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ABSTRACT

Eisenberg, John F., and Melvyn Lockhart. An Ecological Reconnaissance of Wil-
pattu National Park, Ceylon. Smithsonian Contributions to Zoology, number 101.
118 pages 76 figures, 16 tables. 1972.—The results of this study are based on a 14-
month survey in Wilpattu National Park, Ceylon, covering an area of some 580 square
kilometers in the lowland dry zone scrub jungle. Special attention was paid to the major
ungulate species and data concerning abundance, seasons of reproduction, and feeding
patterns are discussed. Although the elephant {Elephas maximus) exhibits the lowest
numerical density, it accounts for the second highest biomass, exceeded in biomass
only by the axis deer, which is also the most numerically abundant ungulate in the
lowland dry zone of Ceylon. Special attention was paid to the role of the elephant in
the dry zone ecosystem. Composition of social groupings, seasonal habitat utilization
trends, general behavior patterns, and population structure are discussed for the
elephant (Elephas maximus), water buffalo (Bubalus bubalis), axis deer (Axis axis),
sambar (Cervus unicolor), muntjac (Muntiacus muntjac), wild swine (Sus scrofa),
and mouse deer (Tragulus meminna). Certain aspects of the behavior of the major
predators are also discussed, including the general biology of the golden jackal (Canis
aureus) and the Ceylon leopard (Panthera pardus). Social organizations of the un-
gulate species are compared with special attention given to the mode of antipredator
behavior exhibited by ungulates. Habitat utilization trends and comments on com-
petition and ecological separation are included together with an estimate of numeri-
cal abundance and biomass for the major ungulate species. Recommendations for
management of the park system are discussed.
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in the Institution's annual report, Smithsonian Year.

UNITED STATES GOVERNMENT PRINTING OFFICE
WASHINGTON : 1972

For sale by the Superintendent of Document*, U.S. Government Printing Office
Washington, D.C. 20402 • Price $1.60 (paper cover)



Contents

Page

Introduction 1
Acknowledgments 2

The Environment 4
Physical Description of the Park 4
Climate 4
Flora 7

The Mammalian Fauna 10
The Elephant (Elephas maximus) 10

Description and Aging Criteria 10
Criteria for Age Classes 11
Criteria for Distinguishing the Sexes 12

Social Groupings 13
Distribution in the Park 17
Habitat Utilization 18

The Use of Tall Grass Villus 18
Short Grass Feeding 19
Trail Utilization During a Long March 20
Tree-Pushing Behavior 21
Description of River-Crossings 21
Elephant Sign in the Habitat 21
Concluding Remarks on Habitat Utilization 22

Summary of Elephant Behavior Patterns 23
Activity 23
Patterns of Social Interaction 23
Behavior During Agonistic Encounters 24
Antipredator Behavior 25
Female-Young Relationships 26
Sexual Behavior 26
Behavior Patterns of Different Age and Sex Classes 28
Interspecific Social Relations 28

Population Structure 29
The Water Buffalo (Bubalus bubalis) 30

Description and Aging Criteria 30
Social Groupings and Habitat Utilization 30
Distribution in the Park 30
Movements 32
Habitat Utilization 32
General Observations on Behavior 33
Population Structure and Dynamics 36

The Spotted Deer (Axis axis) 37
Social Groupings 37
Distribution in the Park 38
Habitat Utilization 39
Behavior Patterns 40

Activity Rhythms and Group Behavior 40
Communication Mechanisms 41
Patterns of Social Interaction 42

Male-Male Interactions 42

in



Page

Male-Female Behavior 42
Female-Female Behavior 43
Female with Young 43

Antipredator Behavior 44
Interspecific Relationships 45
Population Trends 45

Seasons of Birth and Mating 45
Mortality and Biomass 47

The Sambar (Cervus unicolor) 47
Description and Age Classes 47
Grouping Tendencies 48
Habitat Utilization 49
Social Behavior 49
Antipredator Behavior 50
Population Trends 50

The Muntjac or Barking Deer (Muntiacus muntjac) 51
The Mouse Deer (Tragulus meminna) 52
Summary Statement on the Small Forest Ungulates 54
The Wild Swine (Sus scrofa) 55

Description and Definition of Age and Sex Classes 55
Social Groupings 55
Reproduction 55
Distribution in the Park 57

Feeding 57
Habitat Utilization 57

Summary of Swine Behavior 57
Activity 58
Patterns of Social Interactions 58

Male-Male Interaction 59
Male-Female Behavior 59
Female-Female Behavior 59
Adult-Young Relationships 59
Interrelationships of Young Pigs 60

Antipredator Behavior 60
Interspecific Relationships 60
Population Trends 60

The Jackal (Cants aureus) 61
Description and Social Organization 61
Distribution in the Park 62
Behavior Patterns 62
Predation Behavior 63
Population Structure and Dynamics 63

The Sloth Bear (Melursus ursinus) 63
The Leopard (Panthera pardus) 65

Home Range 66
Activity 69
Stalking and Predation 69
Reproduction 70
Social Behavior 70

General Comments on Sociability 70
Communication Mechanisms 71

Scratching Trees 71
Urine Marking 71
Scrapes 71
Calling 71

Review of Social Roles 73
Biomass of Prey and Home Range Occupancy 74



Page

The Smaller Carnivores 75
The Mongooses {Herpestes) 75
The Civets (Viverricula and Paradoxurus) 75
The Smaller Cats 75

The Primates and Other Mammals 75
The Primates 75
Comments on Other Mammals 77

Comments on the Nonmammalian Fauna of Wilpattu 78
The Avian Fauna 78
The Reptile Fauna 79
A Consideration of the Termites 79

Synthesis and Comparisons 81
Trends in the Evolution of Social Behavior as Exemplified by Ungulates 81

Review of Ungulate Evolution 81
Adaptation to Open Country 82
The Social Organizations of Ungulates 82
Ungulate Social Systems and Antipredator Behavior 83

The Muntjac or Barking Deer 83
The Wild Swine 84
The Axis Deer 84
The Water Buffalo 85
The Asiatic Elephant 86

Relationship of Social Organization to Antipredator Behavior 87
Communication Mechanisms and the Evolution of Social Organizations ... 88
Summary of Other Social Mechanisms Manifest in Ungulate Groupings 89

Trends in Habitat Utilization 90
Competition and Ecological Separation 98
Numerical Abundance and Biomass 101

Recommendations for Management 104
Literature Cited 107
Appendix A: Methods Employed in Censusing 110
Appendix B: List of Some Dominant Plants of the Lowland Dry Zone 115
Index 117





John F. Eisenberg
and Melvyn Lockhart

An Ecological
Reconnaissance of
Wilpattu National
Park, Ceylon

Introduction

Although the study here reported was addressed pri-
marily to the problem of conserving Ceylon's elephant
population, it has been necessary to survey all the ma-
jor ungulate populations in the National Park in order
to assess such subtle effects as competition and cooper-
ation among the various populations of large mam-
mals. Special attention was directed towards censusing
the populations of large ungulates resident in the parks
and to gather data concerning the seasonal movement
patterns with respect to the distribution of food and
water. Methodology was carried out in a classic pat-
tern. Two types of censusing operations were con-
ducted, including a jeep survey of the major water
holes and river areas where actual counts of the ani-
mals could be made, or indirect counts based on tracks.
Certain parts of the park were subjected to a walking
survey, especially in the West Sanctuary area where
jeep trails have not been constructed. Indirect esti-
mates of animal activity were routinely conducted in
certain areas of the park; plots were set up and pellet
counts were carried out on these plots for a period of
some six months (see Eisenberg, Santiapillai, and
Lockhart 1970). In addition, transect walking permit-
ted an estimate of habitat utilization employing a
check sheet designed by Dieter Mueller-Dombois. For

/ . F. Eisenberg, National Zoological Park, Smithso-
nian Institution, Washington, D.C. 20009. Melvyn
Lockhart, Taronga Park Zoological Gardens, Moss-
man, New South Wales, Australia.

actual discussion of the methods employed, see Appen-
dix A.

