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Counting elephants in the wild

People in general are curious to know just how many
elephants there are io an e.rea. They are obsessed with
numbers. Laymen often make the mistake of assuming that
since elephants are so huge that it would be relatively easy to
count them accurately in the field. Sometimes the less
somebody knows about a subject, the easier they frnd a

solution to it. Unfortunately, it is more difficult to count
elephants in a forest than fish in a pond. As Cynthia Moss
(1988) who has studied elephants in the wild in East Africa
for more than two decades points out, it is precisely because

they are so large that we can miss those animals that are

either hidden behind the bulk of some huge ones or enclosed
within a herd. Even in the grasslands of Sri Lanka where
elephants are easily observed, sometimes one has to count a

small herd of elephants several times before the exact number
of animals can be determined.

To a fishery biologist, the number of fish of a particular
species in a pond is important, as it constitutes a biological
unit. But for an ecologist studying elephants, the size of an
elephant population has very litde biological significance, as

the population cannot be circumscribed in the absence of
clear boundaries. As Graeme Caughley (1977) argues,
"density rather than size provides the biologically real
measure of abundance", and "the maiority of ecological
problems can be tackled with the help of density, absolute
estimates of density being unnecessary luxuries". Numbers
do not represent much more than informed guesses. A
population of 100 elephants in a particular area today would
be of little significance if its habitat is to be converted to a

sugarcane plantation or a housing estate in a few years'time.

Ideaf ly, the collection of data on elephant numbers should
be left to the management authotity using qualified and
experienbed staff and standardized methods. In Sri Lanka,
given the plethora of 'experts', elephant data ate collected
by a multiplicity of agencies and individuals using a variety
of methods. Elephants are usually counted either from the
air or from the ground. Ground surveys involve total counts
by recognition and registration of individuals, or more
commonll', dung counts. In Africa, where the bush elephant
(Loxodonta a. aJricana) can be spotted easily as it moves across

open savanna grasslands, the quickest technique for its census

is the aerial survey conducted from fixed-wing aircraft or
helicopter. Even aerial sur\reI,s ate subject to considerable
bias, and hence spot surveys on foot should be carried out
in selected areas to establish'ground truth'(Said eta/.,1995).
But in Sri Lanka where the dense and tangled nature of the
vegetation in the low countrJ' drl' zone makes it difficult tr-t

observe elephants, aerial surveys are useless.

Estimating elephant numbers is not only difficult but
expensive as well. The first attempt to estirrlate the number
of elephants in Africa was macle by Iain Douglas-Flamilton
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in the 1970s, who arrived at an estimate of at least 1,300,000

animals. By 1987 the number of elephants in Africa was
estimated to have declined to 750,000, and the African
elephant was therefore placed on Appendix I of the
Convention of International Ttade in Endangered Species

of !/ild Fauna and Flora (CITES) in 1989. Today only about
600,000 animals are estimated to be present in Africa. Much
of the information on elephant numbers in Alrica and Asia
is pute guesswork. Given the uncertainty, in Africa elephant
numbers are assigned to four groups, Definite, Probable,
Possible and Speculative (Said et a/., 1995). Thus the lack
of accuracy of the number of elephants in the wild is not
something unique to Asia.

The Asian Elephant Specialist Group (AsESG) of IUCN's
Species Survival Commission (SSC), puts the number of wild
elephants in Sri Lanka as anything between 3,000 and 4,000.
It would not be possible to come out with an accurate
estimate for the total number of elephants in the wild in Sri
Lanka given that much of the north and east of the island
could not be surveyed, because of two decades of war. The
last survey of wild elephants in Sri Lanka was carried out by
the Department of Wildlife Consetvation in June 1993.

Although the survey revealed that at least there were a

minimum of about 2,000 elephants in the so called "safe
areas" (\orthwest, Maha'ileli, Central, Eastern and Southern
regions), the obfective was not to estimate the number of
elephants, instead it was designed to determine the structure
and composition of the various groups of elephants that
were encountered. The study provided information on the
age and sex ratios, proportion of calves and percentage of
tuskers in the populations.

All the gains in agriculture, literacy, healthcare in Sri Lanka
are being undercut by one basic fact: the island's human
population has increased from 3.6 million (or 55 people per
sq. km) in 1 900 to more than 19 (or 290 people per sq.km) in
2003. The trend in natural forest cover runs counter to the
human population growth. As the forester R.!fl Szechowycz
(1956) pointed out almost 50 years ago, "Ceylon (as Sri Lanka
was then known) from a point of view of forestry is analo-
gous to a crowd of people moving happily around a floating
ice which melts quickll' till finally nothing stands under their
feeC'. With an estimated forest cover of less than23oh,we
are rapidly heading torvards this situation. With the conver-
sion of forest to other Iand uses, the elephant is running out
of space in Sri Lanka. Most of the protected areas inhabited
b1'elephants are small, less than 1,000 sq. km in size; never-

theless elephants, especialll' the bulls, ma)' range over hun-
dreds of square kilometers. The land,/man ratio has declined
from 2.7 ha in 1871 to less than 0.35 ha in 2000. The factors
adverse to the survival of the elephant outside the protected
areas stem not onl), from sheer growth in human population
but also from the demands of the urban rich for goods of
the kind that contribute to the degradation oI elephant habi-
tat. Their sheer size and gargantuan appetite mean that el-

ephants and people cann()t live together where agriculture is



thc clotninent form of lancl use, unless tlre cllmagc thcl'cause
tcl farmers carr be compensated. There ate no efls,\' solutions
for rcsolving the hurran-elephant conflict in Sri Lanka. Nluch

u'ill depend on how rural people, gripped in the por.ertl'
vortex associated u'ith poor sc.ril and unreliable rainfall, per-
ceir.e the rvorth oI the elephant. To stop the wanton killing
of elephants requires chaneing the perceptions of the farm-
ers rv'ho suffer constant depredations from the animals. The
capture of some elephants as a short-term solution was rec-

ommended long ago bl NIr. Chtisty Wickremasinghe (re-

tited Divisional Game Ranger of DWC) h 1964. The Ex-
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Prcsiclcnt oI the \\'ildli[e ancl Nrture Protcction Societr, NIr.

Thilo tlofTr-nann t()o recognized the neecl to capture, o\rer a

felu decades, as manl as 1,000 elephants frorr areas outsicle
the protected reserves. Unfortunatel); their recommenda-
tions fell on deaf ears. N{anl are nou, convinced that the
onll u,'at man and elephant can exibt successfull\/ in the same

envinrnment is through finding \Ir'a1,5 1o use the elephant as

a sustainable economic resource. In the final assessment, it
is understanding rather than sentimentalitl, 1121 will do most
for the conservation of the eleohant.
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The meeting of the Asian Elephant Specialist Group
(AsESG) at Phnom Penh, Cambodia, in May 2002 took stock
of the status of elephant population and the conservation
issues in the course of revising the Action Plan of 1990.
The issues have largel)' remained as before - loss and
fragmentation of habitat and escalating elephant-human
conflict, in addition to poaching and a crisis with capti.r,e
animals. \)7e now have a much better appreciation of the
magnitude of poaching for ivory and other products. The
programme of Monitoring the Illegal Killing of Elephants
(MIKE) under the auspices of the Convention on
International Trade in Endangered Species of Wild Fauna
and Flora (CITES), akeady opeiating in Africa, is now
beginning in Southeast Asia and South Asia. A task force of
the AsESG has also been working on a framework for the
welfare and management of elephants in captivity.

The meeting brought in newer information of the status of
elephant populations. !7ith a few exceptions the news is grim

- the Asian elephant is in dire straits in the Indo-China region,
continues to be captured in significant numbers in Sumatra,
and seems destined to lose habitat rapidly in Borneo. Even
in India where the elephant is still holding its ground in terms
of population numbers or even increasing in size, a

combination of factors including escalating elephant-human
conflict (in the east-central region), the selective poaching
of tusked males (mainly in the south but also elsewhere),
and deforestation (in the northeast) poses a threat.

The most exciting new information on the Asian elephant is
undoubtedly the molecular genetic structure of the species
emerging from the work of one of our members, Dr.
Prithiviraj Fernando, working on populations across rhe range
of the species outside India, and of lv{s T.N.C. Vidya working
primarill, on the Indian populations. This work has been
carried out using a non-invasive technique of extracting tin1,

amounts of genetic material (DNA) from the dung of wild
elephants. X(ork on mitochondrial DNA (inherited
maternalll.) and the nuclear DNA is underwal'. The results,
some of wbich were recentlJ, presented at a symposium of
the Society for Conservation Biology (held at Canterburl',
U.It. in July 2002), promises to take our understanding of
the phylogeography of Elep/tas naxinnrl to a ne',v level. This
has impottant implications for consen'ation strategies of the
sPecles.

Sri Lanka has high genetic diversitl' alnong its elepl.rant
populations goine bl the amazins number (more than 15)

of "mitochondriaI haplotrpes" seen across the island country.
ln contrast, the large elephant populations oI southern India
are loru in mitochondrial genetic variation. The lnclo-China
region, u'hose e lephants are in a precarious state, also seems
to have high genetic variation in some of its small populations.
There is horvever no case for reating the Sri Lankan elephants
as a distinct sub-species because n'ran1' of the haptotl'pes
here are shared u'ith populations on the Asian mainlancl. On
the other hand, the Sumatran elephant, along rvith those of
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peninsular r\lalaysia, does show a certain distinctness. Another
interesting result has been from the,island of Borneo (the
origin of the elephants here has been a marter of speculation).
Preliminary work on the elephants o[ Borneo indicates a

unique mitochondrial haplotl'pe not found anlwhere else in
Asia.

The genetic ioformation on Asian elephants will give us an
additional criterion, as important as population or habitat
size, for recasting the framework under which conservation
sttategies and priorities are worked out. The implementation
of conservation strategies and plans is however a more
complex affa;tr that is linked to the rapidll" changing social,
economic and political landscape of the elephant range states

across Asia.

Raman Sukumat
Chair, Asian Elephant Specialist Group
Centre for Ecological Sciences

Indian Institute of Science
Bangalore 560 012
India

A voung tusker fr()m Sri Lanka
(Photo:courtesl': Dr. H. L E. Katugaha)



SecondorT sexuql chorocferistics in relqtion to the
elephonfs in Nogorohole Nqlionol Pqrk, southern

Cheryl D. Nath

heqlrh slqlus of mqle Asion
lndiq

recorded in dyadic interactions among male elephants
indicated that dominance was associated with musth, height
of the animal and tusk length in a high percentage of
interactions. These results indicate that musth has the
potential to be considered an honest signal of good health
in male elephants, and hence female elephants might use

this information when choosing mates. Since the period of
research was short and the sample sizes of identified males

might be considered small, these Frndings need coroboration
by further investigations in this and other populations of
wild Asiao elephants. The study does provide a good basis

for future investigations of musth as a signal of genetic
quality and as an honest signal of handicap to female
elephants and to humans trying to conserve the genetic fitness

of this species in the long run.

Keywotds musth, elephants, sexual selection, behaviour,
parasite load, Nagarahole National Park.

Abstract This paper presents the results of a six-month study

on the relationship between exaggerated secondary sexual

characteristics and health status in male Asian elephants. The
aim of the study was to find out if tusk length and musth

intensity serve as honest signals of genetic quality that might
enable female elephants to distinguish between potential
mates, as suggested by the sexual selection theories of Zahavt
(1975) and Hamilton & Ztk (1982). For this purpose, the

intensity of musth and the tusk length of 30 individually
identified wild male elephants in the Nagarhole Natio4al
Park, Southern India, were examined in relation to two health

status indicators: external body condition and intestinal
helminth parasite load. The study produced some interesting
results. Individuals exhibiting signs of eady musth had

significantly better body conditions and lower parasite loads

than individuals exhibiting no signs of musth. Howevet,
longer tusks were not significandy related to better health
indicators in the sample population. Dominance behaviours

Introduction

The development and expression of secondaty sexual
characteristics to apparently maladaptive extremes is an

interesting and highly discussed phenomenon Srl.ayr, 1972;
Kirkpatrick, 1982; Mrynzrd Smith, 1991). Examples of
exaggerated development of secondarl' sexual traits, which
occur commonly in male anirnals (Kirkpatrick & Ryan, 1991)

include the long tail plumes of birds, bright colours of
butterfly wings and large, elaborate antlers of deer. Such

exaggerated development has been attributed to consistent
and heritable choice of thebe extreme characters by females

(Fisher, 1930), and to the use of extreme phenotypic
characters as signals of genetic qualiq' by males (Zahzvi,

1915, 1987; Hamilton & Zuk, 1982). Extremell' developed
secondary sexual traits in males have good potential to ser\re

as signals of quality, to females due to their higher intrasexual
variances within populations, in comparison to other ttaits
(N{ollet, 1994). This latge tange of variance exhibited by

secondary sexual character ttaits (sometimes referred to as

male ornamentation ot sexual signals) mav provide the basis

for discriminatorv choice of males by females.

Consistent selection of mates bv females, on the basis of
sexual signals, is a critical aspect required for exaggerated

male signals to develop over evolutionar)' time (Danvin,

Cheryl D. Nath
Centte For Ecological Sciences

lndian lnstitute oI Science-

Bangakrte - 560 ()12, India
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1871). Several theories have been advanced to explain the

basis of consistent female choice of exaggerated and
apparently maladaptive male characteristics. Fisher (1930)

proposed that females might initially prefer a particular trait
that reflects some aspect of male genetic quality.
Subsequently the preference for this trait that is inherited by
succeeding generations of females would cause the
"runawa1"' development of the trait in succeeding
generations of males who inherit that signal characteristic
from their reproductively successful fathers.

An alternative to Fisher's 'Runaway Hypothesis'was ptovided
by Zahavi's (1975) 'Handicap Principle', according to which
females who alwal's choose mates based on a signal that
provides current information about male quality would always

benefit from better genes for their offspring. Hence, males

that signal their quality are more likely to be chosen than
males that do not signal their quality. Further, only honest
signals that consistentll, and objectivell' tepresent diffetential
qualities of difftrent males can ser\re as effective sexual

signals, ensuring that signalling and signal-based choice do
not lead to selection o[ poor qualitl, males (Zahavi, 1987,
1,991,1993). In animals that do not exhibit paternal care of
offspring, such as elephants, choice of good quali6' males

to sire their offspring ma)' be critical for females, who ma1'

rely heavily on honest signals of qualitl'bt' males. Improved
female discriminatory ability is constantly demanded and

would benefit from increasingly finer resolution bgtween
competing male signals. Simultaneousl),, competing males

across populations and successive generations would benefit
from -mareinal increases in the magnitude o[ their signals

(rvithin biological limits), given female fidelity to th<;se

particular signals across populations and generations. The
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large range of signal variance between competingmales might
then produce some males that have developed the traits to
such an extreme that their own survival is compromised by
those highly developed traits. Thel' thus become
handicapped, although not severely compromised in terms
of their survival prospects, by their signalling traits (Zahavi,
1977). A crucial argument of this theorf is that only those
males of exceptionally good ge netic quality would be capable
of producing and sustaining this handicap signal, ',vhile it
would be extremely deleterious or lethal for an individual of
poor genetic quality to produce or maintain the same signal.
However, given consistent female preference for males
exhibiting compatatively "better" signals, overdeveloped
secondary sexual characters may ultimately confer a selective
reproductive advantage that offsets the survival disadvantage
in those males.

A similar theory put forward by Hamilton & Zuk (1,982)

argued that bright plumage in male birds might signal their
genetic ability to resist chronic parasite infestations. Ohly
very healthy birds would be able to invest in and maintain
bright plumage, while weak and parasitized birds would have
relatively dull plumage.

Among elephants, we cafl expect the evolution of
discriminatory choice of males by females due to the higher
Investment in reproductive and parental effort by femdes
(Poole, 1989b). On the other hand, males need to convey
information about their genetic fitness effectively due to the
high variance in reproductive success between individual
males. The reason for high variance in male reproductive
success may be the polygynous nature of elephant societies,

which often results in a high proportion of all matings in a
season or ye r being carried out by a few dominant (high
quality) individuals @oole, 1989a; 1989b; Poole & Moss,
1981). This may favour the development of sexual signals
that effectively convey the message of good quality genes in
dominant males. In addition, the lack of synchrony in fertile
or rut periods of male and female elephants results in severe

competition around the few widely dispersed fertile females
at any given time. Male elephants may experience musth

fteightened sexual activity period) for varying lengths of

time during any season in a year @oole, 1987; 1989a), iust as

females appear to come into oestrus once every 16 weeks

(Hess a/ a/., 1983; Poole, 1989b). As a result, efforts are

spent on signalling to and searching for mates (Poole & Moss,

1989). Signals that improve the likelihood of bringing
together potential mates would tend to be selected over time
(Rasmussen et a1.,1986; Poole, 1989b; Rasmussen, 1999).

The use of secondary sexual characters as honest signals of
quality by male elephants was first investigated by Watve &
Sukumar (1997),in their study of rusked male Asian elephants

of Mudumalai $fildlife Sanctuary in southern India. Their
study showed that the magnitude of positive deviation in
tusk length from a standardised tusk length curve was

significandy. negatively coirelated with intestinal helminth
parasite load. Thus male elephants with relatively longer tusks

apparently had relatively smaller intestinal helminth parasite

loads. It was suggested that tusk length might serve as an

honest signd of quality, within the framework of Hamilton
& Zuk's (1982) theory of heritable true fitness. Since vety
long or crossed tusks may impose a heavy burden or hinder
trunk movements when feeding, it was further suggested

that longet tusks were also potentid candidates in suppott
of the Handicap Principle (Zthavi, 1975).

In addition to tusk length, in this study the phenomenon of
musth was also considered as a potential sexual signal by
male elephants. Musth in mde elephants is a secondary sexual

charactetistic that aids in reproduction and dominance

@isenberg et a1.,7977; Eisenberg & Lockhart, 1972;PooLe,
1987). Among captive elephants in India, musth was found
to be expressed more fully by male elephants in good hedth
when compared with males in poor or debilitated condition
(Chandrasekharan etal.,1992). Testosterone levels in the body
are elevated to around five times their usual levels (Poole a/

a1.,1984; Rasmussen et al., 1996). This would serve to reduce

the animal's immunity substantially, as elevated testosterone
levels have been associated with reduced immunocompetence
(Folstad & Karter, 7992). ln addition, male African elephants

in musth are known to greatly reduce the proportion of time
spent on feeding, which could lead to a loss of body condition
during this petiod @oole, 1989a). Furthermore, the greater

Flg. l. Variation ofheight (HGT), tusk length (ISL) and tusk circurnference at level oftusk
fip (TCLL)of identifred rrnle elephants. Age classes: l= lGl5yrs,2= l5-20yrs, T2G25yrs,4=

25-3oyn, 5= 3G35yrs, 6= 354Oy n, 7=,1045y rs, 8= 45-50yn.
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the lcngth o[ time spent in n]usth, the hieher are the costs in
terms oI total bocll' condition loss. In some cases,

considerable loss of water. o[ten a critical resource for
elephants, results from the practice of dribbling urine
continuously while moving, during the period of musth

@oole & I\foss, 1989; Chandrasekhat^n et a/., 1992). Urine
dribbling is thought to varn othet males as well as to alert
oestrus fernales rvho come across the urine path, of the
presence of a musth (and hence more dominant) bull in the

area (Poole, 1989a; 1989b). Ntusth is thus a particularly
complex and highly developed secoridary sexual character
in male elephants, whose high phl,siological cost makes it a

potential sexual signal.

