, translocation, disease, etc. that this 
task force will have to take up and all that will 
require support and inputs from all members and 
non-members working with elephants. We thank 
Drs. Susan Mikota and Jacob Cheeran and the 
Task force members for their efforts.

The AsESG Wild Elephant and Elephant 
Habitat Management Task Force has circulated 
a preliminary note on the problem of weeds in 
elephant habitat “Extent and Distribution of 
some invasive plant species in Asian Elephant 
Habitats”. They are looking forward to 
comments and inputs from members and also 
working on building on this initial effort. Weeds 
remain a hidden, not well understood and a 
very significant threat to the remaining elephant 
habitat. While all of us are very closely focused 
on habitat loss, fragmentation and degradation 
(from anthropogenic pressures) and are making 

Grazing after the rains - Yala National Park, Sri Lanka (see book review on page 84)
Photo by Vajira Wijegunawardane



5

significant efforts to contain these problems, 
weeds seem (we mention ‘seem’ as there are 
other views held by some members) to be eating 
away at habitat quality like a cancer. There are 
other major areas where this task force will 
require significant inputs from all researchers 
and conservationists. 

Inputs will be particularly important in areas where 
we provide guidelines on elephant conservation 
areas and their management. With increasing 
fragmentation and reduction of elephant habitat, 
size and shape of the remaining habitat patches 
becomes critical for conservation of elephant 
which are a wide ranging species prone to indulge 
in severe crop raiding when their home ranges are 
lost of reduced significantly. What are the spatial 
requirements of elephants? We are generally at a 
loss when any government agency asks us what 
they need to set aside and where? Do we draw 
line on a map as in the past and then hope for the 
best? What if the area is not adequate? What if 
a significant part of the population has its home 
range outside the demarcated conservation area? 
What would be the size of a genetically sound 
population for long-term conservation taking into 
account the social organization and reproductive 
strategy of elephants? These and many more 
questions remain to be answered and it will take 
significant effort from everyone to get there. We 
thank Drs. Christy Williams and Arnold Sitompul 
and their team members for their efforts.

The Captive Elephant Task Force has come 
out with a draft position statement on captive 
elephants, this too will be on the website and will 
require your inputs. It is important that you make 
suggestions, additions and deletion that you think 
are necessary. The statement also immediately 
brings to mind the need for standards and 
protocols – these can be either pre-existing ones 
developed by some country or organization or 
something that the Captive Elephant Task Force 
itself or in collaboration with the Veterinary Task 
Force can develop. An interesting and important 
issue that the Captive Elephant Task Force is 
thinking of is looking at issue of reintroduction 
of captive raised elephants (especially calves) 
into the wild and to develop protocols for such 
operation. So please take time to interact with 

this group and give your inputs. We thank Heidi 
Riddle and Wijeyamohan and the team members 
for their efforts.

Ponderous we maybe, like Lyn mentioned in 
his very first editorial but he also mentioned 
determination – we need to have that and we 
need to ensure that what we make and what we 
leave behind are things that are useful in the 
long-term conservation of elephants. We must 
remember that the output of these Task Forces 
will represent the AsESG view and guidelines – 
consequently the view of the majority. And since 
it technically represents the members’ collective 
view (indirectly meaning your view) you need to 
make sure that your voice is heard. We are sure 
that most of you would be more interested in 
and also understand that your inputs are not just 
about your view but are about getting suitable 
conservation action for elephants which you 
all care for. As the major (primary) task of the 
AsESG and its members is advisory it is here that 
your inputs to the group will have their greatest 
impact – so please interact with the chairs/co-
chairs of the various task forces and contribute 
what you can.

The AsESG also facilitated the first Asian Elephant 
Range States’ meeting. The situation facing the 
Asian Elephant and ways to address the main 
issues threatening its survival were discussed at a 
meeting of all the Asian Elephant Range States’ 
representatives in Kuala Lumpur, Malaysia, 24-
26 January 2006. The Government of Malaysia 
invited the 12 other countries, which still hold 
wild populations of elephants to participate in 
the first meeting of this kind for Asian Elephants, 
which was funded by the USFWS with additional 
support from CITES/MIKE and the Government 
of Malaysia. The World Conservation Union 
(IUCN), in particular its Species Survival 
Commission (SSC), was asked to facilitate the 
discussion and to this end provided the services 
of (among others) the two AsESG Co-chairs and 
the then SSC Chair (Holly Dublin). The report on 
this meeting was originally circulated in 2006 and 
posted on the IUCN and CITES websites. Since 
then no other country has come forward to host 
the next meeting and we are hoping that India 
will play host to the next such meeting as this has 
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been a major recommendation (to host a meeting 
of Asian Range States) by the Task Force set up 
to upgrade Project Elephant in India.

In November 2008 a workshop, funded by the 
AsESG, WWF/AREAS, and WCS attempted to 
use the recently completed IUCN guidelines for 
species conservation planning to begin drafting a 
conservation strategy for Asian Elephants. This 
will be used as the basis for planning the Action 
Plan, hopefully in the near future.

In addition to these advisory (as in Task Forces) 
and facilitating roles AsESG has been helping 
members and non-members interact in various 
ways, from conservation filmmakers seeking 
information or links to students seeking contacts 
and information. We thank all those who 
responded to requests for help. There have also 
been discussions within the group on several 
issues – more recently the issue of India banning 
all elephants from Indian Zoos was debated and it 
resulted in members making various suggestions, 
which were compiled and sent to the Govt. of 
India. The Government’s response was to take a 
more moderate or flexible stand on the ban and 
also to ask us for shipment guidelines which 
were given (draft veterinary care and shipment 
guidelines developed by the Veterinary Task 

Force). In addition other concerns expressed by 
members were also passed on to the concerned 
authorities and have been taken into account. 
Members have also been given the opportunity 
to give their inputs to IUCN on various issues or 
in the most recent case inputs for US Fish and 
Wildlife Service’s International Conservation 
Strategic Planning Initiative.

We have also ensured that whatever funding 
opportunities were brought to our notice was 
passed on to members in hope that it would help 
them in their conservation efforts. Here we would 
like to thank those members who took efforts to 
bring such opportunities to our notice.  We would 
also like to take this opportunity to thank the 
USFWS/AsECF, WWF/AREAS, WCS, IEF and 
Singapore Zoo who have helped with supporting 
various workshops or in the publication of 
Gajah.

As always members remain focused on doing on 
ground conservation and are doing a good job of 
it. But we do need them to take some time off 
to help with the various task forces as these and 
their outputs will be the most critical contribution 
from the Group. We thank all of you (members 
and non-members) for your inputs, time and 
contribution and wish you the very best in 2011.

A herd moving enmasse towards fellow family members - Kala Wewa (see book review on page 84)
Photo by Vajira Wijegunawardane
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Correspondence

Comments on: Florence Labatut and Ingrid Suter (2010) The Veterinary Care of Domesticated 
Elephants in Laos by a Mobile Veterinary Unit. Gajah 32: 21-26.

Let me at the outset congratulate you for the 
interesting and informative article. However, I feel 
that it is only proper to make some constructive 
suggestions.

1. All the trade names should be preceded by the 
drug name or pharmacopoeia name since these 
drugs may not be available in other countries 
under the same trade name.

2. Reference is made to Penicillin-Streptomycin 
(20/20) 50 ml: it should be given as IU - Penicillin 
and grams - Streptomycin since they are expressed 
like that only. Also route of administration like 
IM or IV should be stated.

3.  Table 1. Some drugs are stated as being given 
for 6 months to 1 year. It is not clear whether it 
is once in 6 months or once a year or some other 
frequency. Hence a more descriptive phrase 
would help. 

4. Eye discharge. It is not to be taken seriously 
unless there is any clinical condition like 
conjunctivitis. Elephants do not have naso-
lacrimal duct as we have, which take the tears to 
the eye if it is small quantities. But in elephants 
any amount of lachrymal secretion (in elephants 
there is no lachrymal gland and in its place it is 
the Harderian gland which is also seen in birds) 
is drained over the skin, hence easily noticed. 

5. Dermatitis is often a management problem 
for want of proper scrubbing and bathing except 
as in the case of lice. Lice are easily detected 
looking at the tail hairs and ear hairs where they 
are seen very commonly.

6. Urinary infection. This is often due to lack 
of enough water for drinking. Often crystalluria 
is confused as urinary infection. Also dose and 
route of administration.

7. Only approved vaccination for elephants is for 
Anthrax. No other vaccination for any disease 
has been officially recommended.

8 .Vitamins: Please give dose, route, frequency 
etc.

These are only constructive suggestions on some 
important points. I hope you will take in the right 
spirit.

Prof. Dr. Jacob V. Cheeran 

Director
Technical Services Cheerans Lab (P) Limited
Trichur, Kerala, India
E-mail:  jacob@cheerans.com

Minneriya National Park, Sri Lanka 
(see book review on page 84)

Photo by Vajira Wijegunawardane
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Introduction

Elephant-human conflict is of great concern today. 
There is commotion in the area when elephants 
kill people and the law-and-order situation gets 
out of hand. An elephant caused havoc in West 
Midnapore forest division of southern West 
Bengal killing five people in three months and 
the Forest Department of the Government of 
West Bengal declared it a rogue elephant. Instead 
of straightaway killing it, a different approach 
was adopted this time of relocating it to northern 
West Bengal. Its movement was monitored by 
fitting it with a VHF radio-collar.

Elephant habitat in southern West Bengal (Fig. 1) 
is part of the central Indian elephant range. The 
habitat exhibits a high degree of fragmentation 
leading to elephant-human conflict with loss of 
agricultural crops, house damage and loss of 
human lives every year. On an average 26 people 
are killed, 1760 houses demolished and 2150-
hectare area of crop losses occur every year due 
to 80-100 elephants (Forest Department, Govt. of 
West Bengal). In southern West Bengal elephants 
are mainly found in West Midnapore, Bankura 
and Purulia district areas. 

Elephant habitat in northern West Bengal (Fig. 
1) is part of the Eastern Himalaya biodiversity 
hotspot and is the western-most extension of 
the north-eastern elephant population (Barua & 
Bist 1996). The habitat is characterized by a high 
degree of fragmentation and intense elephant-
human conflict, resulting not only in loss of 
agricultural crops and property but also of human 

lives, ~50 annually (Lahiri-Choudhury 1975; 
Choudhury et al. 1997; Sukumar et al. 2003). The 
total geographic range of elephants in northern 
West Bengal is 3051 km2 and covers about 24% 
of the total area of northern Bengal (Barua & Bist 
1996). The gross forest area forming the elephant 
zone is about 1954 km2 (Lahiri-Choudhury 1980; 
Barua & Bist 1996).

At the time of the incident a herd of 62–65 
elephants were roaming in southern West Bengal 
in the Bengal Nayagram area of Midnapore 
Forest Division raiding crops. The forest there is 
of mixed plantation type and is dominated by Sal. 
The food availability for elephants in the forest 
areas is very low.

Methods

Darting of the animal and radio-collaring

Local forest staff and villagers were engaged by 
forest officials to locate the animal. It was found in 
a sugarcane field of Jadavpur village in Nayagram 
Range of Midnapore West Forest Division. On 
receipt of information, the darting team rushed to 
the spot. To restrict its movement, it was darted 
with Xylazine 7.5 ml at 14:13 h (25.1.2006) by 
disinject gun. With the help of “kunki” elephants, 
the animal was then darted with Immobilon (5 ml) 
at 15:09 h. After the animal was fully sedated, a 
VHF radio-transmitter was fitted around its neck  
and necessary measurements (Table 1) were 
made prior to translocation. A sharp shooter was 
ready to deal with any untoward incident.
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After recovery, the animal could not stand up due 
to chaining on both legs. The chain was loosened 
and the animal regained its senses fully around 
17:20 h. Kunki elephants were tied with rope 
to the four legs of the animal. Since the animal 
was healthy and big, the kunki elephants could 
not control it and it started running away. It was 
immediately darted with Xylazine (7.5 ml) to 
restrict its movement. The animal slowly sank to 
the ground and at night it was decided to keep it 
in an open place. Its four legs were secured to 
a sal pole (grounded deep into the earth) and to 
kunki elephants. Veterinary doctors and other 
experts, researchers and forest staff maintained 
vigil in the night and kept an eye on the animal.

When the condition of the animal worsened, saline 
was given through a vein in the ear to maintain 
its health. On the second day (26.1.2006), the 
animal revived fully and it stood up around 18:30 
h. Immediately arrangements were made to load 
it on to a truck to transport it to northern Bengal.

Loading and Transportation

After complete recovery, the animal was walked 
by kunki elephants and a tractor with a rope 
binding it and was taken to the loading place. The 
truck was placed at normal ground level cutting 
and deepening the mud so that the animal could 
be hauled into the vehicle easily (Fig. 2). The 
loading place was 600 m away from the darting 
place. The elephant’s four legs were chained to 
the chassis of the loaded vehicle after the animal 
had got into the truck.

Table 1.  Measurements of the animal.
# Measurement details cm
1 Left front foot circumference 147
2 Shoulder height 285
3 Body length 432
4 Left hind leg 125
5 Right hind leg 128
6 Tusk length 83
7 Tusk circumference 32.5

Figure 1.  Map showing forest of southern West Bengal and northern 
West Bengal (source: West Bengal Forest Department).
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After loading the animal it was transported under 
the care of the veterinary doctor, a tranquilizing 
expert, and a sharp shooter travelling with it in the 
convoy in another vehicle. The journey started 
from southern West Bengal to northern West 
Bengal on 27.1.2006 (00:00 h) and the animal 
reached its destination on the evening (18:15 h) 
of 28.1.2006. The total duration of the journey 
was 42 h. It was given food, water, and doses of 
xylazine at regular intervals to sedate it on the 
way (Table 2). The animal was standing for the 
full journey period of 42 h (Fig. 3).

The animal was brought deep inside the 
sanctuary in Mahananda (northern West Bengal) 
and after loosening the chain and removing 
other restrictions, to recover fully after long and 
tiresome journey and to allow him get off the 
truck. The animal came out on its own from the 
truck and went to nearby forest. 

The movements of the animal in the new area after 
release were monitored through VHF telemetry 
(Fig. 4). Four locations per month (once a week) 
were targeted. 14 locations were obtained by 

direct sighting from 29.1.2006 to 15.4.2006. 
Two extra locations were obtained during paddy 
season October 2006 after the animal pulled off 
the collar. These locations were also included in 
animal’s home range.

Results

The animal was translocated from its native 
area and conflict was presumably reduced in its 
original habitation. However, the animal started 
causing damages in the translocated area after 
settling in its new home range. The animal broke 
houses and raided crops in villages and army 
areas in northern West Bengal. A total of 17 
houses were demolished, 46 farmer’s crop fields 
were raided during five months (February 2006-
June 2006). However, no humans were killed by 
this animal during that period. 

The animal’s home range (Fig. 5) was restricted 
in Mahananda Wildlife Sanctuary (Ponchnoi, 
Chamta, and Koklong forest areas), Baikunthapur 
Forest Division (Adabari, Sarwasatipur, 
Sarugarah, Apalchand forest areas) and Kurseong 
Forest Division (Lamagumpha forest areas). The Figure  3.  Elephant ready to be transported.

Table 2.  Details of drugs administered.
Date Time Drug ml Remarks
25.1. 14:13 Xylazine 7.5
25.1. 15:09 Immobilion 5.0
25.1. 17:08 Xylazine 7.5 Sedation 
25.1. 17:13 Revivon 5.0
25.1. 17:17 Head and trunk movement
25.1. 17:20 Complete recovery 
26.1. 16:15 Xylazine 4.0
26.1. 17:03 Xylazine 3.0
26.1. 18:50 Xylazine 4.0 Walking 
27.1. 00:05 Xylazine 4.0 Loaded 
27.1. 03:50 Xylazine 4.0 On truck
27.1. 06:50 Xylazine 5.0 On truck 
27.1. 10:20 Xylazine 5.0 On truck 
27.1. 14:05 Xylazine 3.0 On truck 
27.1. 16:00 Xylazine 3.0 On truck 
28.1. 00:36 Xylazine 5.0 On truck 
28.1. 06:22 Xylazine 5.0 On truck 
28.1. 09:30 Xylazine 4.0 On truck 
28.1. 16:15 Xylazine 4.5 On truck 
28.1. 17:16 Xylazine 3.0 On truck 
28.1. 18:15 Xylazine 2.0 Unchaining 
28.1. 20:03 Released

Figure 2.  Loading of elephant.
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home range of the animal was calculated by 
minimum convex polygon method (MCP) 95.75 
km2. However, one-year home range (January 
2006 to November 2006) was not established due 
to the collar being pulled off by the animal.

Discussion

Translocation by capture transport is very 
expensive and needs a large work force. This 
method can only be employed for translocation 
of solitary animals as it is not an easy task to 
translocate big herds this way. It also does not 
seem to be a good option to reduce conflict as in 
this case, it only shifted the area of conflict. On 
the positive side it is better than killing elephants 
as a management strategy. A better option would 
be to capture and transform it to a “kunki” after 
proper training. 

References 

Barua, P. & Bist, S.S. (1996) Changing patterns in 
the distribution and movement of wild elephants 
in North-Bengal. In: A Week with Elephants. 
Daniel, J.C. & Datye, H.S. (eds.) Bombay Natural 
History Society and Oxford University Press. pp 
66-84. 

Choudhury, S., Khalid, M.A., Roy, M., Singh, A.K. 
& Singh, R.R. (1997) Management of Elephant 
Population in West Bengal for Mitigating Man-
Elephant Conflicts. Final report Wildlife Institute 
of India, Dehardun.

Lahiri-Choudhury, D.K. (1975) Report on 
Elephant Movement and Depredation in 
Jalpaiguri Division and Part of Madarihat Range 
of Cooch Behar Division in June–July, 1975. 
Submitted to West Bengal Government.

Lahiri-Choudhury, D.K. (1980) An Interim Report 
on the Status and Distribution of Elephants 
(Elephas maximus) in North East India. In: 
Daniel JC.

Sukumar, R. (2003) The Living Elephants: 
Evolutionary Ecology, Behavior and 
Conservation. Oxford University Press, New 
York.

Figure  5.  Home range of the translocated bull.

Figure 4.  Collared elephant.



12

Gajah 33 (2010) 12-16

On Predicting Elephant Population Dynamics

Shermin de Silva

Uda Walawe Elephant Research Project, Sevanagala, Sri Lanka
Author’s e-mail:  shermin@elephantresearch.net

The Stable Age Distribution (SAD)

A long-discussed concept in management 
planning is the ‘stable age distribution.’ A 
population achieves a Stable Age Distribution 
(SAD) when the proportion of individuals in a 
particular age class does not change from one 
time interval to the next. In elephant management, 
SAD has two potential uses. First, it may serve 
as an aid in predicting growth and anticipating 
ecological impacts (Fowler & Smith 1973; Calef 
1988; Woodd 1999; Mackey et al. 2006, 2009). 
Second, it could signal a healthy, undisturbed 
population whereas deviations indicate the impact 
of disturbance (Sukumar 1993; Wittemyer 2001). 
Here I examine the former application, discussing 
what can be learned from case studies of African 
elephant (Loxodonta africana) populations, and 
their relevance for managing Asian elephants 
(Elephas maximus).

Mathematically, SAD requires constant survival 
and fecundity over time in each age class, which 
results in an unchanging growth rate, often 
referred to as the ‘intrinsic’ growth rate (Birch 
1948 and references therein). This is not to say 
that the survival (or its complement, mortality) 
and fecundity are the same across age classes 
– they may well be age-specific. The SAD is 
also not to be confused with 0% growth; on the 
contrary, a population can exhibit a SAD during 
the exponential growth phase. If it attains a 
logistic or ‘S’ shaped growth curve, a population 
may be said to have reached its equilibrium 
density (and may be called ‘density dependent’ or 
‘density regulated’), as dictated by the ecological 
carrying capacity (Owen-Smith et al. 2006). A 
population may reach equilibrium density only 
under very limited conditions, and if it occurs 
at all that particular SAD is referred to as the 
“equilibrium age structure” (c.f. Fowler & Smith 
1973; further discussion of interpretations and 

misinterpretations of the age distributions may 
be found in Caughly & Gunn 1996).

The notion that calculating the equilibrium age 
structure can be a useful tool for managing elephant 
populations goes back to at least Fowler & Smith 
(1973), who try to define these limited conditions 
for specific populations. Several authors have 
used or referenced the (non-equilibrium) SAD as 
aids in management planning (Fowler & Smith 
1973; Calef 1988; Dominy et al. 1998; Woodd 
1999; Mackey et al. 2006). But, species such as 
elephants can change their habitats without the 
population stabilizing (Gough & Kerley 2006; 
van Aarde & Jackson 2007; Woolley et al. 2008). 
The alteration of habitats by elephants, primarily 
through damage to trees, has other ecological 
consequences (Mackey et al. 2006; Owen-
Smith et al. 2006; Woolley et al. 2008). Could 
elephant populations ever reach SAD, and would 
it be reasonable for managers to plan around an 
anticipated equilibrium age structure?

Case studies of African elephant populations

Large, well-established elephant populations 
may have relatively stable age distributions with 
low growth rates of 4%-7% (Whyte et al. 1998). 
Calef (1988) states: “Actually it makes little 
difference what age structure exists initially, 
since any population increasing at a constant 
exponential rate reaches a stable age distribution.” 
The premise is that in comparable environments, 
achieving such an age distribution should settle 
the population into equilibrium density.

This is not necessarily true for small populations. 
Crucial considerations are how long it would 
take an elephant population to reach any kind of 
stable state if at all, whether it can be maintained 
naturally, and how much area it would then require. 
The Addo Elephant National Park (AENP) 
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population started from near-extinction with 11 
individuals in 1931, grew steadily, undisturbed 
by poaching, and remained closed to migrants 
(Woodd 1999). It had a nearly unbiased 1:1 sex 
ratio and nearly every individual was known. 
Wood (1999) compares models of population 
growth to the actual for the period 1976-1998 
and projects it ahead 120 years. A stable age 
distribution (defined as no further fluctuations 
to the nearest 0.1% in all age/sex classes) was 
possible by 2045 with an annual growth rate of 
5.2%. But the projected time to attaining SAD 
was at least 114 years.

Whitehouse & Hall-Martin (2000) conducted a 
massive reconstruction of individual histories 
for this same population, from 1931-2000 
using park records and photographs. It did in 
fact show a mean annual growth rate of 5.53 
% for the period 1976-1998, close to Woodd’s 
prediction (Whitehouse & Hall-Martin 2000). 
Age distributions were not discussed. Woodd 
(1999) states that a proposed expansion of the 
park has a pre-determined carrying capacity of 
2700 elephants, reached by 2043. He argues 
that because the current population is far from 
reaching a SAD, an age-structured model is a 
better predictor of future growth than simple 
exponential growth projections. It is conceivable 
that this population would never in reality be 
allowed to reach a SAD, even if it could, due to 
space limitations (Whitehouse & Kerley 2002).

Dominy et al. (1998) tried to determine when the 
population of elephants in Hluhluwe-Umfolozi 
park (HUP) would reach a pre-determined limit 
of 320 animals. HUP is similar to AENP, starting 
from a small founder population of 18 animals, 
but there were waves of juveniles as a result of 
new introductions. Such re-introductions are 
now becoming quite common, especially in 
South Africa (Mackey et al. 2006, 2009). They 
ran a simulation for 30 years starting at 1990 (the 
birth of the first calf to a re-introduced female), 
yielding an annual growth rate of 6.6 percent and 
SAD within 20-25 years. But in similar parks, 
where newly introduced or poached populations 
have very young age structures and female 
biased sex ratios, population growth rates can 
be higher, anywhere from 7% (Foley & Faust 

2010), 10% (Mackey et al. 2006) or even >16% 
(Van Jaarsveld et al. 1999; Slotow et al. 2005). 
SAD would not be realistic to expect before 
parks reach their limits. Mackey et al. (2009) 
argue that: “It would not be practical to wait to 
model and develop management plans for such 
populations until their age structures stabilized. 
Instead, focus should be placed on the fact that 
because of their younger population structures 
and higher growth rates…small, closed, recently 
introduced elephant populations may have 
management requirements different from those 
for large, well-established populations.”

The reintroduction waves at HUP are analogous 
to natural birth pulses, as occurred in Amboseli 
during recovery from drought or hunting (Moss 
2001), with similar demographic consequences. 
By the end of 1978 Amboseli contained only 480 
animals, not much larger than HUP’s limit, but 
the population has since more than doubled. Even 
this large, well-established has shown no signs of 
a SAD (Moss 2001). These two populations had 
similar beginnings; though the model projects a 
SAD between 20-25 years, this may not occur in 
reality.

Reality violates model assumptions

Models that project population growth based on 
SAD may rely on a few simplifications. Woodd 
(1999) assumes “all demographic parameters are 
constants” and justifies it on the basis that his model 
was primarily developed to predict population 
growth as the area allotted for the park increases, 
and thus he assumes there will be no effect of 
crowding (density dependence). In addition, he 
assumes a) equal fecundity of all breeding females 
b) stable environments. Condition a) is justified 
on the basis that although younger individuals 
are more productive, mortality is not appreciably 
different among age classes and thus on average 
fecundity can be treated as constant. Condition b) 
this is an implicit rather than explicit assumption. 
Clearly, in this case the SAD is built into the 
model itself. A sensitivity analysis shows the 
population to be responsive to initial conditions 
(the number and age structure of the starting 
population) as well as to changes in fecundity and 
survivability (Dominy et al. 1998). Even a 10% 
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decrease in survivability in age classes >5 yrs 
leads to extinction of the population. The latter 
assumptions are also not very realistic for many 
populations. Fecundity is generally not constant 
with age (Moss 2001), the reproductive success 
of an individual can depend on other individuals 
in her social group (including those that are much 
older), and not all social groups may be equally 
successful (McComb et al. 2001). Environmental 
fluctuations do occur. Not only does survivorship 
decrease during droughts, younger age classes are 
more vulnerable (Moss 2001). Therefore while 
mathematical simplifications can be useful, if the 
goal is to manage real populations, models will 
have to be tailored to the specific conditions of 
areas in question.

A population model showing steady logistic 
growth becomes chaotic if environmental 
stochasticity is incorporated (Armbruster & 
Lande 1993). This may be in part because the long 
gestation period results in a birthrate that lags far 
behind ecological conditions (Armbruster et al. 
1999). For species with long generation times, 
trends in growth or decline may take on the 
order of 200 years or more to become established 
(Armbruster et al. 1999). By considering 
genetic viability and land yield, Armbruster & 
Lande (1993) find that an area of 1000 miles2 as 
minimum habitat size in semi-arid areas. This 
technique can be modified to fit the conditions of 
any particular area under consideration, such as 
rainfall schedules. Projections based on stochastic 
simulations, paired with sensitivity analyses of 
age and gender-specific effects, would be more 
instructive than models relying on SAD and 
intrinsic growth rates. The challenge to applying 
such models, of course, is in acquiring enough 
baseline data to determine what parameter values 
are appropriate.

Similarities and dissimilarities with Asian 
elephant populations

Why is this discussion relevant to managers of 
Asian elephants? For Asian elephants there may 
be no distinction between large, well-established 
populations and small “irrupting” populations 
(Mackey et al. 2009) because most populations 
are likely to be much smaller than those of 

African elephants (Choudhury et al. 2008). 
With increasing pressure to relegate elephant 
populations to small, fenced reserves, managers of 
Asian elephants will find themselves in situations 
similar to those just described. Moreover, the 
translocation and release of cohorts of young 
animals, as in Sri Lanka, may have demographic 
effects analogous to those reported here. The 
population dynamics of small African elephant 
populations should well inform our expectations. 
Many populations of Asian elephants, occupying 
highly fragmented environments, are unlikely to 
be at a SAD.

Data on fecundity, age at first reproduction, inter-
birth intervals, the number of individuals by age 
and sex class, age- and sex-specific survival, and 
age at senescence are essential for understanding 
population trends. But whereas the visibility 
of savannah elephants allows individual-based 
studies, comparable studies are difficult for forest 
species. Censuses have often relied on indirect 
methods such as dung transects, which can have 
sizeable errors associated with them, especially 
for small populations (Barnes 2002), and since 
they are not individual-based, do not permit 
estimates of these critical variables. Current 
census data on Asian elephants are sparse (Blake 
& Hedges 2004; Choudhury et al. 2008).

We have little idea of population trends and their 
actual needs. As a consequence, protected areas 
are hardly designated on the basis of ecology. 
In Asian elephant management, in contrast to 
African elephant management, there is a greater 
focus on males than females, as the former are 
perceived to contribute more to human-elephant 
conflict (pers. obs.). Elephant movements may 
be restricted and habitats fragmented such 
that areas that may have formerly been able to 
recover from elephant activity will no longer be 
able to do so, resulting in edge effects and habitat 
degradation (Kinnaird et al. 2003; Leimgruber et 
al. 2003; Rood et al. 2010). Finally, the creation 
of artificial sources of water may heighten the 
impact (including the promotion of HEC) on 
areas that otherwise would not have had heavy 
elephant pressure, all of which has been observed 
in African elephants (Owen-Smith et al. 2006; de 
Beer & van Aarde, 2008; Loarie et al. 2009).
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Elephant conservation, paradoxically, should 
not be elephant-centric from the standpoint of 
protecting biodiversity and ecosystem integrity. 
A pertinent question: is there any such thing as 
a ‘natural’ Asian elephant population today? Are 
there any that demonstrate what the equilibrium 
state would be? We simply do not know.