A map of Wilpattu National Park and the surround-
ing sanctuary and intermediate zones is portrayed in
Figure 1. In our survey, we intensively studied the
West Sanctuary, parts of the North Sanctuary, and
the major park area including the old south interme-
diate zone which last year was included in the park
itself. Two camps were established: a temporary camp
on the banks of the Moderagam Am, which forms the
north boundary of the park, and a permanent camp
at Marai Villu on the border between the West Sanc-
tuary and the park proper. The park and northern
portion of the West Sanctuary were surveyed in their
entirety on a quarterly basis employing the major jeep
trails and walking trails as indicated on the maps in
Figures 75 and 76. This also included portions of the
river systems: the banks of the Kala Oya, the banks
of the Moderagam Aru, portions of the Pan Ella, and
the Eerige Ella. The total area which was surveyed
quarterly included some 745 square kilometers.
Monthly surveys were executed in the northern por-
tion of the West Sanctuary and the central or villu
area of the park up to the Moderagam Aru; this
included an area of approximately 320 square kilome-
ters. Intensive surveys of ten to fourteen days duration
were carried out monthly in an area from the Modera-
gam Aru to the seacoast including the north portion
of the West Sanctuary and the western villu area; this
area included some 266 square kilometers. Surveys in
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the park began in July 1968 with a preliminary check
for campsites. In August 1968 the intensive surveys
were begun and continued until October 1969. The
study thus covers fourteen months and includes two
drought periods.
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The Environment

Physical Description of the Park

Ceylon is located in the northern tropics off the south-
ern tip of India, lying in the main between 5° and 9°
N latitude. It is approximately 430 kilometers long
and 221 kilometers wide, with an area of some 67,400
square kilometers. Although Ceylon is divisible into a
highland, a midland, and a lowland area, the highland
area has a peneplane of some 1830 meters elevation,
and the major land mass is below 762 meters. Wilpattu
Park itself is located in the lowlands. All of the land
contained within the park is below 152 meters elevation
and the majority of park land is less than 91 meters
above sea level. The park and sanctuary are located in
the northwest corner of Ceylon. The west boundary of
the sanctuary area includes Portugal Bay. The north
boundary of the park is set by the Moderagam Aru
and the southern boundary by the Kala Oya (see
Figure 1).

Several geological considerations are pertinent to an
understanding of Wilpattu's ecosystems. The West
Sanctuary area is characterized at its western margin

by littoral sands with some dune formation which
overlays sandstone. The western portion of the park
itself is dominated by the so-called Jaffna limestone
formations which extend up to the northwestern por-
tion of the island into the Jaffna Peninsula; this exten-
sive limestone bed permits the capillary uptake of
water from underground streams and results in exten-
sive depressions formed by a gradual sinking of the
land. At such places the soil surface is thin over the
limestone and water can percolate to the surface
through capillary action, thus forming a small pond or
lake with no visible source or external drainage. Such
water is often of a permanent nature and such bodies
are referred to as "villus." The central portion of the
park is dominated by a series of such lakes or ponds
which form the major water reservoir through the
drought period for the game species. Approximately
24 kilometers from the coast, the rocks change in
character from the Jaffna limestones to the so-called
Vijayan series which is a complex conglomerate of
supercrustal rocks, including crystalline limestone and
granitic gneiss. These same rock formations are gen-

FIGURE 1.—Map of Wilpattu National Park showing the major river systems and villus discussed
in the text (See also Figures 74, 75, and 76.)

1. Mail
2. Marai
3. Periya Naga
4. Periya
5. Madura Odai
6. Sinna Uppu
7. Periya Uppu
8. Atha
9. Marikaram

10. Kali
11. Kanjuran
12. Eranapola
13. Allam

Major villus and water holes

14. Pannikar
15. Kombonsanchi Pooval
16. Tala
17. Uduppu
18. Sengapadu
19. Katakandal Kulam
20. Namada
21. Herathamy Wala
22. Katarampu
23. Kara
24. Kaya Motai
25. Mana
26. Kumuttu

27. Manikepola
28. Illande Motai
29. Kuruttu Pandi
30. Kokarre
31. Nelun
32. Kudapatessa
33. Mahapatessa
34. Demata
35. Luna
36. Timpiri
37. Borupan
38. Kumbuk
39. Peddiveli Wewa
40. Maradan Maduwa

I Moderagam Aru
II Kala Oya

Rivers and tributaries

III Denigaha Ella
IV Eerige Ella

V Pan Ella
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erally overlain with reddish brown earth (Cooray
1967).

The soils of Wilpattu Park may be considered in a
series from west to east. At the extreme edge of the

West Sanctuary, the soils are littoral as a result of
sand deposition from wave action. After passing the
dune barrier and into the first depression, the soils are
typically of a saline nature and some of the water
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sources here are strongly saline, hence the name Sinna
Uppu and Periya Uppu1 for two of the southern, low
villus. The rest of the West Sanctuary is characterized
by red-yellow latosols which are slightly acid, low in
organic material, and also low in phosphate, calcium,
potassium, and magnesium. These are in general very
poor soils and support a scrub-type jungle. These soils
are intermittently characteristic of the western portion
of the park until approximately the level of Mana
Villu. From Mana Villu to the east, the soils are more
frequently characterized as reddish brown earths.
These soils have a rather good fertility being high in
phosphorous, calcium, and magnesium. Along the
banks of the major river systems and their tributaries,
the soil types are characteristically alluvial deposits re-
sulting from upstream erosion.

In areas of former cultivation within the park, es-
pecially Mail Villu and Periya Naga, and the series
of abandoned tanks along the Moderagam Aru and
the Eerige Ella down to Maradan Maduwa, the soils
are characteristically clay-type. These clay soils show
a rapid uptake of water but very soon dry out in the
drought period forming a cracked hexagonal pattern
on drying. These former tank areas support mostly

1 Sinna=rlittle; Uppu=salt; Periya=large.

scrub vegetation and are prime feeding areas for ele-
phants and other game. For more detailed considera-
tions of soils and their characteristics, the reader is
referred to Panabokke 1967.

Climate

The reconstruction of Wilpattu's climate is based
upon the long-term records taken at the station at
Pomparippu. The average annual temperature is
27.2°C and the average precipitation is approximately
1,000 millimeters. According to the climate analysis
published by Mueller-Dombois and Sirisena (1968)
and Mueller-Dombois (1968), the Wilpattu area is
generally characterized by two drought periods. There
is a brief drought period of variable duration in Janu-
ary and February, followed by moderately heavy rains
in March and April with an average peak of 100 mil-
limeters rainfall in March. An extensive drought pe-
riod then begins in May, lasting through August to the
beginning of September. During the height of the
drought, rainfall is less than 10 millimeters per month.
The major rainy season commences in September, ris-
ing to a peak in October, November, and December.
During October and November rainfall typically ex-

6

concentration
dispersal

J F M A M J J A S O N D
FIGURE 2.—Interrelationship of ungulate habitat utilization, rainfall, and grass growth.
Precipitation for 1968-1969 taken from the station at Pomparipu. Dispersal refers to the time
when ungulates utilize the grassland in the vicinity of permanent water to the least extent.
Concentration refers to increasing utilization of grassland in the vicinity of permanent water
by ungulates. Black bars above the concentration dispersion indicator line refer to times of
maximal fruit production and new grass growth. The shaded area within the rainfall curve
defines the autumnal monsoon period.
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ceeds 100 millimeters per month. There is a slight
difference between the West Sanctuary area, which is
characterized as hot arid lowland tropical, and the
easterly portion of the park, which is characterized as
hot dry lowland tropical (Fernando 1968).

Figure 2 portrays the average annual flux in rainfall
and correlates the appearance of new grass growth
with the behavior of the resident ungulate populations.
In general, there is a renewal of moderate grass growth
during the rains of March and April. During the pe-
riod of June-July-August, fleshy fruits which fall from
the trees are abundant but very little new vegetation
growth can be observed. New grass growth commences
again in September and persists well into January.
During the months of June, July, August, and into
September, there is a concentration of the mobile spe-
cies of game near permanent water sources, either in
the villus or on the two major river systems. With the
onset of rains in the two periods, October-November-
December and March-April, the mobile game species
generally disperse into the forest or into seasonal graz-
ing areas, such as those provided by parts of the West
Sanctuary. These two factors then, the growth of grass
and its control by the onset of rain and the abundance
and distribution of permanent water, are the deter-
minants of distribution patterns for the larger ungulate
species within the park system.

Flora

The flora of Wilpattu Park may be divided into three
categories: (1) the littoral vegetation, including salt
grass and low scrub immediately adjacent to the beach
sand, rapidly grading into (2) monsoon scrub of a
very low stature, which imperceptibly grades into (3)
monsoon forest including tall emergents, such as Man-
ilkara and Chloroxylon. This monsoon forest and mon-
soon scrub division is discussed in detail by Fernando
(1968). The monsoon scrub classification of Fernando
roughly corresponds to the vegetation zone A of Gaus-
sen, et al. (1964). Fernando's monsoon forest vegeta-
tion type roughly corresponds to Gaussen's vegetation
zone B, characterized by Chloroxylon, Berrya, Vitex,
and Schleichera.

