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ABSTRACT

McKay, George M. Behavior and Ecology of the Asiatic Elephant in South-
eastern Ceylon. Smithsonian Contributions to Zoology, number 125, 113 pages,
63 figures, 22 tables, 1973.—This paper reports on a three-year study of the be-
havior and ecology of the Asiatic elephant (Elephas maximus maximus L.) in
the Gal Oya and Ruhunu National Park areas of Ceylon. The study area in
eastern Ceylon is in a zone which shows a gradation in climate from moist to
arid. This gradient is correlated with gradients in the distribution of plant
species and of vegetation types.

Two populations were studied in detail. The first, in the area around the
Gal Oya National Park, contained an estimated 260-300 elephants. A second
population, in the area around Lahugala Tank, was estimated to contain about
150 individuals. An analysis of population structure is reported and the be-
havior patterns involved in locomotion, resting, feeding, drinking and bathing,
rubbing, elimination, and thermoregulatory flapping of the ears are described.
Movement rates while feeding were measured and mechanisms of visual com-
munication are described, including two threat displays, nine vocalizations, and
several nonvocal means of auditory communication.

Composition and structure of herd organization, seasonal movements, and
variation in home ranges are discussed. Movement patterns of solitary adult
and subadult males in relation to food availability and dominance roles are
also considered.

Elephants make use of the full variety of vegetation types available to them.
Food plants of 88 species were identified, the majority being trees and shrubs.
Several important food plants were analyzed for caloric density, and chemical
analyses of 8 species showed higher percentages of protein for shrubs as opposed
to grasses.

Recommendations for management of the elephant within the park and the
establishment of a buffer zone between the park and areas of intensive cultiva-
tion are made.
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in the Institution’s annual report, Smithsonian Year.
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George M. McKay Behavior and Ecology of
the Asiatic Elephant
in Southeastern Ceylon

The creation of elephants was holy, and for the profit of sacrifice to the gods, and especially
for the welfare of kings. Therefore it is clear that elephants must be zealously tended.

The egg from which the creation of the sun took place—the Unborn took solemnly in his
two hands the two gleaming half shells of that egg, exhibited by the Brahmanical sages, and
chanted seven samans at once. Thereupon the elephant Airavata was born and seven other
noble elephants were severally born, through the chanting.

Thus eight elephants were born from the eggshell held in his right hand. And from that
in his left hand in turn eight cows were born, their consorts. And in the course of time those
elephants, their sons and grandsons, [etc.], endowed with spirit and might, ranged at will over
the forests, rivers and mountains of the whole world.

And the noble elephants went to the battle of the gods and demons, as vehicles of the lords
of the quarters, Indra, Agni and the rest. Then in fright they ran away to Virinca [Brahma].
Knowing this, the spirit of Musth was then created by Fate; when it had been implanted in
them, infuriated they annihilated the host of the demons, and went with Indra and the rest

each to his separate quarter.

Introduction

Wherever elephants and men have coexisted, in-
teraction has been inevitable. The cave paintings
of Europe and North Africa amply demonstrate the
importance of proboscideans as prey for preagri-
cultural man (Carrington, 1958). The rock paint-
ings in southern Africa are all that remain to
indicate that elephants were hunted by the bush-
man, but elephant hunting traditions still survive
among a few African tribes (Sikes, 1971).

To agricultural man the elephant assumed new
significance. He became a beast of burden, an in-
strument of war, an object of reverence, an agri-

George M. McKay, Research Associate, National Zoological
Park, Smithsonian Institution, Washington, D.C. 20560.
Present address: Taronga Zoological Park, Mosman, New
South Wales, 2088, Australia.

* From Matanga-Lila. In Edgerton, The Elephant Lore of
the Hindus: The Elephant-Sport of Nilakantha. New Haven:
Yale United Press, 1931.