Longitudinal studies of individually-identified 
Asian elephant populations are needed. Recently 
Goswami et al. (2007) have conducted a capture-
recapture based census on males. Capture-
recapture is one promising means obtaining the 
requisite demographic variables and should be 
more widely used on females (de Silva 2010). 
Together with the demographic modelling 
approaches described above, it would also enable 
presence-only modelling of habitat use (Rood et 
al. 2010). Models that consider time scales on the 
order of 200 years or more would be needed to 
predict the fates of elephant populations and their 
environments, which ultimately affect the human 
populations surrounding them. This leaves us 
with a very important question that cannot yet 
be answered – given the rapid pace of habitat 
loss and ecological change today, on what time 
scale and to what end do we wish to carry out 
our conservation efforts? Surely if our aim is 
to preserve biota intact for future generations, 
and indeed for our own survival - particularly 
those with long-lived species, whether they are 
elephants or trees - we must learn to think and 
plan on longer timescales than we currently do.
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Introduction

Andhra Pradesh did not have elephants for the 
past 200 years (Syam Prasad & Reddy 2002). 
However, during the early 1980s, a small herd of 
elephants moved into the Kuppam and Palamaner 
forest divisions of Chittoor district in Andhra 
Pradesh from the Hosur-Dharmapuri forests of 
Tamil Nadu, ca. 60 km to its northwest (Fig. 
1). An assessment undertaken during 1985-86 
(Sivaganesan & Bhushan 1986) found the habitat 
to be sub-optimal and postulated that the elephants 
had moved into the area due to drought in their 
normal distributional range and that they would 
possibly move back to their original home during 
the next (favourable) monsoon. However, this did 
not happen, and later, more elephants migrated 
into the area during 1986 from the Bannerghatta 
National Park, Karnataka, which adjoins the 

Hosur-Dharmapuri forests. The Kuppam and 
Palamaner forests were subsequently declared as 
a sanctuary, viz., Koundinya Wildlife Sanctuary 
(KWS) for the elephants. Some of the elephants 
that moved into KWS further dispersed ca. 100 
km north into the Sri Venkateswara Wildlife 
Sanctuary-National Park (Andhra Pradesh) and 
ca. 40 km southwards to the Javadi Hills (Tamil 
Nadu). 

The dispersal of elephants into Koundinya in 
the 1980s was among the first recognized (and 
highlighted) of elephant dispersals in India. With 
reports of dispersals emerging from other parts 
of India (e.g. Singh 2002; Sarma & Easa 2006), 
there was a need to assess the status of colonizing 
elephants. This would help policy makers and 
wildlife managers to understand and better 
manage such situations. Considering these, we 
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Figure 1.   Dispersal route of elephants from Bannerghatta-Hosur-
Dharmapuri to Koundinya and other sites.
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undertook an in-depth study in KWS from Jan. 
2005 to Dec. 2005 (Daniel et al. 2006), which 
would serve as a case study of colonization. In 
this paper, we trace the history of the colonization, 
analyse the past and present population and 
distribution of elephants in the area, and examine 
the conservation issues and long-term survival 
prospects of the elephants. The issue of human-
elephant conflict is not discussed here, as it is 
forms the basis of another paper (Manakadan et 
al. 2009). 

Study area

KWS (12º39’–13º10’ N and 78º29–78º52’ E), 
Chittoor District, Andhra Pradesh falls in the 
hill ranges of the Eastern Ghats, a broken and 
discontinuous line of mountains in peninsular 
India. KWS (357 km2) is linear in shape, running 
ca. 70 km north to south; the breath varies from 1 
to 15 km (Fig. 2). It has a periphery of about 224 
km with 53 fringe and 8 enclosure villages, and 
is bordered by reserve forests of Andhra Pradesh 
or Tamil Nadu. The Sanctuary comes under two 
ranges: Palamaner in the north and Kuppam in 
the south. Palamaner Range has four blocks: 
Tekumanda, Musalimadugu, Mordana and 
Nellipatla. The Kuppam Range has six blocks: 
Naikaneri, Peddanaikdurg, Charagallu, Peddur 
Extension, Peddur and Kangundi. 

The water sources in the Sanctuary consists 
of the River Palar, its tributaries the Malattar 
(or Kaigal) and Koundinya, from which the 
Sanctuary gets its name. The other water sources 
in the Sanctuary comprise of natural or manmade 
ponds or lakes, most of which are situated at 
the outskirts of villages. Rainfall is from the 
SW monsoon (June-August: 380 mm) and NE 
monsoon (October-December: 410 mm). The 
cold weather is from November to February 
with temperatures sometimes dropping to 10ºC. 
Summer (March-May) is mild with maximum 
temperature of about 33ºC (Anon 2004). 

The vegetation comprises predominantly of 
Southern Tropical Dry Mixed Deciduous 
(Champion & Seth 1968) with trees of 
Hardwickia binata, Chloroxylon swietenia, 
Albizzia amara, Boswellia serrata, Anogeissus 
latifolia, Pterocarpus santalinus, Shorea spp., 
Diospyros spp. and Ficus spp. The water courses 
are dominated by Terminalia arjuna, Pongamia 
pinnata, Tamarindus indica, Mangifera indica 
and Syzigium cumini. The vegetation varies 
widely in different areas as a result of terrain, 
soil, impacts of grazing, fires, woodcutting, 
and history of exploitation. Due to the past 
exploitation for timber and fuel, most of the trees 
in the Sanctuary are results of coppice growths or 
got established in the last 2-3 decades, hence their 

Figure 2.  Map of the study area: Koundinya Wildlife Sanctuary.
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overall small stature. The exotic Lantana camara 
bush has invaded most areas of the Sanctuary 
(Venkatayya 1972, 1974).

Methods

Data on the earlier population, distribution and 
movements of elephants was obtained from 
published literature, records available with the 
Forest Department, and from enquiries with local 
villagers, herdsmen and woodcutters. Interviews 
with locals were carried out along the reported 
dispersal routes from Hosur-Dharmapuri to KWS 
and KWS to Javadi Hills and SVWS-NP. 

Current population, distribution and movements 
of elephants: Given the low population size, we 
did not use line transect or indirect sampling 
methods. With the exception of one or two males, 
the elephants mostly stayed together as a herd and 
it was easy to get an estimate of their number. 
We also relied on information from locals and 
elephant trackers of the Forest Department on the 
location of the elephants. All the sighting, signs 
or reported locations of elephants were mapped.

Results and discussion

Colonization, population and distribution

Migration of elephants into KWS: The first record 
of elephants in KWS was in March 1984 in the 
Kangundi block consisting of a herd of 2 bulls, 4 
cows and a calf (Sivaganesan & Bhushan 1986; 
Syam Prasad & Reddy 2002). Two additional 
records: a dead 2-4 year old animal in the 
adjoining Tamil Nadu reserve forest and a 2-
month old calf straying into a village were also 
reported (Sivaganesan & Bhushan 1986). These 
elephants were presumed to have originated from 
the Hosur-Dharmapuri Reserve Forests (ca. 2056 
km2) of Tamil Nadu, situated about 60 km to the 
west of KWS (Fig. 1). Subsequently in 1986, 
another herd of 22 elephants moved into the area, 
reportedly from the Bannerghatta National Park 
of Karnataka (Sivaganesan & Bhushan 1986; 
Syam Prasad & Reddy 2002), which adjoins the 
Hosur-Dharmapuri forests to its south. Judging 
from the 24 deaths of elephants reported between 
1987 and 2003; the numbers taken into captivity 

(7) by the Andhra Pradesh, Karnataka and Tamil 
Nadu forest departments; those (5+) that tried to 
return to the Hosur forests; those that dispersed 
from KWS and colonized new areas; and the 
current total population in Andhra Pradesh, it is 
certain that more elephants had moved into the 
Koundinya area than reported. Tribal elephant 
trackers of the Forest Department report that 
elephants were earlier seen all over the over the 
Sanctuary unlike now, and the population was 
approximately 100 animals in the late 1990s but 
declined thereafter with deaths and dispersals. 

Dispersal route of elephants into KWS: Surveys 
along the reported migration route of elephants 
into KWS from the Hosur-Dharmapuri-
Bannerghatta forests revealed that the elephants 
after crossing the Krishnagiri-Bangalore highway 
near Rayakotta, moved in an eastward direction 
along the Eastern Ghats, passing by the villages 
Maharajakadai, Veppanapalli, Pungirithi, 
Kurivinayanapalli, Yakalnatham and Kallikovil 
near Kuppam. From there, the animals moved 
southwards crossing the Krishagiri-Kuppam road 
to take a curvilinear route northwards to enter the 
Kangundi block of the Sanctuary near Mallanur 
(Fig. 1). 

Dispersal route of elephants out of KWS: The 
first reported attempted dispersal of elephants out 
of KWS took place in December 1985, when the 
first colonizers crossed the Bangalore-Chittoor 
highway near Palamaner to enter the Punganur 
range towards the Sri Venkateswara Wildlife 
Sanctuary-National Park (SVWS-NP). This area 
is made up of semi-contiguous hills of the Eastern 
Ghats with crop fields and human habitation 
bordering it. The herd subsequently returned to 
KWS through the same route. In March 1986, 
the herd was again seen in the Punganur range 
(Sivaganesan & Bhushan 1986). According to 
reports, the herd returned to KWS subsequently. 
These preliminary movements to the northwest 
of KWS were probably exploratory in nature and 
cumulated in a herd of 23 animals making a final 
move during 1991, moving gradually further 
northwest along the hills of the Eastern Ghats 
through Chowdepalli, Somala, Sadum and Piler 
mandals till 1995 (Fig. 1). In 1995, they moved into 
the Easwaramala forests (Anantapur district) and 
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finally into their new home in SVWS-NP (Syam 
Prasad & Reddy 2002). However, there is a report 
that five elephants were already present in SVWS-
NP in 1993 (Rao 1995), clearly confirming that 
there were unrecorded movements of elephants 
than reported earlier. The second recorded case 
of dispersal was in 1997, when a group of 10-13 
animals migrated from the southern part of the 
Sanctuary into the Javadi Hills of Tamil Nadu 
(Fig. 1), passing through Ambur town during 
daylight hours. The third case of movement out 
if KWS was in 2002 and involved about a dozen 
animals that moved out of the Kangundi block 
in a westward direction through the Nadumuru 
Range in the direction of their original home. 
Five of these animals (3 cows, 1 sub-adult cow 
and 1 juvenile) were killed in a train collision at 
Ullukuri village near Hosur (source: Tamil Nadu 
Forest Department), the rest probably returned to 
the Hosur forests. 

The known movements of bulls were as follows: 
In 2003, an adult bull ventured out of KWS and 
roamed northwest of Kuppam towards Kolar 
and then northwards towards Chittoor till it was 
captured and sent to the Tirupati Zoo. However, 
some opine that this bull did not originate from 
KWS but had come from the Hosur-Dharmapuri-
Bannerghatta tract. In the mid-1990’s, two sub-
adult bulls were captured near Mamandur (outside 
SVWS-NP) due to intense human-elephant 
conflict (HEC). Another sub-adult bull moved all 
the way to the seacoast near Naidupet (Nellore 
district, Andhra Pradesh). All these captured bulls 
were sent to the Tirupati Zoo (Forest Department; 
Syam Prasad & Reddy 2002). 

Former distribution and movements of elephants 
in KWS: Plotting of data obtained during surveys 
and records available with the Forest Department 
showed that elephants ranged over a much wider 
area (992 km2) in the past than present (331 
km2) – Fig 3. The former larger range can be 
attributed to the larger population size and more 
wanderings, as the animals were new to the area 
and some in the process of dispersing. In general, 
the elephants, except in the case of dispersals, 
kept to KWS and the bordering reserve forests of 
Andhra Pradesh and Tamil Nadu. 

Current population of elephants in KWS: Census 
conducted by the Forest Department in 2000 gave 
an estimate of 74 elephants (60 in KWS and 14 
in SVWS-NP). The 2002 census gave a figure of 
73 (56 in KWS and 17 in SVWS-NP). We found 
the population in 2005 in KWS to number only 
12 animals, consisting of 2 adult bulls, 1 sub-
adult bull, 1 juvenile bull, 4 adult females, 1 sub-
adult female and 3 calves. It appears unlikely that 
there has been such a drastic decline in elephant 
numbers from 2002 to 2005. The high estimate of 
the Forest Department is based on inappropriate 
methods and further complicated by poor 
logistics and difficult terrain. It is more likely that 
the elephant population started declining prior to 
2000, resulting in the current low population. 
The decline would have resulted from multiple 
reasons like deaths, captures and dispersals out 
of KWS.

Current distribution and movements of elephants 
in KWS: The distribution and movement pattern 
of the herd in 2005 indicates a smaller range of ca. 
331 km2 (contra 992 km2 in the past). The range 
of the males was not calculated, but in the case 
of the largest male it was identical to the ranging 
of the female herd as it was always with the herd. 
The other adult male was largely confined to the 
south where it raided crops regularly. It was never 
seen in the northern blocks beyond Naikaneri. 

Overall, the present movement pattern in KWS 
depicted restricted ranging with more time spent 
in the Kuppam Range, and within the Range, 
in the Charagallu and Peddanaikdurg blocks, 
both of which have permanent water sources. 
Vegetation studies (Daniel et al. 2006) showed 

Figure 3.  Past and present elephants distribution  
in the Koundinya Wildlife Sanctuary area.
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that these areas offer better habitat (shade and 
food resources including bamboo) for elephants 
than most other areas, with some relatively much 
less undisturbed valleys. 

Elephants avoided areas with steep hills and deep 
narrow valleys as in the upper Kaigal (Malattar) 
areas of the Naikaneri block. The hills in KWS 
generally have small trees and thus offer less 
shade, the probable reason why the western 
edges of the Peddur and Peddur Extension blocks 
were avoided by elephants. Additionally, the 
Forest Department took special efforts to drive 
elephants from these two areas, as these areas 
had several human settlements and were easily 
accessible. Elephants also avoided the heavily 
disturbed blocks of Kangundi , and Tekumanda 
and parts of Musalimadugu in the north. 

Conservation issues

Small population size: The major problem for 
small populations in the short-term is inbreeding 
depression (Ralls et al. 1979; O’Brian et al. 
1985). To overcome this, it has been suggested 
that a minimum effective breeding population of 
50 individuals be maintained (Franklin 1980). 
In practice the Koundinya population of just 12 
individuals, of which only 4 adult females and 
1 adult male probably represent the founding 
population, does not represent a viable population 
even for the short term, especially as all the 
adult females are likely to be closely related. 
If elephants are to be conserved in this area, 
then there would be a need to infuse additional 
(unrelated) females and males into the population 
and also routinely remove related males from the 
population. Moreover, assuming adult sex ratios 
of 1: 4 (current) and 1:3, and the proportion of 
adults in the population as 45% and 50% (current 
is 42%), an effective breeding population of 50 
would translate into a population of 136 to 177 
elephants. The sanctuary does not have the space 
or the habitat to support such a population as the 
current population is itself dependent on crop 
raiding for survival.

Small sanctuary size and ‘insularity’: KWS is 
relatively small (357 km2) and is very poorly 
shaped having a length of ca. 70 km and a width 

that varies from 1 to 15 km. It has a perimeter 
length of 224 km with 53 villages on its 
periphery and 8 enclave villages. Thus, most of 
the sanctuary is exposed to severe anthropogenic 
pressures (fuel wood and small timber removal, 
cattle grazing, forest produce collection and fires) 
resulting in most of the sanctuary being highly 
degraded and disturbed. KWS is also becoming 
increasingly ‘insular’ due to loss and degradation 
of adjoining reserve forests. A fragile or partly 
broken connectivity exists to the degraded areas, 
from which the elephants originated and also to 
other habitats to where elephants have dispersed 
from KWS in the past. 

The eastern and southeastern edges of the 
Sanctuary that face the plains of Tamil Nadu are 
under severe pressure as they face a number of 
large towns (Gudiyattam, Ambur, Vaniyambadi 
and Jolarpettai), small towns and villages. Much 
of the reserve forests of Tamil Nadu that face 
the plains are almost devoid of vegetation, and 
these pressures are progressing into the KWS. A 
comparison of the past (1990) and recent (2003) 
vegetation cover of KWS revealed that dense 
forest cover has decreased from 135.01 to 95.67 
km2; open forest decreased from 166.26 to 114.04 
km2 and scrub forest has increased from 91.34 to 
112.66 km2 (Daniel et al. 2008). 

Another major problem is the exotic shrub 
Lantana camara, which is widespread throughout 
the Sanctuary, and is especially more abundant in 
degraded forests and non-crystalline soil. Besides 
being of no food value to elephants, it suppresses 
the growth of native species including grass and 
is a fire hazard (Ramesh Kumar 1994). 

Decline in preferred browse species: Elephants 
are known to be destructive feeders and can 
damage their own habitat (Wing & Buss 1970, 
Sivaganesan & Kumar 1995) especially when 
aided by fires (Laws 1970, Wing & Buss 1970, 
Craig 1995). Annual mortality of 15% in Zizyphus 
xylopyrus and an almost total elimination of 
Boswellia serrata except in inaccessible hills 
have been reported in the Mudumalai Wildlife 
Sanctuary (Daniel et al. 1995; Sivaganesan & 
Sathyanarayana 1995). A decline in Z. xylopyrus 
and probably also declines in Albizzia lebbeck 
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and Commiphora caudata was evident in KWS 
(Daniel et al. 2006). 

Scarcity of grass: Grass is an important 
component in the diet of elephants (McKay 1973; 
Sukumar 1989, 1990; Sivaganesan & Johnsingh 
1995; Sukumar & Ramesh 1995; Santiapillai et 
al. 2003). In KWS, the available grass was either 
scarce or too short for elephants or comprised of 
largely unpalatable species due to overgrazing by 
livestock and thick undergrowth of Lantana. 

Scarcity of shade: The Asian Elephant needs 
access to shade during much of the day (McKay 
1973; Sukumar 1989; Sivasubramaniyan & 
Sivaganesan 1992; Daniel et al. 1995; Santiapillai 
et al. 2003). Shade availability was scarce over 
many areas in KWS due to the short stature of the 
trees due to the previous history of clear-felling 
and continued cutting by locals. 

Water scarcity: In KWS, the Palar River and its 
tributaries dry up along most stretches during 
summer months. Water scarcity in the forests 
areas during summer and its availability around 
villages contributes to human-elephant conflict 
in KWS (Manakadan et al. 2009). 

Fires: Fires, accidentally or intentionally lit by 
people, are a frequent problem in KWS during 
summer. Fires are more common in hilly areas due 
to the presence of the relatively tall Cymbopogon 
grass, which is largely not grazed by livestock. 

Fires are known to reduce regeneration of trees 
and also grass availability in the dry season. 

Human-elephant conflict (HEC): HEC is a major 
problem in KWS (Fig. 4), more so in the past 
(Manakadan et al. 2009). A team of trackers of 
the Forest Department drives elephants away 
from villages but with limited success. Use of 
electric fences has failed because of poor design 
and maintenance. Elephants have been killed 
illegally or captured to resolve HEC. Captures 
have focused on males and such removal does not 
help in maintaining the genetic diversity of the 
population. HEC remains the biggest problem for 
conserving elephants in KWS in the short term.

Conclusions

1) The population of KWS has declined 
significantly and the current population of 12 
elephants with a founding population of just 5 
potentially related elephants can not be considered 
as a viable population for long-term conservation. 
The persistence of elephants in KWS is due to the 
species long generation time, as the ill effects of 
inbreeding would not be evident in such a short 
time. To maintain a genetically viable population 
for short term conservation, a population of 136 
to 177 elephants would be needed (assuming an 
effective breeding population of 50 individuals). 

2) The relatively small size of KWS, the 
degraded state of its habitat and the continued 

Figure 4.  Elephants passing through a village enclave in the Hosur-Dharmapuri area.
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severe anthropogenic pressure exerted on it due 
to its poor shape, a 224 km perimeter with 53 
villages on its periphery and 8 enclave villages 
indicate that it will be hard to restore the habitat 
or to maintain its current status. The existing 
small population is already showing signs of 
having an adverse impact on the vegetation. The 
increasing insularity of the sanctuary will not 
allow meaningful expansion of the sanctuary or 
provide connectivity to other elephant habitats. 
Thus, it seems unlikely that this sanctuary will 
be able to support a viable elephant population 
(ca. 136 to 177) that is required for short term 
conservation.

3) Conserving elephants in KWS does not 
appear feasible and consequently conservation 
investments made in this area will ultimately 
generate little or no conservation benefits. 
Ideally, elephants should be removed from such 
small and unviable areas taking into account 
the problems of habitat, population, HEC, and 
the long-term conservation gains-losses from 
investments made on such areas. Sukumar (1995) 
had opined that, unless effective barriers can be 
created to confine them to forests, elephants from 
places like KWS need to be removed due to HEC 
problems. However this solution (barriers) takes 
into account only the HEC component creating a 
habitat island with no chance of immigration or 
emigration. Although the Government of Andhra 
Pradesh wishes to keep elephants here, the raison 
d’etre of the Sanctuary, there is a serious need 
for re-evaluation of the decision taking into 
account the long-term conservation needs and 
the potential conservation gains or losses.

4) Removal of elephants would in itself be quite 
problematic if they are to be translocated to their 
native areas, as these will first need to be restored 
since habitat loss and degradation besides HEC 
are major problems in the Hosur-Dharmapuri-
Bannerghatta forest areas (Daniel et. al. 2008). If 
they are to be moved to other (better) areas, then 
these areas would have to evaluated, restored 
where necessary, would require well thought 
out and implemented plans to minimize HEC 
(especially loss of human life), besides a strategy 
to contain the elephants in the new area. In the 
past translocation of elephants has been done 

(Lahiri-Choudhury 1991, 1992; Appaya 1992; 
Ramesh Kumar & Desai 1992; Jayewardene 
1994; Daim 1995) but lack of systematic 
monitoring of translocated elephants has left us 
with no clear understanding of the process, its 
consequence and requirements. This needs to be 
changed and the entire operation from planning 
to execution to monitoring needs to be done 
systematically. Bringing the elephants of KWS 
into captivity should not be the first option as it 
does not address the larger question of dealing 
with all dispersing elephants.
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Introduction

Human-elephant conflict is one of the major 
issues in elephant conservation in Africa and 
Asia (Sukumar 1989; Hoare 2001). The conflict 
has become more widespread due to large scale 
habitat loss. Rapid human population growth 
and development throughout most of elephant 
distribution has caused a dramatic decline in the 
population (Thouless 1994; Hoare 1999; Zhang 
& Wang 2003). Extensive forest conversion to 
agriculture has meant that elephants are now 
frequently in contact with humans in many 
areas. As a consequence, humans and elephants 
compete for space and other resources, and 
conflict between them is unavoidable. One of 
the important issues that arise in human-elephant 
conflict “discussions” by the Asian and African 
Elephant Specialist Group in IUCN (World 
Conservation Union) is inadequate government 
policies to specifically address the problem 
(Dublin et al. 2006). Furthermore, even if the 
overall impact of human elephant conflict is 
relatively low; its effect can be significant to 
individual farmers (Naughton et al. 1998). As a 
result, rural communities have negative attitudes 
towards elephants (de Boer & Baquete 1998).

Bukit Barisan Selatan National Park (BBSNP) 
and Way Kambas National Park (WKNP) are 
the two national parks in Sumatra that are still 
considered to have viable elephant populations. 
The elephant populations in these parks are 
recognized as significant relative to other 
elephant populations in Sumatra (Soehartono et 
al. 2007). However, human-elephant conflict in 
and around these two parks is a serious problem, 
but the exact issues and mechanisms are relatively 

unknown. In this study, we document the level of 
human-elephant conflicts in BBSNP and WKNP. 
We used a combination of spatial data and using 
Information Theoretic Approach to determine 
causal factors to the crop damage severity in each 
of the parks separately and combined. 

Methods

Study area

The study was conducted in BBSNP and WKNP 
in Lampung Province, Sumatra, Indonesia. 
BBSNP, Sumatra’s third largest park (3568 km2), 
is located in southwestern Sumatra (4o31’- 5o57’S; 
103o34’-104o43’ E). Altitude ranges from 0 m 
to 1893 m. Annual rainfall is 3400 - 4200 mm. 
The vegetation at BBSNP includes lowland and 
mountain tropical rainforest. BBSNP’s elephant 
population is estimated at ~498 (95% CI=[373-
666]) (Hedges et al. 2005).

WKNP (1235 km2) is in the eastern part of 
Sumatra’s Lampung Province (Sumatra (4o62’-
5o26’ S; 105o54’-105o90’ E) and it dominant 
vegetation consists of tropical lowland and 
swamp forest. Most of WKNP is below 50 m. 
Annual rainfall is 2000 - 3000 mm per year and 
agricultural is mostly annual crops. WKNP’s 
elephant population was estimated at ~180 (95% 
CI=[144-225]) (Hedges et al. 2005). 

Crop damage assessment

During June 2000 - September 2002 crop damage 
incident reports from around BBSNP and WKNP 
were collected. Personnel from an existing local 
Non-Governmental Organization (NGO), called 
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‘Problem Animal Recorders’ (PARs) were trained 
to assess crop raiding incidents by elephant in 
every village around BBSNP and WKNP. Three 
teams (two in BBSNP; one in WKNP) visited the 
villages around the park monthly and measured 
the damage from any incidents reported by 
farmers. Data collection was conducted using 
direct measurement and an interview survey. 
Following Naughton-Treves (1998) we defined 
independent crop damage events as a single 
foray occasion, when an elephant crossed the 
park’s boundary, entered adjacent farmland, and 
damaged crops.

Date and time of incidents, herd size and 
composition were recorded for each incident 
collected from farmers. We also recorded number 
of fields damaged by elephants, type of damage 
(eaten or trampled), crop type and stage of crop 
(immature, mature, ready for harvest). Location 
of crop damage incidents was determined using 
Global Positioning System (GPS) and then 
imported into an Arc View GIS v 3.2 (ESRI). 
To examine the differences of crop damage 
incidents between the two parks, we used the 
non-parametric Mann-Whitney U Test. A Chi-
square homogeneity test was applied to examine 
the intensity of human-elephant conflict at four 
different distances (<1 km, 1-2 km, 2-3 km and 
>3 km) from the park boundaries of WKNP and 
BBSNP, respectively.

Crop raiding severity

To determine the most parsimonious model 
explain the crop raiding severity, we use the 
Information Theoretic Approach (Burnham & 
Anderson 2002). We developed multiple linear 
regression models to determine the severity of 
crop damage relative to independent variables. 

We use size of the damaged area as a response 
variable in the model. Explanatory variables used 
in the model are described in Table 1. Multiple 
linear regression models were developed for 
BBSNP and WKNP combined and for each park 
separately to determine differences in the relative 
importance of predictor variable between the 
parks.

For the multiple linear regression analysis, we 
develop 19 combinations of model parameters 
for all data in both parks combined, and 13 
combinations of model parameterization for each 
BBSNP and WKNP. We kept the same model 
parameterization in both parks to facilitate the 
comparison. The best model given each possible 
combination was determined by using the lowest 
AIC (Akaike Information Criteria) value and 
Akaike weight (ω). AIC for each model was 
computed using the log-likelihood of each model 
and total number of parameters used in the model 
(Burnham & Anderson 2002). We also calculated 
model-averaged parameter estimates, and 
unconditional standard errors for each parameter 
(Burnham & Anderson 2002).

Eleven parameters were combined to develop 
multiple linear regression models for combined 
data from both parks. The parameters included 
in the model were: group (GR), distance (DT), 
elephant density (ED), elephant (EL), topographic 
slope (SL) and park (PK). The interaction 
parameters used were; (EL)*(DT), (ED)*(DT), 
(PK)*(DT) (SL)*(DT) and (PK)*ED. Elephant 
density in the parks was determined by standard 
dung count survey (Hedges & Lawson, 2006). 
We also included several interactions effect in the 
model parameterization to assess if there is any 
interaction effect occurs. All of these interaction 
effects were suspected to be ecologically 
meaningful in explaining crop raiding severity.

Table 1.  Description of parameters used to describe characteristics of crop raiding by elephants.
Parameter Description
Group (GR) Group composition of elephants involved in crop damage (coded as single 

male=1; other form of groups; herds, all male and female with infant =0) 
Elephant density (ED) Elephant density in the park adjacent to the incident locations 
Elephant (EL) Total number of elephants involved in a crop raiding
Slope (SL) Topographic slope of the incidents area 
Distance (DT) Distance between crop raiding incident and the nearest park boundary
Park (PK) The location of incidents (coded as BBSNP=0 and WKNP=1)
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Figure 2.  Distribution of crop raiding incidents around BBSNP and WKNP.

In both BBSNP and WKNP separately, eight 
parameters were combined to develop linear 
regression models. Single parameters and the 
interactions between parameters that we used in the 
model were; elephant (EL), group (GR), distance 
(DT), elephant density (ED), topographic slope 
(SL), (EL)*(DT), (SL)*(DT) and (ED)*(DT). In 
order to determine the effect of each parameter 
in the model, we estimated each parameter value 
with a 95% confidence interval (CI) using PROC 
REG from SAS (SAS version 8.2).

Results

Crop damage assessment 

During the 28 months of the study (June 2000 – 
September 2002), we recorded 340 crop damage 
incidents around BBSNP. A total of 377 crop 
damage incidents were recorded around WKNP. 
Most (200) of the BBSNP incidents occurred 
between March 2002 and June 2002 due to two 
persistent groups of raiding elephants. In BBSNP, 
elephants damaged 22 houses during the same 
period, 3 people were killed, and 1 person was 
permanently injured. In WKNP during the same 

period, 2 houses were damaged and 2 persons 
were permanently injured. The number of 
incidents per month in WKNP was greater than in 
BBSNP (Fig. 1, Mann-Whitney U Test, Z=-2.32, 
n=28, P<0.05). Crop damage incidents around 
WKNP were more equitably spread throughout 
the year and occurred equally in the northern 
and southern parts of the park. In BBSNP, crop 
damage incidents were more concentrated along 
the eastern and western boundaries of the centre 
part of the park and relatively more clustered 
than in WKNP (Fig. 2).

Figure 1.  Total number of crop raiding incidents 
involving elephants in areas around WKNP and 
BBSNP.
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Spatial distribution of crop raiding incidents 
around WKNP mostly occur closer to the 
boundary (60% of the incidents occurring <1 km 
from the park’s boundaries) whereas in BBSNP 
only 34% of incidents occur at distance <1 km 
from the park boundaries (Fig. 3). There was 
a difference between expected and observed 
frequencies of crop raiding incidents among the 
4 distance classes for the pooled data (χ2=49.17, 
3 df, P<0.01). However, in WKNP the severity of 
crop raiding among the four-distance classes was 
different (χ2=44.72, 3 df, P<0.01). In BBSNP no 
difference in the severity of crop raiding in four 
different distance classes was found (χ2=4.889, 3 
df, P<0.180).

