
Abstracts on Asian elephant biology and ecology

On Etephas maximus Palaeo-Geographical
Distribution in Ghina

Cao Keqing
(ShanghaiMuseum of NaturalHistory, ZOO eistlan-an Road, Sharqhai, P'R. China)

Abstract

From the data given in this paper of the geological
and geographical distribution of Elephas maximus
(110 localities), the writer concludes that they
reached once Yangyuan County, Hebei Province,
and confirms they declined from north to south in

China. And at present, they exist only at few sites of
south-west in Yunnan Province.
In addition, the wrilerdiscussed the goblem of com-
prehensive causes lor the decline of wikl Elephas
maximusin China. Three main points In the discus-
sion are asfollows: (1) Climaticcharqe;(2) Mankind

disturb; (3) Decline of this species itself.

Elephant and Woody-Plant Relationships in Gal Oya, Sri Lanka

N.lshwaran
Depadment ol Zoology, University of Peradeniya., SriLanka

Abstract

Two sites, having two different elephant populations
with non- over-lapping home-ranges, were selected
lor studies on elephant and woody-plant relation-
ships. Four woody-plant habitats, two within each
site, were investigated. Woody-plant utilisation was
analysed in relation to type ol damage, woody-plant
size-clases and species. Pref erred woody-plant size-
classes and species were identified. These results
were used to compare trends in elephant woody-

Comparative Study of Asiatic Elephant
Elephas maximus Populations in Gal Oya, Sri Lanka

N.lshwaran
Department of Zoology, University of Peradeniya, SriLanka

Abstract

Two popufations of Asiatic elephants Elephas maxi-
musot two difterent home-ranges of SriLanka's Gal
Oya area we re co mpared. The group-size{reque ncy
distributions of matriarchal groups belonging to the
two populations were significantly different. The
population in study site B, in contrast to that in study
site A, showed f requent random aggregations, and a
higher mean group size. These differences are at-
tributed to excessive range contraction in study site

B. The population in the latter area also showed
greater dependence on dry grass than that in study
site A. Size-class struclures, population nunbers
and adu lt sex ratios are discussed lor the two popla-
tions. Seasonality in the birth ol elephant calves was
evident during the year 1975, inthe population using
study site A. The need to carry out similar studies
over long periods of time is stressed.

Biological Conservation (1981) 21 :303313

plant relationships in the two populations. The
percentage of damaged woody plants, and the
preference ratios for size-classes did not differ signi-
ficantly between the two sites. However, the
availabilily of woody plants in preferred size-classes,
as well as in prefened species, was significantly
greater in study site 1 than in site 2. The importance
ol these findings for the conservation and manage-
ment of elephants in Sri Lanka, is briefly discussed.

Biofogical Conservation 26 (19S3) 255-270
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The use of elephant droppings in assessing numbers,
occupance and age structure: a refinement of the method

' H. Jachmann'and R.H.V. Bell
Wildlile Research Unit, P.O. Box 43, Kasungu, Malawi

Summary

Estimation of elephant nunbers by means of drcp-
ping counts in the Kasurqu National Park, Malawi
appeared to be heavily biased in the diredion ol
over-estimation according to a series of aedal sur-
veys. Over-estimation errors in the counting tech-
nique were due to the boli of one dropping being
spread oVer a consUerable distance and to double
countlng of one defaecation by scouts countir€ next
to each other. Under-representation of droppings
from the youngest calves caused a 4.8o/" under-
estimatbn in dropping densities while the total cor-
rection factorwas estimated to be 0.67. A complete
decomposition cycle runS frcm'the he@ht ol the wet
season to the height of the following wet season and
consists of three distirrct phases each with a charac-
teristic relationship between droppings accumulation
and decomposition. The time ol yearthat a survey of
this kind can best be carried out and the steps that
shouH be undedaken are briefly discussed. The