NILAKANTHA*

cultural pest, a status symbol, and a resource to be
exploited for the beauty of ivory. Until European
settlers began invading the African continent in
the last two centuries there was little contact be-
tween agricultural man and elephant on that con-
tinent. The Carthaginians undoubtedly used and
trained native African elephants for warfare (Sikes,
1971) and the Kushites of Meroe may also have
used indigenous elephants, Shinnie’s (1965) argu-
ment to the contrary is not convincing, being based
on the supposed intractability of this species.

It is in Asia that elephants and humans have
been in prolonged and intensive contact, and it is
there that the significance of the elephant to man
has become the most complex.

The earliest date at which elephants were tamed
in India is not known, but it is certain that ele-
phants were in well-established use before the in-
vasion of the Greeks. Elephants appear on plaques
dating from the Indo-Sumerian period (5000-1000
B.c.) in the Sind Valley (Coomaraswamy, 1917).
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From the time of the Aryan invasions and the ad-
vent of Sanskrit writing there have been numerous
written references to elephants including the Ma-
tanga-Lila by Nilakantha. Stracey (1963) gives a
brief summary of the history of elephant domesti-
cation in India, and Armandi (1843) reviews the
use of the elephant in war. In India elephants
were captured from the wild using a number of
different methods. All are described in detail by
Stracey (1963) including the khedda or stockade
method popularized by G. P. Sanderson of the
Mysore Civil Service (whose own account of the
method appears in Sanderson, 1878). During the
period of British occupancy of India, the capturing
and training of elephants passed from the hands
of private individuals to the government depart-
ments. Several books, written by civil servants
concerned in khedda or logging operations, ap-
peared, which combine, often in a charming man-
ner, ancient elephant lore with modern veterinary
medicine. Foremost among these are Steel (1885),
Evans (1910), and Milroy (1922).
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TAXONOMY

Ellerman and Morrison-Scott (1951) list two sub-
species of Elephas maximus from Ceylon, equating
E. m. maximus Linnaeus with E. m. vilaliya De-
raniyagala (sensu Deraniyagala) and accepting E.
m. ceylanicus Blainville as the elephant inhabiting
most of the island. McKay (n.d.) proposes that
E. m. vilaliya represents no more than a few ex-
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tremely large individuals in a highly variable pop-
ulation and considers that it should be placed in
synonymy with E. m. maximus. For the purposes
of this paper I will consider that the island of Cey-
lon is inhabited by one subspecies.

ANATOMY AND PHYSIOLOGY

Frade (1955) presents a comprehensive summary
of the literature concerning the anatomy of both
living species of elephant. The only point on
which further discussion is necessary concerns the
structure of the stomach. Tennent (1867) discussed
the work of earlier anatomists concerning the en-
larged and folded cardiac portion of the stomach.
He likened the folds to the so-called water cells
in the stomach of the camel, and concluded that
they must serve for storage of water. Sikes (1971)
treats this problem (in Loxodonta where the struc-
ture is identical) only slightly. One potential func-
tion for the folded cardiac region might be to
allow greater expansion than if it were not so cor-
rugated. I have frequently observed elephants,
feeding in lush grassy areas such as Lahugala Tank
(p- 58), to look quite slender as they begin feeding;
but after as few as five to six hours of intensive
feeding, these same individuals have extremely
bulging bellies. It would appear reasonable that
if the rate at which an elephant can ingest food
greatly exceeds the rate at which the intestines and
caecum can process it, there would be a distinct
advantage to the possession of a very elastic stom-
ach. In the absence of more detailed anatomical
data, one can do no more than speculate; it is a
possibility worthy of further investigation.

Benedict (1936) conducted a series of experi-
ments to examine several aspects of the physiology
of elephants, using particularly one adult female
Elephas. Details of his findings relevant to this
work will be discussed in the appropriate places
in the text. More recently, Sikes (1971) has sum-
marized the available data on physiology of Loxo-
donta and provides interesting comparisons with
the data of Benedict.