Relationship of crop raiding severity with 
environmental parameters

Given the data from both parks combined, the best 
approximating model showed that crop damage 
severity was linearly related to distance of the 
crop raiding, park and the interaction between 
parks and distance of crop raiding. However, 
the second model containing all those factors 
and elephant density had a substantial level of 
empirical support (Δ AIC<2, Table 2, Burnham & 
Anderson 2002). Model average effect estimates 
for data from both parks combined showed that 
the variables of number of elephants involved in 
the crop raiding, park, and interaction between 
park and elephant density in the park adjacent 
to the crop raiding location had a positive effect 
on the severity of crop damage (Table 3). The 

large negative effect of severity of crop damage 
is found in the group and slope parameter. This 
result indicated that single male elephants caused 
less damage than groups of elephants and high 
slope areas tended to have less damage compared 
to lower slope areas.

In BBSNP, the best approximating model 
representing the crop damage severity around 
the park was explained only by the distance 

Table 2.  Multiple regression models for the 
crop damage severity by elephants for BBSNP 
and WKNP data combined (n = 356). Models 
are ranked from the highest to lowest based on 
Akaike’s Information Criterion (AIC), delta (Δ 
AIC), Akaike weight (ω) and number of parameters 
(K).
Model AIC Δ AIC ωi K
DT+Park
+Park*DT 4768.0 0 0.466 4
DT+ED+Park
+Park*DT 4768.3 0.30 0.402 5
Group+DT 4771.2 3.26 0.091 3
Park*ED 4772.9 4.90 0.040 2
Group 4782.3 14.32 0.0004 2
DT+EL 4786.5 18.50 4.49E-05 3
EL+Slope 4786.6 18.59 4.28E-05 3
Park 4789.6 21.66 9.21E-06 2
Slope+DT 4790.2 22.20 7.05E-06 3
DT+ED+Park 4790.8 22.78 5.28E-06 4
Distance 4793.3 25.34 1.46E-06 2
Elephant 4794.6 26.65 7.6E-07 2
Slope 4795.0 26.99 6.42E-07 2
Distance+ED 4795.2 27.27 5.59E-07 3
Slope*DT 4796.3 28.32 3.3E-07 2
Park*DT 4799.0 31.04 8.46E-08 2
ED*DT 4799.4 31.41 7.05E-08 2
ED 4801.1 33.15 2.95E-08 2
EL*DT 4801.1 33.16 2.93E-08 2

Figure 3.  Distribution of crop raiding incidents 
by elephants relative to the distance from park 
boundary in BBSNP and WKNP.

Table 3.  Multiple linear regression parameter 
estimates for crop damage severity by elephants 
in BBSNP and WKNP.

95% CI

Parameter
jβ̂ SE lower upper

Intercept 48.9 279.3 -498.5 596.3
Elephant 27.8 9.4 9.5 46.2
Group -614.1 119.6 -848.6 -379.6
Distance 0.1 0.1 -0.1 0.2
ED 398.4 701.4 -976.5 1173.2
Park 858.8 162.0 541.3 1176.4
Slope -25.5 8.8 -42.7 -16.7
Park*DT -0.2 0.2 -0.6 0.2
Park*ED 2045.0 372.0 1313.4 2776.6
Slope*DT -0.01 0.004 -0.0 -0.002
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Table 6.  Multiple regression models for the crop 
damage severity for WKNP (n= 248).
Model AIC ΔAIC ωi K
Elephant+DT 3346.4 0 0.912 3
Group+DT 3351.8 5.39 0.061 3
Elephant 3354.5 8.10 0.016 2
Elephant+Slope 3355.3 8.84 0.011 3
Group 3365.0 18.60 8.33E-05 2
ED+DT 3367.9 21.42 2.04E-05 3
Slope+DT 3371.2 24.79 3.78E-06 3
Distance 3371.4 24.92 3.54E-06 2
ED 3375.8 29.37 3.82E-07 2
DT*Slope 3376.3 29.91 2.91E-07 2
Slope 3386.5 40.07 1.81E-09 2
Elephant*DT 3387.3 40.85 1.23E-09 2
ED*DT 3388.0 41.58 8.54E-10 2

parameter (ω=0.25). However, several other 
parameterizations involving the combination 
of distance with individual parameter of group, 
slope, number of elephant involved in the raiding 
and elephant density in the park adjacent to the 
crop raiding incidents had substantial empirical 
support to the model (Δ AIC<2, Table 4, 
Burnham & Anderson 2002). Model average 
estimate effects of parameter for crop raiding 
around BBSNP showed that only distance had 
positive effect on the severity of crop damage. 

However, the effects were relatively small ( jβ̂
=0.07, 0.03 SE). Other parameters (group type, 
slope, elephant density in the park adjacent to 
the crop raiding location, number of elephant 
involve in crop raiding) and the interaction of 
between parameters such as elephant density 
with distance tended to have no effect on the crop 
damage severity (Table 5).

For crop damage in WKNP, the best approximating 
model given the data contains number of 
elephant involve in crop raiding and distance 
of crop raiding (ω=0.91). However, the models 
with group and distance parameters, number of 
elephant involve during crop raiding, the number 
of elephant involve during raiding and slope 
parameter had considerably less empirical support 
(4<Δ AIC<10, Table 6, Burnham & Anderson 
2002). Model average of parameter estimate for 
crop raiding in WKNP indicated that number of 
elephants involved in the raiding incidents, and 
elephant density in the park adjacent to the crop 
raiding location had large effects on the severity 
of crop damage (Table 7). Negative effects of 
other parameter to the severity of crop damage 
were found in group, distance and the interaction 
between slope and distance parameter. Slope 
parameter had no effect in the crop damage 
severity in WKNP.

Discussion

Crop damage assessment

Crop raiding by elephants was identified as a major 
part of human elephant conflict both in BBSNP 
and WKNP. However the pattern of the crop 
damage among parks was quite different. Human-
elephant conflict around BBSNP to be clustered 

Table 4.  Multiple regression models for the crop 
damage severity for BBSNP (n= 108).
Model AIC Δ AIC ωi K
Distance 1366.7 0 0.25 2
Elephant+Distance 1367.5 0.81 0.17 3
Slope+Distance 1368.1 1.38 0.13 3
Group+Distance 1368.5 1.78 0.10 3
ED+Distance 1368.7 1.99 0.09 3
Group 1370.4 3.63 0.04 2
ED 1370.5 3.74 0.04 2
Slope 1370.5 3.75 0.04 2
Elephant 1370.7 3.98 0.03 2
ED*Distance 1370.8 4.06 0.03 2
Elephant*Distance 1371.1 4.35 0.03 2
Elephant+Slope 1371.5 4.73 0.02 3
Distance*Slope 1371.6 4.87 0.02 3

Table 5.  Multiple linear regression parameter 
estimates for crop damage severity in BBSNP.

95% CI

Parameter
jβ̂ SE lower upper

Intercept 114.4 127.8 -136.0 364.8
Elephant -10.1 9.7 -29.0 8.9
Group -104.1 168.3 -433.9 225.7
Distance 0.07 0.03 0.004 0.13
ED -151.9 246.4 -634.7 331.0
Slope -7.1 6.8 -20.4 6.3

Table 7.  Multiple linear regression parameter 
estimates for crop damage severity in WKNP.

95% CI

Parameter
jβ̂ SE lower upper

Intercept 530.4 169.0 199.1 861.6
Elephant 77.2 14.6 48.6 105.8
Group -614.3 119.6 -848.7 -379.9
Distance -0.21 0.06 -0.34 -0.08
ED 1660.3 710.5 267.6 3052.9
Slope -163.8 146.8 -451.5 123.8
Slope*DT -0.27 0.07 -0.41 -0.13
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and more seasonal compared to the WKNP. 
Conflict locations in BBSNP mainly occurred in 
the Sekincau area and western area of central part 
of the park (Fig. 2). The other interesting pattern 
of crop raiding incidents in both parks is that 
the total number of incidents during the study 
period was relatively equal, even though BBSNP 
had far longer boundaries compared to WKNP. 
Sukumar (1990) believed that longer-range park 
boundaries would increase the probability of crop 
raiding by elephants. Results of our study did not 
support that argument. WKNP boundaries that are 
exposed to the settlement area is far shorter (±148 
km) than BBSNP (±700 km), but frequency of 
crop raiding incidents in WKNP was higher than 
BBSNP. There are several reasons for why this 
could have occurred. First, landscape topography 
between the two parks is relatively different. 
BBSNP has more steep terrain compared to 
WKNP. Relatively flat topographical area in 
WKNP might facilitate elephant movements 
from forested area to agricultural area. Second, 
disturbances to the elephant habitat in WKNP are 
relatively higher compared to BBSNP. Intense 
illegal logging in the northern part of the park 
and active encroachment in the northern central 
part of the park are believed to be responsible for 
reducing about 10% elephant habitat quality in 
the park (Bintoro, Head of WKNP, pers. comm.). 
Similar results also were found in Ghana, where 
farming and logging within the park could 
increase the number of elephants close to edge of 
the park (Barnes et al. 1995).

The results of the study seem to show that there is 
no obvious relationship between elephant density 
within any given sector of the park and raiding 
frequency adjacent to that sector (Figs. 2 & 3). 
Similar results also found by Hoare (1999), where 
human-elephant conflicts in African savannas 
did not depend on elephant population density. 
Human-elephant conflicts in both parks are most 
likely expressed by a combination of several 
factors. First, we suspect that human activities 
around the park boundaries play an important 
role in determining the frequency of crop raiding. 
For example, the southern part of the park in the 
peninsula area of BBSNP (Tampang-Belimbing) 
is known to have a high elephant density, but 
this area has relatively low human disturbance 

(Kinnaird et al. 2003), and therefore, crop 
raiding hardly ever occurred on that area. Hoare 
(1999) argued that human settlement in a matrix 
of elephant habitat is one of the major factors that 
could drive human elephant conflicts in Africa. 
This situation is probably also happening in 
BBSNP and WKNP.

Data from this study showed that in WKNP, 
“frontline farms” (farming area <1 km from 
park boundaries) have suffered more compared 
to the area farther away from park boundaries. 
However this pattern did not occur in BBSNP. 
This difference might have occurred because 
in WKNP park boundaries are well defined and 
there is a clear difference between the areas 
inside and outside the park. In these situations, 
when elephants raid crops (Figs. 4 & 5), the 
farmers always respond immediately by driving 
them back before they have moved too far from 
the park. In BBSNP, the park’s boundaries are 
not so well defined and edges are not so clear, 
the elephants probably cannot tell so easily when 
they are in the park or outside the park. Therefore, 
they can move farther from the park and still feel 
fairly safe. While in WKNP, the elephants easily 
know when they are outside the park because the 
landscape is so different between the inside and 

Figure 4.  Damaged banana tree in BBSNP.



32

outside of the park. Inside the park the vegetation 
type is forest and scrub (natural vegetation), 
whereas outside the park it is agriculture and 
settlements. The elephants may feel less secure 
outside and so may be too frightened to move 
very far from the park boundaries. 

Crop raiding severity

Model parameterization when data from both 
parks were combined together showed that 
crop damage severity was highly affected by a 
combination of several parameters (Δ AIC<2, 
Table 2). A park’s parameter is known to have a 
strong effect on the crop damage severity, which 
implies that crop damage severity by elephant is 
considered to be site specific. Interaction between 
park and elephant density also has a strong effect 
on the crop damage severity. Other parameters 
that can have a greater effect on the crop damage 
severity are group type and slope, however 
this effect was found to be negative. Negative 
effects on group type in this study means that 
crop raiding by group of elephant tend to cause 
more severe damage than single elephant. Other 
negative effects in the model also occurred for 
the slope parameter, which means that crop fields 
that occur at higher slopes had less damage than 
the crop fields at lower slopes. The parameter 
estimates for data set from both parks, also 
indicated that numbers of elephants involved in 
raiding had a great effect on the severity of crop 
damage. Large numbers of elephants involved 
in the raiding incidents more likely caused more 
intensive damage than single male raiders.

The best-supported model for crop damage 
severity in BBSNP is more likely to be determined 
by distance of crop field to the park boundaries. 
Parameter estimates in BBSNP indicated high 
severity of crop damage occurred when distance 
of crop field increased from the park boundary. In 
contrast, in WKNP, the severity of crop damage 
decreased when distance of crop field increased 
from the park boundary. Difference in the 
distance relative to the severity of crop damage 
in BBSNP and WKNP was probably affected by 
the different spatial planting regime between two 
parks. Farmers in BBSNP planted palatable crops 
(such as; rice and vegetables) relatively farther 
away from the park boundaries.

In WKNP elephant density and number of 
elephants involved in single incidents seemed to 
have a greater effect on the crop damage severity 
but not so much in BBSNP. This result showed a 
consistency in the model parameterizations even 
if data from both parks were combined. There 
are four major factors cause this phenomenon in 
WKNP. First are crop-raiding elephants that travel 
in large groups obviously causing more damage 
in crops because there are more individuals 
involved in crop raiding. Second, elephants that 
raid crops in-groups probably felt more secure 
raiding crops compared to single elephants. 
Similar results were also found in India, where 
bull elephants tend to form larger groups to 
increase safety during raiding (Sukumar 1989). 
Furthermore, groups of crop raiding elephants 
are relatively more difficult to drive back into 
the forest than single individuals. As a result, 
they stay longer in the crop field and cause more 
damage. Third, there is a possibility that crop-
raiding elephants that travel in a group tend to 
travel farther away from the park boundaries 
compared to the single bull. Similar results also 
were found in Tsavo East National Park, Kenya 
(McKnight 2000).

Management implications

Crop raiding by elephant in BBSNP and 
WKNP showed a different pattern during the 
study periods. Even though the total number of 
incidents was quite similar, but the spatial and 
temporal pattern of the crop raiding in both parks 

Figure 5.  Damaged rice field  in WKNP.
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is relatively different. Therefore, management 
strategies to mitigate the crop raiding by elephants 
in each park are probably going to be different.

In WKNP, the crop-raiding mitigation scheme 
should be focused along the park boundary. 
Planting alternative crop in certain buffer zones 
along the park boundary would probably be 
the better approach to mitigate the crop raiding 
around the park. We suggest minimum 500 m 
from the park boundary should be established 
as a buffer zone along the park. Palatable crops 
such as rice, maize and cassava should be planted 
farther away from park boundary (eq. more than 
1 km from the park boundary). In combination 
with planting alternative crops, creating “crop 
protection unit” (CPU) to force the elephants back 
(working together with farmers) into the forest 
should be considered as an alternative approach 
to mitigating crop raiding by elephants. 

The most vulnerable area for conflicts was 
identified as the area where there was no natural 
boundary between the park and agricultural area. 
In southwestern part of the park, 25.5 km of park 
border had no boundaries. This area should be 
prioritized for crop raiding mitigation scheme. 
Based on this study, this area received 54.2% 
(n=377) of the damage incidents during our 
study period. It may be most effective to build 
a watchtower is best to build along this park 
boundary to assist farmers to identify and locate 
the elephants before they enter the crop field. The 
optimum distance between each tower is depends 
on the topography and vegetation cover along 
the park boundary. If topography is flat and open 
vegetation, minimum distance of 500 m between 
towers is probably suitable to detect elephant 
before entering the crop field.

Based on this study, in BBSNP, the central part of 
the park is identified as concentration area for the 
most crop raiding incidents. From this study, we 
found evidence that around BBSNP, damage was 
relatively higher in the area farther away from the 
park boundary. Therefore, we believe that conflict 
management should focus on decreasing the 
possibility of elephant to traveling farther away 
from the park boundary. One of the alternative 
techniques for preventing elephant movement 

out of the park is by improving the habitat quality 
and creating buffer areas to increase the amount 
of habitat for them.

Capturing “problem elephants” (Fig. 6) to 
mitigate crop raiding in both parks may not be 
effective, because it is not targeting the cause 
of crop raiding. In contrary, this technique may 
be detrimental to the elephant population in the 
wild. The results of this study have shown that 
crop raiding by elephant is specific for each park 
-even in the same province of Sumatra- therefore 
the management to mitigate the conflict should 
be based on the characteristic of the conflict. It 
is very likely that elephant population structure 
and combination with specific environmental 
factors at each site play important role to predict 
the crop-raiding pattern.
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Introduction

Body temperature regulation appears to scale 
with body mass in vertebrates (McNab 1983). 
Larger animals need to develop means of dealing 
with the relatively great amount of heat that 
they produce (Phillips & Heath 1992). Larger 
animals cool slower than smaller ones, as surface 
area-to-volume ratio decreases with increasing 
body size. They could be expected to favor cold 
temperatures and fur can also be thicker on larger 
animals (Schmidt–Nielson 1984). Among the 
large mammals that inhabit tropical environments, 
elephants have sparse body hair and few sweat or 
sebaceous glands (Feldhamer et al. 1999). Their 
body size results in a large amount of metabolic 
heat apart from heat gain from the environment. 
The ambient temperature could increase the body 
temperature of elephants significantly (Buss & 
Estes 1971; Elder & Rodgers 1975; Weissenbock 
2006). In the natural environment elephants avoid 
getting exposed to heat load by using a number of 
behavioural mechanisms like increased resting in 
the shade during hot day hours with frequent mud 
baths and ear flapping (Hiley 1975; Baskaran 
1998) and also by decreasing the time spent 
on feeding during the daylight hours in the dry 
season as compared to the wet season (Baskaran 
1998).
 
Asian elephants (Elephas maximus) in India 
are managed under captive conditions by the 
Forest Department at timber camps and zoos; by 
religious institutions at Hindu temples, mutts, and 
mosques; and by private agencies in residential 
areas (Krishnamurthy 1998). In most of these 
places, except timber camps, the environment is 
much hotter than their natural habitats. Further, 
the daily routine of the elephants are modified 

according to their use in captivity like daily 
rituals by temple elephants, cultural procession 
or begging by private elephants. After work, 
they are mostly chained inside enclosures. The 
enclosures are made of different types of roofing 
materials, namely, asbestos sheets (a construction 
material banned in many western countries), 
coconut frond thatching and reinforced cement 
concrete (RCC) that maintain room temperatures 
differently. The present study was carried out 
during May 2007–April 2008 to understand the 
seasonal influence of ambient temperature and 
different roofing materials on thermoregulation, 
through ear flapping frequency by captive 
elephants managed at six temples in Tamil Nadu, 
India. 

Methods

Six female elephants, ranging in age from 14 to 
56 yrs, managed by six Hindu temples located 
in Thanjavur and Nagapattinam districts of Tamil 
Nadu, India, were examined in this study. The six 
elephants were housed in six different enclosures 
with two each made of asbestos sheet, coconut 
frond thatching and RCC roofs. The roof height 
of asbestos houses is marginally higher (by 1-1.5 
m) than the other two roof types and remaining 
architecture (wall and window) were almost same 
in all the house types. The study area experiences 
a prolonged summer (March - July), a short 
rainy season (August - October) and a winter 
period (November - February) with unusual 
rainfall occasionally (Fig. 1). The maximum and 
minimum temperatures range from 37.8°C in 
May to 19.1°C in December.

Data on time, frequency of ear flapping (randomly 
either left or right pinna) and major routines/
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activities like daily rituals, green fodder feeding 
and resting bathing and walking were collected 
using focal sampling method (Altmann 1974). 
At the end of every focal sampling session, 
ambient temperature was recorded using a 
digital thermometer near the elephant’s location. 
Observation on ear flapping was carried out on 
each elephant for a period of one year on two 
days/month from 6:00 to 12:00 hr and 12:00 to 
18:00 hr on consecutive days when there was 
no major difference in the climatic conditions. 
Observation hours were divided into four sample 
blocks, with each block of 10 minutes observation 
and 5 minutes rest. 

The daily routines of the elephants (excluding 

the other activities such as bathing, drinking, 
walking and supplementary diet feeding that 
occur in open places in the temple or out side 
the houses) were broadly classified into two 
categories—green fodder feeding and resting that 
take place inside the elephant house, daily rituals 
in which the elephant is placed inside the temple 
and quantified the proportion of time spent inside 
the temples and enclosures during the daylight 
hours (6:00–18:00 hr). 

In majority of the cases when the elephants were 
placed inside the houses during afternoons, the 
mahouts would also go home. It was not possible 
to record the actual room temperature of elephant 
houses, as we were not permitted to enter the 
elephant houses for safety reasons but permitted 
to observe from outside. Therefore, in all the 
cases room temperature was recorded by placing 
the thermometer inside the elephant houses. 

In addition, directly to obtain the difference in 
room temperature in the three house types, data 
on maximum and minimum temperatures from 
houses with three different roof types were 
collected in the same area for a period 24 hours 
for five days. The frequency of ear flapping 
and ambient temperature were computed and 
compared in relation to different hours of 
daylight, months of year and three different 
roofed (asbestos, coconut frond thatched and 
RCC) houses.

Figure 1.  Monthly mean maximum and mini-
mum temperature and rainfall recorded in the 
study area (source: Tamil Nadu Rice Research 
Institute, Aduthurai).

Figure 2.  Mean frequency (+SE) of ear flapping by captive elephants and ambient temperature (+SE) 
recorded in relation to day light hours between May 2007 and April 2008.
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Results

Frequency of ear flapping in different daylight 
hours 

The frequency of ear flapping observed during 
daylight (6:00–18:00) hours increased gradually 
with ambient temperature from morning hours 
and reached the peak between 13:00 and 14:00 
hr and thereafter declined gradually (Fig. 2). 
Comparison of the ear flapping frequency and 
mean ambient temperature recorded during 
daylight hours showed a significant positive 
correlation (R=0.594, P<0.04, n=12) suggesting 
that elephants increase ear flapping frequency 
with increasing ambient temperature. 

Seasonal variation on ear flapping frequency

The rate of ear flapping in captive elephants 
varied remarkably in a 12-month period. It was 
the highest (9.2 times/minute) during May–
June and dropped almost to half (5.7 times/
minute) during December–January (Table 1) 
coinciding with the highest and the lowest mean 
ambient temperature record of 36+3.42°C and 
28+3.38°C, respectively. Comparison of the ear 
flapping frequency and the ambient temperature 
recorded over 12 months showed a positive 
correlation (R=0.839, P<0.01, n=12) indicating 
the seasonal influence of ambient temperature on 
thermoregulation by captive elephants. 

Influence of various housing roofs on ear flapping 
frequency 

The room temperature noted in three different 
roofed houses showed a remarkable difference 
in their range. The difference between maximum 
and minimum was the highest (mean of 
12.7+7.0°C) in the asbestos-roofed houses (min. 
and max. 26.3–39°C) and the lowest (2.7+2.0°C) 
in the coconut frond thatched houses (min. and 
max. 30.6–33.3°C), while the RCC-roofed 
houses maintained an intermediate fluctuation 
(4.3+2.5°C) in room temperature (min. and max. 
31–35.3°C). 

Among the three types of roofs evaluated, 
elephants from the granite-roofed temple 
yards, when brought to asbestos roofed houses 
around 12:00 hr, showed a sudden spurt in the 
mean rate of ear flapping from about 6 times/
minute between 11:00 and 12:00 hr to nearly 10 
times/minute between 12:00 and 13:00 hr. The 
flapping rate remained at around 8 times/minute 
until 15:00–16:00 hr (Fig. 3a). After 16:00 hr, it 
reduced to <6.5 times/minute when the elephants 
were taken out from the houses to the temple 
yards for daily rituals. On the other hand, in 
the two elephants brought to the coconut frond 
thatched houses, during afternoon time around 
13:00 hr; a remarkable drop was observed in 
the ear-flapping rate (Fig. 3b). The two brought 
under the RCC-roofed houses showed a gradual 
increase in ear flapping rate even after 12:00 hr, 
reached the peak by 13:00 hr and then gradually 
declined (Fig. 3c). In this case, the rate of ear 
flapping gradually increased even after they were 
brought to the elephant houses, as RCC roofs 
maintained room temperature only moderately 
unlike coconut-thatched house as shown by the 
maximum and minimum temperature data in 
different houses. 

Discussion

Since heat dissipation could be a problem 
for elephants, especially in the warm tropical 
environment, under natural conditions they 
avoid exposure to heat load by using a number 
of behavioural mechanisms like resting in 
the shade during hot day hours with frequent 

Table 1.  Mean frequency of ear flapping 
per minute by captive elephants and ambient 
temperature (oC) recorded during different 
months between May 2007 and April 2008.
Month Ear flapping + SD Temp. + SD
January 6.2 + 4.3 27.8 + 3.7
February 7.3 + 4.3 29.4 + 3.2
March 6.7 + 4.9 29.7 + 3.1
April 7.2 + 5.3 32.0 + 3.4
May 9.0 + 4.7 35.6 + 3.5
June 9.4 + 5.0 36.0 + 3.4
July 8.1 + 5.4 32.7 + 3.4
August 9.3 + 6.0 32.0 + 2.8
September 8.7 + 6.2 31.8 + 2.5
October 7.9 + 6.6 30.1 + 3.4
November 7.7 + 5.2 29.3 + 3.3
December 5.2 + 4.0 28.2 + 3.0
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and mud baths and ear flapping (Hiley 1975; 
Baskaran 1998). The high surface-to-volume 
ratio of the ear pinnae (Wright & Luck 1984) 
along with the prominent and extensive vascular 
network (Sikes 1971) and their mechanism of 
vasodilatation with an increase in blood flow and 
simultaneous frequent ear flapping under warm 
conditions increase convective heat loss (Wright 
& Luck 1984). Weissenbock (2006) using an 
infrared camera on Asian elephants in Sri Lanka 
has shown a positive correlation between body 
surface temperature and ambient temperature and 
also revealed that the surface temperature of ear 
pinnae approximated the ambient temperature in 
the morning hours and exceeded the same during 
the day hours indicating the role of ear pinnae in 
thermoregulatory mechanisms.

The study area of Nagappattinam and 
Thanjavur districts being located in the plains 
region experiences relatively higher ambient 
temperatures unlike the natural habitats of 
elephants, which are mostly in the Ghats or high 
rainfall areas. Additionally, the prolonged dry 
spell in the study area could also influence the body 
temperature remarkably. The positive increase in 
the ear-flapping rate with the ambient temperature 
observed during daylight hours indicates that the 
environmental temperature influences the rate 
of ear flapping among elephants. In general, 
summer season in the study area commences in 
March and continues up to July with maximum 
temperature remaining above 35°C during 
April–June. The rainy season starts in August 
and ends in October and thereafter climate turns 
into cool winter season with temperature ranging 
from a minimum 19°C to a maximum 32°C 
during November–February support the fact that 
ambient temperature influences the ear-flapping 
rate of elephants. These results are in accordance 
with the findings of Buss & Estes (1971) and 
McKay (1973), who have observed an increase 
in ear flapping rate with ambient temperature.

The results on room temperature suggest that 
asbestos roof merely absorbs the heat from 
ambient temperature and radiates to the interior 
part of room unlike coconut frond roof, which 
reflects the heat outside and thus keeps the room 
temperature without much fluctuation. In support 
of this, studies of Roma et al. (2008) have 
shown that asbestos sheets transfer temperature 
to the inside of the room significantly more 
than tiles reinforced with vegetable fibers. 
Therefore, asbestos roof houses tend to have 
the highest maximum and lowest minimum 
temperatures, respectively, during mid-day and 
night hours resulting in wide fluctuations in room 
temperature. Further, asbestos has been banned in 
many western countries, as it is known to cause 
serious health problems such as lung cancer and 
respiratory diseases among human beings (Doll 
& Peto 1985; Mossman 1993). The roof made of 
RCC has an intermediate fluctuation indicating 
that it is moderate in maintaining the room 
temperature. Therefore, elephants housed under 
the three types of roofs are expected to have 
different levels of ear flapping rate, as ambient 

Figure 3.  Mean rate (+SE) of ear flapping in 
relation to daily routines during daylight hours 
among  elephants housed in shed with (a) asbestos, 
(b) coconut frond thatching and (c) RCC roofs.
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temperature levels are different in these houses. 

Of the three houses examined, elephants rapidly 
increased their ear flapping frequency after 
13:00 hr when brought to the house made of 
asbestos sheet roof. In contrast, in the case of 
coconut frond roof houses, elephants decreased 
their ear-flapping rate remarkably after 13:00 hr 
when they were brought to the houses. Unlike 
the above two cases, the elephants brought to 
RCC roof houses without any sudden response 
to house environment continued increasing their 
ear flapping gradually. The rate of ear flapping 
and the variation in temperature observed in the 
three types of houses reveal the positive influence 
of room temperature on ear flapping frequency. 
The large body size of elephants results in greater 
metabolic heat (Phillips & Heath 1992) and slower 
cooling than smaller animals, since the surface 
area-to-volume ratio decreases with increasing 
body size (Schmidt-Nielson 1984). Further, the 
presence of a few sweat glands (Feldhamer et al. 
1999) could impose constraints in heat dissipation 
and therefore prefer cool temperature, as shown 
by free living elephants in the wild (Hiley 1975; 
Baskaran 1998). On the contrary, asbestos roofs 
do not maintain room temperature, as shown by 
maximum minimum temperature data of this 
study. In view of the present findings, some 
modifications are suggested to elephant house 
roofs to reduce the heat on the elephants.

Conclusions and recommendations

The effects of adverse seasonal climate 
(temperature) are compounded by the undesirable 
properties of asbestos used in roofing of the 
elephant housing. Such situations exist in not 
only the study area, but elsewhere too. Therefore, 
some of the recommendations made here may 
be applicable to other areas also, where similar 
conditions on climate and/or roofing of the 
elephant housing exist.

The present study assessed the influence of 
ambient temperature in different seasons and 
housing roofs on the ear-flapping frequency 
among six captive elephants managed in Hindu 
temples in Tamil Nadu between May 2007 and 
April 2008.