dry-season defaecation rate for the Kasungu
elephants was estimated to be 15.7 drcppings per
elephant per day with rpn significant differerrce
between lhe sexes. The number ol elephants
present in 1978 was estimated lpm the dopping
counts as being approximately 1189. An altemative
method is described for detennining the age.struc-
ture of an elephant population by means of circum-
ference measurements of the individual boli from a
sample of droppings. Basic information on the rela-
tion between bolus cirqlmference and bolus weight
and age was obtained from vadous zoos. Results
were @mpared with those from a photogrammetric
method ard, with the exception of calves younger
than 1 year, both age structures appearedto be very
similar. Slight diflererrces are discussed and a
method is given ol estimating the true nunber of
males ard females in each age dass above the age
where growth is similar in both sexes.

Afr. J. Ecol. 1984, Volume 22, pges 127-141

Summary

The procedure erployed for the collection of semen
from a captive male elephant is describ6tJ. Sperm-
dch and sperm-f ree ejacu lates were obtai ned. Seven
sperrn-rbh ejaculates were evaluated.
Seminal charactedstics investigated in the elephant
compaled favourably wlth those ot other domes-

Semen of the Geylon Elephant,
Elephas maximus

ll. R. Jalnudeen, J.F. Elsenberg and J. B. Jayaslnghe
Faculty of Vetednary Science, University of Ceylon, Peradeniya, Ceylon and
National Zoo bfical Park-smiihsonian I nstitution, Washington D.C., U. S.A.

tic animals of nomalfeilility. Thepean oorrcentra-
tion of spermatozoa was 1 200 x 1Oo/d in the sperm-
dch ejaculates. Indlvklual spermatozoa measured
58,5 p (average) inlength.

J. R€pod. Fort. (1971) 24,21g-21,V
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Oestrous Gycle of the Asiatic Elephant,
Elephas maximus, in Captivity

M. R. Jalnudeen, J. F. Elsenberg* and N. Tllakeratne
Faculty ol Veterinary Science, University ol Ceylon, Peradeniya, Ceylon, and
*NationalZoological Park-Smithsonianinstitution, Washington, 0.C., U.S.A.

Summary

During the course of a programme to breed the
Asiatic elephant, Elephas maximus, in captivity, the
oestrous cycles of eleven adult females were
studied. Two methods were used lor detecting
oestrus: (1) daily testing with a male elephant, and
(2) urogenital smear cytology.
Overt signs of oestrus were not observed but
'standing'oestrus was detected in ten animals. The
duration of oestrus ranged lrom 2 to 8 days with a
rnode of 4 days. Oestrous cycles in six animals
ranged from 18 to 27 days with a mean of 22 days.

The dentition of an elephant (fossil or extant) can
yield clues to the animal's age and species identity,
provided the teeth are oo nectly identif ied. lde ntifying
the serial category of elephant teeth is difficult be-
cause the size, shape ard position of each tooth
changes throughout life, as the teeth form, erupt,
wear and move throu gh the jaw. I n the present study,
teeth from over 100 museum specimens of the Asian
efephant (Elephas maximus) were the basis for es-
tablishing size ranges for cheek teeth in six serial
categories (designated by Roman numerals lto Vl).

Urogenital smear cytology failed to indicate ac-

curately the onset of behavioural oestrus but in-
creases in the number ol cornified cells may occur
before, during and slightly atter behaviouraloestrus.
Considerable mating activity occurred during
oestrus. A description of mating behaviour is
presented.
The findings are discussed in relation to breeding
elephants in captivity and to the phenomenon ol
temporal gland activity.

J. Reprod. Fert. (1971) 27,32142e

Although the teeth vary greatly and overlap in their
dimensions, reliable identifications (as well as es-
timates of an individual's age in years) can be ob-
tained using three or more measurements. An
appreciatioh for dental variability in Elephas maxi-
mus will demand a re-evaluation of frequentlycited
examples of macroevolutionary panems within the
Elephantidae. .