This paper reports on a study of musth and tusk length of
individualty identified male Asian elephants, in relation to
their health status. As both these characters have aspects

that can be considered maladaptive if excessively developed,
the study investigated, their potential to serve as signals of
individual genetic quality and as handicap signals to faciltate
female choice. The main aim of this study was to test the

relationship between the secondary sexual character traits,

musth and tusk length, and two chosen indicators of
genotypic quality in wild male elephants. The indicators of
genotypic quality (as expressed by the current health status)

chosen for this purpose were overall external physical @od1')
condition and internal helminth parasite burden (parasite load
or parasite density). A subjective composite score called the
"Body Condition Index" @CI) and the objectivell'quantified
helminth parasite propagule density (referred to as "parasite
load") per individual were used as indicators of health.
Increasing values of both scores were associated with
declining health (i.e. declining external bodl. condition or
increasing parasite load) in the animals studied.

The following a pioi assumptions were made, on the basis

of published information, in order to take up the study:

1. The selected secondary sexual traits are heritable. Support
for the assumption that secondary sexual characters are

hetitable comes from studies on antlers in male deer, a

secondarl' sexual chatacter that is believed b1' many to play

an important role in mate selection b1' female deer. Goss

(1983) mentions the importance of inheritance and hormonal
regulation in shaping antler morphology, y[;1. experiments

performed bv Harmel (1983) on u,hite-tailecl deer shorved

that althoush diet and nutrition maf influence antle r growth,
genetics are of overriding importance in determining antler
presence, length and quality. Further, another study by
Scribner & Smith (1990) suggested that genetic
heterozl'gositl' might influence antler gtowth and size.

2. Female elephants in oesttus are selective in allou'ing male

elephants to mate with them. This assumption of female
choice of their mates is supported by long term studies of
female African elephant behaviour (Moss, 1988; Poole,
1989b) and anecdotal evidence on captive and wild female
Asian elephants (de Launey, 1938; Stracey, 1963; Krishnan,
re72).

3. Mate choice by females is based mainly on the genetic
clualitl' of males, which is indicated by the degree of
exaggeration oI selected sexual signals. Although this
assumption is difFrcult to verify in the field, mathematical
models of sexud selection (Kirkpatrick, 1982; Grafen, 1990)
have shown that heritable characteristics of males. if
consistently selected by females over several generations, can
become stabilised in those populations.

Hypotheses were developed in the following manner for
testing in the field:

Mastb and relatiue! lotgtasks are signals of good bealtb.' If musth
is a true signal of good quality, we would expect body
condition to be veq, good before (or 

f 
ust before) an individual

is able to attain and advertise a state of musth. Hence.
assuming that musth intensity' across individuals reflects
comparable states of health and body condition, individuals
exhibiting eady stages of musth would be expected to have
better health indicator values than other individuals. Further.
we could also reasonabll' expect that the body condition of
an indit'idual would show a declining ttend as musth intensity
increases, if musth is truly a handicap to the individual. The
durations of single episodes of musth show high variability
across indir,'iduals. Reports range from a few days to several
months oI sustained musth for different animals (foke Gale,
1 974; Poole, 1987 ; 19 89 a; Chandrasekhann et a/, 1 992). Poole
(1989a) found that most males suffered increased weight
loss as their duration of musth increased. Thus, the high

Flg. 2. Measured tusk bngths vemus heights ofidentified nule elephants, with fitted
quadnrtic cun'e Best fit (r= 0 764) is shown by the lhe below rnd given by the equation :

Tusklengtlr = '-O'll2 + (0l14* Height) + (O0Ol x Hcightrr
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variation associated with this trait may be linked to individual
abilities to overcome the physiological costs associated with
sustaining musth over long time pcriods. With regard to
tusks, as shown by Wawe & Sukumar (1997), tusk length
was expected to be signiFrcandy negatively corelated with
intestinal helminth parasite loads and with body condition.
Using subiective scores for musth intensity (Musth
Composite Index or MCI) and external body condition (BCD,
and obiective assessments of helminth propagule densities

per individual, the following hypotheses were tested:

1. Individuals in early musth or with relatively long tusks

were expected to have better health indicator values than
individuals which did not atain musth orwhich had relativelv
short tusks, respectively.

2. Heakh indicators for individuds during single episodes

of musth, were expected to show a'decline in hedth, as musdr

intensity and duration increase. (fhis relied on repeated

samplings of identified individuals during single episodes

of musth.)

Correlation bctueen tbe lnto signak ard rehtionship to social dominance

bierarcbies:

If both musth and tusk length are positively associated with
higher health indicator values, then we can reasonably expect
them to be correlated with each other. Thus they may be

used together complementarily as signals of overall health

and fitness. Furthermore, if hedth is an important criterion
for signalling genetic quality to females, it may also be

reflected in male-male dominance interactions. Dominance
was examined in relation to sexual behaviour because

elephants tend not to defend territories or food resources.

Nevertheless, when guarding a female, the mate as a resource

would be of great value to a dominant male @oole, 1989a).

Dominance is thus likely to play a significant role in male

reproductive success and in female choice. Hence the

following hypotheses were tested:

1. MCI and tusk length are correlated with each other.

2. Dominance in male-male interactions is associated with
greater ability to come into musth and with lbnget tusks.

Study area

The study was carried out in the Nagarahole Nationd Park

in Karnataka, southern India, from mid-November 1998 to
early May 1999. Healthy populations of large mammals such

as the elephant (ElePb^t maximrs), iget (Pafibera Egk), gaur

(Bos gaurus), spotted deer (Ceruus axis) zllrd sambar (Cenws

unicoh) are found in this atea throughout the year. The Park

is located between 1 1'50' - 1.T 15' N and 76" 0' - 76' 15' E,
and has ai area of 644 km2. The srudy was caried out in an

approximately 100 km2 area on the eastern side of the Park'

Vegetation types in the study area included mosdy dry and

moist deciduous forests with an east-west gradient from drier
to wetter types. The park receives much of its rainfdl (900-

1500 mm (Karanth & Sunquist, 1992) during the first
monsoon (lune-September), and continues to receive small

quantities at other times, including the second monsoon
(October-December). The south-eastern side borders the

Kabini reservoir, which resulted when the Kabini Rivet dam

was completed in 7974. Cleatance of fotest vegetation to
accommodate this reservoir has led to increased utilisation
of this area during the dry and hot summer months of March-

May, when the watet level in the Reservoir drops and the

extensive grassy banks exposed by the receding waters aie

exploited by grazing ungulates and elephants'

The flora is dominated by deciduous species such as

Anogeissus latifolia, Tectotta grandis, I--agerstroemia microcarpa,

Albi{a tPP., Grevia tihaefoba, Bombax ceiba, Fiors QP., Bttea

monotPerma, Carqya arborea and Emblica offcinahs. Common

shrubs includ e Zi{pbn spp., L.antana camara a;od Hebderes isora'

Extensive teak and eucalyptus plantations are found along

the banks of the reservoir. Bamhasa arsndinacea a,nd

Flg. 3. Relationship between msth intensity (indicated by MCI) and body condition index

(BCIC), ftom sight'mgs of mle elephants iD rusth. There was a ninor trend of asscialion
(r=0 27). but no signilrcant relationship betreen MCI and BCIC
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Iig,4 Relationship between msth intensity (indicated by MCI) and parusire lord of
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The population oF elephants in the park ril/as estimated to be

roughly 1448 (Alva, 1994), of which some are likely to be

migratorl'. Betureen Noyember and December maximum
elephant movement occurred in the Antharasanthe Range,

away from the Kabini reservoir. During this time elephants

used waterholes near the Park boundary in close proximity
to agricultural fields. InJanuary and February (after the crops
were harvested), elephant movements were higher in the more
interior areas of the Park, although some males frequented
the Kabini reservoir banks, feeding on bamboos and other
shoreline vegetatjon. During March-April, however, peak
elephant activity occurred along the Reservoir banks. Many
femaleled groups may have converged to form large groups
totalling up to 50 animals while grazing the banks. This may
have been an additional attraction for adult males who may
have followed the family groups into this area. Interjor areas

of the Park were almost devoid of elephants as the smaller

waterholes began to dry op in late February.

Data collection was facilitated greatly by the large
congregations and tendency of elephants to remain resident
on the banks of the Reservoir during March and April. As a

result, social interactions could be clearly observed at close

proximity and recorded continuously for long periods of
time per day.

Methods

Identifcalion, ageing and measaremefit of indidfuals

Individual male elephants were identified by photographing
them and recording details of their tusks, ears, tails, backbone,
"handedness" of trunk (or sidedness, as each individual used
only one side of the trunk tip consistently when gr^zing),
pink colouration, warts, \r/ounds and bumps. These methods
have been successfully used to uniquely identify large
numbers of African elephants @ouglas-Hamilton, 1975;
Moss, 1988). For the duration of this study and the number
of elephants identified, a combination of all or most of the
above features proved satisfactory for accurate

characterisation of different individuals. During the studl'
37 male elephants were positi\rely identified (4 of these were
estimated )'ounger than 15 vears old). Of these,30 elephants

were used in the analysis (two of which were estimated to
be less than 15 years). Eleven elephants were seen in musth,
of which data from 10 elephants were used in analyses.

Ages were estimated in the field by assessing height, tusk

thickness at lip level, ear folding at the top edge, temporal
depressions and body size. Elephants rilere assigned to 5-

ye^r 
^ge 

class intervals ranging from 1 0 to 50 years (8 classes)

in the field. Whenever possible the circumferences of
forefoot prints were recotded as this value doubled gives a
rough field estimation of the elephant's height (Sukumar a/

al, 1988). Photographic records for measurement of height
and tusk length were obtained by photographing elephants
broadside on and then photogtaphing a Field Assistant
standing in exactly the same spot as the height reference.
This method gave an effor of 3-5% in repeated photographic
encounters of individuals. Tbe heights measured in this
manner were consistendy lower than those corresponding
to the standard age-height-weight chart for elephants of
southern India, established by Sukumar (1989). However,
for the purpose of this study, absolute heights of individuals
were not as important as consistency in the method of height
estimation. Since the bias appeared consistent across all
individuals, the heights obtained in this mannet were
considered suitable for further analysis.

Subjectiue Indexu

The overall external body condition was used as a first
measure of the health status of individuals. A simple
cumulative score of body condition, called the body
condition index @CI), was obtained on each encounter wirh
an animal by scoring visibility of the backbone, ribs, pelvic
girdle, pectoral girdle, buccal depression and temporal
depression on a scale of 0-3. The scores for each of the
physical features was then added up to give an additive BCI
score. From previous field obsen'ations, older animals were
generalll' thought to show increased facial depressions.
Hence the BCI composite index, BCIC (described above),
was divided into the BCI @od1), BCIB, and the BCI (Face),
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BCIF, for better resolution of differences reflecting health,
if any'. These indexes could take the following ranges of
values: 0 to 18 for BCIC, O to'1.2 for BCIB, and 0 to 6 for
BCIF.

Musth intensity uas rated similarly, to provide a cumulative

musth composite index (I\{CI, ranging in value from 0 to 9),

by subiectively assessing the following three externally visible

characteristics of musth (Poole, 1987):

1. Tenporalgland swellitg Values ranged from 0-3, depending
on whethet there was no swelling, the temporal gland area

was flush with the skull, the gland was slighdy swollen or the
gland was prominendy swollen.

2. Tenporalglatd secretion $GS): A copious discharge of fluid
from the swollen temporal gland in male Asian elephants is

a sure sign of the occurrence of musth. Rating of this feature

ranged from 0-3 depending on the length and width of TGS
flow down the side of the face.

3. Urine dribbling This was rated on a scale of 0-3 depending
on the rate of passive flow of utine, which is known to be a
common feature of musth males, especially during peak
musth. During this studl', however, urine dribbling was
observed only on two occasions. In the first case it was
observed as an irregular wetness on the inner side of the
hind leg of a musth male, and in the second case the entire
inner side of the hind leg was u/et and the male, in peak
musth, was in hot pursuit of a female elephant. The actual
dribbling of urine in the form of droplets, a thin stream or a
steady flow, as described in African elephants (Poole, 1987),
was not observed during this study.

Helmintb parasite assessment

Samples of freshly dropped faeces were collected for
quantitative estimation of helminth parasite ptopagule (eggs

or ova) densities, after the method of Watve (1992).4-8 gms

of fresh faeces from identified male elephants were collected
and preserved in l0 ml of 70(h formalin in the field. These

were later filtered to remove fibres and large plant material,

and centrifuged at 2000-3000 rpm for 5 minutes to
concentrate ova in the pellet. The pellet was tesuspended in
10 ml of saturated zinc sulphate solution and centrifuged at

2000-3000 rpm for 5 minutes to concentrate ova in the top
layer of supernatant solution. An L-shaped wire loop was

used to transfer the floating eggs onto a micioscope slide

for counting at a magnification of 100x.

The main types of p".rrit , ia.n,in.a (using the references:

SoulsbS 1973; Sloss & Kemp, 1978; lilawe, 1992) were.

1. Strongl4es and strongyleJike eggs of Class Nematoda (not
distinguishable, but probably including prilonia spp.,
Munbfulia indica and Cotiangian spp.) formed the bulk of the
ova counted and ranged from 74-89 microns x 35-50 rnicrons.

2. Spirorid nematode, Parabroaema sPp. 79 x 35 microns.

3. Tapeworm, AnopbcEbala spp., 89 x 55 microns.

4. Other large trematode eggs, fluke eggs,

220-300 x 80-100 microns.

Total parasite loads per gram of sample were calculated for
each individual. This value, representing intemal helminth
parasite load, was expected to provide a close approximation
of the overall parasite resistance of individud hosts.

Bebauionral sampling

Behavioural sampling of interactions between identified
individuals was carried out using mainly focal group sampling
(FGS). In FGS continuous monitoring of interacting
elephants was catried out by fe6g5lng on each individual of
the group in turn and recording its behaviour for 10-15 secs

(including all actions ioitiated and received by that individual
and its recipient or initiator), before moving on to the next

50

40

30

n
10

0

Eo
Co
6

ott
t
oco!oIF

F9.5. Relationship between tusk length deviation and average body condition index(BCIC),
of identified nnle elephants. There was a minortrend of association (r=0.25),but no

significant relationship between tusk length deviation and BCIC.

10.

o

Body conditlon index (rclc)

o

o
o

-10

-20

-30

Gaiah 221 flu|1 2003)



10

animal. This method ensured that all individuals of the group
were represented approximately equally in terms of time
and maintained a reasonablycontinuous record of behaviours
of all individuals throughout the sampling intervd.

Nine group interactions between identified individuals were
examined for dominance interactions. The chosen behaviours
were subiectively designated as dominant or subordinate, a

pioi (see Appendix), as small sample sizes precluded a

conventional dominance analysis. Typical dominance
behaviours observed were approach-retreat sequences, the

use of trunk, tusk or body to push subordinates, and directed
threats such as stamping or rubbing the fotefoot in mud and

throwing trunkfuls of earth over the head while facing the
subordinate individual. Eleven group interactions were
analysed for evidence of musth and other sexual behaviours.
A complete list of behaviours used for analysis is provided
in the Appendix.

Of the interactions recorded, 5 were paired interactions
(Dy"dt) and 4 interactions involved 3 males (Iriads). TVo
of the 4 triadic interactions had a single musth male
interacting with 2 non-musth males. Dominant and
subordinate behaviours were tallied for each individual and

dominance within dyads was assigned to the individual that
demonstrated higher frequency of dominant behaviours and/
or lower frequency of subordinate behaviouts. Triads were
analysed for dominance in pair-wise interactions and
dominance was assigned as described above.

Statistical Anafisis

All distributions were assumed to be normal and hence
parametric statistics such as Peanon's r, Student's t-tests, single

factor ANOVA and binomial distribution ptobability test for
parametric distributions were used. If a cortelation was
found to be significant but low, the Spearman tank correlation
test was used to provide additional information.

In order to normalise the tusk length distribution (Sections

4.2.4 and 4.5.2), best fit curves were fitted to the data using
the program CurveExpert (version 1.3). Deviations of
measured tusk lengths from the standard curve were then
used to assess the relationship between tusk length and other

Parameters.

Results

Details of parameters

Date was collected on identification of individuals, height,
tusk length and circumference, external body condition @CI),
musth intensity (MCI), parasite load (/gm faeces) and social

behaviour. It was not possible to collect all types of data

from every encounter with elephants, noi to obtain re-

sightings of every identified male. However, 17 identified
males were re-sighted at least once during the study period
and 11 were re-sighted more than once. Distribution of
heights, tusk lengths and tusk circumferences (at the level
of the tusk lip) across the sample of all identified elephants
is shown in Table 1. The measured heights of all individuals
showed good agreementwith the subiective field assessments

of age (Pearson r = 0.85, df = 23,p < 0.001) when compared
with those of tusk lengh (Peanon r = 0.61, df = 23,p 1
0.02) and tusk circumference at lip level (?earson r = 0.76,

df = 23, p < 0.001) (Fig. 1). Hence in further analyses,

height was used as a proxy fot age (since age could be resolved
only to the level of 5-year age classes).

For all other parameter data collected, summary details are

sho'wn in Table2. Faecal samples were obtained more than
once from 10 individuals, which allowed for an assessment

of intra-individual variation in total parasite loads. Fot these
10 individuals intra-individual variation was telatively high,
ahd ranged frorn 0.5 to 33.2 parasite propagules/gm with an
average variation of 13.1 propagules/gm (equivalent to 1097o

of the average parasite load in the sample population). In
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Table I Summary data on heights, tusk lengths and tusk circumferences at the level of tusk lip CfCLL) for all identified
male elephants. Elephants are grouped into 8 age classes, based on subiective assignment of age in the field (n = number of
elephants).

Age class Height (cm)

Average (aS.E)

Tusk length (cm)

Average pS.E;

TCLL (cm)

Average (aS.E)

10-15

15-20

20-25

25-30

30-35

35-40

40-4s

45-s0

1

3

5

7

5

4

198.7

215.s (120.0)

216.8 (+16.7)

236.9 (+16.0)

2s1.1 (+13.0)

2s1.1 (!28.6)

254.3

262.4

45

6s.1 (!6.e)

6e.7 (!2.8)

e2.4 (137.0)

90.3 (+33.0)

esJ (h8.3)

111.1

88.7

22.7

22.8 (13.6)

24.s (!11.2)

29.0 (+8.s)

30j r1+.ol

31.4 (33.7)

36.1

38.9

the case of BCIC, intra-individual variation was relatively
low for the 1 5 individuals that were sampled more than once.
It mnged from 0.25 to 6.0, with 

^n 
avet^ge BCIC variation

of 2.7 (equivalentto 36oh of the average BCIC in the sample
population). For all re-sighted individuds, parameter values
were averaged when comparing across individuals.