The comparison of ear flapping frequency with 
temperature recorded during different hours 
of daylight (6:00–18:00 hr) showed a positive 
correlation indicating elephants increase the ear 
flapping frequency with an increase in ambient 
temperature. Similarly a significant correlation 
observed between the mean monthly ambient 
temperature and ear flapping frequency with a 
highest ear flapping frequency during summer 
(May - Jun) and lowest during winter months 
(Dec - Jan) indicate the significant influence of 
ambient temperature on the ear flapping frequency. 
Captive elephant facilities need to keep in mind 
the daylight and seasonal influence of ambient 
temperature on the physiology of elephants and 
schedule their workload accordingly.

Among the three different houses, ear-flapping 
rate increased suddenly around 13:00 hr when 
the elephants were brought from granite-roofed 
temple yards to the asbestos-roofed elephant 
houses. On the other hand, its frequency 
decreased in coconut frond thatched roofs, and 
there was no remarkable change in RCC houses. 
The relatively higher room temperature recorded 
in asbestos-roofed houses and the lower room 
temperature in the coconut frond thatched houses 
could have respectively increased the ear flapping 
in asbestos houses and decreased in coconut 
frond houses. RCC houses with a moderate 
temperature regulation continue to increase the 
rate of ear flapping.

Based on the findings we suggest that asbestos 
roofs be eliminated as they do not maintain the 
temperature unlike the coconut fronds and thus 
are unsuitable as far as elephant physiology is 
concerned, especially in warm places like the 
plains of Tamil Nadu. Further, asbestos is known 
to cause serious health problems such as lung 
cancer and respiratory diseases among human 
beings (Doll & Peto 1985; Mossman 1993). 
Therefore, roofs made with asbestos need to be 
replaced urgently, ideally with coconut fronds. 
False roofs of coconut fronds be built on existing 
RCC houses (on the upper side) or a shade tree 
be planted on the sides of elephant houses to 
minimize the exposure of RCC roof to the solar 
heat load.
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Introduction

Conservation of Asian elephants (Elephas 
maximus) is a national priority in Sri Lanka. Due 
to crop raiding, property damage, human injury 
and death caused by elephants, their conservation 
is also a major socio-economic and political 
issue. Elephants have comparatively large home 
ranges, and in Sri Lanka, 70% of elephants live 
outside Department of Wildlife Conservation 
protected areas (Fernando et al. 2008a). Some 
elephant home ranges lie completely outside, 
some partially, and others completely within 
protected areas (Fernando et al. 2008a).

Development activities like irrigation and 
infrastructure development and management 
activities targeting human-elephant conflict 
mitigation such as electric fences, undertaken 
without consideration of elephant movements 
may cause loss and fragmentation of elephant 
habitat (Fernando et al. 2008b). Range loss 
or obstruction of elephant movement causes 
increased human elephant conflict as elephants 
are forced to move into new areas, or utilize 
richer sources represented by crops in order to 
compensate. Where they cannot compensate 
adequately it leads to increased elephant 
morbidity and mortality, especially in the case of 
herds (Fernando 2006; Fernando et al. 2008b). To 
minimize detrimental effects of development and 
management on elephants and human-elephant 
conflict, knowledge of existing elephant home 
ranges and movement patterns is critical. 

Our study site was located in southern Sri Lanka 
(Fig. 1). It was bounded by the coast in the 
South; Udawalawe-Thanamalwila road to the 
North, Thanamalwila-Weerawila road to the East 
- which separated the Lunugamvehera National 
Park from the study area; and the Sooriyawewa-

Hambantota road on the West. The southern part 
of the study area consisted of the Bundala National 
Park and adjoining Wilmanne Sanctuary, and 
hereafter is referred to as the ‘Bundala area’. The 
study area North of the Bundala area is hereafter 
referred to as the ‘Mattala area’. Elephant 
habitat in the Bundala and Mattala areas were 
approximately 50 and 300 km2 respectively. 
Bundala and Mattala areas were separated by the 
Hambantota-Weerawila road (Fig. 1), which was 
mostly bordered by dense human settlements and 
permanent cultivations.

Rapid and large-scale development of the area is 
ongoing, with an international port and airport, 
and agricultural, industrial and infrastructure 
development. Many of the roads in the area, 
including the Hambantota-Weerawila road are 
to be upgraded to highways. A planned railway 
track running through Hambantota to Kataragama 
in the East will cut through the study area. In 
addition, an electric fence is planned around the 
Bundala National Park and Wilamanne Sanctuary 
to prevent elephants from venturing into adjacent 
developed areas. 

Currently over 300 elephants are found in the study 
area. If elephants use both Mattala and Bundala 
areas, specific measures would need to be taken 
in conducting development and management 
activities, to allow elephants continued access 
from one area to the other. 

In this study, our primary objective was to assess 
whether elephant home ranges encompassed 
both Bundala and Mattala areas, which would 
entail their crossing the Hambantota-Weerawila 
road. A secondary objective was to evaluate the 
use of individual identification as a technique for 
obtaining information on movement patterns and 
home ranges. The study was based on individual 
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identification of elephants at locations in 
Bundala and Mattala areas. Data from individual 
identification was compared with that from 6 
radio-collared elephants.

Methods

Study area

Natural vegetation in the study area consisted 
mainly of scrub with some patches of mature 
tropical evergreen forest, and sand dunes and 
associated vegetation on the coast. A few 
lagoons lay along the coast. Small to medium 
sized irrigation reservoirs with the paddy fields 
cultivated under them lay scattered across the 
landscape. The study area was surrounded by dense 
settlements and large tracts of paddy cultivated 
under the Udawalawe and Lunugamvehera mega-
irrigation projects. Some villages lay within the 
study area. Chena cultivation was conducted by 
villagers and led to a patchwork of regenerating 
scrub in different successional states. 

Figure 1.  Map of the study area. Blue broken line = study area; thick red line = Hambantota-Weerawila 
road; black circle = town; blue circle = sampling location.

Individual identification

Asian elephants have easily identifiable and 
variable morphological characters (Ilangakoon 
1993; Ardovini et. al. 2008), which enables reliable 
and comparatively easy individual recognition. 
As elephant social structure consists of group 
living adult females and young, and solitary adult 
males (Fernando & Lande 2000), we limited our 
identification to adults. An adult female was 
defined as any female that had developed breasts, 
had a calf or was post-reproductive. An adult 
male was defined as a male that was larger than 
an adult female. The main characters that were 
used for individual identification were:
- Sex: male/female
- Ear (R & L):
 - folds (primary and secondary) 
 - extent of fold, folded in or out
 - lobes – shape
 - de-pigmentation, tears, holes
- Tail: - presence or absence of hair tuft
 - relative length of front & rear hair tuft
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- Shape of spine
- Tusks/tushes (R & L):
 - presence/absence
 - size (relative)
- Body: - lumps and de-pigmentation

Data was collected from a total of 29 days of 
elephant sightings (10 days in the Bundala 
area  and 19 days in the Mattala area), between 
May 2008 and August 2010. Observations were 
made at five locations North of the Hambantota-
Weerawila road for the Mattala area and two 
locations south of it for the Bundala area (Fig. 
1). Encountered elephants were photographed 
using a Canon Digital SLR Camera with a 75-
300 zoom lens. 

Digital pictures were sorted and analyzed 
visually using Picasa 3. Individual elephants 
were identified, a picture collage created with 
Picasa for each individual as a reference, and the 
individual given an identity (Figs. 2&3). Newly 
photographed elephants were compared with the 
reference catalogue and if no match was found, 
added as a new individual.

Radio-tracking

From June to September 2009 five adult females 
(Sakuntala, Sapumali, Uma, Valli, Wanamali) 
and one adult male (Thaga) were fitted with GPS 
collars in the Mattala area, to assess the impact 
of management actions on elephants. The collars 
were programmed to collect GPS locations every 
4 hours (at 1:30, 5:30, 9:30, 13:30. 17:30 amd 
21:30 local time). The data was downloaded via 
satellite or SMS. 

Data analysis

Data from individual identification was entered 
and sorted in MS Excel 2003. Significance 
between observed groupings was tested with 
Mann-Whitney U tests implemented in Excel 
using the Excel add-in program statistiXL 1.8. 
Data from the GPS collars were plotted on 
1:50,000 toposheets using ArcMap (Esri ArcGIS) 
software and evaluated visually.

Results

Individual identification

A total of 103 elephants, consisting of 26 adult 
males and 77 adult females were identified. On 
average an elephant was observed 1.61±0.99 
times. Sixty one (59.22%) elephants were sighted 
only once (Fig. 3). The highest number of times 
an individual was re-sighted was a female that 
was seen 7 times. Only 11 (10.68%) elephants 
were encountered more than twice (10 females, 1 

Figure 2.  ID pictures of an adult female sighted in the Mattala area (left) and Bundala area (right).

Figure 3.  Sighting frequencies of identified 
individual elephants in the study area.
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male). On average, each male was seen 1.38±0.57 
times and each female 1.69±1.09 times, which 
were not significantly different from each other.

A total of 80 elephants were identified in the 
Mattala area (17 males, 63 females) and 31 
elephants in the Bundala area (10 males, 21 
females). On average individual elephants in 
Mattala were observed 1.61+1.08 times and 
in Bundala 1.19+0.40 times, which were not 
significantly different from each other. One male 
(3.80%) and 7 females (9.09%) were observed in 
both Mattala and Bundala areas. The 7 females 
using both areas belonged to two herds.

Radio-tracking

All six elephants were collared in the Mattala 
area. The three elephants that were collared in the 
southern part of the Mattala area were observed 
to also use the Bundala area (Fig. 4). The home 
ranges of the three that were collared in the more 
northern parts of the Mattala area did not extend 
to the Bundala area. 

Of the elephants that used both areas, adult female 
‘Sapumali’ crossed the Hambantota-Weerawila 
road after midnight on 16th July 2009. She stayed 
in Bundala for two days and one night before 
returning to Mattala after dusk on 17th July 2010. 
This was Sapmuali’s only visit to Bundala during 
the 263 days (June 2009 to March 2010) the GPS 
collar was working. The adult female ‘Wanamali’ 
crossed over to Bundala around midnight on 25th 
October 2009. She only spent the day in the park 

and went back to Mattala the following night. 
In 500 days of tracking (September 2009 to 
January 2011), this was the only trip she made 
to Bundala.

The male ‘Thaga’ was collared in the Mattala 
area and was tracked for 196 days, when his 
collar ceased functioning. He was collared during 
musth. Twenty one days after collaring, at the end 
of the musth period, he moved into the Bundala 
area where he spent most (83%) of his time. 
During the time he spent in Bundala he did one 
five day trip to the Mattala area and 29 nocturnal 
visits across the Hambantota-Weerawila road, 
lasting less than 12 hours.

Sapumali and Wanamali belonged to the same 
female group. During the identification sampling, 
Sapumali and Wanamali were sighted 4 times 
each and Thaga twice in the Mattala area. None of 
the collared elephants or any other females from 
Sapumali and Wanamali’s group were detected in 
the Bundala area in the identification sampling. 

Discussion

While the greater number of elephants 
individually identified in the Mattala area is partly 
explained by the greater sampling effort there, 
the number of elephants identified per day of 
sampling was also greater in Mattala (4.2 and 3.1 
elephants/sampling day, in Mattala and Bundala 
areas respectively). Therefore, the data suggests 
a larger population of elephants in the Mattala 
area, which is consistent with expectations from 
the extents of elephant habitat in the two areas. 

Overall, re-sightings of elephants were 
comparatively low and no significant difference 
was observed between males and females or 
between Mattala and Bundala. The low re-
sighting frequency suggests that a large number of 
elephants were present in the study area and that 
the home ranges were much larger in comparison 
with the area sampled. The greater percentage 
of females identified is likely to reflect a female 
biased sex ratio, possibly due to higher mortality 
of males from conflict with humans, rather than 
any influence of sexual dimorphism in behavior, 
on sighting frequency.

Figure 4.  The coloured dots represent GPS 
locations for collared elephants. Yellow = 
Sapumali; Red = Wanamali; Blue = Thaga. 
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Elephant movement between Mattala and 
Bundala

Our data on individual identification and radio-
tracking clearly demonstrated the use of both  
Mattala and Bundala areas by female and male 
elephants. 

Individual identification found a higher 
percentage of females than males using both 
Mattala and Bundala areas. This may in part 
reflect elephant social organization, as females 
are not independent units but are clustered into 
groups, whereas males move as individual units. 
However, it may also represent greater use of 
both areas by females. The elephants that were 
detected to use both areas through individual 
identification were observed well inside the 
Bundala area, indicating significant use of the 
Bundala area by some herds and males, that 
also used the Mattala area. As females represent 
elephant herds, preserving connectivity between 
the two areas could be critical for the survival of 
herds that use both areas.

The greater percentage of identified elephants 
only seen in the Mattala area suggested that 
home ranges of some elephants may lie wholly 
within the area, which was confirmed by the radio 
tracking. As the extent of elephant habitat in the 
Bundala area was approximately 50 km2 it is 
unlikely that there are many elephants especially 
females, whose home ranges lie entirely within 
the Bundala area. The radio tracking data suggests 
that even herds that do not have home ranges 
split between Mattala and Bundala areas may 
undertake occasional incursions from Mattala to 
Bundala. Such incursions may indicate access of 
critical resources such as water at the height of 
the dry season. Radio tracking data from the male 
Thaga, who took cover in the Bundala area during 
the day and ventured across the Hambantota-
Weerawila road in the night, may indicate crop 
raiding.  

Management implications

It is likely that human-elephant conflict in the area 
will increase as a result of development, due to 
loss and fragmentation of elephant habitat, greater 

presence of people in the area and associated 
increase in human-elephant encounters. If 
development also results in obstruction of 
movement between segments of elephant range 
or blocking access to essential resources, their 
impact on conflict escalation would be far greater 
and out of proportion to the actual extent of habitat 
lost. Ideally, from an elephant conservation and 
human-elephant conflict mitigation point of view, 
development activities should not be conducted 
in elephant range. However where such activities 
are essential, their proper design, taking into 
consideration the ranging patterns of elephants 
can minimize their detrimental effects. 

Our data clearly demonstrated that elephants used 
both Bundala and Mattala areas. If movement 
between the two areas is cut off, elephants in 
neither area could compensate by extending their 
range in another direction, as there are no ‘vacant’ 
elephant habitats. As the current areas occupied 
by elephants are hemmed in by developed areas, 
loss of range would compel elephants to raid 
cultivated crops in order to compensate, leading 
to severe escalation of human-elephant conflict. 
Therefore, in planning development activities, 
ensuring the preservation of connectivity 
between the two areas for elephants, is critical for 
preventing increase in human-elephant conflict 
and conserving elephants. In the construction of 
a railway line and upgrading of the Hambantota-
Weerawila road to a highway, and construction of 
any other highways that divide elephant habitat, 
incorporation of ‘overpasses’ or ‘underpasses’ in 
their design to allow elephants to cross from one 
side to the other would be an option (see Mount 
Kenya Trust 2011). 

Similarly, construction of an electric fence on 
the boundary of Bundala National Park would 
prevent elephant movement between Mattala 
and Bundala. Such an action would compel the 
elephants that lose part of their range to challenge 
the fence, greatly increasing the chances of fence 
breaking by elephants. If they fail to breach the 
fence elephants that previously used both areas 
would suffer high morbidity and mortality, 
as elephants are unable to compensate for the 
sudden loss of a large portion of their home 
range (Fernando 2006; Fernando et al. 2008b). 
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Therefore, in designing a perimeter fence for 
Bundala National Park and Wilmanne Sanctuary, 
care should be taken to preserve access to the 
Mattala area but prevent access of developed 
areas by elephants.

Individual identification as a technique for 
assessing elephant movement

Individual identification indicated that at least two 
herds had home ranges that lay across Bundala 
and Mattala areas. Only two of the five females 
collared in Mattala visited Bundala and that too 
only very briefly, which indicated occasional 
incursions rather than regular use of the Bundala 
area by some herds. Individual identification 
sampled a wider cross section of the population 
than possible through radio tracking and provided 
better population level information at a much 
lower cost. 

Individual identification failed to detect the use of 
Bundala area by Thaga. The radio tracking data 
showed that the Bundala area was his non-musth 
home range. However, he did not frequent the 
locations sampled in Bundala. Greater sampling 
effort and more even spread of sampling locations 
over the study area could rectify such deficiencies. 
Even at a very high sampling effort, individual 
identification is unlikely to detect movements 
such as those of Sapumali and Wanamali who 
only made very brief visits to Bundala. Therefore 
in comparison to radio tracking, information 
obtained from individual identification had lower 
resolution and power of detection.

Our study demonstrates the usefulness of 
individual identification in establishing elephant 
movement between two areas. While radio 
tracking provides more detailed movement 
information, it may not always be an option 
due to constraints of funds, time, logistics and 
technical capacity. We conclude that individual 
identification is a simple, non-invasive technique 
that can be used to assess elephant movement, 
albeit with some limitations. Additional 
population and demographic data obtained 
from individual identification can complement 
techniques such as radio tracking and is of value 
for research and management. 
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Figure 1.  Map showing the status of habitat 
contiguity and location of Bannerghatta National 
Park. Source: modified map of ANCF, IISc.

Southeast and the Kanakapura forest division 
of the Karnataka state to the Southwest. These 
forest divisions further connect to the forest 
tracks of the Cauvery Wildlife Sanctuary 
eventually joining the Nilgiri Biosphere Reserve 
of Western Ghats forest at Nilgiris, stretching 
through Malaimahadeshwara hills, Biligiri Ranga 
Temple Sanctuary, Kollegal Forest Division and 
Sathyamangala Forests (Singh 2008).

Profile of Bannerghatta National Park (BNP)

The park lies between 120 34’ and 120 50’ N 
latitudes and between 770 31’ and 770 38’ E 
longitudes (Rajeev 2002). The park area has 
been divided into three wildlife ranges, Viz. 
Bannerghatta, Harohalli and Anekal Wildlife 
Range for the convenience of administration. 
It is highly irregular in shape and measures 
a maximum of 26 km in length from North to 
South and varies between 0.3 and 5 km in width 

Introduction

The Asian elephant (Elephas maximus) is the 
largest living land mammal and is presently 
endangered. There are only around 50,000 
elephants in the wild and another 16,000 in 
captivity distributed across 13 Asian countries 
today (Sukumar 1989). India has approximately 
50% of the total population of wild elephants 
(20,000 to 25,000) distributed across 18 states/
union territories; with South India supporting 
around 10,000 elephants in the wild (Project 
Elephant 2008). The confluence of the Western 
and Eastern Ghats at the Nilgiris in Tamil 
Nadu state supports the largest Asian elephant 
population in southern India. These two ranges 
of mountains are unique in terms of the diversity 
of species and habitat. While the Western Ghats 
is one among the 25 biodiversity hotspots of 
the world, the Eastern Ghats represents the last 
largest remaining scrub forest for elephants 
among its range countries. This major elephant 
habitat of southern India has been declared as the 
‘Nilgiris and Eastern Ghats Elephant Reserve’ by 
Project Elephant; a conservation initiative of the 
Government of India (Alva 1994). 

The Nilgiris and Eastern Ghats Elephant Reserve 
is one of the largest Elephant Reserves in India 
with an area of 11,000 km2. The Karnataka part 
of this reserve is called the ‘Mysore Elephant 
Reserve’ which includes the Bannerghatta 
National Park (BNP) (Fig. 1). The BNP although 
administratively one of the smallest National 
Parks (102.74 km2) in India, geographically is 
contiguous with the largest remaining scrub 
forests of the country. It is linked to the Hosur 
forest division of the Tamil Nadu state to the 
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from East to West. The geology shows that the 
rocks are of the oldest formation revealing crypto 
crystalline to coarse granites and complex gneiss. 
The terrain is highly undulating with a mean 
altitude of 865 m and ranges between 700 and 
1035 m above msl. The park receives an average 
annual rainfall of 937 mm ranging between 728 
and 1352 mm spread across 8 months (April-
November) with the maximum rainfall (50%) 
normally occurring between August and October. 
The park has no rivers originating or flowing 
through it but has several streams. There are 
more than 50 water holes in the park and many of 
them are natural and are constantly renovated to 
augment their water holding capacity along with 
a few manmade ones (Rajeev 2002).

The scrub and deciduous vegetation are the 
major vegetation types seen in the park. The 
scrub vegetation is seen mostly along the fringes 
whereas the dry deciduous type is seen in the 
upper regions and valleys, and watercourses. The 
low lying areas are covered with moist deciduous 
vegetation. 

The park is a home to several species of 
mammals, amphibians, reptiles and birds apart 
from the endangered Asian elephant (Elephas 
maximus). The other prominent mammals seen 
in the park include Indian gaur (Bos gaurus), 
sambar deer (Cervus unicolor), spotted deer 
(Axis axis), leopard (Panthera pardus), wild 
dog (Cuon alpines), wild boar (Sus scrofa), 
sloth bear (Melurus ursinus), pangolin (Manis 
crassicaudata), common mongoose (Herpestes 
vitticollis), slender loris (Loris lardigradus), and 
black naped hare (Lepus nigricollis). The park has 
a notable diversity of birds with more than 222 
species identified and recorded (Singh 2008). 

Status of the Asian elephant in BNP

The elephants are found to be distributed in the 
entire park. Within the habitat, the elephants seem 
to have preferences to some locations, which are 
called ‘micro hot spots’ (Fig. 2). These hot spots  
are characterized by thick vegetation cover, shade, 
soft surface and proximity to water sources with 
least or no human pressure. The usage of these 
hot spots by the elephants can be recognized by 

the pronounced occurrence of signs such as dung 
piles and feeding. 

There is also seasonality of elephant presence in 
the park leading to fluctuation in their number. 
The fluctuations facilitate the presence of more 
elephants in Bannerghatta and Anekal ranges of 
the park. To move between these two ranges, they 
have to traverse through Harohalli range. The 
Karadikkal-Madeswara elephant corridor located 
in Harohalli range is acting as a link between the 
two. The corridor measures about 1 km in length 
and 0.3-0.4 km in width connecting northern and 
southern portion of the park (Varma et al. 2005). 

The South India synchronized elephant census 
conducted during 2002, 2005 and 2007 by the 
Project Elephant, Government of India has 
estimated a mean density of 0.68, 0.71 and 1.41 
elephants/km2 (Table 1) respectively for the park 
(AERCC 2002, 2006; Bhaskaran et al. 2007). 

The mean density results suggest an increasing 
trend in the elephant population. While the recent 
census estimates a population of 148 elephants for 
the park, the forest staff involved in the elephant 

Table 1.  Estimated elephant numbers in 
Bannerghatta National Park (source: AERCC 
2002, 2006; Bhaskaran et al. 2007).

Year Elephants Mean number 95% CI
per km2 of elephants lower upper

2002 0.68   71   21 121
2005 0.71   74   52 160
2007 1.41 148 105 191

Figure 2.  Location of elephant micro-hotspots 
in Anekal wildlife range of the park.
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driving operations and farmers living adjacent 
to the park boundary opine that the number to 
be more than 200, with the migratory elephants 
moving in, during the cropping season. 

Our personal observations indicate the presence 
of a high number of calves in the park coinciding 
with the arrival of the migratory elephants (Fig. 
3). However, except for the regular census 
numbers and a base line study no reliable figures 
are available for the elephants in this landscape. 

Human habitation, habitat disturbance and 
elephant conservation issues

There are about 117 human settlements located 
within 5 km from the boundary surrounding the 
park and 5 human settlements existing within the 
Park. The communities living in these settlements 
are Gowda, Reddy, Lingayath and Scheduled 
tribes such as Aadi Karnataka, Hakkipikki’, 
Iruliga, Lambani etc. (Singh 2008). Majority of 
the community appear to be not literate and form 
the economically lower strata of the society. The 
local communities mostly depend on agricultural 
farming for their livelihood. Cattle keeping is the 
other common occupation observed among the 
community. 

Majority of the community in the southern parts 
of the park does farming in only one season 
depending on the monsoon and during the other 
two seasons they work as daily wage labours in 
road works, quarry sites and small scale industries 
in the nearby towns to make a living. Some work 
as regular agricultural labours in the lands owned 
by the Gowda and Reddy communities who are 

the big farmers in the region, farming all through 
the year supported by modern (Fig. 4) irrigation 
facilities. The communities in the northern part of 
the park show a gradual shift from agriculture to 
business activities such as real estate, stone quarry, 
hotel and restaurants, industrial employment etc., 
owing to the rapid urbanization in that area. 

The disturbance in the park appears to be 
prominent and more crucial. The forest department 
records reveal that encroachment of forest land 
in the park is one of the major disturbances to the 
elephant’s in the park with as many as 300 cases 
being registered as on 2008. The local people are 
also observed to be involved in the illegal mining 
of sand deposits along the watercourses inside the 
park. The Sandalwood tree cutting by poachers 
(about 35 cases were registered as on April 
2008 in the forest department offence register) 
and incidences of illicit fuel wood collection 
and timber smuggling are common in the park 
(Singh 2008), resulting in the formation of more 
open patches and degradation of the forest whilst 
reducing the effective area available for elephants 
use. The hacking of bamboo by the locals for 
basket making and other bona fide reasons are 
observed in the park which may further reduce 
the amount of forage available for the elephants 
as bamboo is one of the important food species of 
elephants. The prevailing granite rock formations 
in the park and its proximity to the Bangalore 
city have resulted in the rampant stone quarrying 
in the landscape leading to further disturbance to 
elephants in the region. 

In addition, the park has a network of about 144 
km forest roads covering most of the interior areas 

Figure 3.  A herd with calves in the park.

Figure 4.  Traditional water harvest structure.
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for regular inspection and night patrolling. Some 
of these roads are asphalted and/ or metalled to 
connect bordering villages, far off towns and 
cities, with periodical maintenance, resulting 
in habitat fragmentation and disturbance by the 
unregulated vehicular movement. That apart, the 
increasing demand for the land by city dwellers 
developing townships is also putting heavy 
pressure on the land surrounding northern, north-
east and north-west parts of the national park. 
This is transforming the landscape into a concrete 
jungle with increased developmental activities at 
a faster rate than seen never before. 

A few settlements located close to the park are 
known to brew illicit country liquor, which may 
also be an attraction for the elephants to trespass 
into human settlements. In northwest corner of 
the park, there is a distillery with 1000 acres of 
eucalyptus and scrub jungle along with a large 
water tank. These brewing units with large private 
forest may be attracting and providing habitat 
to elephants during day time and offer the crop 
fields to raid in the night (AERCC 1998). 

These ever increasing human activities around 
park, shrinking habitat due to encroachments, 
fragmentation by roads and degradation of 
habitat due to biotic pressures such as fire wood 
collection (Fig. 5), cattle grazing and poaching 
of trees perhaps are contributing to reduction 
in the area available for elephants to use in the 
park leading to elephant incursions into the 
surrounding human habitations culminating in 
the human elephant conflict. 

Status of human-elephant conflict in the park

According to the local communities HEC did 
not exist until the declaration of this forest as 
a National Park in the year 1971. According to 
them, elephants used to stray into the human 
habitations very rarely, which they eagerly used 
to wait for observing. But over a span of 4 decades 
the opinion of the elephant being a gentle giant 
has changed to that of a destructive animal due 
to the severity of the conflict through increase 
in crop depredations and human deaths/injury. 
The local community also feels that the conflict 
situation in the park is increasing and serious. 

Crop depredations: The crop damages (Fig. 6) 
were recorded by the forest department at the 
Office of the Deputy Conservator of Forests and 
these damages were compensated to certain extent 
through the compensation scheme of the forest 
department. On an average 900 (SE=151.93, 
ranges from 470-1477) compensation claims are 
registered per year. The year 2005-2006 recorded 
the maximum number (1477) of crop depredations 
resulting in an economic loss of INR 18,48,250 
(US$ 42,982) to the farmers (Table 2).

Human deaths/injury: The data on human deaths 
and injuries recorded for a period of 8 years 
between 1997 and 2008 revealed that on an 
average 2 people are killed and another 2 people 
are injured each year by the wild elephants (Table 
3). Most of the human deaths have occurred in 
the crop fields while guarding during night, and 
on roads during commute. 

Table 2.  Summary of crop damages and 
compensation paid by the Forest Department 
from 1997 to 2008. Source: BNP Management 
Plan (2002-2004 & 2008-09 to 2012-13).

Year # crop
damages

Compensation
[USD*]

1998-1999 428 9446
1999-2000 1085 29,228
2000-2001 1165 34,647
2001-2002 1247 25,850
2005-2006 1477 42,983
2006-2007 825 24,761
2007-2008 500 13,055

*1 USD = 43 Indian Rupees

Figure 5.  Fire wood collection by the local com-
munity in the park.



51

Elephant death/ injury: On an average two 
elephants are killed in this park due to human 
elephant conflict every year. The major cause 
of death was found to be electrocution (Fig. 
11) caused by illegal power lines drawn by 
farmers intentionally around their crop fields and 
elephants coming in contact with low lying high 
tension electricity distribution lines maintained 
by the State Electricity Board. The data on 
elephant deaths in the park during the last 11 
years is given in Table 4.

Influence of human elephant conflict on 
conservation of elephant in the park 

The relatively small size of this park, already 
fragmented and degraded, coupled with a high 
density elephant population is jeopardizing the 
local community through the ever increasing 
human elephant conflict. The season of arrival 
of the migratory elephants also coincides with 

the peak cropping season in the landscape thus 
making the crops highly vulnerable to raids. All 
these factors may have been and continue to result 
in the increasing number of encounters between 
the man and elephants, leading to not only loss 
of crops and human lives but also elephants in 
retaliation. The recent past three incidents of 
elephant killing using fire arms which was never 
a trend in the park clearly indicates that the 
people are increasingly losing their patience and 
becoming aggressive to elephants. In most of these 
cases, it is the free roaming potential breeding 
bull elephants, which become the victim. This 
if unchecked, may lead to the skewed sex ratios 
and genetic issues threatening the very survival 
of elephants in this landscape.