For the purposes of our animal census surveys and
in an attempt to correlate animal activity with differ-
ent vegetational types, we adopted the plan of dis-
cussing the vegetation in terms of physiognomic or
structural types as proposed by Mueller-Dombois. In
his published vegetation map of Wilpattu National

Park, Mueller-Dombois and Fernando (1970) have
divided the park into three ecological zones which are
in general in agreement with our own observations.
The first zone, or villu zone, has two subtypes: subtype
A with perfect vertical drainage and characterized by
the underlying Jaffna limestone and the small perma-
nent lakes, and subtype B with locally impeded vertical
drainage characterized by low lying masses of water
which do not persist throughout the drought period.
In general, villu zone subtype B corresponds to the
major portion of the West Sanctuary. The third eco-
logical zone is the Ara zone which shows lateral surface
drainage and restricted vertical drainage; this includes
the borders of the Moderagam Aru and its tributaries,
including the Eerige Ella, thus encompassing the east-
ern portion of the park and the northern boundary.

FIOURE 3.—Typical alluvial forest on the banks of the Mod-
eragam Aru. The prominent Kumbuk (Terminalia arjuna)
characterizes this vegetation form.
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We have employed the same classification of vegeta-
tion as proposed by Mueller-Dombois with three major
cover types: forest cover, scrub cover, and herbaceous
cover types. The forest cover type includes low to
medium stature forest and forest scrub islands. The
scrub cover type includes vegetation less than two me-
ters in height which may be either discontinuous or
clumped. Herbaceous cover types include grasslands,
herbs, and forbs, divisible into short grass or tall grass.

Although Mueller-Dombois' vegetation map does
not cover the total area of the park which we sur-
veyed, it covers sufficient area to be representative and
to characterize the habitat. The sheets include some
54,429 hectares. The Ara zone, including the river sys-
tems and their tributaries, comprises 17,894 hectares;
the West Sanctuary (villu zone B) 13,005 hectares;
and the villu zone A 23,532 hectares. Villu zone A
has 96 percent of its area in the forest cover type clas-

sification, only .3 percent in scrub cover, 3.1 percent
in herbaceous cover, and .6 percent includes open
water. Villu zone B, lying in the main in the West
Sanctuary includes 89 percent forest cover type, .7
percent scrub cover type, and approximately 10 per-
cent herbaceous cover type, with only .2 percent open
water. The Ara zone is 87 percent forested, 9 percent
scrub cover, and 3 percent herbaceous cover. Most of
the scrub and herbaceous cover types lie in areas of
former cultivation or in the flood channel areas pe-
riodically scoured when the Moderagam Aru or Kala
Oya overflow their banks (Figures 3, 4, and 5).

Although the three major physiognomic categories
are useful, it should not be concluded that less than
10 percent of the park supports grasses and forbs.
The latter plant forms persist in open forest and open
scrub. When one calculates the areas of the park which
exhibit discontinuous forest or scrub cover, then 27

FIGURE 4.—Typical short grass and forb carpet surrounding a villu in Wilpattu. The isolated
trees are Palu (Manilkara hexandra). Low stature forest with emergent trees can be seen in the
background. Such a grazing area can be heavily utilized during the drought.
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FIGURE 5.—Flood channel area near the Moderagam Aru. Such an area may be flooded during
the autumnal rains at irregular intervals. Scrub and scattered herbaceous undergrowth charac-
terize the high ground.

percent of the park supports adequate grasses and
forbs for sustained ungulate grazing and only 73 per-
cent of the park is characterized by dense scrub or
forest with a minimum of herbaceous undergrowth.

A species list for the dominant plants within each
of the physiognomic vegetational classes is included in
Appendix B. According to the Holistic analyses done
by Koelmeyer (1959), the period of maximum fruiting
for the low altitude dry zone forests lies between May
and August. January to May are poor fruiting months
which follow on the autumnal rains; however, at this

time flowering is maximal and may provide a food
resource for arboreal species. Of course, some tree spe-
cies may fruit almost throughout the year; a notable
example being Vitex pinnata which will fruit in Jan-
uary, February, and March, as well as in August
through December. Dominant fruit plants that pro-
vide a feeding substrate for terrestrial forms at the time
of fruit fall include Chloroxylon swietenia, Schleichera
oleosa, Manilkara hexandra, Vitex pinnata, and Dry-
petes sepiaria.



The Mammalian Fauna

The terrestrial mammalian fauna of Ceylon consists
of 109 forms (including subspecies). These 109 forms
are distributed in the seven major vegetational zones
of Ceylon as defined by Gaussen, et al. (1964). Gaus-
sen's zone A or the lowland dry zone does not exhibit
the same level of faunal diversity as that displayed by
zone D-l or the lowland wet zone. Exclusive of the
Chiroptera, thirty-two forms are found in the lowland
dry zone compared with forty-eight forms for the low-
land wet zone. If the Chiroptera are included, there
are forty-five recorded forms on the lowland dry zone
and seventy for the lowland wet zone. Faunal diversity
is also low in the highland wet zone where some
twenty-four mammalian forms are recorded exclusive
of the Chiroptera and only thirty if the Chiroptera
are included.

The mammalian faunal diversity parallels the floral
diversity and both are highest in the lowland wet zone;
but diversity is inversely related to the numerical den-
sity of any one species. Diversity of the Chiroptera and
nonvolent forms when considered separately show the
same trends. When individual Orders are considered,
the following trends are noted. The Insectivora are re-
duced in diversity to almost virtual absence in drought
areas such as the lowland dry zone. The Chiroptera
are least favored at high elevations but seasonal aridity
has little overall effect except to induce seasonal move-
ment patterns in the bats which utilize the lowland dry
zone. The present Artiodactylan diversity is maximum
in the more open vegetation zones of the lowland dry
areas. Trends in carnivore diversity parallel those of
the Artiodactyla. Rodent diversity is favored in the
highland wet zone and they make their maximum
contribution to faunal diversity there. For other com-
ments, see Eisenberg and McKay 1970.

Table 1 provides a species list of the mammalian
fauna noted for Wilpattu National Park. Since collect-
ing was not carried out on any large scale within the
park, the species of bats and rodents are imperfectly
known for that area, although collection in adjacent
areas would indicate that at least a dozen or so species
are present in the park itself but not recorded during
our reconnaissance (Eisenberg and McKay 1970).

In general, the alluvial forest habitat with its asso-
ciated dry washes carrying scrub and herbaceous cover
are favorable to most of the dominant species within
the park. The forest itself can be utilized by the ele-
plants and to some extent by sambar (Cervus unicolor),
but the forested habitat over great tracts of Wilpattu
Park is certainly not favorable to high numerical den-
sity of any one species. Rather the forest margins grad-
ing into scrub and open grassland in the West Sanctu-
ary and in the areas bordering the villus and drainage
systems within the center of the park are most favor-
able to faunal diversity and intensive ecological den-
sities. Further discussion of these problems will be
taken up in the section titled "Numerical Abundance
and Biomass," pages 101-103.

THE ELEPHANT (Elephas maximus)

Description and Aging Criteria

The Asiatic elephant, Elephas maximus, is the largest
terrestrial mammal in Asia. The Ceylon subspecies is
the forma typica, E. maximus maximus L. (for a
discussion of synonomy see Deraniyagala 1955). Adult
weights range from 3,950 to approximately 4,000 kilo-
grams and the average height of cows is approximately
2.0 to 2.46 meters. The height of adult bulls ranges
between 2.46 to 3.00 meters (Kurt and Nettasinghe
1968). Height increments as a function of age have
been treated in the literature by a variety of authors,
including Hundley (1934), Rzasnicky (1939), and
summarized in Frade (1955). Recently Reuther
(1969) has summarized the early growth increments
for captive elephants and has suggested that aging cri-
teria for many published accounts could well be in
error. Table 2 summarizes our field criteria for average
growth increments based in part on the data from the
literature cited previously and the data from Kurt and
Nettasinghe (1968).