Investigation of age effects on all pararneters

The age of an elephant can affect the development of several
character traits and is responsible for some proportion of
the observed vatiance across individuals. Since elephant tusks
continue to grow throughout the life of an individual
(Sukumar, 1989), age is expected to be partially responsible
for longer tusks in older males, regardless of their health.
In the case of musth, however, the effect of age on the
ability of males to attain and sustain musth has not been
cleady established. Although captive Asian elephanr bulls
have been known to exhibit signs of musth in their eady to
mid teens (E isenberg et a 1., 197 1 ; Chandrasekha ran e t al., 7992)
wild African elephant bulls were seen exhibiting signs of
musth only after the age of 20 yean (Poolel987, 1989a). It
is possible that the intensitl'of musth is affected by age due
to ph1'siological processes not necessarily related to health.
Thus, the confounding effects of age on the two secondary
sexual characters o[ interest, as well as on the two chosen
health indicators, were examined and eliminated as described
below In all cases, individual's heights were used as proxies
for their age.

Age effea on tusk letgtb:

Tusk lengths were significantllr 6s11.1rted with heights
(Pearson r = 0.57, df = 23, p < 0.005 and Spearman r. =
0.57, n = 25, p < 0.005), indicating the strong influence o[
age on tusk growth. This was an expected relationship and
was eliminated before proceeding further with analyses. Fot

Gaiah ?.122 (fulv 2003)

this purpose, a quadratic curve was fitted to the data to obtain
the best fit berween tusk length and height (r = 0.764, Fig
2). This curve gave the following relationship:

Tusk length =
-0.732 + (0.114*Height) + (0.001 *HeighC)

This curve was used to predict the expected or avetage tusk
lengths for all heights measured. Individual tusk length
deviations from this curve were then used instead of actud
tusk lengths to investigate relationships between tusk govth
and other parameters, as previously done by Watve and
Sukumar (1997).

Age {fex on mntb:

During the study, only males subiectively aged between 25

and 40 years exhibited symptoms of musth. Ifhen elephants

were grouped into 10-year age classes; the modal class for
musth males was the 30-40 year class, containing 67oh of all
musth males seen, with only 1 out of the 7 mdes in this
class not exhibiting signs of musth during the study interval.
There was no cortelation between the average MCI (musth
composite index) and heights of individuals, and hence no
correction for age effects was required.

Agc ffia on heahh indicators:

Body condition indexes were checked for correlations with
height. Significant correlations were obtained for BCIC
(Pearson r = -0.48, df = 23, p < 0.01 and Spearman r" = -
0.39, n = 25,p < 0.05) and BCIB (r = -0.54, df = 23,p <
0.005 and Spearman r. = -0.51, n = 25, p < 0.005), reflecting
a possible improvement in external bodl'condition with
increasing age (the r ralue is rregative because lower BCI
values indicate bbtter external body condition). However,
this was found to be an effect of musth because removal of



l2

Table 2 Summarl-information of data collected from rvild male elephants during the studl'. For those elephants e ncountered

more than once, a\rerage parameter values per individual were used in the calculations below. (n = number of elephants).

Parameter Range Average Standard

Deviation

C.V.

Height (cm)

Tusk length (cm)

MCI

BCI(Composite)

BCI (Body)

BCI (Face)

Parasite (/gm)

25

25

10

28

28

28

30

1,98.7

45

0.5

3.38

1

1

0.25

269.8

127.8

5.5

11

7

5

74.2

234.5

83.6

3.4

7.6

4.4

3.2

12.0

19.0

20.8

1.60

2.15

1.57

0.98

14.5

0.08

0.25

0.53

0.28

0.36

0.31

1.21

all BCI values belonging to musth males caused reductions
in both of the above correlation values (r = -0.03 atd -0.12,

respectively, non-significant relationships). This indicated that
external body condition was not related to age when animals

were not in musth, and thus no correction for age effects

was required in the case of BCI. Facial depressions,
approximated by BCIF, were not correlated with height (or
age) in musth and non-musth animals. This contrasted with
the common field perception that older animals generally

tend to have more prominent facial depressions. There was

no significant relationship between heights of individuals
and their 

^vet^ge 
parasite loads, and thus no correction for

age effects was required.

Investigation of relationships between and among
health indicators

Interaction.r among bealth indicators -

No significant correlations were found bet'ureen the three

body condition indexes and parasite load, in both musth and

non-musth animals. This indicated that the two t1'pes of
health indicators $'ere independent of each other in this study'.

Sea.ron elJict

The effect of different seasons on BCI and parasite load

was investigated bv testing health indicator data in month-
wise pairs. Significant differences in parasite densities were

found onlv bet'nveen the months o[ January and April (using

Student\ t-test for samples rvith unequal rariances, p < 0.01-5).

Hou'ever, the sample size in Januarl' u'as 2, in comparison

with a sample size of 23 in April. Thus, it is likel1' that a feu,'

r.ery high values in April were responsible for the significant

differences in parasite densities betu'een the ts'o months.

The clata set \\'as then dividecl into Season 1 rvhich included

the s'inter months of Decembet, fanuarv and the first halF

of February, and Season 2 rvhich included the summer
months of the second half of February followed by March,
April and eady May. There was no significant difference
between the means of these groups, and hence no coffections
were required for this factor.

Relationship between musth and health status indicators

Mnstb i*nsiry and age

Data from 9 males in musth were analysed for differences in
musth intensities with age. Three males each were estimated
to be in the age classes 25 - 30 years, 30 - 35 years and 35 -
40 years, and were tested for the effects of age class on
xvelrage intensity of musth (using ANOVA). However, there
was no significant age class effect, indicating that age did
not significantlf inSlo.tr.. the musth intensity' in males in
this study

Muth uersus non-nustb indicidrcls

Data from individual males were sepatated into musth and

non-musth categories and tested for significant differences
between their al'erage parameter values (using Student's t-
test for samples with unequal means). For musth individuals,
data collected when they were not in musth were not used in
this analt'sis. Some parameters shou'ed significant differences
betu'een musth and non-musth males (Iable 3). Significant
height, tusk circumference (ICLL) and tusk length (ISL)
differences bet',r,een musth aod non-musth individuals could
be explained on the basis of age, since musth was obsen'ed
only in animals over 25 I'ears of age in this stud)'. The most
interesting finding was the significant difference in average

BCIC, BCIB and BCIF between musth and non-musth
individuals (Student's t-test, p < 0.05. See Table 3), u'hich
indicated that musth males rvere in better physical condition
than non-musth males. However, this apparent difference in
health betw'een musth and non-musth males was not indicated
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Table 3 Comparison of parameter values for non-musth and musth mde elephants, rvith results of Student's t-test for
difference of means. n = number of elephants. (* = indicates significance at p<0.05)

Patameter non-musth

average (n)

musth

average (n)

t-test
p value

Height (cm)

Tusk circumference at

lip level, TCLL (cm)

Tusk length, TSL (cm)

Tusk length dev. (cm)

Average BCIC

Average BCIB

Average BCIF

Average parasite density (/gm)

227.r (16)

26.6 06)

78.2e (16)

1.23 (16)

8.67 (1e)

s.22 0e)

3.4s 0e)

r2.1s (20)

247.6 (e)

31.52

92.9

3.98

5.03

2.51

2.54

8.04

0.001*

0.004*

0.044*

0.367

0.000*

0.000*

0.014*

0.157

(e)

(e)

(e)

(e)

(e)

(e)

(e)

by the other chosen hedth indicator, average parasite load
per individud.

Health status indicators in relation to musth intensity

Trcnds in bodl condition index yitb cbangu in mtstb intensij:

Data obtained from musth individuals were investigated for
finer resolution of patterns in health indicators during musth.
There was no significant correlation between MCI and BCIC
when the data from all musth individuals were pooled (Fig.

3), although there was a minor ttend of increasing BCIC
(declining body condition) as musth intensity increased. All
BCIC values were then split into two groups, eady and late
musth, based on their respective MCI values. For this, all
MCI values between 0.5 and 3.75 (n = 8) were considered to
be early musth samples, while all MCI values between 4.0
and 5.75 (.t = 7) were treated as late musth (or closer to peak
musth) samples. The BCIC values of these t',vo groups were
not significant\' different from each other (using Student's

t-test for samples with unequal means), indicating that
external body condition ma)' not vary with musth intensity.
Intra-individual variation ma1'have been responsible for the
lack of a consistent trend in the relationship between N{CI
and BCIC over time. Hence data obtained from repeated
sight.ings of 3 males rvho remained in musth over
considerable periods of time (obsen'ed musth intert'als
ranging from 5 to 22 days) rvere assessed qualitativelv for
intra-individual tiends. There were marginallf increasing
values of BCIC (declining health) during the observed musth

interval of two males, while the third male showed initialll'
incteasing BCIC follorved bv a decrease. There was no
significant association between NICI and BCIC, nor between

the numbet of days in musth and BCIC, in individual males.

Thus there \\'as no evidence lor a consistent decline in
external bodt'condition over time in musth males.

An important, though expected finding, was that early musth
BCIC values were significandy different from non-musth
BCIC values (Student t test, n1 = 8, n2 = 48, p<0.001).
This was an expected result (following from section 3.4.2

above) indicating that significandy better body condition was

associated with eady musth when compared with the non-
musth state.

Treuls in paratih load pitb cbangu in manb intenij:

Data on musth individuals were similarly studied with regard

to parasite loads. However, as with BCIC, there was no cleat
relationship between parasite load and MCI when all musth
data were pooled (Fig. a). Division of the data into eady (n

= 6) and late (n = 6) musth stages based on MCI values as

above, revealed no significant difference between the parasite

loads of early and late musth groups. In addition,
examination of intra-individual trends in the parasite loads

of 3 resighted musth males during the course of their period
in musth (observed musth iotervals ranging frolr, 4 to 22

days) showed no clear trend of increasing parasite loads with
increasing intensitl, and progression of musth. Thus when
using parasite loads as the health status indicator, there again

appeared to be no decline in health over time in musth males.

However, when early musth data were compared with non-
musth individuals, there u'as a significant difference between

earli musth parasite deosities and non-musth parasite
densities (Student r tesr, nl = 6, n2 = 31, p<0.05). This
re sult is important when considered in coniunction u'ith the
results from the N{CI-BCIC analysis above. Significantly
lower parasite loads in earlv musth individuals support the

findings above, by'indicating that the internal parasite load
of individuals in the earll' musth stage is lower when
compared with that of individuals not in musth.

Gaiah 22': (fulr' 2003)
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Table 4 Parameter advantages (+) and disadvantages (-) of the dominant male elephant in 9 recorded dyadic interactions.

The dominant male was considered to have the parameter advantage it it had gteater height, longer tusks, gteater tusk

length deviation (i.e., deviation from the fitted tusk length curve), lower BCIC value, lower parasite load or was in musth

(while the subordinate individual was not in musth). Significance of the association between parameter advantage and

dominance, across all dyadic pairs, is given by the binomial test p-value.

(* = indicates significance at p<0.05)

Pair (Dom-Sub) Height Tusk length Tusk dev. BCIC Par./gm. Musth

KFI . KUN

ERR- IXT

LAN - DCR

LAN _ LKN

DAD - PIN

KAL- XTT

BAL _ I-AN

KAL - IXT

BAL. DCR

Propn. poitiw:

Birom.Test

pvalue:

0.89 0.78

0.018* 0.070

+

+

0.56.

0.246

0.56

0.246

+

0.67

0.164

T

1.00

Relationship between tusk length and health status
indicators

Tusk lengtb and bealth statas indicaton

(a) Bnc! condition index

Tusk length deviations were tested for correlative association

with BCI. There was a weak but non-signifrcant positive
trend when the two parameters were plotted against each

other, indicating slightly worsening body condition with
increasing positir.e deviation oI tusk length (Fig. 5).

(b) Parasite load

Parasite loads showed no relationship with tusk length
deviations (Fig. 6).

Tnsk Lettgtb corrcction n.riug.cabjectiue age classe.e

The use of height as a proxv for age may have reduced

extreme trends of l<-rng or short tusks if height is genetically
linked to tusk length and if heights var)'greatl)' across ages.

To eliminate this potentially confounding effect, a second

standard curve was fitted to the tusk lengh data, using the

subiective age classes assigned in the field (class intervals =
5 years) to rank individuals. This had the effect of collapsing
the data into 8 groups and magnifying tusk length deviations
from the standard values for each group. Best fit (r = 0.82)
was achieved by using an exponential association curve with
the equation:

Tusk length = 102.37 fl - s -tt'+t+1ABe cr^ss)l

Tusk length deviations obtained from this correction were
then tested fnr relationships with BCI and parasite densities.
However, tusk length deviations obtained from this cun'e
also did not produce significant correlations with BCI or
parasite load. These Frndings indicated that helminth parasite

densities and bodl' condition indexes u,ere not related to
tusk grou'th in the elephants used in this studt..

Musth-tusk length relationship

The re u'as no significant dilference in the average tusk length
deviation benveen animals that exhibited musth and those
that did not exhibit musth during the study period (Iable 3).

There rvas also no significant relationship between N'ICI and
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tusk length der.iation. This indicates that longer tusks are

not necessarily related to an individual's abiliw to attain musth,
nor with the intensitl' of musth exhibited. Thus the two
proposed signals appear not to be complemenrarv in
signalling the health status of male elephants.

Behaviour analysis

Dominance interactions

Dyadic interaction pairs of male elephants (n = 9) were
compared to find out which parameter advantages were
generally associated with the dominant individuals. The
following 6 parameters "advantages" were considered: greater
height, longer tusks, greater tusk length deviation (from the
quadratic standard curve), lower average parasite density,
better average body condition (lower BCI score) and
occurrence of musth (Iable 4). Simple calculation of the
proportions of dominant individuals enjoying a particular
parameter advantage over their subordinates showed that the
dominant individual had the advantage of musth on every
interaction between a musth and non-musth individual
(proportion positive = 1.00, n = 4). Dominant individuals
also had the advantage of greater height in 89oh of
interactions, while the advantage of longer tusks was
associated with the dominant individual in 78oh of
interactions. Binomial distribution probability tests showed
that only the height advantage (in addition to musth) was

significandy different from 0.5 (equal probabitity of having
or not having the parameter advantage over the subordinate
animal (see Table 4).

From this analysis of dominance behaviours in a small sample
of interactions, musth and height advantage appeated highly
likely to be associated rvith dominance in male-male
interactions. Other parameters such as tusk length, tusk
length devietion, BCI and parasite density v/ere not
significantly associated with dominance in male elephants.
One cannot, however, rule out the importance of these other
factors in dominance, as musth is not alwal's present in either
one or both of an interacting pair of males, and there was a

single case recorded, of domination by the shorter individual
o[ an interacting pair.

Discussion

Musth as a signal of health and genetic quality

Probablt' the most important finding of this studl'was the
telationship behveen musth and health status. Nlale elephants
u'hich exhibited external sisns of musth of all stages, had
signifrcantlt' los'er a'r'erase BCI scores (indicating better
health) than males rvhich did not attain musth during the
study. Early musth males had slightly lorver BCI scores,
though not significantll' different scores, than late musth
males. This indicated that throughout the periods of n.rusth

monitored in this study, males did not show signiflcant
deterioration oI external body c<lndition as musth progressed.

It mal irnpll that maintaining good external bodl condition
is important throughout an episode of musth. It is also
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possible that a highll' ptoductive environment such as

Nagarahole is able to provide nutrition to sustain reasonabll'

good health in musth males despite the physiological burden
imposed by this condition.

Inter-individual parasite loads did not show any significant
difference when all musth males were compared against all

non-musth males. However, early musth males were found
to ha'r'e significandy lowet average parasite loads than males

that did not achieve musth. This supports the conclusion
above that in order to attain musth, males may need to be

capable of achieving a state of health that is significandy
better than the average health condition of non-musth
individuals. Better health may correspond to a lowir internal
parasite load and to better external body condition, among
other qualities, and thus the exhibition of musth may serve

as an honest signal of good health and genetic quality in
those males that can attain this physically cosdy condition.
However, it must be cautioned that due to the low sample

sizes and the inability to repeatedly sample all musth animals

over their entire musth period these signiFrcant findings
require further data collection and veriFrcation before they
can be generalised or extrapolated to other areas.

Tusk length as a signal of hedth and genetic quality

During this study there was no evidence to shorv that tusk
lengths were negatively correlated with average BCI and

parasite loads. Consequently, there is no evidence from this

study that tusk length may serve as an honest indicator of
good health in male Asian elephants.

The results of this study appear to contradict those of rJ7atve

& Sukumar (1997). There are several possible reasons why
this difference occurred:

(1) Intra-individual variation was not controlled for
adequately in either of the two studies. A better
understanding of intra-individual variation is tequired before
any conclusions cao be drawn. Watve & Sukumar (1997)

did, however, control for seasonal variation in parasite loads,

which was not possible in this stud1. due to limited
background data on parasite load variations across seasons.

This is a possible source of intra-individual variation,
especialll' since the study extended through the hot dry
summer, which may have stressed some animals mote than
others and exaggerated the differences in their a\reiage

parasite loads and BCIs.

(2) Host-parasite interactions betu'een elephants and their
helminth parasites may show rzriations in different habitats.

Fluke and sprirorid nematode ova were detected in the

Nagarahcr.le samples, u'hich ',r'ere not reported from the

Nludumalai population. There mal be some variations in
host-parasite ecology between these rwo studl'areas that ma1'

need to be considered.

Thus, although tusk lengths did not appear to signal good
<lualitv in male elephants in this short studl', the use of tusk
length as a signal cann()t be completelv rejected because

lr-rnser tusks u'ere associated rvith dominance in 78"/n of
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interactions. Thel may thus marlinally influence female

choice. I-onser time periods mav be required to assess the

role of tusk lengths in sexual signalling and dominance, and

a more appropriate health indicator ma)' be required, as

external body condition and helminth parasite loads may

fluctuate greatlv over short intervals of time. These short-
term fluctuations would not be reflected immediatel-v in tusk

length grow'th, and hence may lead to incorrect conclusions
about their value as sexual signals

It is possible that tusk length may serve as an indicator of
long term or cumulative adaptation to environmental
resources, whereas musth, being expressed for short terms

on a regular basis, may provide a more immediate reference

on an individual's ability to cope with current environmental
fluctuations. This may explain why patterns associated with
musth were better reflected in the two chosen health
indicators while differences in tusk lengths failed to show
correlations with the same health indicators.

Musth, tusk lengh and signal-based sexual selection

Several mate selection theoties have been based on the use

of extreme character development as effective sexual signals

by males. Of these, the handicap principle (Zzhzvi, 1975)

and the theory of heritable true fitness (Hamilton & Ztk,
1982) were considered most relevant to the current study, as

they emphasise the costs associated with producing
exaggerated signals. In the case of the handicap principle,
the cost is expected to be so high as to prevent unhealthy

males from being able to produce the signal (Zahavi, 1977).

This studl' provided evidence in support of musth as an

honest signal of quality and of heritable true fitness in
resisting chronic parasite infections to female elephants.