J. Zool., !ond. (1988) 214, 557-588

to 3.5 ml lmmobibn (7.4€.6 n€ etorphine, 30-35 nB
acepromazine). lnductbn times varied between 15

and 35 minutes; "down" times between 30 ard 324
minutes and revivaltimes between 4 and 41 minutes.

Joumal of Bombay Nat. Hist. Soc. 8tt:4$56

Dental identification and age determination
in Elephas maximus

V. L. Roth
Department of Zoology, Duke University, Durham, Noilh Carolina 27706, USA

and J. Shoshanl
Departnent of Biological Sciences, Wayne State University,

Detroit, Michigan 48202, USA

Drug lmmobilisation of Indian Elephant

J. B. Sale, V. Rlshl, K. N.'Slngh and V. K. Vema

Criticaldata lrom the drug imnrobilisatbn of six adult
wikl elephants in U.P. in 1983-84, using lmnnbilon
(etorphine/acepromazine) and Revivon (diprerpr-
phine) are reported. A standard Distinject N60 pow-
der rille and accessories was used for darting, with
the addition of a "radb-daft" in"tliree cases. Com-
plete recumbancy was achieved usirp doses of 3.0
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The elephant populations of India - Strategies for conservation

R. Sukumar
Centre for EcologicalSciences, Indian Institute of Science, Bangalore 560 012, lndia

Abstract

Between 17 and 22 thousand elephants are found in
4 distinct regions - the northwest (525), northeast
(8725-12130), central (2300) and south India (5750-
71 50). Elephants largely pref er the deciduous f orests
where both browse and grass are available. Annual
hoqte range size usually varies between 100 and 500
km'. The major threats to the elephant include loss
of habitat due to spread of agrio.rlture, degradation
of habitat through human impacl, developmental

in both the sexes and in body weight in males com-
pared to wild elephants. Aspeas of allometric growth
such as heQht-bocly weight relationship are exa-
mined. The height was twice the circumfererrce of
front foot throughout the lif'e span, indicating an
isometric relationship.

Proc. Incfian Acad. Sci. (Anim. Sci.), Vol. 97, No. 6, Norember
1988, pp. 561 - 571.

p@ects such as hydroelectricdams and poaching of
males for ivory. Suggestions lor conservation of the
elephant have been made. These include the main-
tenance of minimum viable populations, habitat in-
tegrity, habitat mosaic and reduction in poadhi4g.
Measures to reduce crop depredation by elephants
such as the use of high-voltage electric fences are
recommended.

Proc. Indian Acad. Sci. (Anim. Sci./Plant Sci.) Suppl., November
1986, pp 5971

Carbon isotopic evidence for different feeding patterns
in an Asian elephant population

R. Sukumar, S. K. Bhattacharya* and R. V. Krlshnamurty*
Centre lor Ecological Sciences, Indian Institute of Science, Barqalore 560 012, India.

'Physical Research Laboratory, Navrangpura, Ahmedabad 380 009, India.

Abstrrct

Stable carbon isotope ratios 113Cy'2C1 in bone qgl-
lagen ol Asian eleptiants showed a vaiiation in 613C
value from - 11.1 to - 20.8 per mil. This indicates that
indivlduals within a population vary widely in thbir
dietary intake ol Ca plants (grasses) and Cs plants
(browse), from a predominarrce of either of these

types through intermediate proportions. The dlf-
ference in leeding pattem may be related to age, with
younger elephants prelerentially gr3zing and adults
mainly browsing.