CRITERIA FOR AGE CLASSES

The animals are approximately 90 to 95 centimeters
in height at birth and increase their height to approxi-
mately 130 centimeters by two years of age. At three

10



N U M B E R 1 0 1 11

TABLE 1.—Mammalian fauna of Wilpattu*

Species Comments

CHIROPTERA

Pteropus giganteus Seasonally abundant

Loris tardigradus
Presbytis entellus
Presbytis senex
Macaca sinica

PHOL1DOTA

Manis crassicaudata

Not abundant
Abundant in vicinity of permanent water
Moderately abundant in riverine habitat
Moderately abundant in riverine habitat

Rare

Funambulus palmarum
Ratufa macroura
Hystrix indica
Tatera indica
Rattus rattus
Golunda ellioti

LAOOMORPHA

Lepus nigricollis

CARNIVORA

Canis aureus
Melursus ursinus
Viverricula indica
Paradoxurus hermaphroditus
Paradoxurus zeylonensis
Herpestes edwardsii
Herpestes fuscus
Herpestes smithii
Felis rubiginosa
Felis chaus
Panther a pardus

PROBOSCIDEA

Elephas maximus

ARTIODACTYLA

Sus scrofa
Tragulus meminna
Muntiacus muntjac
Axis axis
Cervus unicolor
Bubalus bubalis

Abundant in vicinity of permanent water
Abundant in vicinity of permanent water
Thinly distributed
Extremely abundant
Abundant in tall forest
In eastern portion of park especially near cultivation

Moderately abundant in scrub and grassland

Thinly distributed
Thinly distributed
Locally abundant near permanent water
Locally abundant near permanent water
Near permanent water; rare
Thinly distributed
Locally abundant in northwest
Abundant
Rare
Rare
The dominant carnivore in the park; estimate less than 20 resident animals

Estimated 75 to 80 resident animals

Locally abundant
Thinly distributed
Locally abundant
Extremely abundant
Moderate distribution
Moderate distribution

* Species seen or collected. Many species of Rodentia or Chiroptera are undoubtedly present but intensive collecting was
not carried out in the park. For comments on distribution and nomenclature, see Eisenberg and McKay, 1970.
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TABLE 2.—Field age criteria for Elephas maximus

Adult Subadult Juvenile Calf

HALE

Height
(shoulder)

Track
(circumference)

FEMALE

Height
(shoulder)

Track
(circumference)

9+yrs

>2.1 m

> 119 cm

7+yrs

>1.83 m

>91 cm

40 mos-9 yrs

>1.5 m<2.1 m

>76 cm<119 cm

40 mos-7 yrs

>1.5 m<1.8 m

>76 cm<91 cm

14-40 mos <14 mos

>1.2 m<1.5 m .91 m<1.2 m

>61 cm<76 cm >45 cm<61 cm

14-40 mos < 14 mos

> 1.2 m< 1.5 m .91m<1.2m

>61 cm<76 cm >45 cm<61 cm

years of age, the animal may be from 150 to 160 centi-
meters at the shoulder; at four years of age, most males
are between 175 to 190 centimeters at the shoulder. At
six years of age, shoulder height may vary between 180
and 200 centimeters; hence, the growth rate is much
more rapid than had been previously supposed.

We consider males to be in the subadult category
from approximately four to nine years. They are ca-
pable of reproduction from six to seven years on but,
from the age of approximately eighteen to twenty-four
years, they show an increased spurt of growth in shoul-
der height and begin to consistently show the phenom-
enon of musth, which first manifests itself at fourteen
to fifteen years. This is a transition phase to full adult-
hood in a sociological sense which extends from ap-
proximately fifteen to twenty years of age. We refer to
adulthood in terms of sociological age because, al-
though males can reproduce at an earlier age, within
a normal herd structure males under eighteen years
of age are probably prevented from mating due to
their lower dominance position with respect to older
cows, as well as being dominated by the fully adult
males living in the population. With the preceding
discussion in mind, we wish to point out that in cen-
susing we considered males greater than 2.1 meters at
the shoulder as "adults"; thus we do not separate
males older than nine years into sociologically func-
tional categories.

Females may under the best nutritional conditions
come into their first estrus as early as seven years of
age (Evans 1910, Seth-Smith 1932). This is in reas-

onable agreement with age at onset of first reproduc-
tion cited by Buss and Smith (1966) for the African
genus, Loxodonta. Since the gestation is twenty-two
months, the age at first parturition for many cows will
be approximately nine years. Much variation exists in
the literature concerning the age at first estrus in cows
and this has been summarized by Dittrich (1967) and
reviewed by Kurt (1971).

With these criteria in mind, we established a field
age criteria for Elephas maximus and employed it in
our censusing. Since we included both track data and
actually observed data in our tabulations, we include
our track criteria as well. According to Kurt and Net-
tasinghe (1968), a reasonably close relationship exists
between the circumference of the track and shoulder
height. Table 2 includes the field age criteria for
Elephas maximus as employed throughout this study.

CRITERIA FOR DISTINGUISHING THE SEXES

After some experience with adult elephants, it is not
too difficult to distinguish the sex of the animal even
without seeing the external genitalia. The male in gen-
eral has a broader face and a more bulging nasal
bump. Less than 10 percent of the males on Ceylon
bear tusks, so the possession of tusks is not an adequate
criterion. The male frequently releases his penis from
the sheath especially when moving into new areas or
crossing from one habitat type into another. The exact
significance of this will be speculated on in the section
on behavior. Suffice to say that absolute determination
of sex can generally be made when the full animal is
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in view and moving from, for example, the scrub into
the open. Without the protrusion of the penis, the sex
of the animal can still be determined since the position
of the penis in the male can be noted even when re-
tracted into the body as a distinct bulge from the
sheath opening to the anus. Sex determination in ani-
mals younger than five years is difficult but not impos-
sible by employing the same genital criteria as for
adults. The only problem is that the frequency of penis
protrusion in the younger animals, as well as its visi-
bility, is somewhat reduced.
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FIGURE 6.—Frequency of sightings for elephant groupings of
various sizes. Over 90 percent of all solitary sightings were
of adult males. The usual grouping of four or five is a subunit
of a larger herd consisting of some eleven to seventeen
individuals.

Social Groupings

Some 233 sightings and track determinations were
made of elephants in the twelve-month survey at Wil-
pattu; seventy of these records were of solitary indi-
viduals. Almost invariably the solitary individuals are
subadult or adult males. The remaining sightings were
for the most part groups of females with their young
or partially grown young. The most frequent grouping
was four individuals recorded thirty-six times. Nota-
tions of three and five individuals were recorded
twenty-four and twenty-six times, respectively (Fig-
ure 6) .

In general one can say that the adult males are semi-
solitary, utilizing a given home range for prolonged
periods of time. Shifts in home range utilization by
males generally accompany shifts in the availability
of water and are determined by the length and severity
of the drought period. Figure 7 illustrates the positions
of solitary males in the park with home ranges for
individuals which were known.

Females and young, including males up to the
age of approximately eight to ten years, comprise the
majority of the social groupings exceeding two in num-
ber. One herd which we consistently observed in this
area included eight adult females, three subadults, four
juveniles, and two calves. Frequently this herd was
split into two subgroups consisting respectively of four
adult females, two subadults, one juvenile, and one
calf; and four adult females, one subadult, two juve-
niles, and one calf. A second herd utilizing this same
area consisted of seven adult females, three subadults,
two juveniles, and one calf. Within this same study
area were four adult males and four subadult males;
thus giving a total population of thirty-eight animals,
three of which were calves less than one year old. It is
not uncommon for the individuals comprising a given
herd to split up in order to feed in groups of three
to five. In general the female with a small calf will
be accompanied by at least one other female; hence,
the groups of females having the smallest calf in it
will generally be the larger groups.

Subadult animals are prone to be more individual-
istic, to wander in pairs or, in the case of young males,
in a solitary fashion. The total herd will assemble in
order to drink or graze at choice sites, coming together
in the early part of the evening and perhaps remaining
together for several hours before once again dividing
into subgroups. The maximum extended herd size
counted in Wilpattu Park consisted of seventeen ani-
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FIGURE 7.—Locations where adult male elephants were sighted throughout the annual cycle.
Black dots=individual males; shading = home ranges for three known males; dashed lines=
movements for known males during dry seasons; solid lines indicate movements during the rains.
Dotted lines=movements of males whose ranges were imperfectly known. Except for the excur-
sions, the ranges of adult males remained remarkably constant for the better part of the year.
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FIOURE 8.—Distribution of cow herd activity in Wilpattu Park during the rainy season. Heaviness
of shading indicates relative intensity of habitat utilization; lines and arrows indicate movements
of individual herds at the onset of rains. The solid black lines indicate the movement cycle of the
"villu herd" (see Figure 9) during a two-month period (November-December 1968).
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FIGURE 9.—Distribution, intensity of activity, and movement patterns of cow herds during the
drought season. Compare with Figure 8. Movements at the onset of the drought to areas of per-
manent water are indicated and the ranges of three separate cow herds are delineated with
dashed and dotted lines for the duration of the June-August drought. In general the cow herds
maintained a separate habitat utilization pattern in contrast to the more extensive range overlap
illustrated in Figure 8 during the rainy season. Question mark designates total extent of range
undetermined.
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mals; however, at least four adult and two subadult
males were associated off and on with this herd, thus
raising the total count for the extended "villu herd" to
twenty-three animals. Other large groupings composed
of the smaller subunits included sizes of eleven animals
nine times and one sighting each for herds of twelve,
thirteen, fourteen, fifteen, and seventeen. The latter
series really represents sightings of the same maximum
group of seventeen broken into various fractions with
the absence of from two to five animals. In March of
1970 two herds (the west herd and the villu herd) as-
sembled jointly at Mail Villu, but such an aggregation
of over thirty animals is only temporary.