However, since there was no cleat trend in the health indicator
values with increasing musth intensity or duration, it was

not clear how much of a burden or handicap is imposed on

males that attain and sustain theit musth over long periods

of time. Given that there is no clear evidence of ways in
which musth increases the survival chances of males

displaying this condition, it can still be speculated that musth

ma1' have evolved by female choice and sexual selection,

rather than by natutal selection, in Asian elephants.

There was little evidence from this studl' 1tr21 relatively longer

tusks ma1'serve as honest signals of health or resistance to

chronic parasite infections. In addition, elephants that
exhibited musth during the stud)' inten'al did not have

significantlv better developed tusks than those that did not
exhibit musth. Horvever, mc-rre infcrrmation is required from
a larger sample o[ males and over a longer time inten'al,
before conclusions can be dtarvn with regard to the use of
tusks as sexual signals b1' male Asian elephants. Although
extremeh' long and crossed tusks could potentially serve as

a signal of handicap, medium-sized and uncrossed tusks can

increase the survival of the individuat b1' functioning as

digging implements for minerals, for debarking trees, for
resting the heavy trunk and as a 'weaPon of offence and

defence. Thus it appears unlikelv that tusk lengtbs rvould

serve as effective siqnals of handicap, u'hereas rnusth, which

appears to serve [s11' 5u11'i1'21 purposes, seems a more like\'
candidate as a handicap signal. Instead, long tusks may serve

as a signal of long-term adaptation to the local environment,

a possibility that uias not explored in the current study.

Even if tusks are relatively unimportant sexual signals, it
cannot be concluded that tusks have no role to pla1, in mate

selection and reproductit'e success. Behavioural anall'5i5

showed that musth could potentially increase a male's mating

success in another way: by allowing it to dominate over other
males. Similadl,, longer tusks were associated with dominance

h78o/o of the social interactions recorded. Since dominance

can promote access to females as well as prevent other males

from coming near receptive females, male s with longer tusks

may be able to "influence" females to choose them. In this

way, relatively longer tusks may indirectly increase male

reproductive lttness.

In general, females are likely to use information from several

signals when exercising their choice over males (Zahavi,
1975). This study has provided evidence in favour of one

such signal, musth. Previous studies suggest that female
African elephants itr oestrus prefetred musth males to non-
musth males (Poole, 1989b). Howevet, while the occurrence

and mechanisms of female choice have not been scientifically

studied in Asian elephants, there is anecdotal evidence of
females consorting with musth males (de Launey, 1938;

Eisenberg et a/.,1971; Eisenberg & Lockhart, 7972) as well
as occasionally rejecting musth males (Stracey, 1963). Clearly

the complementary aspect of sexual selection, female choice,

needs to be studied in detail before the existence of sexual

signalling in Asian elephants can be conftrmed. Further
studies are also required to understand whether other visual,

chemical or vocal signals are used for signalling between the

sexes in elephants.

Further research and applications

All interpretations of the results reported above are subfect

to verification in futute studies, due to the small sample sizes

obtained in this studl'. Despite this lmitation the studl' 641

be of value to consen'ationists interested in promoting long
term viability of the species and of small and threatened
elephants populations. The following are possible
applications of the hndings of this studl', and suggestions

for further research:

(1) A simple non-invasi'r'e method of assessing the health of
elephant populations over regular inten als ma1'be developed
bv using a combination of BCI and parasite densit't' ralues.

As seen in the case of musth versus non-musth individuals,
there are significant measurable differences in these tw'o

health indicators over short intervals, rvhich could also serve

as sensitive indicators of declining or improving health trends
in indir.iduals and populations over different seasons and
yeafs.

(2) Studies on crop raiding b)' elephants have showo that
male elephants are often responsible for most of the damage

(Sukumrr, 1989; Thouless & Saku'a, 1995; Bhima, 1998;

Hoare, 1999). SukLrrnat & Gadgit (1988) had suggested that

Gaiah 22:. (Julv 2003)
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this could be viervecl as an adaptive strateg)' of "high-risk,
high-gain" followed by male elephants, in order to attain

better bodv conditior-r, increase their chances of attaining
the musth condition and thus increasins breeding success.

The current study lends support to this speculation, by

demonstrating the relationship between musth (especially

earll'musth) and better health.

(3) The suggestion was put forward to selectivell'remove the

most frequent crop raiding bulls from raiding elephant
populations, as this might alleviate human-elephant cont-lict

and reduce a serious conservation problen-r (Sukumar, 1991).

However, if the local pool of male elephants is small,
capruring the most persistent male crop raiders might remove

the most healthy and reproductively successful males and

may adversely affect the genetic htness of the local breeding

population in the long term.

4) The importance of musth and height in determining
dominance may have important implications for reproductive

success of makhanas (tuskless male Asian elephants). In
light of the changing ratios of tusked to tuskless mdes due

to poaching, if the most healthy tusked individuals are

removed from a population, makhanas may gain selective

reproductive advantage over less Frt tusked males. If musth

is an important sexual signal and makhanas tend to produce

and sustain an intense musth phase over longer periods of
time. this could cause a further skew in favour of makhanas

in the future. This may be an interesting topic of investigation

in future scientific studies of Asian elephants.
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Appendix

Ethogtam ofsocial behauiours ofwild elephants recorded
at Nagarhole I{ational Parlg It{ovember 1998 - May 1999:

Dominance and threats

Approach by dominant with concomitant or consequent
turning away/moving away by subordinate

Approach by dominantwith head swinging (up & dorvn)
or with trunk slung over the tusks

Placement of trunk on facefback/rump/tail of
subordinate

Pushing subordinate with tusks, trunk base, head butt
or bodv side

Hit subordinate with trunk

Mount subordinate from behind

Placement of trunk into mouth of subordinate

Facing subordinate and throwing mud over the head

slowly

Rubbing or swinging forefoot above the ground while
facing subordinate

Swing trunk out forcefully to$/ards subordinate

Sensing directly and overtly towards subordinate with
trunk

Lock tusks with subordinate and ousb him backwards

Kick subordinate with hind foot

Approach with head up and tusks pointing foru'ard at

subordinat

Nlove close to subordinate from further arvar.

' Displacement of subordinate for feeding

Subotdination

' Passive receipt o[ dominance behaviours without

retaliation

' Turning away/moving away from dominant elephant's

approach

' Penis descends and hangs limp in response to approach

by dominant

' Urination or defecation in response to approach by

dominant

Musth

Frequent tests of female genital area

Stand still & alert )5 seconds

Dig tusks in shallow water

Valk with head swinging up and down

Female interest in / pteference for male

' Approach male

' Turn around and present posterior to approaching male

' Spread legs when male tests genital area

Urinate,/defecate'ilhen male approaches female's

POSteflOr

Passively accept male dominance behaviours (listed

above)

I\{ove along with male wben he leaves the female group

Female reiection of male interest

' \\hlk away when male approaches or attempts to mount

' Run away with/without vocalisation when male

approaches persistently

Gaiah X2z flul1' 2003)
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Plate 1 A nrale e lephant in musth. ln adclition to the temporal gland secretion dos'n the cheek, the hind le.q appears \riet,

Ptobabll' due to urine dribbling

Plate 2 A musth male .,vith a female herd. Body size dimoryhism between adult male and

female elephants is evident in this prcture

Plate 3 Are longer-tusked males preferentially ch<-rsen by female elephants? Long and crossed tusks such as these

ma1'be a handicap for the males possessing them

()aiah 22: ([uli' 2t)03)
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Plaet 4 A male clephant showing relativeh poor external bod1. cooclition. The degree oi
such as pectoral and pelvic girdles, backbone, ribs and cheek bones were used

.he b<-rdy condition index

visibiliq' of skeletal comPonents

to subjectivell'score

plate 5 patterns of holes, cuts and tears in the ears were used to identify elePhants. Other features used for individual

identification were size and shape of tusks, pattern of ear fold, length and shape of tail, etc'

Plate 6 A wild bull elephant crossing the road. Such photos can be used to measure

the shoulder height and tusk lengtb.

,'\ll photographs 'uvere taken

2(X r-l)Gaiah 22: (Julr
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The economic vqlue of conserving the Asion elephont: confingent vqluqtion
estimqtes for Sri Lqnkq

Raniith Bandara and Clem Tisdell

Abstract The Asian elephant (Elephas maxzmus) is one of
the world's most seriously endangered species of large
mammals. However, the economic value of consen'ing it
from r total economic evaluation perspective has been little
studied. This paper addresses this matter for Sri Lanka. It
summarises the results of a contingent valuation survey of
willingness to pay fe1 the conservation of the elephant of a

sample of urban residents in Colombo. The majority of
respondents favoured the survival of the wild elephants, and
were willing to pay ('WTP) Rs. 110.16 per month amounring
to a total of Rs 1,322 per year on average for a period of
five year to support this goal. Extrapolating this valu€ to the
other urban centres in Sri Lanka, we found that urban
dwellers are WTP Rs. 506.7 million per month, amounting
to a Rs 2,713.3 million per annum and Rs 40248.61 million
for a period of five years. The annual retum on this capitalised

sum is Rs. 2012.43 million per annum in perpetuiry tt a 5o/o

real rate of interest- Comparing this amount with our
economic estimates of annual total crop and property damage
caused by elephants in Sri Lanka (Rs.1121.42 million per
annum) shows that urban residents could compensate farmers
for these damages and be better off than in the absence of
elephants in the country. This suggests that there is a strong
economic case for the conservation of the wild elephant
population in Sri Lanka, at least at their current population
level. The economic value to urban residents of the continued
existence of wild elephants in Sri Lanka appears to be about
twice the extent of economic damage caused to farmers by
elephants.

Keywords Asian elephant, Sri Lanka, contingent valuation
method, crop damage, compensation, conservation.

fnttoduction

In many respects, the sutvival of the Asian elephant (Ebpbas
maximus) is more precarious than that of the African elephant
(Bandara & Tisdell, 2002a).IUCN (1996) declared the Asian
elephant to be one of the most seriously endangered species
of large mammals in the woild. At present, it occurs in only
thirteen countries in Asia, including Sri Lanka (Kemf &
Santiapillai, 2000) and its population has fallen significantly.
The Sri Lankan elephant population, for example, underwent
a marked teduction starting from the mid-nineteenth century
(Santiapillai &Jackson 1990; De Silva, 1998). Fragmentation
and loss of natural habitat are the major factors contributing
to this decline and these help generate human-elephant
conflict (Desai, 1998). This situation largely results from the
ad boc development proiects carried out during the last fifty
),ears (Weerakoon, 1999), and is exacetbated by the lack of
co-ordination between different {aovernment departments
and wildlife authorities. Moreover, poor integration of
economic aspects and lack of attention to public preferences
for elephant conservation compounds the problem.

Several techniques are available for measuring the economic
value that members of the general public place on the
conservation of wildlife and other natural resources. These
include the hedonic pricing approach (HPA), the travel cosr
method (ICNI), and the contingent valuation method (CVI.Q
(Carson et a/.,1996). Hower.er, the HPA and TCNI have been
criticised bt' a number o[ authors for failing to measure the
non-use or intangible values oI rvildlife adequatell. (see

Stevens et a/.,1,995; Oglethorpe & N{iliadou, 2000). The CVNI
is free from this particular criticism. It is able to elicit q'pes
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of benefits that these other methods cannot elicit (Kotchen,
2000). CVM uses survey quesrions to elicit people's stated
preferences for public goods such as conservation of
elephants E "dy 

eta/.,1996;I-aomis & Ekstrand, 1998;White
et a1.,2001). However, CVM also has l-imitations. It can for
example, jnvolve errors in estimation of economic value due
to strategic, design, part-whole and hypothetical biases
(Bateman & Turner, 1993).

Nevertheless, CVM is a widely applied monetary evaluation
method. For example, it has been widely applied to the
valuation of environmental and natural resource-related
goods such as the preservation of wildlife species and
outdoor recreational amenities (see Seip & Strand, 1992;
Diamond & Hausman, 1994; Jakobsson & Dragun, 1996;
Loomis & White, 1996; Wills & Powe, 1998; Witzer & Urfei.
2001; Bandara & Tisdell, 2002b). In CVM, the non-use
economic values of a given environmental amenity, 21s

generally measured based on the willingness to pa1' for an
improved situation, or using the willingness to accept
compensation for a damaged or diminished situation. An
appealing aspect of the contingent valuation merhod is that
it allows us to estimate total economic value (Pate & Loomis,
1997). It is widely used. Carson et a/., (1994) provide a

bibliography of 1,600 CVNI studies and related publications.

In econornics, the importance of total economic raluation
of wildlife and other natural resources is increasingly
recognized. Estimates of total economic value combine
willingness oF stakeholders to pay for their direct interactirc
use o[ wildlife for harvesting, tourism or other puryoses
plus economic values generated by other than direct
intetactive use such as ftom the knowledge that a species
continues to exist (existence value) or that it will be available
to future generations (be<1uest value). Such willingness to
pav can be influenced b1'fee lings of moral obligation towards

?2 Gaya.l't 22: flulv 2003)
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a species (cf. Tisdell, 1997;'l)tzion| 1988). C\/M is desi.gnccl

to capture all values that influence willinsness to pay te
conserve (or eradicate) a species. Therefore, it is a

considerable advance on those economic techniques that
merell' measure economic value genemted bv direct use of
a species. As a rule, these onll'given partial indications of
economic value. Nevertheless, economic methods, such as

CVM, represent only one philosophical approach to value.

One should be clear that despite its wide perspective, CVI\[
does not constitute a compl€te or exclusive approach to
valuation flisdell, 19971' cf. khman, 1993). Yet, provided
this is kept in mind, methods, such as CVM, designed to
determine total economic valuation can significandy enhance

our appreciation of social choices involving conservation
of wildlife. The purpose of this article is to show how analysis

using CVM can provide new perspectives on the desirabi-[ity

of conserving Asian elephants in Sri Lanka.

Our study involved first a CVM survey of a sample of urban
residents in Colombo, the capital of Sri Lanka, in order to
determine their I7'TP for the conservation o[ the Asian
elephant. This was then used to estimate the willingness of
Sri Lankan urban dwellers, as a whole, to pay for conservation
of the Asian elephant. A dichotomous choice form of
contingent valuation is applied to quantify the conservation
value of the wild elephant. An analysis is undertaken to
investigate the underlying factors that determine the
willingness of urban respondents to pay for the conservation
of the elephant. Furthermorg in this analysis we consider
whether urban residents' WTP for the conservation of
elephants is sufficient to compensate farmers for the damage

caused by elephants and to raise farmers' tolerance of the
present elephants on their farming fields. The survey
procedures are oudined first. This is followed by analysis of
the results. The economic losses associated with crop and

ptoperty damages caused by elephants are then compared
with the estimated urban WTP benefits in order to determine
whether the urban residents' potential contribution for
conservation of elephants would be sufficient to compensate
farmers for the crop and property damage caused by
elephants and consequently raise farmers' tolerance of the

Presence of elephants

Methods

Contingent uaharton market to assess tbe coueruarton ualae of the

elephants in .fi I-anka

Interviews with urban respondents involved four different
steps. In the first step, the respondents were presented with
updated information about the prc.-nt status oI the elephant
population in Sri Lanka, and the policy and institutional issues

that need to be addressed to conserve elephants in the
country Respondents were then told why it is important to
adopt new approaches to ensure the survival of the elephant
in Sri Lanka in the long-term. They were informed that
existing protected areas are inadequate in size to ensure the
Iong-term survi'r'al of wild elephants if elephants are confined
to these areas. Furthermore, there is little or no prospect of
a significant increase in the size of these areas. Thus, the
survival of elephants seems to depend on their use of both

Gaiah 22: (ful1' 2003)

protected areas and non-protected areas. Sociall)' acceptable

strategies for an appropriate level of co-existence between

farmers and elephants are needed. Such co-existence hinges

on greater compensation for farmers to tolefate elephants

to a greater extent than cuffentl)'.
In the second step, the surve)r respondents were presented

with an alternative policy designed to address these issues.

They were asked to assume that an autonomous body', reputed

for its efficient and honest work. would introduce a sound

conservation programme so that the current downward trend

in elephant population could be halted while addressing other

elephant related issues. The respondents were informed that

this organisation would ioitially implement the following
measures for the consetvation of the elephant: a) Provision

of extra protection around existing national parks and
protected areas, b) translocation of excess and troublesome

elephants, c) domestication of the elephants for local and

foreign zoos, tourist establishments, temples, study centere,

or for use as work animals, and d) establishment of animal

orphanages and recreation centets to promote eco-tourism.
Respondents were also informed that this policy alternative
was developed based on the assumption of that the
conservation of elephants can be achieved through integrated

policies involving both public and private landholders in the

elephant's range and other interest groups, such as city-
dwellers.

In the third step, the respondents were informed about the
need to finance the proposed programme and the required

support of the general public to establish a 'trust fund'to
support the proposed conservation Programme. Mofeover,

they were also told of possible benefits that they would be

able to obtain after the successful implementation of this
programme. The benefits presented to the respondents were :

a) greater possibilities to view more elephants in a single

herd in the wild, b) greater opportunities to see elephants in
the wild during a short number of visils to a given national

park, c) opportunities to domesticate more elephants for the

purpose of religious festivals and the local tourism industr5
and d) increase in agricultural crop production due to the

mitigation of HEC in the main agricultural regions in the

dry zone of the country

Finallf in the fourth step, the respondents were presented

with the contingent market valuation question: "For the next

faelears, wouldlou be willing to pa1 Rs Xfrom tbe montbl1 ittcome

of loar hoa.rehold, that is k X perlear, startingfrom Jantnry l"
2002, towards tbe establishment of the propond trastfatd t0 inpbneltt
tbe aboue mentioned programr to clnserue tbe elepbants in the coant7t".

Respondents were offered a set of bid values at four different
stages conditioned to their response for the first WTP
elicitation question. After sutvel' respondents were presented

with WTP elicitation questions, two follow-up questions were

asked. These contained categories of reasons for the response

to the contingent merket and the tespondent's pteferred
method of pay,rnsnl. These questions help to identify protest
responses as well as motives for preservation.
,famplz, data collectiort procedure and method of anallsis
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Thc surveyed popularic.rn was purposefullv chosen t-ron-r urban

residents in Colombo. The population densitt', level of
urbanisation, living standards and life sq'le of residents were

taken into account for the selection of a sample of urban

residents. A sample of 300 residents was chosen from three

main housing schemes n Colombo, JE antbipan, Jg awadanagraa,

and Anderson [r/a/r. The Urban Development Authoritt' of Sri

Lanka (2001) classifies these schemes as upPer middle class,

middle class and lower middle class housing schemes

respectively. This classiflcation is based on the value of the

property and other urban facilities in the area where these

housing schemes are located i.e. public schooling, shopping

centers and recreational sites. A hundred residents from each

of these housing schemes were chosen as the sample. A
stratihed sampling procedure was adopted in selecting this

sample.