Conclusion

The survival of Asian elephants in this region 
is very much dependent on the protection 
and preservation of the habitat namely the 
Bannerghatta National Park and also mitigation 

Table 4.  Summary of elephant deaths and injuries reported between 1997 and 2008. Source: BNP 
Management Plan (2002-2004 & 2008-09 to 2012-13).
Sl. # Year # deaths Reason of elephant death

poaching electrocution natural                other
1 1997-1998 1 1
2 1998-1999 2 1 1  (intoxication)
3 1999-2000 4 1 2 1  (fall from steep slope)
4 2000-2001 3 3
5 2001-2002 1 1
6 2002-2003
7 2003-2004 3 2 1  (tympony)
8 2004-2005 3 1 1 1  (impaction)
9 2005-2006 4 1 1 2  (gunshot + accident)
10 2006-2007 1 1  (premature birth)
11 2007-2008 1 1  (liver failure)

Table 3.  Summary of human deaths and injuries 
reported from 1997 - 2008 (BNP Management 
Plan 2002-04 & 2008-09 to 2012-13).

Year # 
deaths

# 
injured

Compensation
[USD*]

1998-1999 3 1 3140
1999-2000 3 1 4884
2000-2001 2 2 3372
2001-2002 2 1 2047
2005-2006 3 6 8384
2006-2007 1 4 3665
2007-2008 2 1 7442

*1 USD = 43 Indian Rupees

Figure 6.  Crop damag by elephants in the park.



52

of human-elephant conflict. This requires an in-
depth understanding of the elephant population, 
its habitat usage pattern, status of habitat in terms 
of types, fragmentation etc. Information on land 
use around the park particularly on cropping 
patterns will be crucial. The status of crop raiding, 
economic losses to farmers due to depredations 
and destruction of property and loss of human 
life needs to be clearly understood. Information 
on elephant mortality will also be crucial to the 
understanding of the overall conflict status in 
this region. Data on elephant barriers and their 
efficacies will throw light on reasons for elephant 
incursions to human settlements. Studying 
community perspective on elephants and conflict 
will be imperative to any community based 
initiatives to mitigate human elephant conflict in 
this area. 

Information thus collected through proper 
research methods will eventually enable the 
formulation of management strategies for 
mitigation of human-elephant conflict, which is 
the main conservation threat to the survival of 
Asian elephants in Bannerghatta National Park.
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The Lao PDR is an often forgotten range country 
of the Asian elephant (Elephas maximus). Despite 
having the largest remaining Asian elephant 
population in the Indochina region, little robust 
research on either wild or domesticated elephant 
populations has been undertaken in Laos. Any 
research that has occurred is either aging beyond 
relevance, or recent and ongoing. Population 
estimates range from 500-1000 wild, and 500 
domesticated elephants remaining in the Lao 
PDR (Lair 1997; Blake & Hedges 2004; Sofranco 
2006; ElefantAsia 2007).

One International Non-Government Organisation 
working in Laos since 2001 is ElefantAsia. A 
French-based INGO, ElefantAsia focuses efforts 
primarily on domesticated elephant registration, 
reproduction and veterinary care. Other projects 
include the creation of alternative income-
generating activities for elephant owners, and 

environmental education activities such as the 
annual Elephant Festival. All programs endeavour 
to conserve and protect the domesticated Asian 
elephant from regional extinction in Laos. 

Of the estimated 500 remaining domesticated 
elephants in Laos, 80% reside in the northwest 
province of Sayaboury (ElefantAsia 2007, Fig. 
1). Sayaboury is a mountainous region still 
lacking many access routes or the infrastructure to 
make broad-scale logging viable. While selective 
logging for village use with domesticated 
elephants (Fig. 2) has occurred in the Sayaboury 
province for centuries, it has only been during the 
past 20 years that organised logging companies 
have exploited domesticated elephants for 
professional timber extraction. Acknowledged as 
one of the poorest districts in Lao PDR by the 
United Nations Development Program (2009), 
elephant owners in this area have embraced this 
much-need income-generating activity offered by 
the logging industry, despite the adverse and often 
disastrous results it can have on domesticated 
elephant populations. 

With calves economically worthless in the 
logging industry until age 14, consultations with 
mahouts indicate that many are opting to work 
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their cows intensively rather than allowing them 
time for reproduction (ElefantAsia 2008). Over a 
20-year period this had resulted in an inverted age 
pyramid, with the mortality rate of domesticated 
elephants greatly outweighing the birth rate. 
Sadly, many deaths are either fully or partially 
caused by work in the logging industry. Severe 
exhaustion, lacerations, fractures, and other 
disorders are often left untreated as mahouts 
work for months in remote forested regions 
isolated from veterinary assistance (ElefantAsia 
2008). These issues are the focus of ElefantAsia’s 
primary projects: veterinary care, and alternative 
income-generating abilities. 

ElefantAsia has two Mobile Veterinary Units 
(MVUs) that travel throughout the provinces 
of Laos where domesticated elephants reside. 
The MVUs are all-terrain vehicles equipped 
with veterinary supplies suited to the Lao 
climate, context, and local availability (Fig. 3). 
International volunteer veterinarians participate 
in all MVU trips, along with Department of 
Livestock and Fisheries government officials, 
and other specialised ElefantAsia staff. With 
most domesticated elephants located in 
Sayaboury Province, the majority of MVU time 
is spent travelling throughout this large province. 
Scheduling meetings with elephant owners and 
their elephants takes approximately two weeks 
in advance to prepare from ElefantAsia’s head 
office in Vientiane. This includes consultations 
with district and provincial Department of 
Livestock and Fisheries staff; attempts to contact 
mahouts working in areas with poor mobile 
phone reception, and purchasing veterinary 
products from the National Animal Health 

Centre supply unit. Once in the field, veterinary 
care is undertaken at either pre-arranged meeting 
areas, or simply by the roadside where elephant 
owners come out of the forest to meet the MVU 
(Fig. 4). The most commonly treated disorders 
observed by MVU veterinarians are abscesses; 
parasitic abscesses; eye disorders; cracked nails 
and superficial wounds (Labatut & Suter 2010).

ElefantAsia does more than just attend to injured 
elephants, then leave. The MVU supplies all 
elephant owners, who bring their elephant to 
the MVU for treatment and registration, with 
an Elephant First Aid Kit (Fig. 5). The kit is a 
waterproof plastic container full of basic yet 
effective veterinary items that mahouts can 
administer to their elephants as required. Such 
products include eye cleansers, broad-spectrum 
antibiotics, vitamins, de-worming medications, 
iodine, gauze pads, and prophylactic materials. 
A new addition to the Elephant First Aid Kit is a 
translated version of the Elephant Care Manual 
for Mahouts and Camps Managers, co-published 
by the Food and Agriculture Organization of 
the United Nations and ElefantAsia. This is the 
first and only book written in the Lao language 
specifically relevant for elephant ownership, 
and includes chapters about how to assess 
the weight of an elephant for medical dosage 
requirements; how to treat common diseases; 
dietary requirements; life cycles; and control 
techniques. 

ElefantAsia also spends a significant amount 
of time and resources providing product 
training and education to elephant owners and 
mahouts (Fig. 6). As the daily care-givers to 
this endangered species, ElefantAsia believe it Figure 3.  Mobile Veterinary Unit.

Figure 4.  ElefantAsia vet at work.
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is imperative that owners and mahouts have the 
skills and knowledge required to independently 
and effectively administer treatment to their 
elephants when immediately required. The 
application of all products in the Elephant First 
Aid Kit is comprehensively explained to mahouts 
by ElefantAsia staff members, with all supplies 
available for purchase at district pharmacies 
or veterinary centres. Feedback regarding the 
Elephant First Aid Kits has been extremely 
positive, with all elephant owners and mahouts 
enthusiastic to learn about product usage and 
how to provide better care in remote situations. 
Funding for Elephant First Aid Kits is provided 
by private sponsors, and ElefantAsia intends to 
continue ongoing first aid kit distribution, as it 
is an incentive to owners and mahouts to seek 
assistance from ElefantAsia’s MVUs. 

Another project undertaken by ElefantAsia 
is the ongoing “Baby Bonus” incentive. With 
ElefantAsia’s registration records showing 
domesticated elephant births occurring at 
an exceedingly low rate, ElefantAsia has 
implemented a motivational program aimed 
at encouraging elephant owners to breed their 
cows. Through a binding agreement between 
ElefantAsia and an elephant owner, ElefantAsia 
agrees to provide a tak-tak (a motorised rotary 
hoe used for agricultural use); pre and post 
pregnancy veterinary care; and elephant life 
insurance to owners willing to stop working 
their cows in the logging industry and actively 
attempt to breed them. To date, ElefantAsia has 
four cows signed to the Baby Bonus program 
with more owners interested. Once the calf is 

born, ElefantAsia will attempt to place mother 
and calf in a quality tourist camp where they can 
undertake light trekking work. Laos does not 
currently have an elephant ultrasound machine, 
so it will be some time before veterinarians and 
the owners’ experience tells whether or not their 
cow is pregnant. 

There are various approaches through which 
domesticated elephant cows in Laos can 
become impregnated. In the north-west district 
of Thongmixay, cows are often impregnated 
by wild bulls from the neighbouring Nam Phui 
Protected Area. Nam Phui is believed to have a 
wild elephant population of approximately 130 
individuals, although only rudimentary population 
counts have been undertaken (National Elephant 
Management Action Plan 2009). Nevertheless the 
Nam Phui Protected Area is believed to contain 
the second largest wild population of elephants 
in Laos (National Elephant Management Action 
Plan 2009). 

While working in remote forested regions, 
mahouts may see a wild elephant and tether 
their cow at night close to where the bull was 
observed. On the 26th of January 2010, two calves 
were born on the same day to domesticated cows, 
with the male believed to be a bull from the Nam 
Phui Protected Area. ElefantAsia staff are aware 
of at least another six cows that are pregnant by 
wild bulls in Thongmixay. In southern Laos, the 
breeding of domesticated elephants is currently 
poor. With approximately 30 domesticated 
elephants residing in the Patoumphone District 

Figure 5.  Elephant First Aid Kits.

Figure 6.  ElefantAsia staff train mahouts in 
product usage.



56

of the Champassak Province, cows and bulls are 
generally not kept together, making reproduction 
an unlikley occurence. Unlike northern Laos 
where domesticated elephant owners can earn a 
good income through logging, this does not occur 
in Patoumphone, a flat, previously logged region. 
Consultations with elephant owners in southern 
Laos have indicated that breeding is viewed as 
an unnecessary, expensive, and unsafe practice 
to undertake. Poor reproductive knowledge and 
a lack of financial incentives were other major 
explanations as to why owners are not breeding 
their elephants in southern Laos (Maurer 2009).

Despite elephant domestication occurring for 
centuries, many domesticated elephant owners 
in Laos do not necessarily have reproductive 
knowledge and techniques. Until the 1980’s it 
was legal to capture calves from wild elephant 
populations as required, hence reproductive 
knowledge has never been required. Since 
the Government of Laos banned the taking of 
elephants from the wild, domesticated elephant 
population numbers have declined significantly 
(Lair 1997; Norachuck 2002). ElefantAsia’s 
mahout training includes how to visually observe 
and assess a cow’s oestrus cycle, and how to chart 
oestrus cycles on a calendar. 

Poaching of domesticated elephants is another 
problem ElefantAsia is trying to tackle. The latest 
poaching occurred in the Vientiane Province of 
Laos in March 2010. ElefantAsia is aware of 10 
domesticated elephants poached since 2008, with 
no arrests for any of the crimes. Laos has been 
recognised as a nation that lacks both capacity and 
transparency to enforce laws relating to the illegal 
trafficking of ivory (Norachack 2002; Dublin et 
al. 2006). Within Southeast Asia, Laos has been 
singled out as a major source of ivory, and as a 
well-used channel to smuggle African and Asian 
elephant ivory products to neighbouring nations 
(Nooren & Claridge 2001). With the risk of arrest 
for killing or smuggling elephant parts throughout 
Laos extremely low, the motivation by poachers 
to kill Asian elephants for ivory remains high. 

Laws in the Lao PDR are clear regarding the 
killing of elephants. In 1989 the Government 
of Laos declared a ban on the hunting and 

killing of protected, endangered species; and the 
country became signatories to the Convention on 
International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) in 2004 (CITES 
2009). However, poaching continues to be a 
major cause of death for both domesticated and 
wild elephants. 

ElefantAsia has several environmental 
outreach programs aimed at teaching local Lao 
communities about the need to protect and 
conserve their national icon. These include posters 
and children’s books distributed to schools and 
libraries in areas of Laos where domesticated 
and wild elephants reside. Mobile Book Parties 
to remote villages via elephant is another novel 
way ElefantAsia teaches young generations 
about the need to protect, not poach elephants. 
ElefantAsia’s annual Elephant Festival is also a 
major drawing card in raising awareness about 
elephant conservation. 

Held annually in the Sayaboury Province, the 
Elephant Festival has attracted over 80,000 
attendees, mainly Lao nationals (Fig. 7). With 
up to 60 domesticated elephants attending each 
year, visitors to the two-day event learn about 
ancient domesticated elephant culture, logging 
techniques, and the life of an elephant owner. 
Consultations with elephant owners indicate 
that they enjoy attending the festivals as their 
profession is shown a high status and is respected 
by Lao nationals and foreigners alike. Now one 
of Laos’ major festivals, many national and 
international television crews and journalists 
travel to Laos purely to attend ElefantAsia’s 
Elephant Festival. 

Figure 7.  Elephant Festival in Laos.
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While ElefantAsia has many ongoing projects, 
the main focus is to increase domesticated 
elephant populations for future generations to 
use. Tourism in Laos is a growing industry (Lao 
National Tourism Administration 2009), with 
approximately six elephant tourist camps in 
the Luang Prabang municipality. Private hotels 
and guesthouses throughout Laos also own 
elephants and offer elephant treks to visitors. 
Tourism in the form of elephant trekking may 
be the domesticated elephant’s saving grace in 
Laos. Once logging quotas are filled, elephants 
will become unemployed and ownership will 
be financially unsustainable. ElefantAsia is 
endeavouring to create Laos’ first breeding 
sanctuary for domesticated elephants, enabling 
pregnant cows to do light treks while pregnant 
or with a calf. As a change from working in 
the intensive logging industry, quality elephant 
trekking can be a viable way to continue Laos’ 
ancient, traditional, domesticated elephant 
ownership. 
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Introduction

In Myanmar, just before the Second World War 
in 1942, the total population of elephants owned 
by the Myanma Timber Industries was about ten 
thousand. They consisted of approximately 6500 
Full Grown (18 years and above), 2500 Trained 
Calves (5 to 18 years) and 1000 Calves at Heel 
(suckling baby elephants). During the second 
World War, about 2/3 of the elephants owned 
by the timber industry died due to overwork, 
undernourishment, or were released in the deep 
jungle and slaughtered by poachers to obtain 
meat and ivory.

Myanma Timber elephants are classified 
according to age and working ability into six 
classes Class I are elephants which can drag 
more than 2 ton logs, aged 30-45 years. Class II 
elephants are those that can drag 1-2 ton logs aged 
25-50 years. Class III elephants can drag up to 1 
ton and are usually aged 18-25 years (elephants 
being trained to log) or over 50 years. Class IV 
are those in poor body condition, disabled and 
over 50 years old (retired elephants). Class V 
are elephants in training, used in transportation 
and travelling, aged 5-15 years. Class VI is baby 
elephants under 5 years old.

In Myanmar, baby elephants live freely with 
their mothers the entire duration of baby life. So, 
the baby elephants are wild and need to be tamed 
for utilization in the field. Therefore, we start 
to train at 4 to 5 yrs old according to their body 
conformation. The objectives of the training are 
that the baby elephants have controlled manners 
and can be utilized in the field.

Types of baby elephant training methods

There are three kinds of training methods used 
in Myanmar, namely: two-sided crush method, 

one-sided crush and cradle combined method, 
and cradle only method.

The two-sided crush method has a safety margin 
for trainers, but it can cause some damages and 
injuries to elephants as they can sustain injuries 
by pushing against the sides. The one-sided crush 
and cradle combined method, is also similar to 
the former method. The cradle only method is 
the best because of its safety for elephants and 
trainers. The trainee calf can be moved freely in 
the cradle without injuries, except for some skin 
abrasions due to ropes.

The structure of the crush in Myanmar

Important points in building a two-sided crush 
are:
1. A stout tree with a seven or eight foot girth 

is required for the head of the crush, or three 
posts each twelve feet in length, eight inches 
in diameter, and buried at least 3 feet into the 
ground.

2. Eight posts for each side of the crush are 
required; another two posts are required for 
the mouth or the entrance of the crush.

3. Three horizontal poles are needed as a barrier 
on each side of the crush, and they should be 
15 feet long and 6 inches in diameter.

4. The shape of the two sided crush is similar to 
the capital letter “V”. The length of the crush 
should be eight and half feet long, the closed 
end of crush should be about two and half 
feet wide, and the mouth of the crush should 
be about five feet wide.

5. The eight posts on both sides should be set 
two feet apart from each other vertically, and 
must be planted into the ground about three 
feet.

6. The three horizontal poles on each side of the 
crush must be tied with strong cane or secured 
with nails on the inside of the vertical poles.
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Other requirements for training

Tamarind bolus and salt, paddy or rice, and some 
green fodder, which is collected daily by mahouts 
during the training period, are fed. Pig fat is used 
as a lubricant to minimize wounds or injuries. 

The training procedure

The procedure of training is similar in all 
methods. The only difference is in the building 
of the crush. The duration of the training period 
in all methods is about one month.

If the calf, at the age of 4 or 5 years, is wild or 
timid, its mother is tied to a tree near the crush 
for an hour or two daily, and tamarind bolus fed 
by placing it inside the crush as bait for the calf. 
The calf should be conditioned to be familiar 
with and enter into the crush prior to beginning 
training. The calf is noosed at the neck by an 
experienced oozie or trainer, with the assistance 
of a pair of well trained full-grown elephants, 
known as Khunchee elephants. The neck noose 
must be fitted to the neck, not be too loose or too 
tight, to prevent it from slipping off.

The calf is put into the crush with the aid of 
Khunchees. In some cases, when some elephant 
calves are wild and strong and resist going into the 
crush, we use Xylazine as a sedative. It is useful 
and provides safety for trainers. As soon as the 
calf gets into the crush, the mouth of the crush is 
closed with the three horizontal bars. The neck 
noose rope is tied to the head tree and post. The 
head tree or closed end is covered with a soft pad 
made of tree bark to prevent injury to the calf’s 
head from butting. The four legs are tied to the 
nearest vertical posts of the crush, and then the 
hind legs and fore legs are each tied together in 
the shape of the number 8. After finishing tying 
the ropes on the calf, we paint or pour pig fat 
into the knots of ropes as a lubricant to prevent 
skin abrasions. Then, the ear hook is used on the 
upper base line of the right ear. It is fixed with a 
rope six feet long, which should be rather loosely 
fastened to the upper rope.

Most calves are put in the crush in the morning 
and taken out in the evening after intensively 

Important points of the cradle method

The building of a cradle for elephant training is 
simpler than the two-sided crush, and one-sided 
crush combined with the cradle method. 

For the cradle method, only three posts are needed 
along with three bars and some strong ropes 
(Fig. 1). The structure of the crush for the cradle 
method is an equal two sided triangle shape. The 
head of the crush in the cradle method is wide, 
and the distance between the two posts should be 
nine feet apart. The back post is situated about 
twelve feet from the centre of two posts. One 
stout bar must be put on the top of two posts, and 
the other two bars must be put on the front cross 
bar and on the back post horizontally. The height 
of the crush must be nine feet, and buried into the 
ground four feet. In this method, some soft and 
firm ropes and a chest band about six inches wide 
are required.

The requirements of medical and controlling 
instruments

Xylazine 2% is used in capturing baby elephants. 
The age of baby elephants is about five years, and 
some are not weaned at that time. Xylazine is used 
as a sedative, and the amount varies according to 
the resistance of the baby elephants. Most baby 
elephants are sedated within a few minutes with 
2.5 to 3 ml of Xylazine. Sometimes there is also 
a need to prevent tetanus in trainee calves. The 
other tools needed in elephant training are an ear 
hook, some long chains, and fetters (foot chain). 
However, fetters occasionally made with cane 
are used during the training period.

Figure 1.  Trainee calves are trained by cradle.
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teaching them fettering and unfettering, riding on 
the back or neck, and a few words of command to 
calm down (Fig. 2). In the evening, the intelligent 
and docile calf is trained to crouch at the mouth 
of the crush with the aid of posts and iron hook or 
Choons with long handles. But if the calf is strong 
and wild, it will be kept in the crush overnight.

Tied up position (Sakanchi) - 1st step

The trainee calf is walked with the aid of 
Khunchee elephants, and the neck rope is tied to 
the tree post. The hind leg ropes are tied to strong 
posts or trees, and the sling is fixed around the 
calf’s chest just behind the fore legs. The sling is 
well smeared with pig fat to prevent skin injuries. 
The upper rope is fixed to the breast rope. In 
this step, the trainee calf is kept in a standing 
position, and its fore legs are in fetters, with well 
lubricated smooth line chain. Its hind legs are 
lashed together in a figure 8, and fastened with the 
long ropes to a strong tree. All ropes are moved, 
loosened, or tightened whenever necessary. It is 
very important to prevent rope abrasions or rope 
sores on the captive trainee calf. 

The trainer allows the trainee calf to sleep a little 
during the first night, and training starts sometimes 
by talking while rubbing and handling every part 
of its body, especially on its fore legs to accept 
the fetters, as well as fastening and unfastening 
(Fig. 3). Riding on its back and neck, the oozie 
feeds it a little bolus of tamarind, some packets 
of vegetables, or leaves, or a small piece of sugar 
cane. One trainer stays in front of the calf, out of 
reach of its trunk. Drinking water is given by a 
wooden tub placed not too close.

The trainers train the calf for an hour and let 
it rest for an hour till the night, and watch it 
carefully, feeding it with green fodder after the 
training period. The ropes on the calf are reset 
whenever they are loose or tight. The calf is 
taught to “crouch” at the mouth of the crush for 
three days and then the calf is walked with its 
oozie riding on its back, with the assistance of 
Khunchee elephants (Fig. 4). It is bathed and the 
whole body is rubbed with “doh-nwe” or “Sugit” 
in the stream every morning and evening. Doh-
nwe and Sugit are herbal plants for cleaning 
elephant‘s skin while taking a bath. These plants 
are a soap substitute and are species of creeper. 
During walking, one trainer leads it by holding 
the rope of the ear hook and feeding tamarind 
with salt and a species of banana tree.

After a short walk, the calf is brought back to 
camp and given a hot application with an infusion 
of “Wan-U” or “medicant bark” (herbal plant bark 
used for inflammation. It is a species of creeper 
abundant in the forest) on all parts of the calf’s 
body. It is also provided necessary veterinary 
treatment, and hand-fed with half-boiled paddy 
plus common salt. The trainee calf is fed with 
sufficient amounts of fresh green fodder. Drinking 
water is given three times a day.

 Circling around the post (Tine Lae) - 2nd step

After finishing the tied up position (3-5 days), 
the trainee calf is moved to “circling around the 
post” with the long neck rope. The tree or stout 
post must be debarked and smooth, to allow the 
trainee calf to walk around the post by circling 
it. In this step, the calf must understand how to 

Figure 2.  Trainee calf trying to escape from the 
cradle.

Figure 3.  Calf training in the night, rubbing 
every part of its body.
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walk with fetters and hind leg ropes. It should 
be taught with the help of the ear hook. Riding 
with the help of Khunchee elephants, and bathing 
every morning and evening continues. This step 
may last 3-5 days, and its hind leg ropes may be 
unfastened and the tethering chain may be tied to 
the fore leg over the fetters. At this stage, the calf 
is in a much more relaxed condition and can sleep 
lying down. The trainee calf is less restrained, 
except for fetters on the forelegs and ear hook on 
the right ear. In the daytime, the calf is frequently 
transferred to various locations around the camp 
where the food is adequate for it. A wooden bell 
is hung on the calf’s neck. In this stage, the calf 
becomes more familiar with its oozie. Daily 
practice such as rubbing, riding on the back and 
neck, and teaching fettering and un-fettering are 
carried out continuously.

Day release and night restraint - 3rd step

After 15 days and finishing the two steps above, 
the calf accepts the commands of its oozie and is 
accustomed to its fetters and long chain, knowing 
how to move comfortably, to sleep, and stand up. 
So the calf is released with fetters and a tethering 
chain into the jungle near the camp, watched by 
its oozie, and brought back in the evening to the 
training camp. The calf is allowed to drink in the 
stream as and when it wants. This step lasts 3-5 
days, and its oozie must pay close attention to 

his elephant’s sleeping habits, eating habits, and 
roaming or wandering habits in the jungle. Lifting 
one foreleg, “Myouk”, is taught at this stage. 

Day and night release - 4th step

After being released in the day and restrained 
at night, the calf is released in the daytime and 
at night when the calf obeys its oozie’s verbal 
commands and understands its oozie’s manner 
and desires. In this stage, the close relationship 
between man and elephant is developing. The 
calf, however, must be caught early every 
morning and evening and brought back to 
camp, bathed every morning, then fed paddy, 
tamarind, and salt as a supplement. The physical 
examination of the trainee calf must include 
its body condition, wounds and injuries due to 
training, fetters, tethering chain, wooden bell, 
and treatment should be done if necessary. Daily 
practice should be done continuously, according 
to the procedure in the daytime.

After the training period, this calf is used in light 
duties such as travelling, and carrying baggage 
from one camp to another during the rainy 
season. 

The training methods used in Myanmar can be 
cruel for baby elephants, and therefore, sometimes 
we are faced with accidental death in the crush. 
Due to the intense training, the baby elephants 
may get wounds, injuries, and stress. Among 
the three training methods, the cradle method is 
easier on the calf because there are no injuries to 
any part of the body except skin injuries due to 
ropes. Currently, our department has been giving 
guidance and instructions to train the calf with 
soft training when the baby is three months old 
till five years old, and to do so continuously step 
by step, so that the death rate of baby elephants 
due to training accidents can be minimized. We 
invite anyone with other ideas on training for our 
elephants to share them with us.

Figure 4.  Walking trainee calf with the help of 
Khunchee elephant and some trainers by pulling 
ear hook.
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Indonesia’s recent history of managing captive 
elephants began only in the 1980s. The first 
elephant forest camps were established by the 
government to address problems of Human-
Elephant Conflict (HEC), much of which was 
caused by a program of transmigration of people 
living on densely populated islands, such as 
Java, to islands (i.e. Sumatra) which were less 
populated. Captive elephants in Indonesia are 
primarily housed in government supported forest 
camps in Sumatra, as well as in zoos and wildlife 
parks on other islands such as Java and Bali. 

Unlike many of the other Asian elephant range 
countries with captive elephants, there was not 
a long-standing tradition of captive elephant 
management in Indonesia, so the Indonesian 
“mahouts” (elephant handlers) hired by the 
government beginning in the 1980s have been 
mainly self-taught. Early on this lack of knowledge 
led to management and husbandry problems 
among the various forest camps. But as relative 
newcomers to captive elephant management, the 
mahouts were also eager to learn and have since 
greatly enhanced their capacity for elephant 
work.

 In an effort to strengthen their professionalism, 
the Indonesian mahouts recently established an 
organization to provide a better opportunity to 
influence captive elephant management, mahout 
education and needs, and elephant conservation 
in Indonesia more effectively, as well as share 
information with elephant managers from other 
regions. The concept of a professional mahout 
group helps the Indonesian mahouts improve the 
exchange of experiences and information amongst 
the various elephant management environments 
within the country.

In 2006, in the province of Bengkulu in western 
Sumatra, the first Sumatra Mahout Workshop was 
held at the Seblat Elephant Conservation Center 
(ECC). The Provincial Government Conservation 
Agency (BKSDA) sponsored this workshop 
with support from several NGOs, including the 
International Elephant Foundation (IEF), Fauna 
and Flora International (FFI), and the Veterinary 
Society for Sumatran Wildlife Conservation 
(VESSWIC). 

The workshop was attended by mahouts 
representing six different provinces and all 
of the government supported forest camps in 
Sumatra. In addition to participating mahouts, the 
Director for Biodiversity Conservation from the 
Indonesian Government Conservation Agency, 
as well as the Head of Bengkulu BKSDA also 
attended. During this workshop, presentations 
were made about each camp - information such as 
numbers of elephants and staff, camp structures 
and duties, as well as activities of the camps. 
Additionally there were discussion sessions for 
the mahouts to outline how to improve their 
professionalism and effectively present their 
concerns to the government authorities in charge 
of administering the camps. Finally, the mahouts 
decided to establish their own formal networking 
group.

The group created by the mahouts is officially 
called the “Sumatran Mahout Communication 
Forum”, and in the Indonesian language 
this acronym is FOKMAS. During this first 
workshop, participants elected officers as well 
as a representative from each camp to liaise 
with FOKMAS. Further discussions produced 
an outline of important issues for mahouts 
and for FOKMAS. Participants also voted to 
request dues from each mahout member for 
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the organization, and another vote was taken 
to decide on the frequency and venue of future 
mahout workshops.

The 2nd Mahout Workshop was organized by 
FOKMAS and held in December 2007 at the 
Saree ECC in Aceh, again with support from 
the government conservation agencies (national 
and provincial) and several NGOs. This time 
FOKMAS also invited other mahouts and zoo 
elephant keepers from all over Indonesia. In 
addition, several veterinarians and managers 
from some of these non-governmental elephant 
facilities attended. During this workshop, in 
addition to presentations from the different 
elephant camps about conditions and problems, 
there was much discussion about the role of 
mahouts - not only in elephant care but also 
about the responsibilities of government mahouts 
in wildlife conservation and forest protection. 
FOKMAS also led a training session for the 
mahouts about the use of GPS during fieldwork. 
Continued discussions developed an outline of 
mahout concerns, which were later presented to 
the government.

In June 2008, FOKMAS, in collaboration with IEF, 
VESSWIC and the Way Kambas National Park 
management, organized a Paramedic (veterinary 
technician) Workshop at the Way Kambas ECC. 
During this workshop, presentations and training 
were given on various elephant health care topics, 
i.e. basic preventative, diagnostic, and treatment 
schemes and techniques. Mahouts and paramedics 
representing all Sumatra government camps, in 
addition to several camp managers, veterinarians, 
and elephant care staff from Indonesian zoos and 
wildlife parks attended the workshop.