BEHAVIOR AND SOCIAL ORGANIZATION

Many accounts of elephants have been written by
persons connected with forestry in India or by
civil servants and planters who indulged in “sport”
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during their leave. Books, such as Baker's (1855),
are more concerned with the “sport” of shooting
elephants than with the lives of the quarry. Such
accounts as Williams (1950) and Stracey (1963), on
the other hand, give not only a vivid account of
the intricacies of logging and elephant-capturing
operations but provide, in addition, many insights
into the behavior of the elephants. In particular
Williams’ (1950) descriptions of the social behavior
of elephants, especially with regard to sexual be-
havior, parturition, and the participation of fe-
males in the care of the young, reflect careful
observation and interpretation. Sanderson (1878)
gives several precise descriptions of their behavior
including five vocalizations (with implied mean-
ings) and one threat display. His observations
(1878:49) on the composition of herds deserve at-
tention:

Herds of elephants usually consist of from thirty to fifty
individuals, but much larger numbers, even one hundred,
are by no means uncommon. When large herds are in locali-
ties where fodder is not very plentiful, they divide into
parties of from ten to twenty; these remain separate, though
within two or three miles of each other. But they all take
part in any common movement, such as a march into another
tract of forest. . . . Each herd of elephants is a family in
which the animals are nearly allied to each other.

Tennent (1867:45) also discusses the composi-
tion of herds:

A herd of elephants is a family, not a group whom accident
or attachment may have induced to associate together.
Similarity of features and caste attest that, among the
various individuals which compose it, there is a common
lineage and relationship. In a herd of twenty-one elephants,
captured in 1844, the trunks of each individual presented the
same peculiar formation,—long, and almost one uniform
breadth throughout, instead of tapering gradually from the
root to the nostril.

He also refers to a low number of males with
herds, although he does not go so far in interpret-
ing this as Sanderson (1878:49), who states that
the herd is “invariably led by a female, never a
male.”

More recent reports on behavior of Elephas are
few. Elapata (1969) observed in 1957 a series of
copulations involving two adult females in which
one of the females mated with two different bulls
and one of these bulls mated with the second
female. The sequence of behavior observed is very
similar to observations of my own (Eisenberg, Mc-

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

Kay, and Jainudeen, 1971). Deraniyagala (1958)
reported an interaction between two adult males
(observed by S. A. 1. Elapata, A. H. E. Molamure,
and V. Atukorale) which he termed “pseudo-com-
bat.”” From his description this appears to have
been a sequence similar to what I have described
as “play-fighting” (p. 65).

EcoLocy

While there are many accounts which describe the
behavior of elephants, there are relatively few data
on the ecology and status of populations. Sander-
son (1878) mentions that females give birth every
21, years and says that the majority of calves are
dropped in Mysore between September and No-
vember (toward the end of the rainy season). Wil-
liams (1950:39), however, states that in Burma most
wild elephant calves are born between March and
May which in that area is the onset of the rainy
season.

Williams (1950) also estimates that in Burma
approximately 25 percent of calves fall prey to
tigers—the only estimate of the extent of preda-
tion on elephants I have been able to find.

Reliable estimates of populations of elephants
are few. Stracey (1963:211) reports that his de-
partment removed some 900 animals from the Naga
and Mikir hills in northeastern India, an opera-
tion which “almost cleaned out the elephants
there.” He also estimates the population for Ut-
tar Pradesh in 1965 at 600—an increase of 350 over
his estimate for 1955. Singh (1969), however, on
the basis of a number of detailed surveys considers
that the population for that state as of 1967 “is not
likely to be more than 400 in number.”

Data from Burma are poor: Stracey (1963) esti-
mated 10,000 for 1955 but Williams (1950) esti-
mated 6,000. The situation in west Malaysia is
somewhat better known. Medway (1965) estimated
a total population of 692 in 1964-1965. This num-
ber is low enough in itself, but inspection of his
figure 2 shows that there are only two herds with
more than 20 individuals and ten herds with 10-20
individuals. Not only are the herds small but they
are widely dispersed. Stevens (1968) estimated that
the 1968 population in Malaysia was 486—he main-
tained that Medway's (1965) estimate was too op-
timistic.
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CEYLON’s ELEPHANTS—GAME, PEST OR HERITAGE?