An interview schedule (IS) was used to gather the information
used in the analyses presented in this paper. This consists o[
five different sections. The first section of the IS contained

the personal ptofile of the respondent. The second contained

questions to assess the attitudes of the respondents on

'der.elopment' and'environment'. Section three presented

respondents with information about the present status of
elephant conservation and the problems that are encountered

in conserving elephants in the existing Protected area

network. Section four of the IS contained the most imPortant

questions in the survey, where respondents were presented

with dichotomous choice elicitation to assess their WTP for

the conservation of elephant. Section five of the IS contained

a set of questions for the inter'"'iewer. In these questions,

inten'iewers were asked about the level of understanding

and sinceritl' of the respondents. Nine graduate students

from the Faculty of Graduate Studies of the University of
Colombo were used as interviewers to administer the IS. A
face-to-face survey was conducted to gather the information.

Hadker (1997) suggests that this is a more useful method

c()mparerl to mailed questionnaires and telephonic survevs in

deveIoping countr], contexts.

A non-linear logit regression model was constructed to
analyse the respondents' responses to the WTP elicitation
questions. Jaibi & Raa (1998) provide a list of economic
applications of this model and Pate and Loomis (1997)

describe this model as the most commonly used non-linear

model in CV studies. Sellar et a/,. (1986) outline the merits

of the logit model, and Kanninen & I(hawaia (1995) discuss

the advantages of use of logit anall'5i5 for a contingent
valuation survey with dichotomous fotmat. One such

advantage is the opportunity to use logit analysis, a non-

linear method, to regress a binary (dichotomous) dependent

variable on one or more independent variables. McFadden

(1974) has also outlined the bases of the dichotomous choice

theorl' corresponding to the logit specification.

In this stud1,, 1vs used the probability of the respondents'

responses to principal WTP elicitation questions {P, / (/
P)), where P = Probability of yes to the IX/TP elicitation
questions as a dependent variable and considered factors

that influence their probable responses. A number of socio-

economic, demographic and attitudinal variables were

included as independent variables for the preliminaty logit
analysis. The variables were: the respondentt age (ACERQ,
attitudes to alternative elephant conservation approaches

(zlTHEC) bid value (tsIDVA), awareness of the current
conservation issues (CON.'E), concern about future
generation needs (FUPR-Q, pro-conservation perception
(GREE 0, association with environmental guilds or groups
(MEMtsE), concern about non consumptive use-value of
the elephant (NOI\UI,J, personal income (PERIIQ, pro-
development concern (PRODE), occuPation (OCCUP),

position in the household (RPOJI), total family income

(IOF1 D, and 1,s21. of schooling (YRtCFl). The choice of
these vatiables was partly based on choices in several previous

Table 1 The factors influencing respondents' resPonses for the Payment principle

questions : The final logit regression results

Variable Coefficient /-statistics

CONSTANT

Respondent's rye (AC ERE)

Rupee value ftom the V/TP question (BIDV"1)

Arvareness about current consetvation issues (CONlt:/

Opinion on pro-conservation petception fCRfiEA)

Opinion on the non use-value o[ the elephant A'ONUt']
Petsonal income 1PEIUA)

Atti tudes towards pro-d€velopment activities (P RO D E,

Position in the family EPOSF)

Years of schooling Q'PrlCH)

Summar) stausilcs:

Dependent variable = the probabilitl of saring'res'to tlre principte VTP questions, Numbet of

obsen'ations =300; log- likelihrxrd is 73 8654,

F statistic: 31.184(r; q = (l 05; df = 9; Rr = 0.0.60-i(l; Adjusted RZ 0 58(r1

-5.021

-0.872

-1.029

1.045

3.322

1.284

4.785

-0.043

1.224

2.990

-2.098

-3.392

-4 198

4.685

7.583

2.904

9.213

0.904

2.253

5.207

Gzifi 22: flulr' 2003)



25

CVNI studies of environmental valuation (see Whitehead,
1992; I\{iller & Lindsari 1993; Bateman & Langgord, 1997;
!(itzer & Llrfei, 2001).

Results

The preliminarlr le*1, tegfession analysis was undertaken b)'

using the Statistical Package for Social Sciences (SPSS)

Version 10.0 to identify the factots associated with
respondents' responses for the WTP elicitation question at
the p < 0.05 significance level. This anall'sis reveals that
some of the independent variables cited above'were either
statistically not significant, or were highly correlated with
other variables at the r > 0.8 level. Hence, it was decided to
exclude these variables from the final logit regression analysis.

Several goodness of fit measures were used to estimate
overall statistical performance of the estimated model in
this study. These results indicate that the overall ability of
the model to yield a correct prediction of urban residents'
rJflTP for the conservation of elephant is significant at the
0.05 level of statistical significance. A summary of the hnal
logit regression results is presented in Table 1.

Discussion

F'actors infhencing the respondents' resPlltse to conseruation ya/ue

qaeikofls

As indicated in Table 1. most of the estimated coefficients
have a positive influence on the probability of saying 'yes'

to the principal conservation value questions by the
respondents in the sample. The positive sign for the CONIE
variable supports the hypothesis that the probability of the
respondent saying 'yes' to the 1i7TP question increases with
the respondent's awareness of the present status of HEC
and the issues involved in the conservation of elephants in
Sri Lanka. Loomis & Ekstrand (1998) observe a similar
situation in relation to conservation of the Mexican spotted
owl. As might be expected, the coeffrcient for the NOAIUZ
is positive and significant in the model. This suggests that a
respondent who values the non-use values of elephant (such
as altruistic bequest and existence values) has a higher
probability of answering'yes' to the rWTP question. This is

understandable because the elephant in Sri Lanka is closely
associate with Sri Lankan, their history, religion, culture,
folklore, mythology and ceremony.

The coefficients for the attitudinal variables such as GREEN,
are positive and significant. The result suggests that
respondents with pro-conservation attitudes are likely to
contribute mote to'ilards the conservation of the elephant.
Loomis & Larson (1994) observe a similar situation in a CV
sun'ey of the grey whale. On the other hand, the variable
PRODE was used in the model to assess the response of
anti-conservation attitudes on the probability of saying'yes'
to the \)/TP question. The PRODE was not significant. This
is understandable because the maiority of the respondents
in the sample disagreed with development programs that
cause environmental problems. In our preliminary discussion
when we put the proposition ".fri lanka shozld rct encoilrage

deue/opment programs sucb ar tobacco cl/tiuation in centra/ hrghlands
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t/tat catrse seiotrc enuironmenta/ danage", 88.6To respondents

agreed, implving that the1, wete rather 'green', and inclined

strong\' towards environmental protection. Lladker et a/.,

(1997) observe similar attitudes in a CV study in lndia. In
this stud1,, it was found that about 72o/o of respondents
strongly disagreed with development programs that hurt the

eilrtronment.

tsIDVA had a negative influence on the probability of the

respondent sal,int 't.r' to the WTP question. This means

that the larger the bid value ptesented in the interview to
the re spondent as a 1VTP elicitation question, the less willing
these respondents were to pay for elephant conservation.
Miller & Lindsay (1993) notice a similar relationship in a CV
survey which was conducted to analysis WTP for a state

gypsy moth control program in New Hampshire. Loomis &
White (1996) also observe a similar result in an analysis,of
economic benefits of rare and endangered species.

Among the socio-economic characteristics, age, personal
income, years of schooling, and respondent's position in the

family were considered as influences on the probability of
respondents being willing to pay for the conservation of the

elephant. The positive sign of the coe fFtcient of the YRSCII
indicates that the probability of saying 'yes' for the WTP
question increases with an increase in the number of years

of schooling. This is understandable because more years of
schooling would arguably increase the knowledge a person
has about social, political, economic and environmental
happenings. Moreover, the education would help a person

comprehend news about environmental effects of economic

development. Several CV studies find a similar relationship

between level of education and respondent's response
towards the WTP elicitation questions. For example,
White head (1992) noticed that the level of education is often
positively correlated with the WTP amount in an ex ante

willingness to pay analysis. Pate & Loomis (1997) describe

the rationale behind this relationship in a case study of
wetland and salmon conservation in California.

The variable ACERE is significant with a negative
coefhcient. TtLis implies that younger tespondents were more
willing to say 'yes' to the !7TP question than their older
counter?arts in the sample. Heinen (1993) observes a similar
situation in a study of people's attitudes to\vards the wildlife
in rhe Kosi TapPilViIdIlfe Reserve in Nepal. In this study, he

found that the positive attitudes towards the preservation
of nature could be measured by the individual willingness
to pay amounts which correlate highly with the responde nts'
age, years of schooling and the gender. He also notices an

interesting relationship between age and the years of
schooling. Younger respondents are found often to have more

),ears of schooling than the older ones in the sample. This is
quite similar to the situation Found in Sri Lanka.

The variable PER/ I is significant. The positive sign of it
implies that the respondents whose personal income is greater

are more willing to pay for the conservation of the elephant
than the respondents whose personal income is lower. A
number of other CV studies have obtained a similar tesult.

Boyle & Bishop (1987) estimate the effects of the income
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on the determination of \\'TP amount for thc conscrvatron
of endansered species. Carson et a/., (1996) found that the

sum individuals are less willing to pay for the preservation
o f quasi-public goods tends to rise rvith their income. Loomis
& Larson (1994) estimate an individual's VTP for increase

in the quantit)'o[ an environmental public good in relation
to a number oI socio-economic factors including household
income. Findings of Hadker et a/., (1997) suggest that the

higher income earners in the mettopolitan area of Bombal'

have a stronger interest in environmental consen'ation than
the lower income earners.

The variable RPO.fF is significantwith a positive contribution
to the likelihood of being WTP for conservation of
elephants. However, this result may be linked to the
traditional Sri Lankan family culture and values. In this setting,

families are represented by the head of the household. In
most cases, the head of the household is the father (or the
mother in the absence of the father) or the oldest child (in
the absence of both the father and mother). As a result, in
this study over representation of heads of households in
the age group of 30 years and above was unavoidable. This
cultural situation restricted the opportunities to interview
the other members in certain households. In most cases, such

opportunities were found only where the head of the
household was absent at the time of the interview and he or
she permitted another family member (in most cases the
most educated person in the family) to represent him or her
in the interview.

The agregation and extr@otation of WTP benfits

Of the 300 respondents, bids of 34 respondents were
identified as protest bids. These responses were removed
from the sample so that genuine WTP could be analyzed.

Therefore, a total of 266 WTP amounts were used in
aggregation and extrapolation of WTP benefits. This was

carried out at three different levels: a) ftom the sample to
Colombo metropolitan are^, b) from the Colombo
metropolitan 

^re 
ao other maior urban centres, and c) from

major urban centres to the entire urban population in Sri
Lanka. In this process, the authors, mindful of the sensitivity
of sample effects, referted to a study done by the Department
of Census and Statistics of Sri Lanka on economic and

demographic aspects of the population in the Colombo
metropolitan area (Department of Census and Statistics,
1998). It was found that household characteristics of the
urban population in Sri Lanka were quite close to the sample

of the present studl'. flswsl'er, it must be noted that the

mean WTP values used to extrapolate from the sample to
the population refer to the ones after the removal of protest
bids.

In our extrapolation process, we found that urban residents

in Colombo metropolitan area were \X/TP Rs. 166.35 million
per month for the conservation of elephant. This amounts
to an annual value of Rs 1996.22 million. As the payment
will be made over a period of five years, the total net present
discounted value of these annual amounts, at a 5'h real rate

oF discount, equals Rs. 9,075.02 million. Extrapolating to
these results to all maior urban areas in Sri l-anlta, it was

estinrated that residents in these areas \r'ere \\TP Rs. 438.48

million per month fcrr the conservati<.rn of elephant. This
amounts to an annual r'alue of Rs 5.261.17 million. As the

pa)'ment u'ill be made over a period of five ),ears, the total
present discounted r,alue of these annual amounts, at a 5oh

real rate o[ discount, equals Rs. 24,554.20 million. Finally,
when we extrapolate WTP for the entire urban population
in Sri Lanka, using a population size of about 6.67 million
(this figure was drawn by deducting 17.3o/o ftom the total
population of 7 .49 million people in urban areas to represent
the protest responses based on the findings ofthe case studl'
presented in this paper), we found it was Rs. 734.83 million
per month. This amounts to an annual value of Rs 8818.01
million. As the payments are specified over a period of only
ftve years, the total present discounted value of these annual

amounts, at a 5oh real rate of discount, equals Rs. 40248.61

million.

rWe know that urban residents are 1WTP Rs. 8818.01 million
per year for five years but we do not know their lfTP beyond
that. Damages caused by elephants will, however, continue
in perpetuity' given current populations of elephants. One
possible way to compensate farmers would, in principle, be

to invest the urban dwellers' contribution over frve years in
the capital market to give an estimated return on the
capitalised sum of Rs 2012.43 million per annum at a 5o/o

real rate of interest. This could arguably be considered an

indirect indication of the willingness of urban dwellers to
pay in principle in perpetuity to conserve wild elephants.

It is also worth mentioning that although in this study, we
asked respondents about their WTP for the conservation of
elephants for only five years, some (maybe most) respondents

certainly would probably be willing to pay beyond this period.
Furthermore, this amount could be increased by at least
another 1000 ,1f we extended our extrapolation to the
population of residents in the rural areas where elephants
do not occur or interfere with farming practices.

Urban residents WTPfor conseraation of elepbants exceeds ualw oJ

crop and prEenl lostes of Jarmers

As mentioned elsewhere in this paper, one the of obiectives
of this study is to find out whether the urban residents' W'TP
for conservation of elephants is sufficient to compensate
farmers for the crop and property damage caused by
elephants, and to raise farmers'tolerance of the presence of
elephants. In this analysis, it was assumed that if urban
dwellers could compensate farmers for losses associated with
crop and propert)' damages caused by elephants, given the
curreot elephant population, and were better off than in the
absence of wild elephants, the current population of
elephants rvould be (Kaldor-Hicks) superior to the absence

of wild elephants.

According to Bandara & Tisdell (2000b) the total value of the
crop and properq'damage caused by elephants in Sri Lanka is

about Rs. 560.71 million per cropping season or Pts.7121.42
million per annum. These authors have derived this figure by
extrapolating the elephant damages estimated in three selected
case studies (see Bandara & Tisdell, 2O02c;Jal,ztyardene, 1998;
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ancl l)e Silva, 1998) cartied out in three difftrent locations in
the elephant's ranse. Flou'ever, before we use this figure to
reach an)'conclusions, it must be noted that the crop and

property dan.rase calculated in this anall'sis did not pay much
attention to the possible cost that could be associated with
elephants othcr than crop and properq'damages. Under nomral
circumstances, the total economic cost should include the cost
of control measures undertaken by farmers to scare away the
crop-raiding elephants, inc<,rme foregone bl,farmers in having
to replace some crops with others that are less attractive to
elephants, and the management cost borne by government
departments to undertake various programs for the
conservation of elephants and the mitigation of HEC. Such

comprehensive assessments of total losses associated with the
elephant are yet to be estimated.

Nevertheless, when we compare the economic estimates of
crop and property damage caused by elephants of Bandan
& Tisdell (2000b) with above estimated return on the
capitalised sum of Pts. 2O1,2.43 million per annum, it shows
that urban residents' financial support for the conservation
of the elephant significantly exceeds the economic losses

caused by the elephant. This means that our estimated return
of Pts.2012.43 million per annurn on the capitalised sum in
perpetuity is mqre than sufhcient to compensate farmers
for their estimated crop losses of Rs 1,721.41 per annum; in
fact dmost twice the needed sum.

When compensation is paid, control of elephants by farmers
is likely to be much reduced. Furthermore, a lot of their
current control costs are ineffective in aggregate, either
because elephants have become resistant to control measures

or because, in many cases, control measures merely result in
elephants moving from one farmed ate^ to another (cf.
Rollins & Briggs, 1996, p.369). Consequendy, in the latter
case, a type of prisoners' dilemma problem exists. If
compensation for damage caused by elephants leads to much
reduced control of elephants by farmers, they should achieve

a net economic benefit because their control costs will be

greatly reduced (or in the extreme case, eliminated) and the

^ggteg 
te damage experienced by them from elephants will

increase litde or not at all. Nevertheless, there might be a

small increase in damage in aggregate, if, for example,
elephant populations increase slighdy due to less harassment

of elephants. Despite this, it is clear that, if compensation
were paid to farmers, a sum of less than Rs 1,724.42 million
per year would compensate them if allowance were made

for the reduced cootrol effort of farmers. The latter will
reduce farmers' costs of control.

Conclusion

This studt' rvas c<,rnducted to surve)' a sample o[ urban
residents in the Colombo metropolit^n 

^rea 
to determine

their willingness to pay for the conservation of the Asian
elephant in Sri Lanka. The finding of this anall'sis indicates
that there is a strong economic case for ensuring the survival
of wild elephants in Sd Lanka. There is strong er.idence that
the current population of wild elephants in Sir Lanka is

economicallt' preferable to their absence considering the
interests of all stakeholders. urban residents and farmers.

G\rh 22: (ul1' 2003)
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Guidelines for the mqnogement of coptive Asiqn elephonts qnd fhe possible
role of rhe IUCN/SSC Asiqn Elephont Speciolisf Group

Fred l(urt and I{hyne U N{ar

Abstract N{any reports refer captive Asian elephants as

"domesticated" animals. However, most of the elephants
living in captivity have been wild-caught and a large number
o[ them are the result of wild bulls mating with females in
captivitl'. Although captive elephants have existed since 3,500

years in close contact with man, yet they have not been the
subject of sustained captive breeding, nor have they been

selected for particular characteristics as it was, and still is,

the case with really domesticated animals such as horses,

sheep or dogs. It is therefore inaccurate to refer to the captive
Asian elephants as domesticated animals. There could be as

many as 14,000 Asian elephants in captivity, with Myanmar
accounting for 40oh. At least 1,047 Asian elephants are kept
wodd wide in zoos and circuses. Therefore the total captive
population includes at least 15,000 elephants. The chances

of survival of captive populations are practically zero in
intensively kept elephants and very insignificant for those

kept in traditional zoos where mortaliq,' rates are extremely
high at J/oung ages. But the survival chances are relatively
high in the Pinnawela Elephant Orphanage in Sri Lanka,
modern zoos as well as in extensive keeping systems with
low mortality rates at young ages. Vell maintained elephant
parks, orphaniges, and transit homes allow for the
maintenance of elephants free of chains and in social groups,
thereby enabling the animals to express their natural
behaviour patterns, and provide them with exercise and

opportunities to socialize. Elephants kept in such a way make
more sense to the visitors than do "dancing' elephants or
elephants that are forced to ride bicycles, paint canvas, play
football, guitar or mouth-organ.

Keywords Asian elephant, management in captivity,
domestication, captive breeding.

Introduction

During the IUCN/Asian Efephant Specialist Group (AeESG)
meeting that was held in Phnom Penh, Cambodia in May
2002, the AsESG formed a "Captive Elephant Taskforce".
Some AsESG members met again at the lJ7orkshop on
Captive Elephant Management in Trichur in October 2002

and again the Chairman of AsESG, Ptof. Raman Sukumar,
asked for ideas concerning the aims of such a taskforce. In
this paper we have drafted a few ideas along the following
lines: First of all the AsESG should desist from referring to
"domesticated" elephants. Then one should ask what are

the aims of IUCN and the IUCN Specialist Groups as

compared to the aims of animal welfare organizations and

those zoos concerned with management problems of captive
elephants. Then very brief overviews are given on existing
and forthcoming guidelines on the management as well as

on the estimated sizes of captive populations. Different
aspects of the significance of captive populations are broadly
discussed after keeping sys.tems have been defined. Final\'
we have made some proposals concerning further activities
of AsESG regarding the management of captive elephants.