Essentially the most permanent social grouping ap-
pears to be related to cows and their offspring. This
social structure is virtually identical to the herds de-
scribed for the African elephant by Laws and Parker
(1968).

Distribution in the Park

Figures 8 and 9 indicate the distribution of elephants
within the park for the two rainy periods and the dry
season. As can be seen, as the drought proceeds, the
animals aggregate either in the center of the park in-
cluding the freshwater villus or near the banks of the
two permanent rivers, i.e., the Moderagam Aru and
Kala Oya. There is a pronounced shift at the onset of
rains to feeding activity in the West Sanctuary. This
includes movements of herds from the Kala Oya as
well as movements from herds that have been utilizing
the central villus to the West Sanctuary. The bulls
move widely at the onset of rains, dispersing from
areas of concentration, and returning to more stable
home ranges (Figure 7).

Movements within the park may be considered from
two standpoints. The extent of movement is dependent
on the available forage and the location and size of the
water hole. When small water holes are visited with
very little grassland in the near surroundings, the herd
may spend only one evening, or at the most two, mov-
ing on to a neighboring water hole at a distance of
approximately 4.8 kilometers. Thus, there is a shifting
or rotation from one small water hole to the next. This
is a characteristic movement pattern during the
drought period; however, at the onset of rains, when
the vast expanses of low lying areas are inundated in
the West Sanctuary and grass growth is encouraged,
herds may remain in the vicinity of these water holes
for a week at a time before shifting. Nevertheless, the

pattern is for utilization at one locus and re-utilization
at a new locus after a period of several days. The dura-
tion of the stay at any one given water hole is deter-
mined in part by availability of water, grasses, and the
amount of disturbance to the elephants.

Seasonal movements in die western part of Wil-
pattu involve major shifts in the intensity of utilization
from the villu area to the large temporary villus which
support a luxuriant grass growth during October
through January. Figure 10 illustrates the frequency
of movement across the Mannar Road during the shift
from the drought period to the rainy season and back
during the short drought from January through
March. As can be seen there is a pronounced seasonal
shift in frequency of movement by individual elephants
across the Mannar Road.
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FIGURE 10.—Movement across the Manar Road for the
drought and rainy seasons. At the onset of the rains, move-
ment to the west increases; movement to the east, or villu
area, increases at the onset of the drought, through both
periods of rainfall and drought in the annual cycle of Wil-
pattu. Stretch of road surveyed was from Moderagam Aru to
Maduru Odai. Black areas in bar above graph indicate
periods of rainfall. Ordinate indicates number of animals
crossing for each fortnight.
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There are no long-range migrations on the part of
the park elephants, at least with respect to the cow
herds. The longest movement by any single bull re-
corded was slightly in excess of 24 kilometers. The
longest single linear movement by any cow herd was
slightly under 6 kilometers. Rather, with respect to the
cow herds, one can see from Figure 9 that there is a
constant shift in the intensity of habitat utilization and
even during the drought period the western feeding
areas are sometimes visited by the cow herds, but they
do not remain for long at one locus. The onset of rain
and sustained rain seems to synchronize the assembling
of the cow herds in the West Sanctuary area.

Habitat Utilization

The animals appear to drink at least once a day. Gen-
erally clear, nonsaline water is taken. Those villus that
exhibit a pronounced salinity, such as Kokarre Villu,
Luna Villu, Sinna Uppu, and Periya Uppu, do not
show evidence of being utilized by elephants for drink-
ing, although the animals may graze in the vicinity of
these villus. Drinking behavior during daylight hours
is generally brief. If the animals are quite calm, they
may engage in bathing but, if they are in any way
disturbed, the drinking will be furtive and swift. Sport-
ing in the water, spraying, and bathing generally take
place in the latter part of the evening or during the
hours of darkness. Example from field notes:

11 September 1968, 1810 hours. Three elephants emerged
on the west side of Kali Villu, two females and one juvenile.
After remaining in the fringing forest, they moved down to
drink at 1814; they drank for four minutes without interrup-
tion and then stood until 1825. The juvenile sprayed the
smaller of the two females. We departed before the elephants.

When river beds are dry, it is not uncommon for
the elephants to dig by kicking forward and backward
with their forefeet and subsequently removing sand
from the riverbed with their trunk thus creating a
small depression into which the groundwater will seep.
Example from field notes taken in Ruhunu Park:

The Menik Ganga is dry. We went into the river bed and
observed where an elephant had dug a hole and water had
seeped up. Later that same afternoon, we observed an ele-
phant come to the pool to drink [see Figure 11].

Feeding is typically carried out throughout the day
and night. Exact rhythm of feeding activity is treated
in analyses by McKay (1971) and Kurt (1971).

In utilizing trees as a food resource, the animals can

reach a height of approximately 3l/2 to 4 meters. The
animal will approach a tree, orientate toward a branch
overhead, and then extend his trunk to reach directly
overhead toward the branch. It can grasp the branch
tip and exert a twist and pull to snap merely the tip
of the branch off without breaking the whole branch.

The animal can snap the branch by exerting two
different stresses on it with its trunk. Curling its trunk
around the branch and pushing down with its trunk
tip the branch is braced against the rest of its trunk
which exerts an upward pressure. In this manner, the
elephant can effectively break off the terminal portion
of branches. Leaves may be stripped off the branches
themselves. Stripping involves holding the branch sta-
tionary with the foot while sliding the trunk and exert-
ing slight pressure along the length of the branch. The
leaves can be retained in the trunk and, by rolling the
trunk up and down, a small bolus can be formed. The
coiling and uncoiling movement results in pressing the
leaves into a ball, which is then inserted into the
mouth. Bark can be removed from branches by in-
serting the branch into the mouth and rolling it against
the molars. Larger branches may be broken off and
split into thinner lengths for mastication and then be
discarded. Splitting of larger branches is generally ac-
complished by employing the forefoot or, if the animal
has tushes or tusks, the branch may be brought into
close proximity with the tush or tusk tip. Utilizing the
trunk musculature and exerting pressure against the
tusk tip, splitting can be effected.

THE USE OF TALL GRASS VILLUS

Here follows a description of elephant use at Atha
Villu made on 21 December 1968:

Elephants have fed here about three days ago for an ex-
tended period of three to four days. There is an area of free
water where drinking takes place and there are at least three
different points on the tall grass villu that show where the ele-
phants have fed on three different occasions, probably on
successive nights. About 10 to 30 percent of the new grass is
cropped in the first of these areas. Wherever the elephants
have gone into the water, the villu grass is stomped down and
disturbed. I estimate one area of feeding is 48 hours old, one
36 hours old, and the other greater than 72 hours. There is
a calf track associated with the herd that is less than 15.3 cm
in diameter. Grazing activity is spotty and not necessarily
consistent. In the vicinity of this water hole there are several
trees with permanent leans from animals rubbing against
them, showing that these trees have been habitually used for
rubbing for many years. I note that some of the tall grass is
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torn up by the elephants and dropped, being not eaten. This
all appears to be of the same species. The Cymbopogon is
fed on heavily. There are at least two types of grasses, with
the Cymbopogon and the tall grass growing on higher ground.
Perhaps one-fifth of the prime grasses have been already fed
upon and suffered some physical damage from the elephants'
feet.

SHORT GRASS FEEDING

Where the herbaceous cover is extremely short, in-
cluding not only short grasses but also a variety of
forbs, the animals employ the forefeet to scrape or
scuff the grass from the substrate. Here follows a de-
scription of a cow herd made on 31 January 1969:

All animals feeding are scraping grass with the forefeet.
Clouds of dust are raised on the plains by the sustained effort
of several elephants. The grass scraping includes scuffing with

the forelegs. The motion is slightly idiosyncratic, that is, the
stroke may be forward and backward, or to one side. This
appears to vary from individual to individual. As grass is
scuffed up, the trunk is employed to gather it into a pile
which gradually increases in size in front of the animal. The
temporal patterning of this activity is (given 40 seconds total
time) : scuffing for approximately 10 seconds, gathering 3
seconds, scuffing 5 seconds, gathering 3 seconds, scuffing 15
seconds. The complex gathering movement includes not only
bringing the grass together into a pile but seizing it in the
trunk and then stroking it on the leg to remove the earth.
When the pile is of sufficient size, it is seized in the trunk and
rolled up and down the outer face of the leg. The earth is
thus thoroughly scraped before it is inserted in the mouth.
Only after this earth removal is the grass inserted into the
mouth. When adults feed in this fashion, they are spaced out
at anywhere from 9.1 to 91 meters. Young calves may take
food from an adult's pile but juveniles may be kicked if they
approach too near an older animal's food pile. [Figure 12.]
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FIGURE 11.—Hole dug in dry river bed by elephant seeking water.
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FIGURE 12.—Elephant scuffing short grass, creating bare areas of earth during the height of
the drought.