Elephants have been in use by man in Ceylon for
at least the past 2000 years. According to Goone-
ratne (1967) a detachment of elephants was a tra-
ditional part of the army of all of the ancient
Sinhalese Kings. According to Deraniyagala (1955:
45) King Raja Sinha I was able to muster 2200
elephants for his attack on the Portuguese fort at
Colombo in 1588. After the spread in use of can-
non, the elephant apparently became less useful in
battle, but Schweitzer (1682) describes the process
of conditioning elephants to the sound of gunfire.

Elephants have also been traditionally associated
with such ceremonial functions as religious proces-
sions. Herport (1669) refers to the King of Kandy
as maintaining a stable of 100 elephants for cere-
monial purposes. Knox (1681) ascribes other func-
tions to these animals—executioners and combatants
in fights, of which the King and his court were
regular spectators.

Three methods for capturing elephants were in
use before the Portuguese era—pitfalls, noosing, and
decoying. The pitfall technique, described by Ten-
nent (1867) and Stracey (1963) simply required the
digging of a deep pit along a pathway and covering
the hole in order to delude the elephant. The
noosing technique which required much more skill
and bravery is described by Tennent (1867). In
this method the noosers approach the elephant on
foot and slip a rope around one leg of the animal
tying it immediately to a tree. This method was
practiced extensively by men of Arabic descent who
live in the east of Ceylon, and the tradition is not
quite dead. The third method, described by Knox
(1681) involved noosing also but the approach was
made by men mounted on trained elephants. This
technique (known in India as mela-shikar) is de-
scribed in detail by Stracey (1963).

The Portuguese apparently introduced the
method of capturing elephants by means of a corral
(Kraal-Ceylon; khedda-India) (Tennent, 1867). By
using this method large numbers of animals could
be obtained in a short period of time.

According to Abeyasinghe (1966) the Portuguese
maintained an annual demand of 37 elephants for
export from two kraals. These produced an av-
erage revenue of 9250 Rixdollars (roughly 15 per-
cent of the total revenue to the state). According
to de Silva (1969) 1875 elephants were exported
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from 1863-1884, producing a revenue of Rs. 144,—
715. Thus even in the colonial era, the elephant
was an important part of the economy as an export
commodity.

But the value of the elephant was not only eco-
nomic. Elephants were and still are used as
draught animals—particularly in logging opera-
tions. In 1969 there were 532 tame working ele-
phants on Ceylon (Jayasinghe and Jainudeen,
1970). Elephants still participate in ceremonial
processions such as the annual Esala Perahera at
Kandy, according to the ancient tradition that ten-
ants of temple lands or lands granted by the king
must participate in the Perahera (Coomaraswamy,
1956). Thus the elephant is still a viable part of
the cultural heritage of Ceylon.

It is interesting to note that Knox (1681), Heydt
(1744), and Abeyasinghe (1966) (who was writing
about the Portuguese era) mention elephant catch-
ers and trainers as a distinct caste, while Coomaras-
wamy (1956) in his list of castes does not.

The elephant can also be an agricultural pest.
Knox (1681) has noted that “these Elephants do,
and may do, great dammage to the Country, by
eating up their Corn, and trampling it with their
broad feet, and throwing down their Coker-nut
trees, and often times their Houses too.” Similar
statements are made by Herport (1669), Schweitzer
(1682), and Heydt (1744), who are discussing the
areas around Kandy, Colombo, and Ratnapura—
districts from which the elephant is now long gone,
but where they were, at that time, abundant.