Fred Kurt
Institute of Wildlitb Biologl'
Universitv o[ Vetednarv Medicine
Vienna, Austria
E -mail: fted. kurt@t-online.de

I(hyne U Mar
Department o F Zoolog.t,
Universiq' College
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E-mail: kh1'ne-umar@hotmail.com

Are captive elephants really domesticated?

Numerous reports consider captive Asian elephants as

"domesticated" animals (c.f. Lzir, 1997). However, most of
the elephants living in captivity have been wild-caught and a
large number of elephants that have been bred in the.range
countries are the result of matings between captive females
and wild males. Although captive elephants have existed since
3,500 years in close contact with man, yet they have not
been the subject of sustained captive breeding, nor have
they been selected for particular characteristics as it was,
and still is, the case with really domesticated animals such as

horses, sheep ot dogs. It is therefore inaccurate to refer to
the captive Asian elephants as domesticated animals (e.g.

Baker & Manwell 1984; Herre & Rrihrs, 1990; Stevenson,
2002).

Misuse of the term "domesticated" leads to the fact that
many captive elephants were, and still afe, treated as cattle
and managed accordinglyr For example, in old fashioned
western zoos and circuses the elephant is the on\'wild animal
still kept more or less permanent\r i11 chains. Imagine the
reaction o[ animal welfare organizations, if suddenly zoos
would keep rhinos, hippos or tigers in chains! All members
of AsESG should consider tamed Asian elephants as what
thel' are, as captive wild animals.

What are the aims of the IUCN, modern Zoos and
Anirnal Welfate Organizations?

Jhe IUCN aims to cooserve the biodiversity of the planet
earth with particular emphasis on the maintenance of
threatened species and their genetic diversitl' and the
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maintenancc of ecological pr()ccsses. Tl-rc r\sian elephant is

corrsidered an endangered species. Furthermore E/epltas

ruaintls must be considered a ke,y,stone species as rvell since

it plal's an important role in ecological processes (e.g.

dispersion of seeds, acceleration oI soil fertility in
cooperation with insects and other invertebrates) in its habitat.

The Asian elephant can also be regarded as a flagship species

promoting conservation of numerous less popular plant and

animal species surviving in its habitat (Leader-\Villiams &
Dublin, 2000).

In 1993 some modern zoos fotmulated the "World Zoo
Conservation Strategy" and started to take responsibiliq'for
the ex-sita conservation of certain animal species including
the Asian elephant. Accordingly these zoos '*'ould like to
keep elephants in as natural ecological and social conditions
as possible. This means that the environment must be

provided to ensure species-speciftc behaviout patterns, e.g.

food preparation or social possibilities for forming a

dominance hierarchy, family units and successfully rearing
of offspring. The !flotld Zoo Conservation Strategy' aims to
maintain a natural socio-ecological set-up, refers to results

of field research on wild populations and aims by
environmental enrichment to reduce the frequencies of
abnormal behaviour as well as the increase of behavioural
diversitl', the range or number of behaviour patterns, the
oositive utilization of the environment and the abilitv to coDe

s'ith challcnges in a tnore normal wai'. Elephants kept in

near-natural conditions con\/e)' more understanding of the

species ancl its requirements to the visitor and provide insight

into the necessitY to protect the species. Furthermore near-

natural conditions promote breeding in captivity and hence,

add to the consen'ation of genetic and behavioural diversities.

During the past few vears, animal rvelfare organizations have

hetped raise elephant welfare standards. A considerable

number o[ new elephant welfare organizations have been

formed. They campaign, ttain and ptovide resources to
impror.e living conditions of captive elephants in western

zoos as well as several range states including India, Sri Lanka,

or Thailand. Animal rvelfare activities refer mainly to the

fitness (e.g. health, body condition) of the individual, but
hardly touch on socio-ecological considerations to maintain

captive populations living in near-natural conditions. In
traditional elephant keeping establishments the caPtive

animals are not able to enjoy what rWebster (1984) terms

"the five freedoms" (freedom from malnutrition, from
thermal and ph1'sical discomfort, from injury and disease,

from feat and stress, as well as freedom to exPtess most

normal patterns of behaviour). Nevertheless assessment of
the fundamentals of animal welfare organizations is the

fundamental basis of the maintenance of the Asian elephant

rn caDuvlt\'.

Table 1 Estimated numbers of captive Asian elephants in range countries, zoos and circuses (worldwide), population
trends and employment (-F occurs, ** occurs often, - not found).

CRN{ = ceremonies; BEG = begging shows; ECO = ecotourtsm.

used for

total BEG ECO sourcecountry population
trend

logging CRM
monitor

Bangladesh
Cambodia
India
Indonesia
Lao PDR
Malaysia
Myanmar
Nepal
Sri Lanka
Thailand
Vietnam
Total
Zooslcircus

Grand Total

50
144
3600
400
920
8
5700
127
186
2568
225
13928
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lslam (1996)
Ratanakorn (2002)
Bist et al., (2OO2)
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Taking the above mcntioned definitions into consideration,
AsESG has to assist all serious animal welfare activities. but
according to the aims of the IUCN, the AsE,SCi has to
promote the aims formulated by the \X/orld Zoo Conservation
Strategl' a5 well. The goals of the strategl'should accordingly
be valid for any consen,ation-minded faciliq'keeping captive

Asian elephants.

Existing guidelines for the management of captive
Asian elephants

The earliest wotk concerning the care of captive elephants

was decidedly the Haslalarueda which appears to have been
rvritten in the -5'b or 4'h century BC. The Artbasastra of
I(autiliya (300 BC - 300 AD) deals, in two chapters, with
capture, keeping, cate and training of elephants. The
Matangalih of Nilakantha, another ancient source, may go
back to a thousand years or even to a much earlier date.

Next to these three standard texts are a number of other old
Buddhist and Hindu sources referring to the management

of captive elephants such as the Tanjore Manuscript (a

compilation of several older texts), the GQanirupana, the
Cajacikitsa, the Calalaksana, or the Brbat-.farnhita of
Varahamihira (c.f. Edgetton, 1931). All the rules and
regulations given in these texts formed the basis for the
management of captive elephants in areas under the control
of Buddhist and Hindu rulers in South Asia.

In the 19'h and eady 20'h centuries, the British civil servants
recorded many local practices, improving them if necessary,

and formulated a number of guidelines to regulate the
capture, care, daily food rations, work schedules and working
loads of timber and army elephants in India and Myanmar
(e.g. Sanderson, 1879; Evans, 1912; M1hoy, 1922 or Ferrier,
1947; Krishnamurthy & \(emmer 1995a;1995 b). State-run
elephant establishments had guidelines on elephant
husbandry which were later prescribed as Department
Standing Orders and are still implemented (Khyne U Mar
pers. comm.) A system of record keeping right from the

eady days of elephant management under colonial rule
provides valuable data on the performance of individual
animals. Several forms of reportage are routinell' practiced.

These records also provide guidelines, particulady to the ne'w

entrants to the administrative set-up, in the proper usage of
working elephants under their custodl' (Khyne U N{ar pers.

comm.).

In India, the Central Zoo Authoritl'has prescribed standards

and norms for all zoos in the Recognition of Zoo Rules
(1992). But no such standards and norms exist for the care

of hundreds of private\' o'*'ned elephants. In the last seven

1'ears ".ltatdord and Nornts _for E/epbattt On,ner.;" has been

drafted (Bist, 199(r) and for Kerala, the "Captire L-lepbant

hlanagennnl Ru/et 2002' ha'r'e been clrarvn up bt' Dr. V. Cheeran

and his colleagues. These neu' guidelines are paramount in
impr<x'ing the living conditions of captive elephants.
Hou'evet, the fact that onl)' fe',v captive e lephants are bteeding
ancl that fes' live in a social and ecological environment and

are in pht'sical and pst'chological conditions conducir.e to

breeding, has hatcllr- been recognized.

In North America and Europe a considerable number of
management guidelines have been formulated by
governmental and non-got'ernmental organizations. Many
of them are rightly criticized by elephant experts or welfare
organizations as being not strict enough to guarantee a

minimum of species-specific requirements. However, most
of these guidelines consider the Asian elephant as a species

with highly evolved social behaviour and there fore
recommend the keeping of the species in groups. In Europe
for example, a iadical change came with the "EEP
Management for Elephants in F,AZA Institutions" (2000).

Among many other points, it was suggested that "matriarchal
famill' gni15 are developed and kept together, i.e. the intention
to keep female offspring within their family group during
their life" (Dorrestyn, 2001).

ln 2002, the "Rtyiew of the Welfare of Zoo Elephants in Earope"
was commissioned by RSPCA and catried out by Ross Clubb
and Georgia Mason of the Oxford University, which
summarized results from a few rathet traditional zoos and
found poor welfare of most zoo elephants and demanded

- improvement of the elephants' social and physical
environments. They concluded: "The factors responsible for
the poor welfare of zoo elephants should be empirically
investigated as a matter of urgency. The zoo elephant
population should be frozen, i.e. breeding and importation
should be ceased until these factors have been identified.
Only zoos that then solve these problems should be allowed
to keep elephants in the future."

In her "Management Cuidelines for tbe lhelfare of Elephaxts",
Miranda F. Stevenson (2002) has compiled all the
requirements for a near-natural keeping of elephants in
modern zoos and the Ehpbant Management Poliql Statement of
Federation of Zoot in Creat Bitain and Ireland snpdates that
"Elephants must only be kept in zoos as part of an overriding
conservation mission so that they are in actively managed
breeding programmes....Their presence must enable
progressive educational activities and demonstrate links with
field conservation proiects and benign scientific research,
leading to continuous improvements in breeding and welfare
standards. Zoos must exercise a dutl of care so that standards
of husbandry practices, housing, health and welfare
management are humane and appropriate to the intelligence,
social behaviour, longevity and size of elephants..."

FIow many Asian elephants live in captivity?

Accurate numbers of captive Asian elephants in the range states

are not knorvn. According to most tecent estimates their total
population numbers about 14,000 animals (Iable 1). The largest
population is found in Myanmar (40% of the total population
frorn the range states), followed bv India (267") and Thailand
(19(Zo). r\t least 1,047 Asian elephants are kept world wide in
zoos and circuses. Therefore the total captive population
includes at least 1 5,000 elephants. But the captive population
is dwindling rapidll' as a result of manl' factors such as low
reproduction and high (juvenile) mortalitl., restriction of
capturing operations, or lack of employme nt opportunities as

logging s'as banned in many south Asian countries.

Gaiah X2: (ulv 2003)
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Table2 Definitions of management s)/stems

Extcnsivc lntcnsive Altcrnativc
r\{<ilern z-<xrs

N[ain\,u.ed for'

Da!,utiLitit'

"frn- Frc movemmts:

- Activiq'centers:

- Quality of food:

- Choicc offood:

- Irqrd inake:

- Beth, skin care:

- Place fot sleep:

Suial lxbeuion
- Pop smrcnte:

- Saial contacts:

Rqndutim:
- Reprod. rate:

- Neomte tft)rt.:

- Rate ofraising

- Role of"aunts"

Itltsth
- tr{usthbulls kept:

- Social contacts:

- r\{usth period

Opner (- nabontt:
- Orvnership:

- Soc status os'ner

- Soc status keeper

- Skill of keeper

- Fluctuations of
m ahouts/ keepers

- Tool usecl:

Acciden ts;

Riding tmnspxrtt, hauliry;,
hcaving

Forefeet hobbled but frec

in nearby forest

+ Detemined by elephanrs

Dvers

J By elephms, exapt
prepared tation

I Pemnmdy cxcept
whm bathing,sleping

By mm md elephans

Dctermined by elephmrs

Temples,

Paradcs, citcus tricks,

b.ggt"g

12 -22h/dt1, chured n
stmds or stables

Dctermined by man

Monotonous

By nnn

1.3 feeding periods/d

By mn

Detemined by mm

D spla1,, reprod uction,

rescatch

Charns md h<>bbles

exceptiona.lly

+ Detcmined by eleptnns

Dvss

By mn

Sevetal feeding periods/d

By elephmts

Detetmined by elePhmrs

Heterogeneous

Pemitted

Relatively high

Relative\' [ev

Relativety higtr

Im[nrtant

Private

Higb

Relatitell high

High

T,os'

Blun t pointerJ rnktrs

Heterogeneous

Permitted

Relativel)'high

Relatively lou'

Relatively high

Imlx)rtmt

Permanently'in chains

Not permitted

Relativel)' shon

N{ainll' government

High

Relativelr hiqh

High

I -ol'

Srick or lrcl,
blunt pointecl auktLs

I Homogeneous

Hindered

Very low

Ven high

Very low

Not exstent

tr{ainly private

High

lncreasingll'ven los'

Increasinglt lo\'

Hiqh

Stick or rod.
blunt p()inted anktrs,

sharplt poinred kni[e ancl

ankus, poles, sperrs

lncreasinglt coilmon

Permanentl5'in chains In bull enclc'sure

Not permirted Permitted

Relatively lone RelativelY long

J ungle-bascd timber and
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Ncvcrthclcss thcrc arc exceptions. In Inclia, I\ [_r'annrar ar-rcl Nepal
the populations oicaptive elepl.rants appear to be stable.

In all the range stateis considerable shitts of captive elephants
tiom f<rrest to urban areas have been repotted. In India for
exatnple, restriction of logging operations in dre north-east
and the Andaman Islands imposed bv the Supreme Court in
1996 resultecl in a .qreat exodus of captive elephants ttom
these regions, while their number has increased in Kerala
from about 250 in 1983 to more than 700 v'ith a male-biased
population structure at present €iS.1). The city of Jaipur
(l.afasthan) has about 100 captive elephants with a female-
biased population structure (Fig.1) and has become a major
elephant center. Captive elephants all over Thailand suddenly
became unemployed after the government banned loeeing
in 1989. Now most of them are involved in illegal logging,
and many are given amphetamines to speed up work.
Unworkable elephants are sent to slaughter houses and their
meat sold (1\{ahasavangkul, 2002).

Keeping systems

The multiple and diverse deployment of captive Asian
elephants requires various keeping s)'stems (Kurt, 1995)
whose extremes can be defined as follows Qable 2): Working
elephants in jungle villages live in extensive keeping s)'srems.

Thcr lrc usecl as riding, carrving and tou.'ins animals. During
their rest periods thel' live, rvith hobbled front feet, in the
nearbl forest, u'here the]' flnd food and meet their tame and
u'ild conspecifics. In South India, depending on tradition,
additional fodder is give n. Example s are the timber elephants
of the Nl,r'anma Timber Enrerprise O{TE) of lVlyanmar or
those under the care of forestry authorities in Assam, Tamil
Nadu, I{arnataka or Iterala rvhere captive elephants are
increasing\' used as riding animals for witdlife patrolling,
conservation research and tourism.

In N{1'anmar most of the elephants are maintained for wotk,
particularl)' logging, and a definite schedule of work is
allocated. Work hours are adjusted according to the seasons
thereby avoiding the hottest parr of the day A working
elephant is able to work six hours a da1, over a period of
eight months in a year. After the work hours, elephants are
allov'ed to forage at nights with front limbs loosely hobbled
to restrict their movement. Elephants can move distances
of 8-15 km per night. The amount of work that an elephant
can do in a day depends on the sex and age of the animal, its
general bodl' condition, size of timber, the state of drag
paths, nature of terrain, quantity and qualiq, of food available
in the vicinitl' of the forest and the ambient tempetature of
the season. Pregnant elephants and female elephants with
suckling cal'"'es are given rest until the neonate reaches the

Table 3 significance of capti'e Asian elephanrs according to keeping systems
(0 = not significant;1 = low;2 = medium; and 3 = relative\.high).

Keeping
System

economical religion
owner mahout social

urban education
tourism

ecological
forestry keystone

total
(r1)

't1

7
7

00
00
00

3't 331
2103'l
3101.1

8
't1

lntensive
Temple
Tourist Co.
Circus

lntermediate
Trad. Zoos
Pinnawala

Extensive
Timber Co.
Tourist Co.

Alternative
Modern Zoos
Transit House

12
13

11

3

2
3

3
0

33
33

00
00

00
00

32012
32033

2
2

3
1

20
20

30
20
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ase ()f ()ne )'ear. Bulls in nrlrsth arc n()t all()\\'ed to bc put in the

rvork fcrrce and are give n rest at secluded areas. Howevet, durinq

the pre-musth period, u'hen most of the maiting takes place,

captive bulls can roam freelt'cluring the night.

During the hottest period of the 1'ear, when f<rod <lualitf is

at a minimum, the animals are shifted to a new' camping

ground and given complete rest. In My'anmar, workin.g

elephants will continue to plav a vital role in the timber
operations of the MTE for the foreseeable future (l\{ar &
Win,1 997; Mat, 2O01 ; 2002).

Intensive keeping systems (Table 2) are those in which
animals are kept in temples or by private owners more ot
less individual\', fed exclusively on prepared fodder and at

night or if idle, shackled with longer or shorter chains to a

hind foot or to both one hind and one front foot. Contact

with captive conspecifics is avoided. Contact with wild
conspecifics is unlikely because intensive keeping is
concentrated in urban regions. Today intensively kept
elephants are rarely employed for work (e.g. sawmills), but

increasingly used in religious processions, political
demonstrations or wedding ceremonies. Restricted
movements and the Practical absence of contacts with
conspecifics has led to extreme aggressive behaviour towards

mahouts or elephant handlers and to the evolution of
stereotypic behaviour (e.g. Kurt & Gani,2002). The intensive

keeping system has been adopted by western circuses todal',

and in the former times, zoological gardens too followed it.

The keeping system in traditional zoos as well as in the

Elephant Orphanage at Pinnawala, Sri Lanka can be

considered as intermediate between extensive and intensive

systems. For example, during the day the elephants are kept

free in their paddocks but in the night, they are shackled or
otherwiSe kept solitary in small cages.

In verv nrodern zoos alternative keepine svstcms (Iable 2) are

evolr-ing nou' \'en' fast accordins to the euidelines of the

Iltbrld Zoo Consenntiott .ftrategl'.ln these systems elephants live

in appropriate family grouPs rvhich are Paramount for the

process of learning and socialization (Garai,20O2t; I(urt, 2001;

2002; Clubb & N'Iason, 2002; Stevenson, 2002) and only

subadult and adult bulls are kept singly if necessat)' (e.g. dudng

musth). A further alternative keeping system is found in

Elephant Transit Homes situated in the Uda Walawe National

Park in Sri Lanka, where young elephants are kept in a semi-

natural environment with minimal contacts with bumans (e.g.

bottle-feeding) to avoid imprinting processes which could later

complicate the rele ase of the captive animals into the wild'

Signifrcance of captive Asian elephants

Captive elephants have an economical significance for owner,

keeper or mahout. They may be important as a motive force

for forestry operations. Furthermore they may have a religious

significance (mainly in Buddhist and Hindu countries) or a

social significance for non-religious ceremonies. Captive

elephants can be an attmction in urban tourism, they can be

paramount for education (including eco-toudsm) concerning

life sciences and conservation. Last but not least, captive

Asian elephants can still have an ecological significance in

selective timber harvesting and as keystone species in the

maintenance of biodiversity and ecological Processes
(Santiapillai & Vidodo, 1992).