TRAIL UTILIZATION DURING A LONG MARCH

Here follows an account of an elephant herd's activi-
ties on a march from the night of 19 to 20 October
1968:

We noted where an elephant march had begun from Kali
Villu in the general direction of Mannar Road. After passing
down the road from Kali Villu for about 2 kilometers, we
noted that twelve elephants had crossed since 1700 hours
yesterday. We began back-tracking on the herd of twelve
toward Kali Villu. The following comments are noteworthy.
The dung passed by the animals on the march has already
been destroyed in part by the scarab beetles. The whole trail
length exceeded 4 kilometers; thirty-three dung piles had
been deposited during that time which would mean two defe-
cations per animal during the march. On the trail itself, after
35 meters, we came to a digging spot where the whole herd
had apparently gathered and engaged in dust-bathing before
proceeding to cross the Mannar Road itself. The total num-

ber of branches broken along the trail included eight. The
number of scuffiings with feeding areas included only one.
One rubbing tree showed recent use and only one sandy spot
showed recent use. The group had moved in a direct fashion
with adults leading and subadults following. There was very
little indication of feeding other than noted above. The ani-
mals stopped to defecate and mill about three times on the
trail, always at forks in the trail.

Returning to the Mannar Road junction, we then pro-
ceeded to follow the elephants toward their ultimate destina-
tion which was Periya Naga Villu. The total length of this
portion of the trail was slightly in excess of 1.6 kilometers.
There was one trampled spot where perhaps the calf had
rested while the herd milled around. Immediately adjacent
to the open area of grass surrounding Periya Naga Villu,
three rubbing trees had been used during the march and
there was hardly any evidence of feeding. The elephant trail
itself may be only 41 to 46 centimeters wide in spots. They
step one foot in the other track so that a 61 centimeter wide
area of bare earth is the only indication of the trail; but the
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trees are set back far enough so that the animals can slide
through easily, although the hanging creepers give an impres-
sion that the trail is almost impenetrable.

T R E E - P U S H I N G BEHAVIOR

Trees may be pushed down or broken off at the base
by employing the forehead, shoulder, or one forefoot
and the trunk, depending on the diameter of the tree
itself. Tree breaking was noticeable during the height
of the drought and may be related to obtaining access
to branches which for the young juveniles are out of
reach. In addition to pushing over trees for obtaining
branches for feeding or to expose roots for chewing on,
the males engage in tree-pushing behavior that seems
to be unrelated to feeding at all. At Marai Villu we
had a tuskless male elephant visiting us on a regular

5 m.

FIGURE 13.—Trees pushed over by adult male in the vicinity
of Marai Villu (see text for discussion). Inset shows study
plot location at the edge of Mannar Road and outline of
Marai Villu.

basis. In October he pushed down a 7-meter tree about
92 meters south of Marai Villu on the Mannar Road.
Thereafter we kept a record of his tree-pushing be-
havior. On 13 February 1969, the sketch reproduced
in Figure 13 was made. This indicates that the male
tended to push trees down at interfaces between trees
and grassland or in what looks to be a new rest area
that he was creating immediately to the east of our
camp. This is indicative of route stereotypy since the
old male used the same path over and over again, and
furthermore he tended to show the same activities at
the same places.

In Figure 13, we have indicated a tree A that was
knocked over in October 1968; a tree B in November
1968; a tree next to tree A pushed over in November;
and another tree near tree A pushed over in January
1969. These trees are G and D, respectively. Tree E
was knocked over in December 1968 and tree F in
early January 1969. All of these trees were pushed over
by a single animal throughout the time period indi-
cated. Very little feeding was evident on these fallen
trees and the reason for this is not at all clear. We have
other cases of tree pushing where an animal had eaten
a piece of root and a second case where one branch
had been taken and fed upon. Most often this tree
pushing by males involves no feeding whatsoever.

DESCRIPTION OF RIVER-CROSSINGS

In an area extending 1.2 kilometers along the course
of the Moderagam Aru we found three elephant cross-
ings. Each crossing point is characterized by having a
low gentle bank. The terrain is fairly open with no
dense cover and the water is reasonably shallow. At
one crossing a low branch on a Kumbuk tree of ap-
proximately 1.8 meters above the ground showed two
tush gouges on the branch.

ELEPHANT SIGN IN THE HABITAT

Typical sign around a water hole is rather easy to note.
If the soil is sandy or moist clay, the tracks are evident;
the fecal piles are quite distinctive (Figure 14). Ele-
phant males possessing tushes or tusks will scarify the
bark of trees. These tush marks may range anywhere
from 20 to 30 centimeters apart. They are about 1.8 to
2.1 meters above the ground level depending upon the
height of the elephant. The animal bears its weight
against the tree and leaves two gouges and very often
sap runs out of the gashes (Figure 15).



22 SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

-
- v»

FIGURE 14.—Elephant track. The pile of feces in the track was deposited by a civet, Viverricula
indie a.

Branches that have been twisted off and partly de-
barked are characteristic of elephant feeding activity.
If they are not debarked, the branches are often de-
foliated. Mud is often rubbed on trees from the sides
of the animals or on fallen logs. The inference is that
the animals stand over and straddle the logs to rub
their bellies. Elephants will scarify the earth by kicking
it either to obtain dust for throwing on their backs, or
kicking it to loosen short grass during short-grass feed-
ing (see p. 19). Well-used rubbing trees may show
tush marks or gouges and rubbing spots on the bowl
and on the branches where they start to emerge from
the bowl of the tree. The highest point of rubbing spots
is usually from 1.8 to 2.3 meters above the ground .

Male elephants may be prone to mud-bathe even
during broad daylight. Generally, these mud holes
are shallow and small. They may be on the edge of a

larger body of water or may be located at some dis-
tance away (Figure 16).

CONCLUDING REMARKS ON HABITAT UTILIZATION

The elephant has the highest reach of any terrestrial
mammal in the Indian subcontinent. As a result, it can
utilize both forested and scrub land vegetation as well
as the grasses. A habitat survey in Wilpattu Park exe-
cuted in September revealed that areas of grassland,
mixed scrub and grass, and even dense scrub were
heavily used by elephants for foraging. No sample plot
showed the absence of elephant feeding; however, the
forest plots showed the least intense feeding by ele-
phant herds. This would indicate two features: First,
that the elephant is able to utilize a wide variety of
habitats within the park but, on the other hand, the
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FIGURE 15.—Tush marks on tree trunk at approximately 2.3 meters above the ground.

feeding of cow herds and bulls is favored in the mixed
scrub grassland areas when these vegetation forms are
compared with the forest (Figure 70).

Summary of Elephant Behavior Patterns

ACTIVITY

The elephants in Wilpattu are quite secretive and shy,
coming out in the open to graze or bathe in the after-
noon or at night. A great deal of long range movement
is also carried out nocturnally. Feeding is intermittent
throughout the 24-hour period; in excess of sixteen
hours are spent in feeding activities. Branch feeding
or feeding on apical tips of shrubs is generally carried
out during the daylight hours when the animal can be
partially concealed. Tall grass feeding, as well as short
grass scuffing, is almost invariably carried out in the

early evening or through the dark hours. Drinking is
typically an activity of the early evening and just be-
fore daybreak; however, during the drought season, it
is not uncommon even for cow herds to venture into
the open at noon for water.

PATTERNS OF SOCIAL INTERACTION

Communication or the transfer of information from
one elephant to another is generally accomplished
utilizing all the major sensory modalities. The sounds
produced by elephants are employed in a variety of
contexts and are rough indicators of the elephant's
mood and intent. A long drawn-out, undulating roar
is produced for distance communication between two
elephants or among individuals of two separate herds.
This apparently can serve to bring animals into the
same location and perhaps can also serve to maintain
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FIOURE 16.—Male elephant lying in small mud hole at mid-day.

spacing when two herds are very close to one another
and are not attempting to unite. Calves produce a
roaring bawl when separated from their mothers which
apparently serves a similar function in maintaining
vocal contact and promoting an encounter for reunit-
ing two separated individuals. When frightened, ele-
phant calves will squeal, and the adults when fright-
ened will generally trumpet shrilly and sharply. An
aggressively motivated animal will give a low trumpet
blast that is quite different in tonal qualities from a
frightened one.