The 3rd FOKMAS Mahout Workshop was held 
at the Way Kambas ECC in southern Sumatra in 
March 2009. The Way Kambas ECC is the first 
camp developed by the Indonesian government 
and currently houses over 60 elephants. During 
this Workshop, an IEF Director gave presentations 
about handling and initial training of captive 
born elephant calves. This information was 
requested by FOKMAS as several of the Sumatra 
government forest camps had recent elephant 
births, and the mahouts had little experience 

handling very young calves. In addition to this 
practical component, the most recent Indonesian 
government regulations concerning elephant 
conservation issues were introduced and 
discussed during the workshop.

The 4th FOKMAS Mahout Workshop was held in 
North Sumatra province in June 2010. Mahouts 
from different camps gave presentations about 
utilizing captive elephants for conservation 
activities (i.e. for HEC management, forest 
patrols, ecotourism as alternative income source, 
education, etc.) to exchange experiences about 
these activities, and discuss the effectiveness of 
the different techniques and strategies employed 
(Fig. 1). Theoretical and practical training was 
given on the topic of field navigation using GPS 
devices (Fig. 2). Forums were held to discuss 
new legislation and regulations concerning 
elephant conservation in Indonesia as well as 
problems and urgent needs to be addressed by the 
government conservation agencies. Additionally, 
a survey was created to assess the effectiveness 
of the workshops, and participants were asked 

Figure 1.  Mahout workshop 2010.

Figure 2.  Field navigation training.
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Camp elephant “Tio” (Tangkahan, Sumatra)
Photo by Mahdi Ismail

to complete the survey both before and again 
after the workshop. The results of the survey 
will help inform the direction of future Mahout 
Workshops, identify which needs are not being 
met, and whether changes to the format of the 
workshops are necessary.

These workshops have been very effective in 
allowing the Indonesian mahouts to meet their 
peers and be informed about a wide variety of 
elephant issues within their region. For most of the 
participant mahouts, attending these workshops 
is the first time they have participated in such 
meetings. FOKMAS is continuously looking 
for the best ways to make a difference for the 
mahouts and, ultimately, for elephants all across 
Indonesia. FOKMAS continues to progress in 
developing itself as a resource - not only for all 
of the mahouts and camp managers who work 
with elephants on a daily basis, but also for the 
various government agencies concerned with 
elephant conservation in Indonesia.  

FOKMAS has also started collaborating with 
a similar organization, the Elephant Managers 
Association (EMA) based in the U.S., to 
support elephant management and conservation, 
and continue the exchange of professional 
experiences and information. The EMA is an 
organization created by elephant keepers in 1988, 
and has become a well-respected international 
professional group with a membership numbering 
about 500, an annual conference, and ongoing 
support of advocacy work to benefit elephant 
care, husbandry, and training. The EMA has 
provided support to FOKMAS via donations of 
elephant foot care tools for the mahouts, support 
of mahout training programs, and through 
presentations and discussions with the mahouts 
about western facility elephant management.

The Indonesian government now recognizes 
FOKMAS as a professional group that can 
address elephant conservation and management 
issues effectively, and has been requesting 
input and expertise from FOKMAS regarding 
elephant management and conservation issues 
in Indonesia. Private facilities in Indonesia that 
manage Sumatra elephants (i.e. zoos and wildlife 
parks) increasingly request input and support 

from FOKMAS to improve their captive elephant 
handling and management strategies. Currently 
FOKMAS has been asked by the government to 
actively participate in educating mahouts in the 
use of captive elephants for HEC management 
in Sumatra. FOKMAS also contributes to the 
collection of data on populations of wild and 
captive Sumatran elephants, thus providing 
valuable input for conservation and welfare 
strategies to Indonesian government agencies 
and NGOs. 

FOKMAS is a young organization that continues 
to develop. However, FOKMAS is the only 
professional group of mahouts in Asia, and 
has already demonstrated the value of sharing 
experiences and building capacity of this level 
of staff. This communication not only improves 
knowledge and skill about captive elephant 
care and husbandry, but also involves mahouts 
very effectively in broader issues of elephant 
conservation and forest protection.
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Introduction

Problems encountered during translocation of 
an aggressive twenty four year old male tusker 
elephant “Nandan” from Nandankanan Zoological 
Park to Chandaka Elephant Sanctuary (to use it as 
Kunki elephant) and its successful management is 
the matter of discussion of this paper which may 
help future wildlife vets in management of such 
difficult tasks.

History

Elephant “Nandan” had a previous history of 
killing his mahout on 28.11.1997 by crushing on 
ground with his foot after pushing down with his 
trunk. He had also attacked his caretakers several 
times in the zoo. Previously attempts had been 
taken for translocation of “Nandan” with the 
help of trained elephants, but all attempts yielded 
no result. The zoo veterinarian had also tried to 
tranquilize it with a combination of 300 mg of 
xylazine hydrochloride and 500 mg of ketamine 
hydrochloride but failed. Then the problem was 
referred to the Department of Veterinary Surgery 
and Radiology.

Plan of work

Shifting the elephant under standing sedation, 
lifting it with a crane using thick jute ropes, thick 
iron chains and conveyor belt and loading it in 
an iron bodied truck with special arrangement of 
hooks under the guidance of experienced mahouts 
from Assam was planned. All the branches of 
trees, which could cause obstacles on the way 
were cut down. Transportation, emergency and 
veterinary teams were prepared and trained.

Translocation procedure and discussion

The approximate body weight of the elephant 
was 5 tons. So, the elephant was injected with a 
combination of 700 mg of xylazine hydrochloride 
and 500 mg of ketamine hydrochloride 
intramuscularly using a 16 gauge needle in the left 
triceps (Schmidt 1983) for standing sedation to 
facilitate translocation (Cheeran 2008). Xylazine 
hydrochloride had been used in elephants as it 
produces standing sedation, has low therapeutic 
dose, smooth induction, and smooth recovery, 
produces trunk immobilization and has excellent 
analgesic and sedative properties (Schmidt 1986; 
Dutta & Pathak 1997). A drug dosage of 0.08 
– 0.14 mg/kg has been found to be effective 
in elephants for a wide variety of procedures. 
(Schmidt 1986; Sarma & Pathak 2001). Xylazine 
hydrochloride and ketamine hydrochloride 
mixture has been extensively used in elephants to 
obtain a balanced sedation since the animal can 
be coaxed to obey commands. 

In the present case, xylazine hydrochloride and 
ketamine hydrochloride were used at a dose 
rate of 0.14 mg/kg body weight and 0.1 mg/kg 
body weight respectively to achieve effective 
standing sedation. The advantage of using this 
drug combination in the present case was to 
obtain reduced drug dose requirement. Xylazine 
hydrochloride alone has been reported to have 
potent depressant effect on these functions but 
when used alone can produce muscular tremor 
and stiffness of skeletal muscles (Pathak 1991). 
Combination of xylazine hydrochloride and 
ketamine hydrochloride minimizes the undesirable 
effects and produces balanced sedation supporting 
the retention of vital functions. This is further 
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supported by the findings of Sarma and Pathak 
(2001) that ketamine admixing could mildly 
mitigate the hypotension brought by xylazine, 
while potentiating its sedative action, hence they 
recommended use of the combination in elephants 
and especially for this case. The sequence of 
events that happened after administration of 
anesthesia is described in Table 1.

After ensuring that the state of standing sedation 
had been achieved, the four limbs of the elephant 
were tied separately with thick jute ropes and then 
all the four ropes were tied together to facilitate 
hanging in the crane. A conveyor belt was 
wrapped around the body of the elephant with 
the help of thick jute ropes. The main purpose 
of this method was to put as minimum pressure 

as possible on the chest. Thick iron chains were 
tied around the limbs. Then the ropes and chains 
were fixed in the crane and the elephant was lifted 
(Fig. 2) and placed in an iron bodied truck. The 
iron chains (attached to the limbs of the elephant) 
were fixed with the hooks of the truck.  

Then the translocation procedure was started with 
the truck going ahead and the crane following 
the truck with emergency and veterinary teams. 
All were going smoothly. However, midway the 
elephant showed signs of sinking down to the floor 
of the truck. So, immediately the elephant was 
revived with 30 mg of yohimbine hydrochloride 
injected intramuscularly as it would result in 
sternal recumbancy and may have resulted in 
the death of the elephant. There was no option 
for lateral recumbancy as all the four legs of the 
elephant were fixed with strong iron chains. 

Just after revival, the elephant became so 
aggressive that it tried to step down from the 
truck and started trumpeting, moving its trunk 
to and fro. The elephant even put its trunk into 
the cabin of the truck driver. The driver got down 
from the truck in fear. The elephant then hit the 
side bars of the truck with his trunk and in this 
attempt injured one of his tusks and broke two 
right side hooks of the truck meant for fixing 
the chains. Rush of the local public to watch the 
event made the task more risky. Then the elephant 
was immediately re-anesthetized with 300 mg of 
xylazine hydrochloride and 200 mg of ketamine 
hydrochloride after which the translocation 
procedure was restarted. 

Table 1.  Sequence of events after administration 
of anesthesia.
Time Anesthetic signs
6:51 Administration of anesthesia 
6:58 Protrusion of the penis (Fig. 1)
7:15 Flaccid and coiled trunk (Fig. 1)
7:18 Complete onset of anesthesia with 

snoring sound
7:26 Dilated pupil

Temperature:  95.40F
Heart beat rate:  43/min
Respiration rate:  3/min

7:30 Stoppage of ear flap movement
7:34 Profuse salivation

10 ml of atropine sulphate was 
administered intramuscularly

7:45 Dribbling of urine
7:47 Elephant became calm and relaxed

Figure 1.  Protusion of penis and coiled trunk.

Figure 2.  Method of lifting the elephant with the 
help of crane.
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The elephant along with the truck reached its 
final destination safely. However, due to the 
struggling of the elephant on the way all the 
ropes, chains, and hooks including conveyor 
belts were loosened. This resulted in slipping 
of the conveyor belt towards chest region of the 
elephant (Fig. 3). So, the elephant was brought to 
ground as quickly as possible as pressure of the 
whole body on the chest might be fatal for the 
elephant. 

Then as per the advice of the forest officials, 
the tusks of the elephant were cut down (Fig. 4) 
leaving the recommended lengths. Five liters of 
Ringer’s Lactate were administered intravenously 
in the ear vein to reduce the translocation stress 
and 50 mg of yohimbine hydrochloride was 
administered to achieve recovered equilibrium to 

make the elephant able to use its trunk to eat and 
drink. A blood sample was collected and sent to 
the college laboratory and its results are shown 
in Table 2.

We finally succeeded at our task. The approach of 
chemically restraining and securing the elephant 
with proper dosing and timing of anesthesia 
provided effective means of managing the 
problems encountered during translocation of the 
elephant thereby preventing any emergencies or 
havoc.
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Figure 3.  All the ropes, chains and conveyor belt 
loosened and slipped towards chest region.

Figure 4.  Showing cutting of tusk.

Table 2.  Test results for the blood sample.
Test Result
PCV 35%
Hb 12 g/dl
RBC 3 x 106 cu mm
WBC 9000 cu mm
Total Protein 9 g/dl
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The Ringling Bros. Center for Elephant 
Conservation (CEC), and the International 
Elephant Foundation (IEF) hosted the fourth 
Annual Tuberculosis and Elephants Workshop on 
November 3-4, 2010 in Florida, USA. Workshop 
participants included recognized experts in 
infectious disease, specifically tuberculosis 
and pharmacology, veterinarians, and elephant 
managers. The workshop started with a review 
of information from the previous ‘Tuberculosis 
and Elephants Workshop’ hosted in 2009 by 
the St. Louis Zoo, Ringling CEC, and IEF. The 
first three Tb workshops identified priorities for 
increasing the understanding of tuberculosis (Tb) 
in elephants, and participants engaged in focus 
groups to develop specific projects to address 
those priorities.

Based on the outcomes of the 2009 Tb workshop, 
the goals of this year’s workshop were 
identified:
- Elucidate current issues with Tb diagnosis in 

elephants 
- Elucidate current issues with Tb treatment in 

elephants 
- Develop proposals to address alternative 

Tb treatment issues in culture positive 
elephants 

- Develop research proposals and identify 
potential partners to address alternative Tb 
treatment issue for prophylactic treatment of 
elephants

Two presentations were given on the topic of 
Tb treatment. In the first, Dr. Ellen Wiedner 
VMD, DACVIM (Ringling CEC, Florida, USA) 
reviewed a survey from 2007 looking at effects 

of Tb treatment on elephants in facilities within 
the USA (Wiedner & Schmitt 2007). The survey 
identified 17 elephants treated for Tb after 
having positive trunk wash cultures. Out of those 
animals, 14 experienced serious side effects 
that were significant enough to stop treatment. 
The Tb treatment side effects were varied and 
included lack of appetite, ocular issues, colic, 
anemia, weight loss, behavioral changes, and 
ventral edema. Some of the side effects even 
appear to be permanent (i.e. corneal scarring, 
ataxia, sterility).

Participant discussions addressed the fact that 
the current Tb treatment outlined in the U.S. 
Department of Agriculture (USDA) mandated 
“Guidelines for the Control of Tuberculosis 
in Elephants” is based on out-of-date human 
guidelines from 1994, and that monitoring 
blood work for drug-related side effects, as 
recommended by these guidelines, does not result 
in effective monitoring of possible side effects 
in elephants. There are currently no reliable or 
validated liver enzyme or liver function tests for 
elephants. Contrary to most mammals, elephants 
produce bile alcohols, not bile acids, and no 
tests exist for bile alcohols. Therefore, using 
typical serum biochemical tests in elephants to 
document liver toxicity from anti-tuberculosis 
drugs is not possible. Additionally, the American 
Thoracic Society provided updates in human Tb 
treatment recommendations in 2007 in response 
to recognition of severe liver toxicity and other 
side effects associated with anti-tuberculosis 
drugs in humans. These recommendations for 
human Tb treatments include: shorter duration, 
intermittent dosing, and new drug development. 
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Based on data collection and literature searched, 
there is an urgent need to review current Tb 
treatment protocols in elephants to ensure the 
health and welfare of Tb culture positive animals 
(Wiedner & Schmitt 2009).

Dr. Erica Wilson DVM (Dickerson Park Zoo, 
Missouri, USA) presented a case report on an 
older Asian female elephant. This female, in her 
early 60’s, was healthy and normal, and over the 
years her trunk wash cultures had always been 
negative. In the course of routine Tb testing, the 
new Tb blood tests (Elephant Tb Stat-Pak and 
MAPIA) currently required by the USDA as part 
of testing for tuberculosis in elephants, indicated 
the elephant was reactive on the tests. Based on 
the serology results, the elephant was treated 
for Tb under the 2008 USDA Tb Guidelines. 
However this elephant had severe reactions to 
the Tb treatment drugs and subsequently died. 
On post-mortem no signs of Tb were found. 
This is the second such case in the United States, 
and clearly raises significant concerns about the 
validity of initiating Tb treatment based only on a 
serology test. It also demonstrates an urgent need 
for further research about Tb treatment options 
for elephants.

Much discussion ensued about the decision by 
USDA to mandate blood testing for tuberculosis, 
via the Elephant Tb Stat-Pak and MAPIA tests, 
for all elephants in the U.S. between March 
2010 and March 2011. The results provided by 
this testing method require critical review, as the 
nature of the testing allows varied interpretation 
of the results. Demonstrating that a test can 
repeatedly identify a set of pre-selected samples 
demonstrates repeatability not validity. In 
addition, the MAPIA test is only a confirmatory 
test for the Elephant Tb Stat-Pak, and not for 
tuberculosis. As a confirmatory test to the 
Elephant Tb Stat-Pak, the MAPIA separates the 
antibodies detected into individual bands, rather 
than one band as used in the Elephant Tb Stat-Pak 
test. If reactive, then the Elephant Tb Stat-Pak is 
confirmed. If non-reactive, then the Elephant Tb 
Stat-Pak is considered a false positive. In a recent 
publication (Greenwald et. al. 2009) 54% (12/22) 
of Elephant Tb Stat-Pak positive elephants from 
a group of 63 animals were determined to be in 

this false positive category (i.e. Elephant Tb Stat-
Pak positive, MAPIA negative, and Tb culture 
negative).

Furthermore, elephants that have chronic 
inflammatory issues may test positive on Elephant 
Tb Stat-Pak. This suggests that the serological 
tests may be identifying markers of inflammation, 
which again demonstrates that these tests are 
not specific enough for Tb diagnosis. Currently 
ChemBio (manufacturer of the Elephant Tb 
Stat-Pak and MAPIA tests) runs the (multiple 
antigen) antibody test, and, based on proprietary 
criteria, makes a determination confirming or 
not confirming the reactive Elephant Tb Stat-
Pak results. These results should be verified 
independently. The ChemBio Dual Pathway 
Platform (DPP) test is currently not available for 
use in the United States, but is under review for 
licensure. If approved for use in the U.S., it will 
replace the MAPIA testing to confirm the Elephant 
Tb STAT-PAK test Interestingly, according to a 
recent publication (Landolfi et al. 2010) much 
of the Tb testing of elephants in Asian range 
countries has primarily relied on serology using 
the Elephant Tb Stat-Pak and MAPIA tests, and 
not on cultures of the Tb organism. Data about 
the overall percentage of elephants in Asia with 
confirmed culture positive diagnosis of Tb is 
still not available. In at least one Asian elephant 
range country with a known high burden of 
tuberculosis in the human population, no clinical 
or pathological signs considered suspicious for 
tuberculosis in elephants have been noted to date, 
and no diagnosis of Tb in elephants have been 
confirmed. (C. Stremme, pers. comm.)
 
The consensus, from experienced veterinarians 
and Tb researchers present at the Tb workshop, 
was that prior to relying on Tb serology testing 
in elephants, there needs to be further study 
of the elephant immune system and general 
immunology to better understand how elephants 
are affected by Tb.

The last topic addressed during the workshop 
was whether there is a potential occupational 
health risk for people who work with elephants 
to develop tuberculosis. The workshop 
participants’ consensus was that there is a need 
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for scientifically accurate information in order 
to have this discussion. A cross sectional study 
of people working with elephants is currently 
being initiated. This study will compare people 
working with elephants with those who work 
with other animal species. Tb testing of the 
people participating in the study will use a 
new interferon gold test. The first question will 
simply be to determine if people working with 
elephants have a positive or negative Tb test. The 
second question will determine if people working 
with other animal species have a positive or 
negative Tb test. The challenge will be matching 
participants with years of working with elephants, 
to individuals with years of working with non-
elephant species. The Elephant Managers 
Association (EMA) has offered to be a resource 
to help identify participants for this study. 

Interesting facts about tuberculosis include:

- In all species, tuberculosis as an active 
infection can only be diagnosed following 
isolation of the Tb organism through culture 
techniques. Serology testing alone does not 
confirm a diagnosis of active Tb. 

- When infected, only 3% of humans develop 
clinical Tb.

- The vast majority of people affected with Tb 
are not shedding and are not contagious to 
others, which may be similar in elephants. 
It also appears probable that elephants have 
long latent periods in which they are not 
infective.

- There are currently no reliable liver function 
tests for elephants. Contrary to most 
mammals, elephants produce bile alcohols, 
not bile acids, and liver function tests are 
based on enzymes for bile acid. Therefore, 
using these tests in elephants to document 
liver toxicity from anti-tuberculosis drugs is 
not possible.

- Targeted animal safety studies are needed to 
determine the thresholds between Tb drug 
efficacy and toxicity in elephants.
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Report of Three Twin Births in Captive Asian Elephants

Jayantha Jayewardene

Biodiversity and Elephant Conservation Trust, Rajagiriya, Sri Lanka
Author’s e-mail:  romalijj@gmail.com

Twin calves that were born on 15th December 
2010 in the Orang National Park in Assam, 
India. The mother’s name is Alaka. The calves 
were 70 cm and 80 cm in height and look a little 
underweight. 

The birth of twins does not seem to be such a rare 
occurrence amongst captive Asian elephants. 
Readers may recall that we featured a set of twin 
baby elephants born in Nepal in Gajah 30 (Thapa 
2009).
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Twin male elephants born on 6th March 2010 
at Ta Lad village, Sri Narong sub district 
Choombholburi district, Surin province, Thailand. 
Their names are Mang Mee and Sri Sook, The 
mother’s name is Pang Thong Koon, a 35 year-
old cow elephant

Twin female elephants born on 8th November 
2010 at Mea Joom Sam village, Mea Seuk sub 
district Mea Chaem district Chiang Mai province, 
Thailand. Their names are Thong Tang and Thong 
Kam. The mother’s name is Pang Kam-Moon a 
30 year-old cow elephant.
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the globe and intraocular structures of the Asian 
elephant eye is similar to that in other species. 
Biometry measurements recorded for adult 
(n=41) and juvenile (n=10) Asian elephants were: 
axial length, 3.44+0.21 cm and 3.18+0.19 cm 
(mean+SD); equatorial diameter, 3.88+0.32 cm 
and 3.60+0.24 cm; corneal thickness, 0.17+0.02 
cm and 0.16+0.02 cm; anterior segment depth, 
0.45+0.08 cm and 0.36+0.07 cm; lens diameter, 
1.90+0.14 cm and 1.75+0.19 cm; lens depth. 
1.01+0.12 cm and 0.94+0.10 cm, and posterior 
segment depth, 1.82+0.17 cm and 1.72+0.15 cm, 
respectively. Multiple linear regression analysis 
indicated a significant relationship between the 
explanatory variables (age, sex, and height) 
and the dependent variables (axial length, 
equatorial diameter, corneal thickness, anterior 
segment depth, lens diameter, and lens depth). 
The main finding of this statistical test was that 
the globe increases in size as the animal ages. 
Transpalpebral ultrasonography was found to be 
an effective and practical imaging modality in 
the evaluation of the Asian elephant eye, without 
the need for chemical restraint. © 2010 American 
Association of Zoo Veterinarians.

J.L. Brown, D.C. Kersey & S.L. Walker
Assessment of luteinizing hormone and 
prolactin immunoactivity in Asian and 
African elephant urine using assays validated 
for serum
General and Comparative Endocrinology 169 
(2010) 138-143
Abstract. Analysis of serum hormones is useful 
for timing artificial insemination (Luteinizing 
hormone) and diagnosing pregnancy (prolactin) 
in elephants. However, these tests require blood 
collection, which is not tolerated by all animals, and 
is impractical for field studies. Thus, developing 
a means to obtain these measures noninvasively 
could improve species management. Matched 

If you need additional information on any of the 
articles, please feel free to contact me. You can 
also let me know about new (2011) publications 
on Asian elephants.

T. Angkawanish, W. Wajjwalku, A. Sirimalai-
suwan, S. Mahasawangkul, T. Kaewsakhorn, K. 
Boonsri & V.P.M.G. Rutten
Mycobacterium tuberculosis infection of 
domesticated Asian elephants, Thailand
Emerging Infect. Diseases 16 (2010) 1949-1951
Abstract. Four Asian elephants were confirmed 
to be infected with Mycobacterium tuberculosis 
by bacterial culture, other diagnostic procedures, 
and sequencing of 16S-23S rDNA internal 
transcribed spacer region, 16S rRNA, and gyrase 
B gene sequences. Genotyping showed that the 
infectious agents originated from 4 sources in 
Thailand. To identify infections, a combination 
of diagnostic assays is essential.

P. Bapodra, T. Bouts, P. Mahoney, S. Turner, A. 
Silva-Fletcher & M. Waters
Ultrasonographic anatomy of the Asian 
elephant (Elephas maximus) eye
J. Zoo and Wildlife Medicine 41(2010) 409-417
Abstract. Bilateral transpalpebral ultrasono-
graphy was performed on 53 captive Asian 
elephants (Elephas maximus) in order to 
describe the normal ultrasonographic appearance 
and measurements of the Asian elephant 
eye. Transpalpebral ultrasonography was 
performed using a portable ultrasound unit and 
a 4-7-MHz broadband curvilinear transducer 
on animals housed at seven institutions in the 
United Kingdom and in Sri Lanka. Both males 
and females were included in the study and 
ages ranged from 14 mo to 65 yr. Ultrasonic 
examinations were conducted on unsedated 
animals, without the use of topical or local 
anesthesia. The ultrasonographic appearance of 
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urine and serum was collected from Asian and 
African elephants daily throughout the follicular 
phase and after administration of a GnRH 
analogue for LH determination, and in pregnant 
and nonpregnant females for prolactin analyses 
using immunoassays validated for elephant serum. 
Despite identifying robust increases in circulating 
hormone concentrations, no concomitant changes 
in urinary LH or prolactin immunoactivity was 
detected. Concentration of samples by centrifugal 
filtration or ethanol precipitation did not increase 
the ability to measure biologically relevant 
changes in endogenous urinary LH or prolactin 
immunoactivity. Sample matrix interference 
was ruled out following sufficient recovery of 
exogenous LH or prolactin added to samples, 
except for samples concentrated >35-fold where 
some interference was suspected. These results 
suggest that elephants either do not excrete native 
LH or prolactin in urine, or concentrations are 
too low to be measured accurately by standard 
immunoassay techniques that are valid for serum 
analyses. Thus, it does not appear feasible or 
economically viable to use these noninvasive 
tests for ovulation detection or for pregnancy 
diagnosis in elephants. © 2010 Reprinted with 
permission from Elsevier.

K.L. Campbell, J.E.E. Roberts, L.N. Watson, 
J. Stetefeld, A.M. Sloan, A.V. Signore1, J.W. 
Howatt, J.R.H. Tame, N. Rohland, T.-J. Shen, 
J.J. Austin, M. Hofreiter, C. Ho, R.E. Weber & 
A. Cooper
Substitutions in woolly mammoth hemoglobin 
confer biochemical properties adaptive for 
cold tolerance
Nature Genetics (2010) 42:536–540
Abstract. We have genetically retrieved, 
resurrected and performed detailed structure-
function analyses on authentic woolly mammoth 
hemoglobin to reveal for the first time both 
the evolutionary origins and the structural 
underpinnings of a key adaptive physiochemical 
trait in an extinct species. Hemoglobin binds and 
carries O2; however, its ability to offload O2 to 
respiring cells is hampered at low temperatures, 
as heme deoxygenation is inherently endothermic 
(that is, hemoglobin-O2 affinity increases as 
temperature decreases). We identify amino acid 
substitutions with large phenotypic effect on 

the chimeric β/δ-globin subunit of mammoth 
hemoglobin that provide a unique solution to 
this problem and thereby minimize energetically 
costly heat loss. This biochemical specialization 
may have been involved in the exploitation of 
high-latitude environments by this African-
derived elephantid lineage during the Pleistocene 
period. This powerful new approach to directly 
analyze the genetic and structural basis of 
physiological adaptations in an extinct species 
adds an important new dimension to the study of 
natural selection. © 2010 Reprinted by permission 
from Macmillan Publishers Ltd.

M. Chaiklin
Ivory in world history – early modern 
trade in context
History Compass 8 (2010) 530-542
Abstract. Ivory was the cause of the some of 
the oldest trading networks in human history. 
It is part of our cultural landscape yet ivory has 
commonly only been viewed through the lens 
of slavery or conservation. This article takes a 
broad look at the place of ivory in human history, 
from prehistoric times to the 19th century, with 
emphasis on the early modern world. Ivory trade 
is set against the backdrop of the environmental 
and evolutionary history of the elephant. It 
decouples the commodity from its adjuncts, to 
encourage a better understanding of the impact 
of ivory. © 2010 Blackwell Publishing Ltd.

C.J. Hemmer, M. Littmann, M. Löbermann, H. 
Meyer, A. Petschaelis & E.C. Reisinger
Human cowpox virus infection acquired from 
a circus elephant in Germany
International Journal of Infectious Diseases 14 
(2010) e338-e340
Abstract. A 40-year-old Asian circus elephant 
developed mouth and trunk ulcers. Three weeks 
later, her 19-year-old animal warden noticed 
a vesicle on his forearm, evolving into a scab. 
Identical cowpox strains were isolated from 
lesions of the elephant and the warden. Cowpox 
virus could no longer be isolated after the scab 
disappeared, but PCR still revealed orthopox 
DNA. Healing was complete seven weeks later, 
leaving a 1 cm scar. © 2010 International Society 
for Infectious Diseases.
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V. Jantou-Morris, M.A. Horton & D.W. 
McComb
The nano-morphological relationships 
between apatite crystals and collagen fibrils in 
ivory dentine
Biomaterials 31(2010) 5275-5286
Abstract. In this work, analytical transmission 
electron microscopy (TEM) was used to study 
the nanostructure of mineralised ivory dentine, 
in order to gain a clearer understanding of the 
relationship between the organic (collagen 
fibrils) and inorganic (calcium phosphate apatite 
crystals) components. Thin sections prepared 
by both focused ion beam (FIB) milling and 
ultramicrotomy, in the longitudinal and transverse 
planes, were investigated using electron energy-
loss spectroscopy (EELS) in a monochromated 
field-emission gun scanning TEM (FEI Titan 
80-300 FEGSTEM). Both low- and core-loss 
spectroscopy were used in the investigation, and 
the signals from phosphorous, carbon, calcium, 
nitrogen and oxygen were studied in detail. A 
combination of HAADF (high-angle annular 
dark-field)-STEM imaging and EELS analysis 
was used for simultaneous acquisition of both 
spatial and spectral information pixel by pixel 
(spectrum imaging). Across the collagen D 
banding in longitudinal sections, the relative 
thickness of the bright bands was significantly 
higher than that of the dark bands. Core-loss 
spectroscopy showed that the bright bands were 
richer in apatite than the dark bands. However, 
no ELNES variation was observed across the 
D banding. In transverse sections, significant 
changes in the carbon edge fine structure were 
observed at the interface between the extra- and 
intra-fibrillar regions. © 2010 Reprinted with 
permission from Elsevier.