For each of these above categories the degree of significance

has been crudely estimated and given 4 scores: 0:

insignificant; 1: low, 2: medium and 3: high significance.

Relative low total significance (total less than 10 points) is

found in elephants kept in transit homes, urban tourist
centers, citcuses or traditional zoos (fable 3). Relative high

Table 4 Living conditions and population dynamics of captive Asian elephants according to keeping s)'stems

(0 = not present; 1 = low; 2 = medium; and 3 = relatively high)

keeping
system

individual fitness
vel body food
care condition

population dvnamics
activity social social reproduction

behavior structure

total
(r2l

lntensive
Temple
Tourist Co.
Circus

lntermediate
Trad. Zoos
Pinnawala

Extensive
Timber Co.
Tourist Co.

Altemative
Mod. Zoos
Transit House

0
0
0

11
11
1'l

22
1'l
11

06
04
o4

0
0
0

22
22

22
22

9
18

18
18

3
,|

20
6

3
3

3
1

2
2

3
1

3
3

3
0
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significance (total > 10 points) is found in elephants kept in
temples, the Pinnawela Elephant Orphanaue (Sri Lanka),
modern zoos, timber and tourist camps (Iable 3). It must be
stressed that relative high significance has di€ferent reasons.
Those living in iungle camps reach high values mainly due
to their value for local people, education and ecologv, while
those living in temples reach a relarive high significance due
to their economical, religious and tourist value.

Living conditions and population dynamics of captive
Asian elephants

Living conditions can be defined by the individual fitness,
the food offered, the daily activity as well as aspects of
population dynamics such as social behaviour, social structure
of the population and reproductive performance (fable 4).
Individual fitness depends on rhe degree of care by
veterinarians and keepers/mahouts and becomes apparent
in the body condition of the animals. Both aspects have been
assigned scores: 1: low, 2: medium, and 3: high. The food
offered to elephants can be monotonous (1), diverse (3) or
intermediate (2). Monotonous food consisting of the leaves,
branches and stems of one to three plant species is common
for elephants kept in temples and urban tourist centets. But
also in most of the traditional zoos and circuses food can be
considered as monotonous (Schwammer, pers. com.). The
same applies to the baby elephants kept at the Transit Home
in Uda Walawe National Park (Sri Lanka). Beside the daily
portion of milk, the animals survive on only a few wild
growing species of grass. Elephants living in jungle or forest-

based extensive systems find a most diverse diet. In modern
zoos as well as in the Pinnawela Elephant Orphanage the
diversitl' of food must be consideted as intermediate.

For elephants kept in extensir.e systems daily life includes,
besides work, the search for food, skin care, socializing and
sleeping at a species-specific place. There are no or at least
hatdll' any stereorypes. Their daily species-speciFlc activity
is consideted as medium (2). Elephants kept in extensive
and intensive systems are brought twice a day to certain
wateting areas by' their mahouts, where they are scrubbed
and massaged with the husk of the coconut or the skin of
the bread-fruit, or stones or bark. Elephants kept in intensive
systems are fed once a day or repeatedly with prepared food.
!flhen they are not working they often remain idle.
Stereotypes occur regularly. The daily species-specific activity
is considered as low (1). The same applies to elephants kept
in traditional zoos, circuses and in the Transit Home at Uda
Walavze. However, a high degree (3) of diverse daily activities
is found in modern zoos and in the Pinnawela Elephant
Orphanage.

Species-specific social behaviour is very rare or practically
absent (0) in elephants kept in intensive systems. But it is
relatively high (3) in the Pinnawela Elephant Orphanage, in
extensively kept elephants as well as in modern zoos. Low
social activities (1) are found in traditional zoos as well as in
the Transit Home. Low or even an absence of social
behaviour is due to the respective management systems,
where intraspecific interactions are either not allowed by owners

Table 5 Significance of captive Asian elephant populaiions for conservarion
(0 = not significant; 1 = low; 2 = medium; & 3 = relative\, high)

keeping
system

total promoting reproductive
T1+T2 conservation potential

chances of natural Total
pop.survival biodiversity

lntensive
Temple
Tourist Co.
Circus

lntermediate
Trad. Zoos
Pinnawala

Extensive
Timber Co.
Tourist Co.

Alternative
Mod. Zoos
Transit House

17
11

11

17
28

0
0
0

2
J

J

0
0
o

J

.t

e
2

1

1

o

2
J

3
3

30
31

0
0
o

18
12
11

31
a

40
43

3
J

0

19
37

40
>15
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and keepers/mahouts or hardly' p<-rssible because of a

monotonous social structure of the caPtive grouPs concerned

Gig.1).

In most intensively kept populations social structures can

hardly be recognized (0) since only members of certain age

and sex classes are kept (e.g. mainly subadult and adult bulls

in temples, or older females in circuses, or iuveniles in many

urban tourist resorts). Groups in traditional zoos consist
mainly of middle aged or old females and nrely include
bulls or younger members €ig.1). Therefore their social

structurb can be considered as being comparatively low (1).

The same applies to elephants in the Transit Home at Uda

Walawg where only orphaned neonates, infants and iuveniles
are kept. The populations in the Pinnawela Elephant
Orphanage, as well as those in fungle based camps are socially

well structured (3).

Reproduction is practically absent in intensive keeping
systems and - of course - in the Transit Home. But
reproductive performances are relatively high at the Pinnwela

Elephant Orphange and in extensively kept populations. The
sum total of crude evaluations of different parameters of
living conditions and population dynamics is low (<10 points)

in intensive keeping systems as well as in traditional zoos

and the Transit Home, but is significantly higher in the

Pinnawela Elephant Orphanage, in modern zoos as well as

extensive keeping systems (Iable 4).

The significance of captive Asian elephant populations
for conservation

The^ significance of captive elephants for the economy,

religious education as well as for the natural environment
are the root-causes for the ex-itu conservation of the species.

The same applies to paiameters of living conditions and

population dynamics (t1 and t2 in Table 5). To assess crudely

the significance of captive elephants for the consetvation
of the species it tnust also be taken into consideration that

captive elephants can promote conservation efforts, that some

of the populations can add to the natural biodiversity and

that captive propagation is possible in some populations.

There is a wide varieB, of ways in which captive Asian
elephants can promote conservation efforts. Riding elephants

enable researchers to cairy out ecological and behavioural

studies in wild areas. Zoo elephants living under ne ar-natural

conditions are pa.ramount for fundraising as u'e]l as

consen'ation orientated education in urban areas. And in
protected areas, riding elephants are an important asset for
wildlife and conservation research as well as eco-tourism. lt
must be stressed, hower.er, that more and more caPti\-e

elephants are being misused in sPectator shows u'hich have

little or nothing to do with the species-specific behaviour ot
good taste and aim to entertain the crowds in a ver)'

questionable way. Often such shows owe their existence to

some of the most cruel training methods.

Several captive populations reproduce on a more or less regular

basis. lt must be stressed, hoivever, that there is no sel[-

Gaiah X2: flul1' 2003)

sustainable captive population at Pre sent due to a lack of well

managed breeding progtams. Nevertheless thete are smaller

populations with a high (3) potential for reptoduction as can

be seen in the Pinnawela Elephant Orphanage, modetn zoos

and extensive keeping systems. In intensive keeping systems,

reproduction.is practically absent (0), due to several reasons,

the most important being the lack of economical incentives

for the owners to breed elephants. But many intensively kept

elephants are neither physiologically nor psychologically able to

reproduce. They show serious retardation in body growth (Kurt
& Kumarasighe, 1998; Weihs s/ a1.,2002); they never went

through a specie s- speci fic socialization Proces s (G zrn, 20022)

and tend to practice infanticide (Kurt & Mar, 1996), or they are

kept under such tremendous physical and psychological
suppression by their keepers/mahouts that neither their sexud

organs nor their sexual behaviour can develop normally

fttildebrandt ar al.,20N;2001). Many females kept in traditional

zoos become so obese that reproduction is impossible after an

age of 30 years (Hildbrandt & G6it2,1995; Kurt & Mar,7996).

The chances of survival of caPtive populations are practically

zero in intensively kept elephants and very insignifrcant for
those kept in traditional zoos where mortality mte is extremely

high at young ages (Fig. 2). But the survival chances are

relatively high in the Pinnawela Elephant Oqphanage, modern

zoos as well as in extensive keeping systems (Sukumar a/a/.,

1997) with low mortality rates at young ages (Fig. Z). Finally
the significance of captive populations increases when they

add to the natural biodiversity of the species habitat.
Summarizing the single values of qualifications for different

keeping systems (fable 4), the following condusions can be

drawn: Elephants living in intensive keeping systems, circuses

or traditional zoos have lour significance fot conservation
of the species (total < 20 points). But elephants living in the

Elephant Orphanage at Pinnawala (Sri Lanka), modern zoos

and extensive keeping systems have a relative high
significance for conservation. The same may apply to Transit

Homes (see belov).

The role of the AsESG in the management of captive
Asian elephants

The adequate management of captive Asian elephants can

only be reached by coming together of people with varied

talents such as wildlife exPerts, r'eterinarians, elephant orvners,

and managers and every effort must be made to ensure that

all captive Asian elephants meet the maximum welfare

requirements. The authots would like to highlight tbe

following reasons wh1'the AsESG ought to becorne involved

in the conservation orie ntated management of captive Asian

elephants:

1. The relative high number o[ Asian elephants living at

present in captivity which is estimated to include some 25-

33'/o of the total population of Elcphas naimts living todal'.

2. The impottance of traditional knowledge on elephants and

biodiversitl' of the natural elephant habitat by local, often tribal,

elephant people. Regional AsESG members need to identifv

individuals rvho keep traditional medical and other knowledge

of elephants (capturing, taming etc.) and document their
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Fig.l. The population structures of rvild (Uda \{hlau'e N.P) ancl captive Asian elephants

ptesented as A tYo of the size of the toal population (n).

In the ordinate six age classes are distinguished:
Bottom:0-10 years, followed by 11-20,21-30,31-40.41-50, and >50 1'eats (top).
Nlales: gre1., females: black. (Sources: Kurt, 2001; N'Iar, 2001;2002, pers. com.)

Uda Walawe N.P.l99U99 (n=188) Myanmar MTE 1992 (n-2800)
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knowledse bctirre it is lost. The emplovmcnt oi thcse:

traditional specialists in 
f 
ungle or fbrest-basecl capti\.'e elephant

establishments can be a great boost fcrr conservation, applied
research and local politics. In collaboration with local NGOs,
the AsESG should play a leading role in the settine up of
vocational training programs for the families of the mahouts
in order to supplement the mahouts' inc<,rn-re (e.g. integrated
farming, weaving traditional fabrics etc.). This would hinder
the emisration of the mahouts and their families to the urban

3. The importance of AsESG as a data base on species-

specific ecological and

behavioural characteristics which are important to alter
unsuitable keeping systems and to improve living conditions
o[ captive elephants. Furthermore, the AsESG should
encourage the formation of data bases and studbooks by
regions. The AsESG/IUCN/SSC can monitor the
demography of captive elephants onll' after a proper
registration of captive elephants, owners and elephant holding
facilities is made.

4. The international prestige of the AsESG must be used to
set up an International Veterinary Consultancy Group to
give free advice and medical care in the range countries.
Each range country should sign a memorandum of
understanding (l\4oU) to share elephant database. Appropriate
software should be created to enable each country to maintain
a computerized registration database and to exchange daa
with neighbouring countries.
4.

5. The AsESG should establish a network that could lobby
the respective governments
of elephant ran{ae countries to strengthen and improve
existing national laws in order to enforce at least the
Prevention of Cruelty to Animals Act and therebl'help

Prevent the misuse or abuse of elephants in captivity.

It is doubdessll'more important for species conservation to
maintain large wild populations in their natural habitat than
considerable captive populations. However, the pressures on
a number of wild populations bv hun-ran elephant conflicts,
poaching of 1'ouns elephants and other disturbances b1'man
(e.g. destructive agricultural practices, fuel wood extraction
etc.) seem to bc the reasons that cause continuous inflov'of
u.ild elephants into captive pc>pulations in the vears to come.

Taking this fact into consicleration sovernment and non-

government conservatiorr agencies har.e to flght for relevant

elephant keeping thcilities where elephants are kept under
modern.*'elfhre guidelines but also uncler the considerations
of conservation, such as capti\re propagation of genetic ancl

behavioural dir.ersities, conservation mindcd education and

promotion. This soal is best reached bv:

1. Nlaintenance of junglc based estal>lishments aLrcl, rvherc

selective log.qing hacl to be st<.,pped, local people ancl

Gtriah 222 (JLrlr 20{)3)

captive elephants working in these stations should be

emplol'ed in research, eco-tourism and education.

2. In urban areas zooloeical sardens should be improved
so that they reach the standards defined bv the
lnternational Zoo Conservation Strateg)'.

3. For elephants living in establishments for religious and

other traditional ceremonies (intensive keeping systems)

AsESG should encourage the improvement of elephant

welfare and, if necessar)', restrict or reduce the size of
these populations.

4. AsESG should find ways to update the scientific
knowledge on elephants of range officers, managers and

representatives of animal welfzre organltzations. The [fe
of elephants in their natural habitat must be the model

for conservation minded keeping systems.

5. AeSG could assist all agencies concerned with captive

elephants to find alternative keeping systems where the

animals can be kept under near natural conditions, where

genetic and behavioural diversity is maintained and, if
suitable, where a release into natural habitat is possible.

Remarks on such alternatives are made in the following

Alternative keeping systems: Elephant Parks and Ttansit
Homes

2000 yeats ago Kautiliya's Arthasaslra proposed the
establishment of a Mrgavana, a fenced park for (tamed)

elephants and other wild animals. Such a recommendation

needs to adopted todal'. Large areas of at least a quarter of
a km2 could be fenced and furnished with adequate water,

shade etc. to become a home for orphaned and otherwise

problematic (e.g. dangerous, surplus) elephants. Elephants

kept in such an elephant park have to be fed and regularly

checked by veterinarians. But otherwise cortacts between

men and elephants should be reduced to a minimum. The
Pinnawela Elephant Orphanage ma)I become a good example

of such an elephant park after renovation although the area

is relative small. ln Spain a large park is currently being

established for surplus of zoo born Asian elephant bulls.

There are already two large parks in the counttl' fs1
problematic African elephants (Cabarceno and Reserva

Natural el Castillo de las Guatdas). There is a tremendous

experience in South Africa on elephants kept in fenced tange

areas and it u'ould be u'orthr'"'h ile to learn from South African
experts (see Garai, 1997 ; 2001; 2()02).

In acldition to the Elephant ()rphanage in Pinnau'ala, Sri Lanka

there are se veral other, [I()re or less similar establishments,

u.here c>rphanecl neonate, infant, and iuvenile elephants are

cared for (e.g. in Thailand, in Assam or in Nlalaysia). As known
from the studies in Finnawela, many orphans show retarded

bod1 gro.,'"'th, their daill' food intake is significantll'lov'er than

that in vr.rung clephants grou'ins up ',"'ith their mothers and/
or all<;mothers, thel'ate not familiar with efficient methods to

prep^re tl-re foocl and thel are sociallt' n<>t fully integrated (c.[.
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Fig.2. (Survival rate according to age of wild (adapted from Sukumar 1991 and Kurt 2001) and captive populations (Kurt
2001, Mar 2001,2002). N{ales ot total: black; females: red lines. * data from Emmen (}Iolland) and Hagenbeck (Germany).
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Kurt, 2l)01; 2('t02; ()arai,20()2a, \\t'ihs t,r/.,2t)Q2). The fact that
manl'orphans are kept sociallt'more or lcss isolated, i.e. lack of
"aunts" and other subadult and aclult helpers, na1' be intur

alia, a reason for the extreme high mortalitl'at young ages, as

often seems to be the case. It is well knorvn that certain adult
females are exttemely altruistic and therefore willing and capable

of nursing the orphans (even females that have not reproduced
before). Such allomothers should be available in all orphanages

as well as in all transit homes. The1, '*'ould guarantee that
behavioural diversity is preserved.

As it is well known From translocated juvenile orphans in
African elephants (Garai, 1997;2001;2002b; Garai & Carr,
2001) sociall)' non-integrated elephants ma)r face later
difficulties in mating (bulls killing females or e\ren buffaloes
and rhinos) or parturition (killing of newborns, as it is also

very well known from Asian elephants kept in western zoos).

Such obsen'ations must be taken setiously, since they teach

us that survival of reintroduced juvenile elephants may only
be a short-term success. Success of reintroduction can only
be measured long term, once we know that the elephants
are capable of fending for themselves, remain healthy, are

integrated into a social organization, can reproduce and do
not cause problems. Accordingly all released orphans should
be marked, not necessarily with radio-collars but with easily

visible optical marks as well as with chips, and they should
be monitored continuousll, from the moment of release. This
is also important from the point of view of animal welfare.
If monitoring is not carried out properly certain animals

may escape and latet end up dead when the tadio-collar
tightens round the neck with the growth of the elephant,
slow\' 6[eLittg the animal.

Well maintained elephant parks, orphanages, and transit
homes allow the keeping of elephants free of chains and in
social groups in appropriatell' furnished paddocks. This
allows the elephants to express their natural behaviour
patterns, and provides them with exercise and opportunities
to socialize. Elephants kept in such a way convey more
understanding of the species and its requirement to the visitor
and insight into the necessity to protect the species than
"dancing" elephants or elephants that are forced to ride
bicycles, paint canvas, play football, guitar or mouth-organ.
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The Asiqn elephonf (Efeph as mqximus): its hqbitqt, stqlus qnd distribution in
Arunqchql Prodesh, Indiq

Bharath Sundaram . Surendra Varma, Arun Venkataramanand Raman Sukumar

Abstract The sun'e)' assessed forest contiguitl', distribution

and status of elephants in some areas of Arunachal Pradesh

to identifl' likely gaps in the protected area network. The
survel, also examined changes seen in elephant distribution
between 1984 and the present. The study was carried out

through field and questionnaire surve)rs in the administrative

districts of the state. Elephant habitat maps with vegetation

types and elephant distribution information were produced.

The encounter rates of elephant signs per kilometre were

calculated to ascertain specific zones of high, medium and

low elephant abundance. Based on the results, East Kameng,

Tirap and Papam-Pare had high, medium and low abundance

areas respective\r Qualitative information on district wise

elephant status, distribution and conservation is also

presented. The survel' found very patchy habitat in many

areas and many areas that are important for elephants do

not fall under the protected area network. The paper also

discusses specific recommendations for conserving the

species and its habitat.