Tactile communication is employed when two indi-
viduals come together. Females generally touch males
in the vicinity of the temporal gland, with both sexes
touching in the vicinity of the genitalia. Touching in
the vicinity of the mouth or mutual mouth touching is
a frequent greeting ceremony.

The role of olfaction during tactile communication

is only partly understood. Certainly piles of feces, as
well as urine spots, are frequently sniffed and, during
mutual contact at genital orifices or the mouth, olfac-
tory signals may play a role in information exchange.

Visual communication appears to be involved to a
limited extent. Dominant animals stand quite tall with
the head up; subordinates typically turn away and
lower the head. [A more detailed analysis of elephant
communication is included in the publication by Eisen-
berg, McKay, and Jainudeen 1971.]

BEHAVIOR DURING AGONISTIC ENCOUNTERS

When an elephant is aroused by an alien stimulus, such
as the odor of man, it may exhibit a variety of ambiva-
lent behaviors, which include standing and orientating
toward the danger source, trumpeting, flapping of ears,
or touching its own temporal gland, especially if it is
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a male. Redirected activity, such as directing aggres-
sion toward the environment by tearing off a branch
and perhaps throwing it into the air is shown in
thwarting contexts. Similarly displacement behavior,
such as scuffing sand with its feet, picking sand up in
its trunk and throwing it on its back may be demon-
strated by ambivalent individuals. Such ambivalent
behaviors can alternate with alert or attentive behavior
toward the source of irritation. This involves spreading
the ears while extending the trunk and scenting in the
direction of the danger source. Depending on the
strength and quality of the alien stimulus, the elephant
can show flight behavior. Typically during flight, the
elephant will turn and while trumpeting shrilly, begin
to walk rapidly away with the tail up and the trunk
partially coiled. Aggressive behavior is often accom-
panied by a low trumpet blast while rushing toward

the offending object. The trunk may be partially curled
as it approaches and just preceding contact with the
offending object the trunk is frequently curled tightly
out of danger. The attacked object will generally be
kicked with the forefoot. We have observed such be-
havior with respect to jackals and pigs.

ANTIPREDATOR BEHAVIOR

Naturally the flight behavior or attack behavior may
be shown toward potential predators or unknown stim-
uli in the environment; however, a herd can take uni-
fied action by forming a "cluster." In the formation of
a cluster, the adults will turn toward the source of
danger either scenting or threatening while the younger
animals align themselves either between two adults or
behind the adults. If the source of disturbance can-

riouRE l/.—v^iusicr or siar paucrn assumcu uj win g
by an alien stimulus. The older female is preparing to advance.
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not be localized, the adults may even form a star pat-
tern with the youngsters in between them or in the
center (Figure 17). Young animals attempting to pass
an adult will be restrained by the trunk. Two examples
are quoted:

Seventeen elephants are being observed on 11 March
1969 at Mana Villu. At 1800 hours only 14 animals were
in sight. A low rumble preparatory to moving into the
forest was emitted by an adult female. At 1815, two adult
females, two subadults, and three juveniles were still feeding
in the water. At 1820, a jeep came by on the nearby trail
causing all the animals to wheel and withdraw from the
water. Some of the cows emitted a low growl. They immedi-
ately turned toward the oncoming jeep and formed into a
cluster with the adults facing outward and the small juven-
iles behind them or between them. As the jeep passed, they
then turned in a synchronous movement and moved away
with the juveniles still between the adults. They entered the
edge of the forest, paused, turned to the jeep again, picked
up sand and tossed it on their backs; then after a few minutes
continued to move into the brush. A low growl was uttered
again.

On 1 February 1969 the following notes were made:

About 183 meters away from the main herd, a small
subgroup of elephants was gathered near a water hole. The
oldest cow was up wind. Behind her is a class 62 male, then
a male approximately 1.2 meters high, then a very small calf
approximately .92 meters high; 27.4 meters away are three
adult females, one with a calf and a satellite subadult;
two more animals are in the brush nearby less than 13.7
meters away and are only partially visible. A crocodile rest-
ing near the water hole suddenly moves causing the younger
animals to become frightened. They immediately turned
toward and moved rapidly in the direction of the class 6
male. The male himself started to turn away; however, there
were no large elephants in the immediate vicinity, so he
wheeled and oriented toward the crocodile while the young-
sters aggregated around him.

As a generalization, animals from 1.5 meters at the
shoulder on down tend to move near the largest ele-
phant in the immediate vicinity. In the previous case
the 1.8-meter male turned but, upon seeing he was
alone, he then faced the source of potential danger
and stood. Thus, he served as the nucleus for a cluster
or star formation. There is a moment of turning and
milling before the pattern is set. The large male also
reached out with his trunk and held back a younger
animal from straying forward. This restraining move-
ment may spring from the tendency to react negatively

2 Class 6 refers to estimated height (in feet) at shoulder
and the term "class" is occasionally employed in this sense
throughout the text.

to any disturbing stimulus or slight stimulus contrast
to either side of the body when the attention is directed
forward.

FEMALE-YOUNG RELATIONSHIPS

The mother of a calf and, indeed, all adult females
appear to be rather solicitous of the young animal. Fe-
males will guide the movements of their calves by urg-
ing them to move ahead of them with the trunk; they
will restrain the movements of a calf when the female
is attentive to potential danger by holding the calf
back or pushing the calf to one side with the trunk.
Adults will interpose their body between the youngster
and a source of potential danger. Often when a road
is to be crossed, an adult female will lead, the calves
will follow in the middle, and another adult female
or male will bring up the rear (Figure 18).

"Nursery behavior" is quite common in the ele-
phant. It would appear that when a calf gets beyond
six months of age it is prone to stray from its mother's
side and to be especially attracted to other calves of
approximately the same age class or slightly older;
thus, play groups will form. In general a female who
loses her calf when it strays to a play group will take
little note of this and move on feeding independently.
On the other hand, a female will not desert calves
deliberately and any adult or adults that happen to be
in the vicinity of the nursery group will remain with
it until an opportunity is provided for feeding on their
own. As a "nursery" female feeds and, as she tends
to move away from the nursery group, some of the
younger animals will attempt to keep up with her
thus maintaining the integrity of the "nursery." There
appears to be a reciprocity in the formation of the
nursery unit in part resulting from the attractiveness
of young animals to each other and an attractiveness
for a large adult. At the same time, there is some re-
luctance on the part of the adult to stray from the
vicinity of the play group. Voluntary joining on the
part of a youngster, however, does not necessarily in-
volve a movement of the mother to the play group.
Any adult female will respond to the distress cry of a
calf by approaching rapidly and in a threatening man-
ner toward the source of danger.

SEXUAL BEHAVIOR

The sexual behavior patterns of the elephant have
been outlined in detail in another publication (Eisen-
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FIGURE 18.—Elephant group crossing the Kala Oya. The male with tusks brought up the rear.
Crossing in and out of the park on the north and south bounding rivers is extremely common.

berg, McKay, and Jainudeen 1971). The stable unit
of social organization within an elephant population
appears to be a group of related females and their
progeny. The leadership role of such a herd belongs to
an old cow. From time to time cow herds come to-
gether in traditionally preferred feeding grounds to
form larger aggregates of 70 to 100 animals. This in-
terpretation of social organization is compatible with
the extensive data for the African elephant (Loxo-
donta africana) presented by Laws and Parker
(1968.)

Young males remain with the cow herd until the
onset of puberty when they begin to contest for dom-
inance status with the older cows in the herd. At this
time the young males are generally prone to wander,
remaining in the periphery of the cow herd or attach-

ing themselves temporarily to solitary, older males.
Eventually the maturing male establishes a home range
which he uses in conjunction with other males, but
they may regulate their behavior so that definite pref-
erences for specific male companions are favored. A
mature male passes through a period of increased
aggressiveness about once or twice a year. This con-
dition termed "musth" is characterized by an in-
creased secretory activity by the temporal glands and
at this time they are impelled to join and remain with
the cow herds. In the domestic elephant population,
musth frequency shows two peaks both coinciding with
the lowland wet zone monsoon peaks to which the
domestic population is subjected (Eisenberg, McKay,
and Jainudeen 1971, Jayasinghe and Jainudeen 1970).