Reprinted from Cunent Science, January 5, 1987, Vol. 56, No. 1 ,

pp 1 1-14

Growth in the Asian elephant

R. Sukumar, N. V. Joshl and V. Krlshnamurthf
Centre for Ecologycal Sciences, lndian Instilute of Science, Bangalore 560 012, India
*Bonbay NaturalHistory Society, Shahld Bhagat Singh Road, Bombay 400 023, India

Abstract

Records of captive Asian elephatns flephas maxi-
tnts) were used to derive parameters of the von
Bedalanfly furrtion for growth in he(;ht, body weight
and cirornlerence of tusks with age. There was
some evkierrce fo r a post-pnbe rtal secondary g rowth
spun in both male and lemale elephants. Domestic
elephants which were born in captivity of captured at
a young age also showed a reduced growth in height
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Ecology of the Asian elephant in southern India.
l. Movement and habitat utilization patterns

R. Sukumar
Centre lor EcologicalSciences, Indian Institute of Science,' Bangalore - 560 012, India

Abstract

The rnovement and habitat utilization patterns were
studied in an Asian elephant population during 1981-
83 within a 1 130 km2area in southern tnOia 1i t 

o S0'
N to 120 0'N and z6o 50' EtoTf 15' E). The study
area encompasses a diversity of vegetation types
from drythorn forest (250-400 m)through deciduous
forest (400- 1400 m) lo stunted evergreen shola
forest and grassland (1400-1800 m).
Home range sizes of somp identilied elephants were
between 105 and 320 km'. Based on the dry season
distribution, five different elephant clans, each con-
sisting of between 50 and 200 individuals and having
overlapping home ranges, could be defined within
the study area. Seasonal habitat preferences were
related to the availability of water and the palatability
of food plants. During the dry months (January-April)
elephants congregated at high densities of up to five

Abstract

The Asian elephant's foraging strategy in its natural
habitat and in cultivation was studied in southern
India during 1981-83. Though elephants consumed
at least 1 12 plant species in the study area, about
85% of their diet consisted ol only 25 species from
lhe order Malvales and the families Leguminosae,
Palmae, Cyperaceae and Gramineae. Alteration be-
tween a predominantly browse diet during the dry
season with a grass diet during the early wet season
was related to the seasonally changing protein con-
tent of grasses.
Crop raiding, which was sporadic during the dry
season, gradually increased with more area being
cultivated with the onset of rains. Raiding frequency

individuals km-2 in river valleys where browse plants
had a much higher protein content than the crarse
tall grasses on hill slopes. With the onset of rains ol
the first wel season (May-August) they dispersed
over a wider area at lower densities, largely into the
tall grass foresls, to teed on the lresh grasses, which
then had a high protein value. During the second wet
seaso n (September-December), when the tall gras-
ses becamefibrous, they moved into lowerelevation
short grass open forests.
The normal movement pattern could be upset during
years ol adverse environmental conditions. How-
ever, the rnovernent pattern of elephants in this
region has not basically changed for over a century,
as inferred from descriptions recorded during the
nineteenth century.

Journal ofTropical Ecology (1989) 5:1-18

reached a peak during October-Desember, with
some villages being raided almost every night, when
finger millet (E/eusine coracana/ was cultivated by
npst farmers. The monthly lrequency ol raiding was
related to the seasonal movement of elephant herds
and to the size ol the enclave. Of their total annual
food requirement, adull bull elephants derived an
estimated 9.3% and family herds 1 .7"/" in quantity
from cultivated land. Cultivated cereal and millet
crops provided significantly more protein, calcium
and sodium than the wild grasses. Ultimately, crop
raiding can be thought of as an extension of the
elephant's optimal foraging strategy.

Joumal of Tropical Ecology, (1990) 6:35-53

Ecology of the Asian elephant in southern lndia.
ll. Feeding habits and crop raiding patterns

R. Sukumar
Centre for Ecological Sciences, Indian Instilute of Science,

Bangalore - 560 012, India
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The Management of Large Mammals in Relation to Male
Strategies and Conflict with People

' R.Sukumar
Centre for Ecologicalsciences, Indian Institute of Science, Bangalore 560012, India

Abstract

Many large mammals such as elephant, rhino and
tiger often come into conflict with people by destroy-
ing agricultural crops and even killing people, thus
providing a deterrent to conservation efforts. The
males ol these polygynous species have a greater
variance in reproductive success than females, lead-
ing to selection pressuresfavouring a'high risk-high
gain' strategy for pronnting reproductive success.
This brings them into greater conf lict with people. For
instance, adult male elephants ate lar more prone
than a member of a female-led family herd to raid
agricultural crops and to kill people. ln polygynous
species, the removal of a certain proportion of