Keywords Elephant, Assam, Arunachal Pradesh, Human-

elephant conflict.

fntroduction

Arunachal Pradesh, the largest state in the north-east India,

covers an area of 83,743 km2 between 26' 28'-29" 30' N and

97" 30'-97" 30' E. Lying in the Eastern Himalayan region of
the Himalayan biogeographic zone, Arunachal Pradesh is

located at the junction of the Palaearctic and Oriental (Indo-

Malayan) realms (Rodgers & Panwar, 1988). Arunachal

Pradesh comprises mountains that ring eastern Assam, terrain

thrown up by the sharp twisting of the Himalayan ranges as

they turn suddenly from a southeastern to a southerly
direction. These mountains drop precipitously into the

tropical lowland evergreen forests of the region. Because

of the wide gradients in elevation (50 m-7,000 m asl) and

annual rainfall (1 ,000 mm-5,750 mm), an a:ray of forest types,

ranging from tropical evergreen forests, tropical semi-

evergfeen forests, riverine semi-evergreen fotests, sub-

tropical pine forests, temperate broadleaved forests,
temperate coniferous forests, alpine forests, and high

montane grasslands are seen. Such a diversity of habitats

harbouring rich plant and animal life, packed into a relatively

small are4, makes Arunachal Pradesh a hotspot of global

biodiversity. It is also home to over 5,000 species of plants

(including 600 species of orchids), 500 species of bitds and

29 species of mammals listed under Schedule I of the Indian

Wildlife Protection Act. These include 4 species of latge

cats, 7 species of primates, and 3 species oI goat antelopes.
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There are over 100 species of amphibians and rePtiles

recorded from the region (Anon. 1994).

Arunachal Pradesh shares international borders with Bhutan

in the west (border length 160 km), China to the north and

northeast (1,080 km), and Myanmar to the east (440 km).

Culturally diverse, Atunachal Pradesh, with a population

under 10lakh (of which 70% are tribal people), has 21 mafor

tribal groups with over 100 e thnically distinct subgroups and

over 50 distinct languages and dialects. Spread ovet 14

districts, the people of Arunachal Pradesh practice semi-

nomadic swidden agriculture (also cilIed jboom cultivatioo),

terraced wet agriculture, high montane pastoralism, and

traditional trade and barter. Arunachal Pradesh is a Iand of
mighq' rivers such as Siang, Dibang, Lohit, and Kameng, all

of which ioin the Brahmaputra in the Assam valley Over

70'h of Arunachal Pradesh is forested, md 17-8oh of the

total land area falls under the protected area network (Fig.

1), with one Biosphere Reserve (BR) (Dibang-Dihang
Biosphere reserve), one Tiger Reserue (fR) Q"lamdapha Tiger

Reserve), one National Park (IrlP) (Mouling National Park),

10 Wildlife Sanctuaries (WLS) and one Orchid Sanctuary

(Sessa Otchid Sanctuarl). Eighty-six Reserved Forests (RF's)

account for an additional 72.7'/o o[ the total area. The rest

of the forested areas come under the pun'iew of the 3,649

villages in Arunachal Pradesh and are classihed as Village

Forest Resen'es (VFRt) or Unclassed State Forests (USF's)'

At least tw'o populations of the Asian elephant (Ehphas

nainns) extend along the Himalayan foothills and plains

from northern \n'est Bengal eastwards through Assam, Bhutan

and Arunachal Pradesh (Sukumar, 1989). It has also been

estimated that 10,000 km2 of hill1' habitat may be available

for elephants in Arunachal Pradesh alone. The Arunachal

Pradesh trorest Depattment estimates the population of
elephants in the stete at 4,000, u'hich is twice that o[ an

earlier estimate (Lahiti-Choudhurt', 1980). This discrepancv
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ct 'ulcl 
l>c clue k r thc lact that elephants movins into r\rlrnachal

from z\ssam u'cre also counted (AESG Rcport, 1981). In
c<-rllaboration u'itlr the Forest Department, the Task Irorce
of the IUCN/,\sian Elephant Specialist Grcrup (Lahiri-
Choudhurl', 1980) mapped the distribution of elephants in
northeast India (Lahiri-Choudury et a/., 7984). Hou,er.er,
rvidespread destruction of foothill forests through
developmental and other anthropogenic actir.ities have

shrunk the range of the elephant, consequently restr'ct ng 't

to smaller landscapes having very little connectivit)'. An
increase of encroachment in forested areas has also led to
an increase in elephant-human conflict.

The prime objectives of this survey were to assess the forest
contiguit)' and status of elephants, to identify possible gaps

in the protected area network in some areas of Arunachal
Pradesh, to examine the changes seen in elephant distribution
betweeo the 1984 stud)' and the present one, and ta proiect
all the data on maps that could be used by both the Forest
Department and researchers for better managemenr and
further research.

Methods

The status and habitat available for elephants were
determined through field sun'eys and questionnaire sun'e)'s.

Field survelrs were undertaken in East Kameng, $57est

I(ameng, Papum-Pare, Lower Subansiri, Dibang Vallel', Lohit,
Tirap and Changlang districts of Arunachal Pradesh. Survey
of India toposheets were used to assess forest contiguitf in
the low- and mid- elevation (100-900m) areas. Information
regarding the area was first gathered from the Divisional
Forest Office, after urhich animal trails in the forest were
identified. These trails were then traversed on foot, and data
on elephant signs, i.e. dung, pad marks, scratch marks, and
feeding signs were collected. GPS locations were taken at
kilometre intervals, and the habitat at that point was classified
by noting geographical features, and the fout species of rees
characteristic of the vegetation in the nearest vicinity were
noted. Direct sightings of elephants were also recorded as

and s'hen thel occurred. Proximit_r' to the closest human
settleme nts u'as also noted. [n addition to ftelcl data collection.
seconclarf infcrrmation rvas gathered through questionnaire
surre ):s in villages and Divisional Forest Offices. This
included information on distribution, movement patterns,
and numbets of elephants. Since verl' ferv elephants in
Arunachal Pradesh are resident, data on seasonalitv of
sightings/mo\rement rvere also collected. Fieldrvork was
carried out during the dry periods of 2001.

Encounter rates (freqyency of sighting elephant signs per
kilometre traveled on foot) were calculated ffable 1). From
these encounter rates it was possible to determine, within
the study area, specific zones of high (encounter rate in the
range 4 and above), medium (encounter rate in the range 2.5
to 4), and low (encounter rate in the range 1 to 2.5) elephant
abundance.

Maps wete created using Maplnfo Professional, ArcView
GIS, and GIWView. La1,s1r .1 political boundaries, prorecred
atea network, forest cover were created using VMap Level 0
data (the data set was derived from 1-km resolution Advanced
Verl' fli*1l Resolution Radiometer (AVHRR) data spanning
a 12 month period, from April 1992 to N{arch 1993), and
Global Land Cover Chartcterization datasets obtained from
the International Steering Committee for Global Nfapping,
Geographical Sun'e)' Institute, Japan. The GPS sur\re)' points

'\vere overlaid on the forest co\rer map (Fig. 2), and infetred
elephant distribution (from secondarl, information) was
plotted (Fig. 3).

Results

The elephant ranges in Arunachal are mainly distributed along
the foothills adjacent to Assam. Elephants are found usually
between the altitudinal range from 2,000 to 6,000 m asl but
there is some evidence to show that they could migrate to
higher levels in seatch of food and other resoutces especially
during v/inter months. A total of 1,600 elephants were
estimatcd for the state during 2001 elephant census (Forest

Table 1 List of areas where ground surveys for dung were carried out, with encounter rates for each area

Area District ProtectionIorest ljlvlslon L.rr.l
Distance Number of Encounter
walked ftm) signs nte/km

Chessa Papum-Pare Bandardewa

Bandardeu,a

Bandardewa

Deomali
Deomali
Pasighat

Khellong

Khellong

RF, USF-

RF, USF

RF, USF.-

RF, VFR
RF, VFR
WLS

WLS

\(1LS

l2

8

15

15

7

l6

12

15

28

I]

24

79

29

88

78

89

2.33

1.88

1.6

5.21

4.14

5.5

6.5

5.93

Chessa Papum-Pare
Kimin Papum-Pare
Deomali Tirap
Deomali Tirap
D'Ering East Siang

llas t
r lP' 

Kameng
East

Jellosa
I\ameng
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Departmer.rt, unpublished teport). \\'ithin Arutracl'ral Pradesh,

elephants occur in Papum-pare, Lorver Subansiri, East Siang,

East &West Kameng, Lohit Dibang Vallev, Tirap &
Changlang districts.

East and lVest Kameng disticts

Areas surveted in these nvo districts incluclc Pakhui \\'t,S
and Iihellong Forest Dir-ision, both of rvhich support
abunclant elephants and experience severe hun-ran-elephant

conflict. The high abundance mal be due to these areas

bordering Nameri NP and Sonitpur RF in Assam, from where

elephants tend to mo\re out. \\'hile the forest t1'pes in Pakhui

\\ILS range from semi-evergreen to evergreen *'ith Patches
of secondarl'jbooru forests, the forests in the Bhalukpong

side (I(hellong Forest Division- Amartala, Doimara and

Papum RF's) are mostl)' degraded, u,ith some patches of
evergreen forest still existing due to their inaccessibilitrr

Elephants range right from the foothills of the Dhansiri rive r

(at the Bhutan botder), to Papum RF east of Pakhui V'LS. A
specific arez of high human-elephant conflict is Tipi (a town

close to Bhalukpong). The position of the Tipi Orchid
Reseatch Centre (situated in a natural elephant Path$'ay),
increased levels of human encroachment, and the

construction of a Territorial Range Office on an elephant

path have been the reasons for increasing levels of human

elephant conflict. Project Elephant has recognised the

I(anreng -Sonitpur interstate luea (ca 4,300 km'z) as an

Elephant reserve Q'ilational Elephant Consetvation Action

plan, 1992), but this area experiences a lot of pressure in

r\ssam <lue to the large-scale trlnsformation oF land fnr

cultivation.

l>apant-Pare and I -oaer ,fabansii Di.rtids

The areas survel'ed in these t'wo districts include the Itanagar

\flLS and Bandatderva Forest Division, which had medium

elephant abundance, 
"vith 

highly migrant animals' These areas

are also highly ftaumented and degraded due to human

encroachment and illesal deforestation. r\reas such as Poma,

Jote, I{imin, FIoi, Tataiuli, Chessa, Hollongi, Changmara,

I{okila, Tengabari, and Baliian have a matrix of habitats

composed of semi-er-ergreen ftrrest, evergreen [<rrest, and

.cultivation. Unplanned development in the Itanagar area has

also destrol'ed much of the habitat and has been identified

as an issue of concern in 1984 (Lahiri-Choudhurl" 1985).

An elephant reserve has been planned in Papum-Pare district,

but the success of this plan depends entirely on how

effectively' encroachers can be removed' This area shows

vety little influx of elephants from Assam because the areas

on the Assam side ate completely under cultivation.

In the Subansiri range of Panir RF (Bandardewa Forest

Division) disturbance affecting elephants has been observed.

Dolunmukh is a village botdering Panir RF, which has not

reported the presence of elephants for the Past 10 years due

to such disturbance. Though the disturbance has ceased a

few 1'ears ago, elephants are )'et to return. These areas have

large patches of semi-evergreen and evetgreeo forests. Mote

interesting\., Dolunmukh was reported to have been an area

of high human-elephant conflict (Lahiri-Choudhuty et al.,

1 Eagles Nest WLS
2 Sessa Orchid Sanctuary
3 PakhuiWLS
4 ltanagar WLS
5 Kane WLS
6 Yordi Rabe Supse WLS
7 Mouling NP
I Dihang-Dibang BR
I D' Ering Memorial WLS
'10 Mehao WLS
'11 Kamlang WLS
12 Namdapha TR

Wls- Wildlile Sanctuary
NP- Nalional Park

BB- Biosphere R6erve
TR- Tiger Heserve
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1984). A maior hldroelectric project involvins rhe consrrucrion
ofa dam across the Subansiri is also being planned.

I-nhit Dirtitt

The floodplain areas of the Lohit River, such as the Paya

and Digaru Ranges, were surve)'ed in the Lohit Forest
Division within this disttict. Of the 7 ranges here 2 showed
seasonal presence of elephants. Dung encounter rates
indicate that these areas have medium elephant abundance.
Affected heavily by flood, the landscape in these areas is

highly amorphous. Struck by a major earthquake in 1950,
many of the natural forests of this area were destroyed due
to inundation and the changing of the course of the Lohit
River. The habitat in this area is a combination of secondary
riverine forest, Saccharam grasslands and plantations.
Plantations were established following the earthquake to
restote some of the original fore st. In providing fresh herbage
for elephants after the first rains, this area assumes immediate
importance and hence it is necessary to bring these areas

undet the protected area network. This area is also heavily
disturbed due to the presence of 'kbatis' (herds of
unproductive catde). Overgnzingwas seen the Digaru area.

The Paya and Digaru areas are approximatell' 300 km2 in
size, and this area supposed\'has at least 70-!2 klturts @a,
2500-3000 heads of catde). Such large number of cattle is

bound to put undue pressure on the grassland ecosystem,
and should be brought under control. Choudhury (1999)
has also cited illegal capture of elephants to be common in
this district, but no such instances u/ere observed during this
study.

Dihang I 11/e1, Di.;tict

The areas in and around Nfehao WLS were surveyed. N{ehao
WLS (281.5 km'Z) lies along an elevational gradient and
evergreen forests are found up to 900 m (an area o[ around
100 km']). This area shows medium elephant abundance, and
appears to be highly disturbed with a high degree of
encroachment (especiallf in the I(oronu and lppipaani areas),
where the people are not aware that they are living in the
midst of a wildlife sanctuarlr. Elephants that use the Dibru-
Deomali elephant corridor sometimes visit this. area.

Changlang Dirtict

Namdapha TR (1985 km) is located on the Myanmar border,
and movement of elephants to and from Myanmar cannot
be totalll' ruled out. This area was found to have low elephant
abundance. A survey by our team in 1999 also yielded very
poor results as far as elephants were concerned. The forest
types in Namdapha TR range from semi-evergreen to
evergreen on the lower reaches. Evergreen forest habitat has
been found to be sub-optima for elephants and this may be
the reason for their low abundance.

T;raP Dirtrict

In this district, the Deomali Forest Division (286 km2) was
surveyed. The Arunachal Pradesh Forest Corporation used
this area for timber operations until 1997 and selectively felled
patches are recuperating. This is an area of high elephant
abundance, with elephant influx from Nagaland in the west, as

Fiq. 2 Extent of forest cover in Arunachal Pradesh
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well as movement of elephants from neighbouring Joypur
RF in Assam. A large number of natural salt ltcks (pungs)

were found in the Namsangmukh area. These areas are

classiFred as VFR's and RF's, and must be incorporated into
the protected area network, taking into account their value

for elephants. Elephants also frequently move from Tinsukhia
and Digboi areas (especially around Dibru-Saikhowa NP) to

this area and vice-versa

East SiangDis*ict

The D'Ering Memorial \flLS was surveyed in this district. The
D'Ering \fLS (184 km2) is composed mainly of Vettiaeia

grasslands and plantatiorc of Dalbergia znd Bombax. It is

another 
^tee- 

of high elephant abundance and is used

seasonally by elephants (before and duting the monsoons)'

The zrea is also flood prone and is rendered a virtual island

during heavy rains and flood. Heavy siltation occurs in the

areas affected by flood. Elephants frequendy ctoss over from

Jonai and Kobo Chapori in Assam to this area. Cited as an

important movement path for elephants (Choudhury, 1999),

the Dibru-Deomali elephant corridor includes D' Ering WLS,

Jonai and Kobo Chapori areas (Assam), Dibru-Saikhowa Nl
Joypur RF and Deomali Forest Division. Consequendy, this

whole area (ca 4000 km2) is under the Dibru-Deomali
Elephant Reserve. Presendy D' Ering WLS is not protected

effectively due to the shortage of manpower and resources.

As a result many people from Pasighat and Mebo use it as a

hunting gtound. Frequent burning of the grassland also occurs.

Discussion

Habitat patchiness and Elepbant-Haman Conflict

Most of the areas surveyed, excepting a few, showed very patchy

habitat. Mosaics of forest types such as semi-evergreen'

degraded thoomed forests, degraded gtasslands and degtaded

riverine forest are interspetsed uzith cultivated lands. During
their attempts at maintaining normal ranging pattem, elephants

encounter an increased interface between natural vegetation

types and cultivation. Elephant-human conflictwas a common

problem in most of the areas surveyed. The people of
Arunachal Pradesh have always been livingin close proximity

to their forests, but uncontrolled development has already

destroyed many prime elephant ateas, such as the foothill forests

in Papum-Pare district and Lower Subansiri. The problem of
elephant-human conflict is compounded by the fact thattlarge
proportion of agdculture in Arunachal Pradesh is subsistence

agriculnre. Crop depredation affecs the subsistence agdculturist

very hard, and the existing system is not equiPPed to deal with

this problem. The formulation and implementation of a

compensation scheme will greatly help improve relations

between the common people and the governmental agencies

involved.

Gaps in tbe pmtected arca rctu'ork

Many areas that are imPortant for elePhants do not fdl under

the protected area network. The Deomali area in Tirap district

is one such example. An important link in the Dibru-Deomali

corridoi, this area is Presendy classified as a VFR. It is not only

important to bring some areas under the Protected area

network, but existing Parks and sanctuaries must be well

protected as well. The D' Ering Memorial \(ildlife Sanctuary is

a very imPort^At 
^tea 

for elephants as they use the grasslands

extensively for feeding. Limitations of manporver and resources

make the job of protection difficult, and a solution to the

problem lies in finding a cost-effective temedy to ensure

Fig. 3 Distribution of Asian elephants in Arunachal Pradesh based on a questionnaire survey
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protection bv inr'<--,h.'ing thc local communities. Since the

eleplrant populations in the northeastcrn region knorv no
political bounclaries, it is necessan'to ensure their protection in

the neighbourin.q states of Assam, Nleghalaya and Nagaland.

Unprecedented levels oIdeforestation in Assam often cause

problems in the areas where cross-border moven-rent of
elephants is common, as for example in the Kameng

@orderingv-ith the Sonitpur and Balipara forests of Assam)

and East Siang-Tirap @ordering with Dibrugarh-Dieboi areas)

zones. The Forest Department in these states must \Mork out
a common strategl' f61 1le protection of elephants on a region-

wise scale b)'identitpng these ke)' areas.

Prutnntion ol kqy ltabitats

Habitats such as the riverine semi-evergreen forests and

grasslands ate extremelv important for elephants, as thel,are a

readl' source of forage, e special\' following the first rains. These

habitats are constantl), under thteat due to possible conversion
to cultivated land. A viable alternative to livestock grazing is

stall-feeding and this must be promoted in a large scale in
order to reduce the pressure on forest resources. It is very clear

that there can be no long-term solution u'ithout the combined
elfort of the Forest Department and the indigenous people

of the area.

Fig.4 The location o[ K ng Sonitpur area tn the Arunachal Pradesh and Assam
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Fig. 5 Map of the Dibru-Deomali zrer of Arunachal Pradesh and Assam
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