Y. Jin-Long, Y. Rui, W. Deng-Hu, Y. Song-Quan, 
W. Ming-Shu & C. An-Chun
Simple method for detection of superficial 
fungal infections in Asian elephant
Journal of Food, Agriculture & Environment 8 
(2010) 1225-1226
Abstract. This short communication describes 
the utility of the Wood’s light in a practice 
that specializes in the evaluation of superficial 
fungal infections in the Asian elephant. Despite 
the availability of many ‘high-tech’ imaging 

and diagnostic devices designed to evaluate 
superficial fungal infections, the relatively simple 
Wood’s lamp continues to be of great value. It is 
encouraged that we not to abandon the use of the 
Wood’s light in wild animal clinical practice. © 
2010 WFL Publisher.

R. Joshi
How social are Asian elephants Elephas 
maximus?
New York Science Journal 3 (2010) 27-31
Abstract. The aspect of social organisation is 
highly developed in elephants and they display a 
number of usual and unusual behaviours. In this 
article, some observations from the protected 
habitats of north-west India studied during 
2000-2009, describing elephant’s behaviour 
that reveals signs of sociality and understanding 
among the Asian elephants are assessed. Study 
demonstrates that an elephant is well capable to 
understand the physical proficiency, emotional 
state and intention of other fellows. Elephants also 
feel grief and mourn when anyone of their fellow 
dies. In contrast, most of the wild animals show 
least interest in skull of their fellows but Asian 
elephant (Elephas maximus) are very receptive 
towards their relatives and they approaches the 
skull of died fellow several times and observing 
them by smelling and touching with their trunk 
and fore feet. Sometimes they also uplift and carry 
the small pieces of bones to a very short distance. 
Besides, elephant produces several effects on the 
habitat, which play an important role in dynamics 
of forest ecosystem and in maintaining their 
relations with other wild animals 

C. Kaulfers, F. Geburek, K. Feige & A. 
Knieriem
Radiographic Imaging and Possible Causes 
of a Carpal Varus Deformity in an Asian 
Elephant (Elephas maximus)
J. Zoo and Wildlife Medicine 41 (2010) 697-702
Abstract. The carpal region of an Asian elephant 
(Elephas maximus) with a clinically obvious 
varus deformity of the carpus was examined 
radiographically with a standard portable x-ray 
unit. Several dorsopalmar radiographs were taken 
at a short source-to-image distance, moving the 
beam center along the carpus. To obtain a single 
image of the carpal region, radiographs were 
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assembled digitally using a composite technique. 
Radiographs revealed a deviation of the limb’s 
axis of approximately 25° in the region of distal 
physis of the radius and ulna and a wedge-
shaped epiphysis of the ulna. Healed physitis due 
to trauma and subluxation of the middle carpal 
joint are discussed as possible causes of the 
deformity. The radiographic technique described 
proved to be helpful to evaluate a relatively large 
anatomic area in the carpal region of an adult 
Asian elephant with a varus deformity and may 
be an alternative tool to previously described 
single image radiography. © 2010 American 
Association of Zoo Veterinarians.

V.B. Kokshenev & P. Christiansen
Salient features in the locomotion of 
proboscideans revealed via the differential 
scaling of limb long bones
Biological Journal of the Linnean Society 100 
(2010) 16-29
Abstract. The standard differential scaling of 
proportions in limb long bones (length against 
circumference) was applied to a phylogenetically 
wide sample of the Proboscidea, Elephantidae 
and the Asian (Elephas maximus) and African 
(Loxodonta africana) elephants. In order to 
investigate allometric patterns in proboscideans 
and terrestrial mammals with parasagittal limb 
kinematics, the computed slopes between long 
bone lengths and circumferences (slenderness 
exponents) were compared with published values 
for mammals, and studied within a framework of 
the theoretical models of long bone scaling under 
gravity and muscle forces. Limb bone allometry 
in E. maximus and the Elephantidae is congruent 
with adaptation to bending and/or torsion induced 
by muscular forces during fast locomotion, as in 
other mammals, whereas the limb bones in L. 
africana appear to be adapted for coping with the 
compressive forces of gravity. Hindlimb bones 
are therefore more compliant than forelimb 
bones, and the resultant limb compliance gradient 
in extinct and extant elephants, contrasting in 
sign to that of other mammals, is shown to be a 
new important locomotory constraint preventing 
elephants from achieving a full-body aerial phase 
during fast locomotion. Moreover, the limb 
bone pattern of African elephants, indicating 
a noncritical bone stress not increasing with 

increments in body weight, explains why their 
mean and maximal body masses are usually 
above those for Asian elephants. Differences 
in ecology may be responsible for the subtle 
differences observed in vivo between African 
and Asian elephants, but they appear to be more 
pronounced when revealed via mechanical 
patterns dictated by limb bone allometry. © 2010 
The Linnean Society of London.

J.A. Landolfi, S.K. Mikota, J. Chosy, K.P. 
Lyashchenko, K. Giri, K. Gairhe & K.A. Terio
Comparison of systemic cytokine levels 
in Mycobacterium spp. seropositive and 
seronegative Asian elephants (Elephas 
maximus) 
J. Zoo and Wildlife Medicine 41(2010) 445-455
Abstract. Mycobacterium spp. infection is an 
important health concern for Asian elephant 
(Elephas maximus) populations worldwide. 
The disease is of particular concern considering 
its potential to affect not only the individual 
animal but also herd and public health. Although 
elephant tuberculosis susceptibility is poorly 
understood, immune function alterations are 
central to disease pathogenesis in other species 
and probably affect outcome of mycobacterial 
infections in elephants. Measurement of immune 
mediator (cytokine) levels within blood samples 
can provide information regarding immune 
Function that may elucidate disease susceptibility. 
For this study, mRNA levels of interleukin (IL)-
2, IL-4, IL-10, and IL-12; interferon (IFN)-
gamma; tumor necrosis factor (TNF)-alpha; 

Baby with punk hairstyle (Yala NP, Sri Lanka)
Photo by H. K. Janaka
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and transforming growth factor (TGF)-beta 
were measured using elephant-specific, real-
time reverse transcription-polymerase chain 
reaction (RT-PCR) assays in RNA-preserved 
whole blood samples from 106 Asian elephants, 
15% of which were Mycobacterium tuberculosis 
complex seropositivc. The Elephant TB STAT-
PAK(R) (Chembio Diagnostics, Inc., Medford, 
New York 11763, USA), a novel lateral flow 
antibody detection assay developed for specific 
use in elephants, was used to determine serologic 
status for the study. Seropositive animals had 
higher levels of TNF-alpha and lower levels 
of TGF-beta than seronegative animals; these 
differences between groups were statistically 
significant when levels were analyzed as 
categorical variables. Trends toward higher 
levels of IFN-gamma and IL-4 and slightly lower 
levels of IL-10 and IL-12 were noted in the 
seropositive group, although differences between 
groups were not statistically significant. Presence 
of other inflammatory conditions was found to 
be a significant confounding variable in the 
analysis of the relationship between tuberculosis 
status and TNF-alpha levels, necessitating its 
inclusion in statistical models. Age and sex were 
not found to significantly affect the relationship 
between tuberculosis status and any of the 
cytokines measured. Interleukin-2 levels were 
below the sensitivity of the real-time RT-PCR 
assay irrespective of tuberculosis status. These 
findings provide a foundation for future research 
into the immunopathogenesis of elephant 
tuberculosis. © 2010 American Association of 
Zoo Veterinarians.

W.A. Lindsay, E. Wiedner, R. Isaza, H.G.G. 
Townsend, M. Boleslawski & D.P. Lunn
Immune responses of Asian elephants (Elephas 
maximus) to commercial tetanus toxoid 
vaccine
Veterinary Immunology and Immunopathology 
133 (2010) 287-289
Abstract. Although captive elephants are 
commonly vaccinated annually against tetanus 
using commercially available tetanus toxoid 
vaccines marketed for use in horses and livestock, 
no data exists to prove that tetanus toxoid 
vaccination produces measurable antibody titers in 
elephants. An ELISA test was created to measure 

antibody responses to tetanus toxoid vaccinations 
in 22 Asian elephants ranging in age from 24 to 56 
years (mean age 39 years) over a 7-month period. 
All animals had been previously vaccinated with 
tetanus toxoid vaccine, with the last booster 
administered 4 years before the start of the study. 
The great majority of elephants had titers prior to 
booster vaccination, and following revaccination 
all elephants demonstrated anamnestic increases 
in titers, indicating that this species does respond 
to tetanus vaccination. Surprisingly older animals 
mounted a significantly higher response to 
revaccination than did younger animals. © 2010 
Reprinted with permission from Elsevier.

J. Lorimer
Elephants as companion species: the lively 
biogeographies of Asian elephant conservation 
in Sri Lanka
Transactions of the Institute of British 
Geographers 35 (2010) 491-506
Abstract. This paper aims to open conversations 
between human and physical geographers 
interested in the diversity and dynamics of life 
and ways of ensuring their future flourishing. It 
brings together a revitalised human geography 
with recent work in biogeography to develop 
lively biogeographies for intradisciplinary 
rapprochement and collaboration. The paper 
outlines connections and tensions between these 
fields and examines the resources that they offer 
for new approaches to conservation geographies. 
The potential of lively biogeographies is 
illustrated through a detailed investigation of 
human-elephant companionship and conservation 
in Sri Lanka. Multidisciplinary methodologies 
are provided for tracing human-elephant 
relationships. Critically exploring examples of 
contemporary practice, the paper then presents 
three important dimensions of convivial 
biogeographies for Asian elephant conservation. 
These relate to concerns of nonhuman difference, 
interspecies conviviality and cosmopolitan 
environmentalism. In conclusion, the paper 
reflects on some of the challenges that emerge 
from this new approach to biogeography and 
appeals for future research and collaborations. 
© 2010 Royal Geographical Society (with the 
Institute of British Geographers).
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I. Lueders, C. Niemuller, C. Gray, P. Rich & T.B. 
Hildebrandt
Luteogenesis during the estrous cycle in Asian 
elephants (Elephas maximus)
Reproduction 140 (2010) 777-786 
Abstract. The occurrence of multiple corpora 
lutea (CLs) in the ovaries of the cycling and 
pregnant elephant, a monovulatory mammal, has 
driven scientific discussions during the past five 
decades. However, fundamental knowledge on 
luteogenesis is lacking. In this long-term study, 
CL formation and regression throughout the 
estrous cycle were monitored using transrectal 
2D- and 3D ultrasonography in 33 captive Asian 
elephants. Serum or urinary progestagens (Pm) 
were measured to determine the reproductive 
cycle stage. In seven females, serum Pm and LH 
concentrations were directly related to ovarian 
events. We have found two different modalities 
of luteal development: one for the accessory CL 
(acCL) and one for the ovulatory CL (ovCL). 
acCLs were derived from luteinization of larger, 
subordinate follicles after the first anovulatory 
LH peak. The dominant follicle produced the 
largest CL after the second (ovulatory) LH peak. 
The first luteal tissue formation became visible 
~10 days after the respective LH peak. After 
ovulation, it took 29.8±5.0 days for the acCLs 
to reach their maximum diameter, whereas the 
ovCL reached a significantly larger size (33.2±2.3 
mm, P<0.0001) about 10–15 days later. All CLs 
were visible throughout the new follicular phase, 
with some of the larger ones still present in the 
subsequent luteal period. In this study, we have 
demonstrated that Asian elephants have evolved a 
novel method for luteal development and function, 
and by repeatedly forming two types of distinctly 
different CLs for every reproductive cycle, they 
have ensured that there will be sufficient luteal 
capacity for maintaining a 22-month pregnancy 
should conception occur. © 2010 Society for 
Reproduction and Fertility.

P.R. Manger, J. Hemingway, M. Haagensen & E. 
Gilissen
Cross-sectional area of the elephant corpus 
callosum: comparison to other eutherian 
mammals
Neuroscience 167 (2010) 815-824
Abstract. The current study reports our findings 

of the relationship between cross-sectional area 
of the corpus callosum and brain mass in over 100 
eutherian mammal species. We were specifically 
interested in determining whether the elephant 
had a corpus callosum the size that would be 
expected for eutherian mammal with a brain mass 
of approximately 5000 g, or whether a different 
morphology had evolved. To answer this question 
we first analysed data from primates, other 
eutherian mammals and cetaceans, finding that 
primates and other eutherian mammals showed a 
positive allometric relationship between the two 
variables, such that larger brains had a relatively 
larger corpus callosum. Interestingly, primates 
have a slightly larger corpus callosum than 
other eutherian mammals, but showed a similar 
allometric scaling to this group. The cetaceans 
had a both absolutely and relatively small 
corpus callosum compared to other mammals 
and showed isometric scaling with brain mass. 
The six elephants studied herein had the largest 
absolute corpus callosums recorded to date; 
however, relative to the mass of their brain, the 
size of the corpus callosum was what would be 
expected of a typical eutherian mammal with a 
brain mass of approximately 5000 g. The data for 
elephants hinted at sexual dimorphism in size of 
the corpus callosum, with female elephants having 
both an absolute and relatively larger callosum 
than the males. If this observation is supported 
in future studies, the elephants will be the first 
non-primate species to show sexual dimorphism 
in this neural character. The results are discussed 
in both an evolutionary and functional context.© 
2010 Reprinted with permission from Elsevier.

K. Meyer, J. Hummel & M. Clauss
The relationship between forage cell wall 
content and voluntary food intake in 
mammalian herbivores
Mammal Review 40 (2010) 221-245
Abstract. 1. It is generally assumed that 
animals compensate for a declining diet quality 
with increasing food intake. Differences in 
the response to decreasing forage quality in 
herbivores have been postulated particularly 
between cattle (ruminants) and horses (hindgut 
fermenters). However, empirical tests for both 
assumptions in herbivorous mammals are rare. 
2. We collected data on voluntary food intake in 
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mammals on forage-only diets and related this 
to dietary neutral detergent fibre (NDF) content, 
assuming a nonlinear correlation between 
these measurements. Generally, the paucity 
of corresponding data is striking. 3. Elephants 
and pandas showed very high food intakes that 
appeared unrelated to dietary fibre content. Only 
in small rodents, and possibly in rabbits, was 
an increase in food intake on forages of higher 
NDF content evident. In particular, other large 
herbivores, including horses, followed patterns 
of decreasing intake with increasing forage 
NDF, also observed in domestic cattle or sheep. 
4. For large herbivores, empirical data therefore 
do not - so far - support the notion that intake 
is increased in response to declining diet quality. 
However, data are in accord with the assumption 
that most large herbivores have an anticipatory 
strategy of acquiring body reserves when high-
quality forage is available, and reducing food 
intake (and potentially metabolic losses) when 
only low-quality forage is available. 5. Intake 
studies in which the influence of digestive 
strategy on food intake capacity is tested should 
be designed as long-term studies that outlast an 
anticipatory strategy and force animals to ingest 
as much as possible. 6. We suggest that a colonic 
separation mechanism coupled with coprophagy, 
in order to minimize metabolic faecal losses, is 
necessary below a body size threshold where an 
anticipatory strategy (living off body reserves, 
migration) is not feasible. Future studies aimed at 
investigating fine-scale differences, for example 
between equids and bovids, should focus on non-
domesticated species. © 2010 The Authors.

H.L. More, J.R. Hutchinson, D.F. Colllins, S.K.H. 
Aung & J.M. Donelan
Scaling of sensorimotor control in terrestrial 
mammals
Proc. of the Royal Society B 277 (2010) 3563-68
Abstract. Sensorimotor control is greatly affected 
by two factors—the time it takes for an animal 
to sense and respond to stimuli (responsiveness), 
and the ability of an animal to distinguish between 
sensory stimuli and generate graded muscle 
forces (resolution). Here, we demonstrate that 
anatomical limitations force a necessary trade-
off between responsiveness and resolution with 
increases in animal size. To determine whether 

responsiveness is prioritized over resolution, or 
resolution over responsiveness, we studied how 
size influences the physiological mechanisms 
underlying sensorimotor control. Using both new 
electrophysiological experiments and existing 
data, we determined the maximum axonal 
conduction velocity (CV) in animals ranging in 
size from shrews to elephants. Over the 100-fold 
increase in leg length, CV was nearly constant, 
increasing proportionally with mass to the 0.04 
power. As a consequence, larger animals are 
burdened with relatively long physiological 
delays, which may have broad implications for 
their behaviour, ecology and evolution, including 
constraining agility and requiring prediction 
to help control movements. © 2010 The Royal 
Society.

J. Pastorini, H.G. Nishantha, H.K. Janaka, K. 
Isler & P. Fernando
Water body use by Asian elephants in southern 
Sri Lanka
Tropical Conserv. Science 3 (2010) 412-422
Abstract. We assessed water-body use by 
elephants through monitoring elephant signs 
around them. Elephant footprints and dung piles 
were recorded at 25 water bodies fortnightly for 
one year. Elephants preferred perennial water 
bodies and avoided those with temporary human 
dwellings. Human activities did not significantly 
affect elephant use of water bodies, suggesting 
low incidence of activities and behavioral 
adaptation to them by elephants. Elephant signs 
at perennial water bodies increased in the dry 
season. The monitoring technique was able 
to detect differences in elephant densities in 
two areas and establish the presence of herds 
even at low densities. We conclude that outside 
protected areas, large perennial water bodies 
represent a preferred resource for elephants, and 
that assessing elephant signs around water bodies 
is a useful technique for monitoring elephant 
presence for management and research purposes. 
© 2010 The Authors.

C. Plumb
‘Strange and wonderful’: Encountering 
the elephant in Britain, 1675-1830
Journal for Eighteenth-Century Studies 33 (2010) 
525-543
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Elephant relief on an ornamental stairway at 
Yapahuwa, Sri Lanka (built in 1273)

Abstract. This paper follows in the footsteps 
of the three live elephants that came to Britain 
in 1675, 1683 and 1720, before charting the 
changing cultural taxonomy of the elephant from 
the second half of the eighteenth century. The 
shifting understandings of what constituted an 
elephant’s anatomy and character are significant 
to interpreting divergent and overlapping 
taxonomies in the long eighteenth century. In 
a period when different classification systems 
were rigorously debated, this paper proposes 
an understanding of the elephant that is not 
essentialist but rather understands ‘species’ as 
cultural, historically made and transformed. © 
2010 British Society for 18th Century Studies.

N. Rohland, D. Reich, S. Mallick, M. Meyer, 
R.E. Green, N.J. Georgiadis, A.L. Roca & M. 
Hofreiter
Genomic DNA sequences from mastodon and 
woolly mammoth reveal deep speciation of 
forest and savanna elephants
PLosS Biology 8 (2010) e1000564
Abstract. To elucidate the history of living and 
extinct elephantids, we generated 39,763 bp of 
aligned nuclear DNA sequence across 375 loci 
for African savanna elephant, African forest 
elephant, Asian elephant, the extinct American 
mastodon, and the woolly mammoth. Our data 
establish that the Asian elephant is the closest 
living relative of the extinct mammoth in the 
nuclear genome, extending previous findings 
from mitochondrial DNA analyses. We also find 
that savanna and forest elephants, which some 
have argued are the same species, are as or more 

divergent in the nuclear genome as mammoths 
and Asian elephants, which are considered 
to be distinct genera, thus resolving a long-
standing debate about the appropriate taxonomic 
classification of the African elephants. Finally, 
we document a much larger effective population 
size in forest elephants compared with the 
other elephantid taxa, likely reflecting species 
differences in ancient geographic structure and 
range and differences in life history traits such as 
variance in male reproductive success. © 2010 
The Authors.

E. Rood, A.A. Ganie & V. Nijman
Using presence-only modelling to predict 
Asian elephant habitat use in a tropical forest 
landscape: implications for conservation
Diversity and Distributions 16 (2010) 975-984
Abstract. Asian elephants, Elephas maximus, are 
threatened throughout their range by a combination 
of logging, large scale forest conversion and 
conflict with humans. We investigate which 
environmental factors, both biotic and abiotic, 
constrain the current distribution of elephants. 
A spatially explicit habitat model is constructed 
to find core areas for conservation and to assess 
current threats. Location: Ulu Masen Ecosystem 
in the province of Nanggroe Aceh Darussalam 
on the island of Sumatra, Indonesia. Methods: A 
stratified survey was conducted at 12 sites (300 
transects) to establish the presence of elephants. 
Presence records formed the basis to model 
potential habitat use. Ecological niche factor 
analysis (ENFA) is used to describe their niche 
and to identify key factors shaping elephant 
distribution. An initial niche model was constructed 
to describe elephant niche structure, and a second 
model focused on identifying core areas only. To 
assess the threat of habitat encroachment, overlap 
between the elephants’ optimal niche and the 
occurrence of forest encroachment is computed. 
Results: Elephants were recorded throughout 
the study area from sea level to 1600 m a.s.l. 
The results show that the elephant niche and 
consequently habitat use markedly deviates from 
the available environment. Elephant presence was 
positively related to forest cover and vegetation 
productivity, and elephants were largely confined 
to valleys. A spatially explicit model showed 
that elephants mainly utilize forest edges. Forest 
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encroachment occurs throughout the elephants 
range and was found within 80% of the elephants’ 
ecological niche. Main conclusions: In contrast 
to general opinion, elephant distribution proved 
to be weakly constrained by altitude, possibly 
because of movement routes running through 
mountainous areas. Elephants were often found 
to occupy habitat patches in and near human-
dominated areas. This pattern is believed to reflect 
the displacement of elephants from their former 
habitat. © 2010 Blackwell Publishing Ltd.

C. Santiapillai & B. Read
Would masking the smell of ripening paddy-
fields help mitigate human–elephant conflict 
in Sri Lanka?
Oryx 44 (2010) 509-511
Abstract. Despite its small size and high human 
population Sri Lanka is home to c. 4400 wild Asian 
elephants Elephas maximus. Human–elephant 
conflict around agriculture is severe, with c. 
100 elephants and c. 50 people killed annually. 
Elephants appear to be able to time their raiding 
of paddy-fields in Sri Lanka with the harvesting 
of the rice, as if they are responding to an 
olfactory trigger. It is the elephant’s sophisticated 
chemosensory system that may hold the key to 
resolving human–elephant conflict. Research is 
required to determine the odours associated with 
the various development stages of rice, using gas 
chromatography, and to find a suitable substance 
that could be used to mask the specific odour of 
ripening rice. The use of chemosensory-based 
methods, if feasible, will not be a universal 
panacea for the mitigation of human–elephant 
conflict but, in combination with other methods, 
could reduce conflict and make it easier for 
farmers to harvest their crops in safety. Such a 
combination of methods could be useful across 
the range of both Asian and African elephants. © 
2010 Fauna & Flora International.

C. Santiapillai, S. Wijeyamohan, G. Bandara, R. 
Athurupana, N. Dissanayake & B. Read
An assessment of the human-elephant conflict 
in Sri Lanka
Ceylon Journal of Science (Biological Sciences) 
39 (2010) 21-33
Abstract. The association between man and 
elephant in Sri Lanka is ancient. Elephants being 

the largest terrestrial herbivores require relatively 
large areas and diversity of environments to 
forage. With the increase in human population 
density and changes in the land-use patterns, 
elephant habitat is being continuously reduced. 
As a result, much of the present day elephant 
range extends into and overlaps with agricultural 
lands resulting in conflict with man. The 
assessment of the human-elephant conflict was 
carried out from January to March 2008 through 
the use of a questionnaire in 100 villages selected 
randomly from five provinces whose combined 
extent is 42,559 km2 which amounts roughly to 
65% of the total land area of Sri Lanka. 65% of 
the respondents identified crop depredations with 
bull elephants, both young and old. At least 13 
food items have been identified by the villagers as 
preferred by wild elephants in agricultural areas. 
Crop damage to paddy accounted for 69% of the 
complaints. At the same time, most of the farmers 
identified citrus trees as the most likely crop to 
be avoided by elephants. Failure to recognize 
the significance of the human-elephant conflict 
can result in a negative attitude to elephants and 
apathy or indifference to conservation initiatives. 
Although it is unlikely that the human-elephant 
conflict can be eliminated altogether, yet every 
effort must be taken to reduce it to tolerable 
levels.

A.H.M.R. Sarker & E. Røskaft
Human attitudes towards conservation 
of Asian elephants (Elephas maximus) in 
Bangladesh
International Journal of Biodiversity and 
Conservation 2 (2010) 316–327
Abstract. An assessment of human attitudes, 
particularly towards Asian elephant (Elephas 
maximus), is necessary in formulating 
appropriate policies for conserving such wildlife. 
The aim of this study is to test the extent of how 
the experience people have of wild elephants 
influences their perceptions of, and attitudes 
towards, them, and to identify factors influencing 
their attitudes towards the conservation of 
elephants in the wild. This study was carried 
out in four protected areas (PAs) in Bangladesh 
through in-depth interviews of men (N=193) and 
women (N=195). The majority of the respondents 
said that wild elephants caused anxiousness. The 
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most important factors influencing the attitudes 
of people towards conservation regimes for wild 
elephants were the distances of the people that 
lived from the park boundary.  Forest villagers 
residing in northern Bangladesh (70.5%) were 
more likely to support the conservation of wild 
elephants in their nearest PA through eco-tourism 
than those residing in south-eastern parts of the 
country (43.1%). This was due to a lack of natural 
resources in the forests and an unemployment 
crisis in the northern part. The introduction 
of environmental studies into primary and 
secondary schools, and the promotion of public 
participation in planning, decision-making and 
management of PAs, has been an important aspect 
for the sustainability of elephant conservation in 
Bangladesh.. © 2010 Academic Journals.

W. Schaftenaar, C. Reid, B. Martina, J. Fickel & 
A.D.M.E. Osterhaus
Nonfatal clinical presentation of elephant 
endotheliotropic herpes virus discovered in 
a group of captive Asian elephants (Elephas 
maximus)
J. Zoo and Wildlife Medicine 41 (2010) 626-632
Abstract. Several different strains of elephant 
endotheliotropic herpes virus-1 (EEHV-1) have 
been identified via polymerase chain reaction 
(PCR) techniques in both African and Asian 
elephants. EEHV-1 has been identified in both 
cutaneous lesions in healthy African elephants 
and fatal cases of hemorrhagic syndrome in Asian 
elephants. However, until now, no EEHV-1 strain 
has been identified or associated with otherwise 
healthy Asian elephants. This article describes 
recurrent nonendothelial lesions associated with 
EEHV-1 infection in a herd of Asian elephants 
not exhibiting fatal hemorrhagic syndrome. 
Genotypes of EEHV-1 strains, based on viral 
DNA polymerase and glycoprotein B, associated 
with fatal hemorrhagic syndrome, were compared 
to those identified in nonendothelial lesions. The 
same EEHV-1 genotypes were identified in fatal 
cases and mucosal lesions in otherwise healthy 
Asian elephants in this herd. Further studies of 
the Asian elephant immune system and virologic 
studies to determine the triggers of tissue 
tropism are needed before any conclusion can be 
reached. © 2010 American Association of Zoo 
Veterinarians.

S. Sivilaikul, A. Jitprom, A. Kularb, K. 
Kornkaewrut, P. Suthanmaphinuth, S. 
Mahasawangkul, K. Saikhun, W. Wajjwalku & 
S. Thongtipsiridech
Relationship between seminal and serum 
calcium concentration with semen quality in 
the Asian elephant (Elephas maximus)
Thai J. Veterinary Medicine 40 (2010) 251-255
Abstract. The purpose of this study is to identify 
the relationship of calcium concentration in 
seminal plasma on elephant semen quality 
including of volume, concentration, pH and 
percentage of progressive motility, dead sperm 
and abnormal morphology, respectively. Semen 
collection and evaluation were done in 9 elephants 
of Thai Elephant Conservation Centre, National 
Elephant Institute, Forest Industry Organization 
at Lampang. Calcium in seminal plasma was 
measured by using colorimetric method. Data 
were analyzed by using Linear Regression. 
The results revealed that amount of calcium in 
seminal plasma was negative correlated with 
only percentage of progressive motility (p<  0.05). 
Ejaculates were separated into three groups based 
on their progressive motility percentage including 
of low, moderate and high-motile semen (0-5%,> 
5-40% and >50%, respectively) and analyzed by 
using Repeated measure ANOVA. The results 
revealed that percentage of dead sperm and 
abnormal morphology and concentration of 
calcium in seminal plasma of all groups were 
significantly difference (p<  0.05). Percentage of 
dead sperm and seminal calcium concentration 
was highest in low-motile group (p<  0.05). The 
highest percentage of abnormal morphology was 
also found in the low-motile group (p<  0.05). 
However, serum calciums were not different 
among each group. Thus, calcium in seminal 
plasma may be effected to semen quality; ie 
progressive motility of Asian elephant. However, 
there are other factors that can influence elephant 
semen quality, thus, more information are needed 
to improve the better knowledge in male elephant 
reproductive biology.

L.M. Tana, R. Isaza, D.E. Koch & R.P. Hunter
Pharmacokinetics and intramuscular 
bioavailability of a single dose of butorphanol 
in Asian elephants (Elephas maximus)
J. Zoo and Wildlife Medicine 41 (2010) 418-425
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Abstract. Captive Asian elephants (Elephas 
maximus) are susceptible to lameness resulting 
from foot and joint pain, including chronic 
arthritis. In the past, opioid analgesics, such as 
butorphanol, have been used clinically for pain 
management. However, dosages used in treating 
elephants were often extrapolated from data in 
horses, with no pharmacokinetic information 
on the specific agents used in elephant species. 
In this pharmacokinetic study, six adult captive 
Asian elephants (5 female, 1 male castrate) 
were administered a 0.015 mg/kg dose of 
butorphanol by both i.v. and i.m. routes. A 
complete crossover design was used with a 3-
wk washout period between treatments. Serial 
blood samples were collected immediately 
prior to butorphanol administration and at 5, 10, 
20, and 40 min and 1, 1.5, 2, 3, 4, 5, 6, 8, 10, 
and 24 h after administration. The butorphanol 
analysis was performed using a validated liquid 
chromatography mass spectrophotometric assay 
with a limit of quantitation of 0.025 ng/ml. The 
mean C-max after i.m. administration was 7.9 
ng/ml, with a corresponding T-max of 40 min and 
t(1/2) of 7.1 h. After i.v. administration, the mean 
Vd(ss) was 1.4 L/kg and the mean Cl-p was 0.26 
L/kg/h. Mean i.m. bioavailability was 37%. The 
results indicate that butorphanol used at 0.015 
mg/kg i.m. or i.v. could be useful in elephants 
when given for pain control. © 2010 American 
Association of Zoo Veterinarians.