Abstract

Characteristics of 3 elephant populations of Penin-
sular lndia are examined and comparisons made
with that of other populations. The parameters ex-
amined were distribution density sexratio and
proportion of individuals in various age classes in the
population Out of the 3 localities studied. Bandipur
and Perivar had relatively undisturbed habitat while
ldukki was disturbed. Largerherds were charac-
teristic of Bandipur and Perivar where the adultmale
to adult female ratio was 1:9 and 1.25 respectively.
Both populations had a sex ratio of 1 :1 in the case of
subadults. Although the Perivar population had a
lower proportion of adult male elephants in compari-
son with Bandipurthe proportion of young ones was

'surplus' adult males is not likely to affect the fertility

and growth rate of the population. Hence, this could
be a management tool which would effedively
reduce animal-human conflict, and at the same time
maintain the viability of the pogllation. Selective
rernovalof maleswoub result in a skewed sex ratio.
This would reduce the 'effective population size' (as
opposed to the total popr.rlation or census number),
increase the rate of genetic drift and, in small popla-
tions, lead to inbreeding depression. Plans for
managing destructive mammals through the culling
of males will have lo ensure that the appropriate
minimum size in the populations is being maintained.

Biological Conservation 55 (1991) 93-102

similar. The ldukki population had very few adult

males where the proportion of young ones and sub-
adults was also very low. Solitary female elephants
were observed at ldukki which is indicative of a
disiurbed population. The maior reason for the dis-
panly in sex ratio between subadults and adults is
the poaching of tuskers for ivory. Therswas exten-
sive continuous lorest in Bandipur and Perivar. ln the
case of ldukki human habitations and construction of
a hydroelectric project severely limited habitat con-
tinuity and movement.

Seminar on Ecodevelopment of Western Ghats. 1986. pp

Characteristics of Three Populations of Elephants
of the Western Ghats

P. Vijayakumaran Nair, K. K. Ramachandran and P. S. Easa
Kerala Forest Research Institute

Peechi680 653. Kerala

Proc.
78-83
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Feeding behaviour of the Asiatic elephant in South-East Sri Lanka
in relation to conservation

' B. W. B. Vancuylenberg
Department of Zoology, University ol Sri Lanka, Peradeniya Campus, SriLanka

Abstract

This paper reports on important behaviouralaspects
of the Asiatic elephant (Elephas maximus) in South-
East Sri Lanka (Ceylon), in relation to recommenda-
tions for its conservation. The activity cycle ol the
elephant has been investigated in relation to localor
short-range movements which were foundto be diur-
nally rhythmic. The elephant was estimated to spend
about 17 to 19 h/day feeding. The feeding cycle is
seen to consert of three successive phases, namely
(1) rapid rnovement and low feeding rate, (2) litile
movement and high leeding rate, and (3) a certain
arnount of movement and relaxed feeding. During a
givenfeedingcycle an elephant consumes about 150

kg of fresh vegetation and defecates about 80 kg of
it per day. The dynamics of grass feeding were
worked out for a herd of elephants in the Gal Oya
National Park. The outlook for the elephant popula-
tion in South-East Sri Lanka has been critically
analysed with reference to its rnode of habitat utilisa-
tion. The main constraints intoduced into its ecosys-
tem are discussed, namely blocking of m(;ratory
routes, burning of grassland, construction ol roads,
grazing ol donestic cattle in its horne ranges, felling
of trees by villagers, and an over-population of water
buflafo (Bubalus bubafs). Measures forconservation
are briefly dealt with.

Biologicaf Conservation. (19771 1 2:3*54

Staff from the Wildlite Department (SriLanxa) carrying out stucties in Ruhuna

National Park. (Photo : Charles Santiapillai)
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