As colonial powers the Portuguese and Dutch
made relatively little impression on the ecology of
Ceylon. But the advent of the British brought two
new limiting factors into play against the elephant
—the coffee bush and the rifle, often with both in
the hands of a single man. The story of the results
of this has been told many times: by proponents,
“sportsmen” such as Baker (1855), by contemporary
opponents (Tennent, 1867), and by modern writers
(de Silva, 1969). There are no records which allow
one to estimate accurately the total elephant popu-
lation before the 19th century onslaught. If the
entire island were populated by elephants at the
present-day average of one elephant per two square
miles (p. 96), there could have been as many as
12,000. That there was an onslaught is well docu-
mented, however, as reported by Tennent (1867:
78), Marshall (1846), de Silva (1969), and others.



The result of shooting and land clearing was
that by 1951 the total elephant population of Cey-
lon was estimated at approximately 1500 (Norris,
1959). For the past two decades there has been
an awareness in Ceylon that measures must be
taken in order to insure that some elephants will
remain. Norris (1959) made the first attempt to
survey the situation at that time, but concluded
that more information was needed. It was because
of this need for information and because of the
awareness of such a need by all of the people with
whom we worked in Ceylon that this study was
possible.

Norris (1959) posed three questions: *“ (1) How
many elephants do we want to keep? (2) How much
country do they need, remembering their seasonal
movements? (3) What land is available for them?”

The following report is an attempt to supply
the answers to questions 2 and 3 for a portion of
the island.

Methods and Materials

FiELb OBSERVATIONS

In the course of this study, 453 days were spent in
the field over a period of 234 years from February
1967 to October 1969. Of these days spent in the
field, 318 were in the major study area; 89 were in
Blocks 1 and 1I of Ruhunu National Park and 46
were spent in other areas outside of these two.
Work in Ruhunu National Park was concentrated
between April and October 1967 and work in the
Gal Oya-Lahugala area was conducted from Feb-
ruary to July 1967 and from October 1967 until
October 1969.

In Ruhunu National Park the observer was re-
stricted to working from a vehicle. As a result,
observations of elephants could only be made in
those areas where the animals were visible from
the roadway. Travel within the National Park was
restricted to daylight hours (0600 to 1800 hours),
and at all times the observer was accompanied by
a tracker, an employee of the Department of Wild
Life. As this park contained an extensive network
of sandy roads, the normal daily routine began with
a systematic survey of the roads within the park to
determine the movements of animals over the previ-
ous night. The author and tracker began this sur-
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vey at dawn, following the same route (about 65
km) every day.

Whenever tracks of elephants were encountered,
the number of animals, approximate size, and di-
rection of movement were noted on a map along
with the location of the footprints. Fresh deposits
of feces were also recorded as to location and num-
ber. Any signs of feeding by elephants (e.g., scarifi-
cation, broken twigs, broken branches) were
recorded as to location and species of plants fed
upon. For those species of plants which could not
be identified in the field, specimens were taken
for later identification. By conducting this regular
survey in the early hours of each morning, it was
possible to obtain a sufficient amount of data on
the movements and approximate locations of ele-
phants within the park. During this period, the
park roads were heavily used throughout the day
by both visitors and park staff. As a result, any
tracks laid down by elephants over night were usu-
ally obliterated within the first few hours of the
morning. On an average day, the entire circuit
took approximately two hours to complete and an
attempt was always made to complete the circuit
as quickly as possible. Whenever solitary males
were encountered during this early morning circuit,
their location was noted along with ongoing ac-
tivity. After the circuit was completed, an attempt
was made later in the day to relocate the animal
that had been observed in the morning. No
herds were encountered during these early morning
surveys.

Following the completion of the morning circuit,
the rest ol the day was spent tracing animals in
those areas where tracks had been sighted the previ-
ous night. Whenever solitary males were encoun-
tered, they were observed for one hour or until
they moved out of sight, whichever occurred first.
Whenever herds were encountered, they were ob-
served until they disappeared from sight or until
darkness made further observation impossible. If
no contacts with elephants were made by midafter-
noon, a second circuit of the park was made. Lo-
cations of all animals sighted were marked on
maps and individual characteristics of identifiable
animals were recorded upon each sighting in order
to provide a confirmation of identity. Animals ob-
served in groups were classified according to com-
parative size classes. Observations were made with