S. Thapa 
Effectiveness of crop protection methods 
against wildlife damage: A case study of two 
villages at Bardia National Park, Nepal
Crop Protection 29 (2010) 1297-1304
Abstract. Conflicts due to damage caused by 
wildlife pose serious threats to conservation. In 
addition, wildlife damage incurs severe economic 
loss to communities living in the close vicinity of 
the park, affecting the livelihoods and well-being 
of locals. While different studies have emphasised 
identification and quantification of crop damage 
problems, studies highlighting the means used for 
crop protection and their effectiveness are limited. 
This study aimed to examine the effectiveness of 
means used by communities to protect their crops 
against wildlife. 117 households were visited 
at two Buffer Zone villages of Bardia National 

Park, Nepal. Findings suggested that crop 
depredation by wildlife was a function of several 
factors, such as the distance of the farmland from 
the park, the size of the crop raiding animals and 
the frequency of attacks on the farmland, and the 
type of crops. Ten different means were identified 
by communities which were used regularly to 
prevent crop damage. Households combined 
both traditional and modern means to guard their 
crop against the wild animals. Means differed 
according to the animals as well as crops being 
protected. Among all these means, Machan (i.e. 
watch towers) combined with other means such 
as throwing flaming sticks and group shouting 
were the most effective and safest modes of 
crop guarding for all kinds of animals and crops. 
Trench and Bio-fencing were effective mostly 
for deer species. However, crop guarding was 
an intensive process and no means were able to 
completely prevent crop damage. Problem animals 
differed according to the villages and crops being 
damaged, which suggests that employment of 
single means would be ineffective. Site-specific 
management strategies and economic as well 
as technical support from funding organisations 
would be most useful to minimise crop loss. 
In addition information exchange and learning 
between farmers and the park management about 
different mitigating means could support and 
prepare farmers for improvement in the means. © 
2010 Reprinted with permission from Elsevier.

T.N.C. Vidya & V. Thuppil
Immediate behavioural responses of humans 
and Asian elephants in the context of road 
traffic in southern India
Biological Conservation 143 (2010) 1891-1900
Abstract. With expanding human populations, 
exponentially increasing motor vehicles, and 
public roads running through Protected Areas, 
road traffic is becoming an increasing concern in 
many countries. While studies have traditionally 
examined the role of highways in fragmenting 
and decimating animal populations, we carried 
out one of the first studies of the immediate 
behavioural responses, rather than inferring 
eventual consequences, of motorists and wildlife 
towards each other. We inspected variables such 
as vehicle size, type, and origin, and elephant 
group composition, amongst others, to study 



83

motorist-elephant responses along highways in 
Mudumalai Wildlife Sanctuary, southern India. 
Based on 1521 motorist-elephant interactions, 
we found higher odds of more severe to less 
severe motorist response in passenger (versus 
goods) vehicles, visiting (versus local) vehicles, 
and in vehicles of particular size classes. Overall, 
elephant responses to vehicles increased in 
severity with increasing vehicle size and motorist 
response. Although motorists in heavy vehicles 
caused the least disturbance, elephants were most 
affected by heavy vehicles (because of their size) 
and generally tolerated smaller vehicles, even 
those that created significant disturbance. We 
suggest that an understanding of sensory biases 
of animals is important in the management of 
human-wildlife conflict as these could lead to 
the outcome of interactions being contrary to 
expectation. This is also one of the first uses of 
ordinal multinomial generalized linear models 
to studies of human-wildlife conflict, and we 
suggest its application to the data often obtained 
in this field. © 2010 Reprinted with permission 
from Elsevier.

S. Wijeyamohan, B. Read & C. Santiapillai
Obtaining accurate body weights of captive 
elephants in Sri Lanka
Current Science 99 (2010) 1033-1035
Abstract. none

B.C. Yates, E.O. Espinoza & B.W. Baker
Forensic species identification of elephant 
(Elephantidae) and giraffe (Giraffidae) tail 
hair using light microscopy 
Forensic Science Medicine and Pathology 6 
(2010) 165-171
Abstract. Here we present methods for 
distinguishing tail hairs of African elephants 
(Loxodonta africana), Asian elephants (Elephas 
maximus), and giraffes (Giraffa camelopardalis) 
from forensic contexts. Such hairs are commonly 
used to manufacture jewelry artifacts that are 
often sold illegally in the international wildlife 
trade. Tail hairs from these three species are easily 
confused macroscopically, and morphological 
methods for distinguishing African and Asian 
tail hairs have not been published. We used cross 
section analysis and light microscopy to analyze 
the tail hair morphology of 18 individual African 
elephants, 18 Asian elephants, and 40 giraffes. 
We found that cross-sectional shape, pigment 
placement, and pigment density are useful 
morphological features for distinguishing the 
three species. These observations provide wildlife 
forensic scientists with an important analytical 
tool for enforcing legislation and international 
treaties regulating the trade in elephant parts. © 
2010 Springer Science+Business Media.

Loku Maama (collared elephant) with two friends in Kaudulla National Park (Sri Lanka)
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Book Review

“Sri Lankan Elephant - A Celebration of Majesty” by Vajira Wijegunawardane

Reviewed by Jayantha Jayewardene

The study and observation of wild elephants 
requires a lot of time and patience. The 
photography of wild elephants also requires a lot of 
time and patience. Both use the latest technology 
and equipment. However the photography of 
wild elephants needs another element – a vision. 
Whereas the study of elephants requires a keen 
eye to record what is seen in terms of elephant 
behavior etc. a photographer has to have an acute 
idea or sense of what he wants recorded in his 
photograph for the benefit of the viewer. Vajira 
has shown us, through the photographs in this 
book of beautiful elephant photographs, that he 
has this vision in ample measure.

Vajira was educated at St. Thomas’ College in 
Colombo, Sri Lanka and excelled in many school 
activities, especially cricket. Vajira was initially a 
Fund Manager. However, since 2007 he has been 
in the Securities and Exchange Commission of 
Sri Lanka (SEC) as the Director - Capital Market 
Development. His passion for elephants has, 
I believe, come from his father who had many 
tame elephants on his estate. Vajira says that as 
a wildlife photographer he likes to frame action. 
His focus is, specifically, rare tuskers that roam 
the spectacular wild locations that are to be found 
in this country. 

Photographing wild elephants needs long and 
most times difficult and arduous treks into deep 
jungles. These forays are always fraught with 
danger as any jungle with wild elephants would be. 
These efforts under difficult circumstances have 
been well worth it when one sees the resulting 
photographs in the book. The photographs 
are sharp and well in focus and bring out very 
clearly the natural colours of the elephant and its 
wild habitat. Looking at this array of elephant 
photographs (for examples see pages 4, 6, 7 and 
87 in this Gajah), one is transported into the 

wild habitats of the elephant and you seem very 
close to the wild elephant without actually going 
there.

There are over 200 photographs, which are 
supplemented with notes by many knowledgeable 
individuals who have subscribed relevant texts 
to further educate the reader on elephants their 
biology, physiology, human-elephant conflicts etc. 
Though the photographs tell you the story these 
notes help you to understand the photographs 
better.

Ian Redmond says that ‘elephants are beings and 
not beasts like cattle’. Indeed the pictures in this 
book justify that distinction. Eric Wikramanayake 
mentions that there is a close bond between people 
and elephants. He says that both are highly social, 
highly intelligent animals that nurture family ties. 
This too is true if you observe elephants in the 
wild for some time.

The photographs in the book and the accompanying 
text will create, in many an awareness strong 
enough to become concerned about the plight of 
our elephants and also for some to get actively 
involved in elephant conservation. 

Vajira’s 14 years vigil in Sri Lanka’s jungles 
to take the many photographs, some of which 
are published in this book, make the long and 
difficult effort eminently worthwhile. We are the 
beneficiaries of this successful project and should 
be thankful to Vajira for this.

Sri Lankan Elephant - A Celebration of Majesty
Vajira Wijegunawardane (2010)
Bookazone (Pvt) Ltd., Sri Lanka
212 pages, ISBN 955529240-X
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1. 3-meter-long ancient ivory fossil discovered 
in Anhui (China)

People’s Daily
September 10, 2010 

A 3.34-meter-long ancient ivory fossil were found 
at Zhang Changying Village, Mengcheng County 
of Anhui Province on the afternoon of Sept 8. 
After primary certification, researchers believe 
the ivory fossil belonged to an ancient elephant 
that lived about 10,000 to 12,000 years ago. The 
fossil was buried 5 meters under the ground, and 
the thickest part of it reaches 22 centimeters. 
And judging from the ivory, it could be an adult 
elephant.

According to archaeologists, the discovery of the 
fossil provides important evidence to analyze the 
geological distribution of water and land, climate 
changes and the evolutionary history of animals 
in Anhui Province.

2. White elephant auspicious for elections 
(Myanmar)

Associated Press
September 25, 2010

YANGON - Myanmar’s state-controlled media 
hailed Saturday the capture of a rare white 
elephant as a positive omen for upcoming 
elections, the first balloting in two decades in the 
military-ruled country. The 7-foot, 1-inch (216 
cm) tall beast was captured Thursday in Rakhine 
state in the northwest, and is the fifth white 
elephant caught in a decade, the New Light of 
Myanmar newspaper reported on its front page. 
The pachyderm is estimated to be 18 years old.

White elephants, actually albinos, have for 
centuries been revered in Myanmar, Thailand, 
Laos and other Asian nations. They were normally 
kept and pampered by monarchs and considered a 
symbol of royal power and prosperity. According 

to ancient treatises, it is hard to find even a single 
white elephant among a thousand, but five of the 
rare beasts have emerged from 2001 to 2010, 
and the latest discovery is a matter of “national 
pride. 

The country’s fourth white elephant, a 38-year-old 
female captured in the jungles of Rakhine state 
in June, was given a lavish welcome ceremony 
when it was taken to the administrative capital 
of Naypyitaw. It was housed in an enclosure near 
the Upptasanti pagoda, a replica of the famed 
Shwedagon pagoda in Yangon, the former capital 
and biggest city in Myanmar. Three other white 
elephants caught earlier are kept in a special park 
in Yangon, where they live in an enclosure with 
spiraled pavilions, a manmade waterfall, ponds 
and trees.

3. Pesticide suspected in death of elephant 
(Thailand)

Bangkok Post
September 27, 2010

SURAT THANI: The consumption of pesticide is 
being looked at as a possible cause of death of a 
male elephant found dead in a vegetable garden, 
officials say. The 30-year-old wild elephant with 
two perfect tusks measuring about 60cm each 
was believed to have died at least 20 hours before 
it was found in a vegetable garden yesterday 
near Khlong Kratae in Kanchanadit district. 
The animal suffered from diarrhoea and internal 
bleeding before it died, said a veterinarian who 
was among a team from Tai Romyen national 
park that rushed to the scene.

Traces of pesticide were found about 30metres 
from the elephant, and officials said it was possible 
the animal had eaten some. Garden owner Tiang 
Srisuk, 45, said she went to pick vegetables and 
found her makeshift shelter had been damaged. 
Small bags of pesticide which were kept inside 
the shelter had fallen to the ground and some 
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vegetable plots were damaged. Ms Tiang said she 
followed footprints and found the dead elephant. 

Sukrit Krataichan, head of the national park, said 
an autopsy would be held. Veerakiart Lakkhachai, 
chief of the Tai Romyen forestry development 
project, said elephants living around the national 
park foraged for food in nearby villages.

4. Wildlife authorities grapple to contain 
jumbo-sized problem (Thailand)

Bangkok Post
November 11, 2010

Wildlife authorities are playing a “cat and 
mouse” game with criminals who kill elephants, 
wrench the tusks bloodily from their heads, then 
sell the ivory on the black market - usually in 
Thailand. They say they are trying better ways 
to deal with what they term “wildlife crimes” 
- which involve big cats, pangolins and ivory. 
Authorities said they are “playing a game with 
wildlife smugglers” which now is a transnational, 
well-planned, organised network. Criminals are 
changing tactics to avoid crackdowns.

One of the top concerns for Thailand is the illicit 
ivory trade. Thai craftsmanship is regarded as 
among the world’s finest. Thai authorities from 
police to customs agencies are in talks for the first 
time with officers from the Nairobi-based Lusaka 
Agreement Task Force (LATF) in Bangkok to 
map out better planning and closer cooperation 
to try to stop the flow of raw tusks from East 
African countries to the kingdom.

The illegal ivory trade is complicated. In many 
cases, elephants are killed in Africa and the raw 
ivory culled from the slaughter is sent to Thailand 
for carving. The finished products are exported to 
international customers, said Onkuri Majumdar, 
a senior programme officer with the Foundation 
for Human Rights and Wildlife (Freeland), which 
co-organised the workshop for Thai and African 
authorities with the Asean Wildlife Enforcement 
Network.

The smugglers’ routes change frequently to 
avoid detection. The best-known route now is to 

Suvarnabhumi via the Middle East or Singapore. 
Many shipments of ivory are kept at a Middle 
East transit point for some time before being sent 
to Thailand and other countries. Mr Karugaba, 
who is considered an expert in the fight against 
illegal trade in wild fauna and flora, and Thai 
authorities admitted there was a lack of good 
coordination. He said there was a need for better 
data sharing so they could be more effective in 
their pursuit of criminals.

Thailand is not alone in facing the illegal 
ivory trade. Elsewhere in Southeast Asia, the 
Philippines and Vietnam are also favourite 
places for smugglers to have their raw products 
polished, LATF records show. Most raw tusks 
are sent to those countries from Kenya, Tanzania 
and Uganda. Raw tusks are also smuggled out of 
India for carving and the problem is widespread 
in its southern and northeastern states, according 
to the Wildlife Crime Control Bureau of India.

That led to a reduction in the number of wild 
elephants in the country from 10,841 in 1999 
to only about 8,000 in 2007, it said. One of the 
tactics smugglers use to take ivory and other wild 
animals or their bodies out of India is to use two 
different containers with the same serial number, 
Indian wildlife inspector Aarti Singh said in 
another workshop last week.

5. Elephant declared national heritage animal 
(India)

Press Trust Of India
October 22, 2010

NEW DELHI - Elephants have been declared as 
national heritage animal by the government with 
an aim to step up measures for their protection. 
A notification in this regard was issued by the 
Environment Ministry today as recommended by 
the task force on elephant project and approved 
by the standing committee of National Board 
of Wildlife (NBWL) in its meeting on October 
13. The long-awaited move has cheered the 
conservationists who feel that jumbos, being 
closely associated with religion and culture in 
the country since ages, need to be given the same 
degree of importance as enjoyed by the tiger.
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The government also plans to amend Wildlife 
(Protection) Act to pave way for setting up of 
National Elephants Conservation Authority 
(NECA) on the lines of the NTCA that has been 
constituted for the tiger conservation. Declaring 
elephants as national heritage animal and 
setting up NECA for their protection are part of 
recommendations of the Elephant Task Force, set 
up by the government, in its report “securing the 
Future for Elephants in India.

The report has called for protection of jumbos 
by creating new reserves, curbing poaching and 
restricting development in the corridors they use 
to travel between forested areas. According to 
the task force, there are over 25,000 elephants in 
the country, including 3,500 in captivity in zoos 
and temples-- particularly in southern and north-
eastern parts of the country.

6. Central highlands to have $3 million 
elephant sanctuary (Vietnam)

VietnamNet
November 9, 2010

A veterinary center to treat both wild and tame 
elephants and a breeding-research center will be 
set up under a VND 61 billion (US $3.1 million) 
conservation project approved by the Central 

Highlands province of Dak Lak. Y Rit Bya, chief 
of the province’s Forest Protection Department, 
said the 200 –hectare complex will be situated 
in the Yok Don National Park and that officials 
running it will be given professional training.

A 2009 study by the Central Highlands University 
says that Dak Lak has 80-110 wild elephants 
and 61 tames ones. Unfortunately, the number 
of tame elephants is falling due to deaths, and 
no tame elephants will be left unless measures 
to breed new ones are taken immediately, the 
study warns. The animals are found mostly in the 
districts of Buon Don, Ea Sup, and Ea H’Leo. Of 
the 310,000 ha of forests where wild elephants 
live, only 160,000 ha of mostly special-use and 
protected forests provide them safe habitats. But 
as these forests shrink, there is increasing conflict 
between humans and wild elephants.

7. Mitigating The ‘Humans Against Jumbos’ 
Conflict (Malaysia)

Bernama
November 10, 2010

KINABATANGAN - Six years ago, the 
Sabah wildlife authorities set up the Elephant 
Conservation Unit (ECU), in collaboration 
with HUTAN which is a non-governmental 
organisation. ECU’s primary task being the 

An impressive young tusker - Galkiriyagama, Sri Lanka (see book review on page 84)
Photo by Vajira Wijegunawardane
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prevention of extinction of these pygmy elephants. 
ECU is based at Kampung Sukau. ECU also 
provides the gear and training for farmers on how 
to protect their crops from the foraging elephants 
apart from teaching them to understand these 
mammals and their ecology.

Sulaiman said the routine work of ECU members 
is to patrol the routes identified as elephant trails 
around the village including the areas bordering 
the jungle fringes and oil palm estates. He said 
the patrols are being carried out either on 4-WD 
vehicles or boats, alternately in the morning and 
evening. They would have to be on the alert round-
the-clock in monitoring the jumbos’ movements 
to prevent the mammals from foraging into the 
plantations, destroying the crops.

Realising the uniqueness and importance of these 
Borneo Pygmy elephants, the government took 
the initiative on the mammals’ conservation by 
creating this sanctuary. The pygmy elephants of 
Borneo are baby-faced little pachyderms, with 
oversized ears, plump bellies and tails so long 
they sometimes drag on the ground as they walk. 
Satellite collars on the jumbos in 2008 to track 
and know the wildlife’s whereabouts. The effort 
was also to map out the area where the elephants 
moved along the Kinabatangan Corridor and this 
helped to identify the jumbos’ annual migration 
pattern.

It is estimated that there are some 200 Borneo 
pygmy elephants in Kinabatangan out of the 
more than 1000 of such elephants in Sabah. 
These elephants are the subspecies of the Asian 
elephants.

8. Family of man killed by wild elephants 
expect compensation in SW China

Xinhua News Agency
November 11, 2010

KUNMING - Family members of a farmer 
who was believed to have been killed by wild 
elephants in mountains of southwest China’s 
Yunnan Province are expecting compensation 
from a local insurance company. Ma Jinyou, 
67, died on Nov. 3 while harvesting chillies in 

mountains of Mengla County in Xishuangbanna 
Dai Autonomous Prefecture, a spokesman with 
the local government said Thursday.

The Mengla Branch of China Pacific (OOTC:
CHNAQ) Insurance Co. was working on the case 
and compensation would be paid out in about a 
month, the spokesman said. Ma was not the first 
to be trampled to death by wild elephants in 
Xishuangbanna, but his case was the first to be 
covered by commercial insurance, under a new 
compensation scheme introduced by the local 
government exactly a year ago.

Though the exact amount of compensation was 
not immediately known, Ma’s family could expect 
a larger amount than victims of the past. Victims 
in similar tragedies used to be compensated 
solely by local forestry department, which paid 
out 3 million to 10 million yuan (452,100 to 1.5 
million U.S. dollars) annually for deaths, injuries 
and economic losses incurred by wild elephants.

Under a pilot agreement between China Pacific 
Insurance Co. and the local government, valid 
from Jan. 1 to Dec. 31, 2010, the insurer would 
pay up to 30 million yuan in compensation for 
wild elephants’ attacks on humans.

The virgin rainforests of Xishuangbanna is home 
to more than 250 wild elephants, about 90 percent 
of China’s total, thanks to its ideal ecology and 
effective protection. Wild elephants have attacked 
more than 140 people and damaged 50,000 
tonnes of grain in the past 20 years, according to 
the local forestry department.

9. Vietnam villagers seek eviction of marauding 
elephants

Monsters and Critics
November 18, 2010

HANOI - An aggressive herd of elephants 
is frightening villagers in Vietnam’s Central 
Highlands, but a local official said Thursday 
that requests to remove the elephants were ‘not 
feasible.’

About 20 elephants have appeared in a commune 
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in Ea Sup District of Dak Lak province, 
destroying nearly 40 hectares of crops and 
causing an estimated 50,000 dollars in damage, 
the Lao Dong newspaper reported. But evicting 
the elephants would be ‘very expensive and 
takes time,’ Y Rit Buon Ya, deputy director of 
Dak Lak Department for Agriculture and Rural 
Development, told the German Press Agency 
dpa. The process, he said, would also require 
support from the central government and help 
from the international community. It was the fifth 
time the elephants have damaged crops since the 
beginning of 2010. 

‘We have to light fires every night to scare off the 
elephants but they seem not to be afraid anymore,’ 
Ngo Van Luon, a villager, told local press. The 
elephants even seemed attracted to fire, he said. 
‘They show signs of coming to our place, making 
us too frightened, so we have to run away.’ ‘This 
elephant group is really causing danger for local 
people because they are very aggressive,’ Ya said. 
‘Local people will be starving if they continue to 
destroy their farms. ‘The only way to help local 
people to avoid starvation is to grow paddy in 
other places.’

10. Three endangered elephants found dead in 
Indonesia

Agence France Presse
December 8, 2010

BANDA ACEH - Three endangered Sumatran 
elephants have been found dead after their herd 
rampaged through a village in western Indonesia.
The cause of the animals’ deaths is being 
investigated but a local conservationist said they 
might have died after eating poison intended for 
wild boars as they scavenged for food at village 
stores.

“Three elephants have been killed. We don’t 
know the cause but we have sent a team to the 
location to find out,” Aceh province conservation 
agency chief Abubakar Chek Mat said. “Conflict 
between elephants and residents happens often in 
this location and we’re trying to find a solution to 
drive the elephants back to their habitat.”

“For the past week, dozens of Sumatran elephants 
have gone to the village in east Aceh district and 
destroyed houses and crops, forcing 50 villagers 
to seek refuge elsewhere,” he said. “When the 
people returned home yesterday, they found three 
elephants dead. They said the elephants might 
have consumed poison meant for wild boars.”

Human-animal conflicts are a rising problem as 
people encroach on wildlife habitats in Indonesia, 
an archipelago with some of the world’s largest 
remaining tropical forests. Bakhtiar said his 
group and the local authorities are planning to 
bring tame elephants to the area to help chase any 
straying herd back into the forest. There are up to 
3350 Sumatran elephants remaining in the wild, 
according to the environmental group WWF.

11. Locals happy at new way to ward off 
elephants (Nepal)

Republica
December 15, 2010

BARDIYA - A novel method of repelling wild 
elephants has provided relief to the locals of 
Bhimapur Village Development Committee 
(VDC), who had been suffering tuskers coming 
from the Murtiha Katarniya National Park in 
India. Police used to fire their guns and locals 
would keep vigil throughout the night to chase 
away the elephants. Patrolling with domesticated 
elephants also did not work and the wild elephants 
destroyed crops worth millions in the past five 
months.

But the use of a rope painted with paste made from 
a mixture of 10 liters of used engine oil and 1 kg 
of tobacco and chilli powder has done the trick 
since Friday. The method, used successfully in 
India recently, was tried out after repeated efforts 
by locals and by Bardiya National Park, which 
deployed six elephants and 23 staffers for the 
purpose, failed to bear fruit. Chief Conservation 
Officer at Bardiya National Park, Tika Ram 
Adhikari, said the elephants were repelled by 
the strong smell of the paste and claimed that 1 
km of rope can be painted with paste at a cost of 
Rs. 1000. It was more effective than an electric 
fence.
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Locals of Bhimapur and Khairi Chandanpur are 
still not sure if the elephants have been repelled 
by the odor of the paste or it is just a coincidence, 
but they are delighted. “We are delighted that 
expenditure of just Rs. 1000 has stopped the 
elephants,” Bishnu Rizal, a local, said.

12. Bhutanese elephants develop ‘new 
fondness’ for oranges

BBC News
December 26, 2010

It is estimated that there are about 500 wild 
elephants in Bhutan. Elephants in Bhutan have 
begun eating oranges for what is believed to be 
the first time, officials have told the country’s 
main English newspaper.

A report in the Kuensel newspaper says that 
elephants have developed a taste for mandarins 
in orchards in the south-east of the country. 
Villagers told the newspaper that they were 
shocked to see the animals tucking into the fruit. 
Experts say that Bhutanese elephants eat between 
149 and 169 kg of vegetation daily. While it is 
not unknown for them to eat some forms of fruit 
along with grass, small plants, bushes, twigs and 
tree bark, in Bhutan it seems that they have only 
recently developed a fondness for oranges.

“This has never happened before,” orange 
exporter Pushpa Adhikari told Kuensel. Villagers 
believe that the lack of fodder in the jungles has 
forced the giants into the orchards in search of 
food and that it is only a matter of time before the 
animals start moving into other orchards in the 
south-east. In 2007, wild elephants destroyed an 
estimated 132 acres (53 hectares) of land. 

The WWF says that the animals’ traditional 
migratory routes have “been blocked by human 
intervention through rapid industrialization and 
infrastructure development”. Villagers say that 
they not only have to contend with the loss of 
their crops, but also the destruction of trees. At 
least two orchards have so far been destroyed. 
They say that branches have been ripped off and 
fruit scattered all around, while elephant dung 
coated with orange seed litters the ground.
13. Hakka patas inserted in vegetables brings 

slow, painful death to elephants (Sri Lanka)

Sunday Times
December 26, 2010

The continuing human-elephant conflict in 
several areas of the country has led to deadly 
consequences for both people and animal. Much 
to the dismay of Wildlife authorities, villagers 
living in threatened areas have invented a deadly 
weapon called hakka patas to kill elephants. This 
weapon is specially popular in the Wayamba 
region. At least three adult elephants and seven 
baby elephants have been killed recently in 
Anuradhapura, Mannar, Vavuniya and Puttalam 
districts, according to Zonal Officer- Wildlife 
Department, C. Jayasinghe.

The hakka patas is a mixture of explosive matter, 
lead and iron made into a ball, which is inserted 
into a cucumber or a pumpkin. These are mainly 
used to hunt wild boar. Sometimes, dry fish, which 
is a ‘delicacy’ for the wild boar, is added to the 
explosive mixture. And now, the elephants have 
fallen easy prey to this ‘temptation’. Animals 
that come for water too, easily fall prey to this 
spiked food. 

Mr. Jayasinghe explained how the animal dies a 
painful death after the deadly fruit bursts inside 
its mouth on being consumed. However, the 
adult elephant is intelligent enough to identify 
the masked fruit as a deadly meal, not so the 
calves. He said it is pathetic and heartrending 
to see elephants, who consume this deadly fruit, 
suffer in pain and go without food for days. 
These animals must be saved from extinction he 
said, adding that, recently, he had witnessed an 
elephant and its baby suffer a painful death from 
this deadly fruit.

14. Epidemic kills six K’taka, TN elephants in 
20 days (India)

The Pioneer
January 3, 2011

BANGALORE - A new epidemic, Haemorr-
hagic Septicaemia (HS), has killed six wild 
elephants in just 20 days in Karnataka and Tamil 
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Nadu. The Forest Department fears this deadly 
outbreak may spread to ungulates such as wild 
bison, deer and other animals too.

Three female elephants died at Bailur Forest Range 
in Biligiri Ranga Temple Wildlife Sanctuary of 
Karnataka, while three others were killed in the 
bordering Sathyamangala forest of Tamil Nadu. 
This range falls in the Nilgiri biosphere, which 
is home to 6000 Asiatic elephants. It is a major 
migratory route linking three States.

Principal Chief Conservator of Forests and chief 
wildlife warden BK Singh spoke to The Pioneer 
about the grim situation. “The reason for the 
spread of this virus is grazing of domestic animals 
inside the park. We have instructed grazers not to 
let the domestic herd into the forest. It is quite 
serious,” Singh said. “This disease spreads fast in 
the winter. have also made sure that village cattle 
have been vaccinated. We have been keeping a 
strict vigil on cattle movement. Now, we have to 
wait and watch,” he added.

Institute of Animal Health & Veterinary 
Biologicals director Renuka Prasad said the 
disease, which spreads through saliva discharge, 
can take two forms — pneumonia and intestinal. 
Unvaccinated animals can die within a week. The 
initial signs of the disease are general dullness, 
a reluctance to move and high temperature. 
Then salivation and nasal discharge appear and 
edematous swellings are seen in the throat, which 
spread to the rest of the body. Visible mucous 
membranes are congested and respiratory distress 
is soon followed by collapse. Recovery is rare. 
The animal dies within 3 to 36 hours.

15. Flood-hit Sri Lankan elephant calf found 
dead in tree

BBC News
January 13, 2011

An image has emerged from Sri Lanka of a dead 
elephant calf stuck high in a tree after getting 
caught up in the country’s fast-flowing floods. 
The animal was found near the Kaloya river in 
northern Sri Lanka, which rose 18 ft (5.5 m) 
above its normal height.

Local villagers alerted photographer Kanchana 
Kumara Ariyadasa, who took the picture on 
Thursday. He believes the photo will be a 
defining image of the country’s recent heavy 
flooding. “I have been working as a journalist for 
the last 10 years but this is likely to be one of the 
strangest photos I will ever take in my career,” 
Mr Ariyadasa told the BBC. “The animal is 
still stuck in the tree as we speak while wildlife 
officials work out the best way to get it down to 
conduct a post-mortem examination.”

Thousands of animals - including elephants, 
snakes, water buffaloes and livestock - are 
thought to have perished in the floods. More than 
30,000 army, navy, police and air force personnel 
are currently battling to provide urgent aid to 
people hit by the disaster. At least 23 people have 
died and more than a million have been affected 
by the flooding, which the government says has 
displaced more than 325,000 people.

Dead elephant calf in the tree 
Photo by Kanchana Kumara Ariyadasa
Courtesy The Sunday Times, Sri Lanka
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