The period of musth appears to aid the male in
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overcoming the aggressiveness of the older herd cows
while at the same time the musth bull can generally
dominate other non-musth bulls in the same area. Al-
though a bull can breed whether in musth or out of
musth the condition of musth is clearly related to the
male's ability to achieve a high dominance status on
an annual basis. Gradually through the years a given
bull may establish a relationship of familiarity with
specific cow herds and a definite position of dominance
within the population of males. The periodicity of
musth as it occurs in the domestic population tends to
lead us to believe that the same increased frequency
of musth may be shown in the wild population; how-
ever, our data are too sparse to permit this generaliza-
tion. If, however, wild males tended to come into
musth during the rainy reason, we would anticipate
that a birth peak would be shown on the average a
month or so before the onset of the rains.

Cows come into estrus once every twenty-tour to
twenty-eight days. The period of attractiveness to the
male lasts some four to five days. Peak receptivity on
the part of the female and presumptive ovulation oc-
cur during the last two days of estrus. Details on the
estrous cycle and determination of estrus in domestic
elephants is included in the publication by Eisenberg,
McKay, and Jainudeen (1971).

Mating behavior involves the establishment of a
contact relationship between a cow and a bull. Con-
tinuous courting by the bull persists until the peak of
receptivity on the part of the female when she will
tolerate being mounted. Thus, several bulls may be in
attendance on a cow herd at the time that a given
female or females are coming into heat. A male may
mount a female several times within the course of two
or three hours. Mount duration is less than half a
minute; intromission time is less than ten seconds.
Several males may make attempts to mate with the
same cow over a three- or four-day period; however,
during her period of maximal receptivity it may well
be that a dominant male in the vicinity has precedence
in mating with the female (Kurt 1971).

BEHAVIOR PATTERNS OF DIFFERENT AGE

AND SEX CLASSES

From birth until approximately four years of age, the
calf elephant shows very little role differentiation in its
behavior. At approximately four years of age, young
males can begin to manifest a more independent habit
of movement, showing less cohesion and attachment

to the cow herd itself. At the age of six to seven years,
the female elephant in areas of adequate nutrition may
experience her first estrus and, if she conceives during
this interval, she can have her calf as early as nine
years of age. Young males begin to show incipient sex-
ual behavior from the age of approximately three
years on, but mature patterns of sexual behavior do
not appear until approximately the seventh year.
Young males, however, have very little opportunity to
mate due to the appearance of older dominant males
at the time of estrus in the cows comprising their herd.
Young males frequently receive aggressive action from
older females when the male attempts to mount young
females in proestrus and when they redirect thwarted
sexual activities toward younger animals. As a conse-
quence, younger males begin to spend less and less
time with the cow herd and either form a subgroup on
the periphery or attach themselves as satellites to older
bulls.

Male associations are certainly not as cohesive as
those found within the cow herd itself. The role of
leadership for the cow herd generally falls to the oldest
cow. The role of the adult male seems to be transient;
he exerts some influence on the movements of cows
when he is with them and especially if he is in musth.
At other times of the year, however, the male moves
quite independently of the cow herds and is attracted
to them only if a female is in estrus.

INTERSPECIFIC SOCIAL RELATIONS

The elephant herds at Ruhunu are quite habituated to
the presence of human visitors in the park and show
a minimum amount of fear. Those segments of a cow
herd with very small calves frequently are more wary
and circumspect in their movements even in Ruhunu.
The elephants at Wilpattu, on the other hand, fre-
quently come into contact with village planting out-
side the park and are occasionally shot at. As a result
they are quite wary of man.

In interaction with other species of game in the
park, we have seen young male elephants chase buf-
falo, pig, and jackal. Only in one instance did we wit-
ness an encounter between a leopard and an elephant
herd.

12 March 1969, Kaya Motai, 1720 hours: Elephant herd
in the forest and at 1725 a very old female elephant greater
than thirty years of age proceeded out of the forest followed
by a class 3 animal, a class 4, a class 7, a class 5 with tushes,
and a class 5 cow. At 1726 they passed very close to where
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a leopard was lying at the edge of the forest. As the leading
female got to within approximately 6.1 meters of the leopard,
she tossed her trunk to one side in the direction of the leopard
and expelled air noisily and continued on her way. The
leopard stood and slowly walked into the forest.

Population Structure

The elephant population in Wilpattu Park is estimated
to be somewhere in the neighborhood of seventy resi-
dent animals. This includes residents only. In addition,
at least forty to fifty animals utilize the park on a part
time basis, foraging during other seasons of the year
either to the south or north of the two bounding river
systems. With such a small sample, it is impossible to
obtain accurate data on the age structure but suffice
to say that our total inventory would indicate that of
the population counted approximately 10 percent were
calves less than one year of age. This is in keeping
with the more extensive censuses performed by Net-
tasinghe on the Maheveli Ganga system, McKay in
Gal Oya and Lahugala, and Kurt in Ruhunu and
Lahugala. Furthermore, Kurt (1969) notes that, with
respect to sex classes, the male-female ratio is equal
until the adult class is reached whereupon there are
only 8 percent males compared to 31 percent females.

This ratio is not in agreement with the data sub-
mitted by us in Table 3; however, we have defined
our age classes more broadly (see page 11). Our adult
male category includes three of Kurt's more restricted
age classes. When allowance is made for our different
criteria, the data are still somewhat different, since
males exceeding twenty years of age in Wilpattu com-
prise some 13 percent of the population. This may
mean that older males in Wilpattu are less prone to
raid cultivated plots and thus are less subject to

wounding by cultivators. On the other hand, the dis-
crepancy may be an artifact resulting from our small
sample size.

It was impossible for us to detect any season of re-
production in the herds at Wilpattu. It would appear
that calves may be dropped during any quarter of the
year but a birth peak may be demonstrated with con-
tinued censusing operations. Referring again to Kurt's
paper (1969), it would appear that mortality is high
at the time of weaning or two years of age, and then
mortality increases in the male population as they pass
from juvenile status to subadults.

As indicated previously the bulls are typically soli-
tary, occupying individual home ranges that show
some overlap especially at water holes or rivers (Figure
7). The cow herd's home range is much more exten-
sive than a given bull's and may cut across the home
ranges of several bulls. Bulls may join the cow herds
when they are in the area at watering places, where-
upon some interaction may take place and it is at this
time that, if a cow is in estrus, courting and attempts
to mate may be noted (Eisenberg, McKay, and Jain-
udeen 1971).

We estimate the numerical density of the elephant
in Wilpattu Park to be approximately .12 animals per
square kilometer; however, the ecological density for
the elephant may be as high as 1.0 to 1.2 animals per
square kilometer in areas of optimal habitat or during
periods of concentration at the height of the drought.
Elephant biomass calculations at the crude density of
.12 per square kilometer works out to 217.2 kilograms
per square kilometer. At ecological density, the ele-
phant biomass may reach 1,800 to 1,955 kilograms per
square kilometer.

TABLE 3.—Population structure of Elephas maximus

Populations

Maradan-Maduwa
Tala-Nelun
Villu Herd
West Herd (Part)
Miscellaneous males

Total Number
Total Percentage

Grand Total Percentage .

Adult
$ 9

1
1
4

4

10
16

1
4
8
7

20
33

49

Subadult
$ 9

-

2
2

4
7

2
3
3
3

11
18

25

Juvenile
2

to
 t

o

2

6
10

Juvenile
1

2
2
2

6
10

27

Calves

1

2
1

4
7

-*
z

7
12
23
15
4

61
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THE WATER BUFFALO (Bubalus bubalis)

Description and Aging Criteria

The wild water buffalo is the largest member of the
Bovidae found in Ceylon. It is the second largest bo-
vine found in peninsular India being exceeded in size
only by the gaur (Bos gaurus), which has been extinct
on Ceylon since late Pleistocene times (Deraniyagala
1958). The bulls may be 1.53 meters at the shoulder
and 2.7 to 3 meters head and body length. The weight
of mature bulls can exceed 450 kilograms. The cows
are slightly smaller (Phillips 1935). The wild type ani-
mals show a distinctive color pattern. The bulls are
typically black with white on all four feet extending to
the wrist or hocks. The females tend to be slightly
lighter in color but the adult age class stands in marked
contrast to the juveniles which are a reddish brown
and to the calves which are a tan to reddish color.

For censusing work, we distinguished four classes of
animals based on age: adult, subadult, juvenile, and
calf. The calf may be easily distinguished by the ab-
sence of horns and its color pattern. Horn growth be-
gins at approximately six months of age when they
are still considered juveniles class 1. The coat is shed
from the long tan hair to the reddish color and they
may be considered juveniles on through approximately
fifteen months of age. It is possible to discriminate a
juvenile class 2 when the horns are conspicuous and
approximately 15 centimeters long; the color still being
a reddish brown. Molt to adult pelage involves passing
through a grayish black phase. This molt begins at
approximately eighteen to twenty months of age, and
defines the subadult class.

Females typically conceive anywhere from twenty to
twenty-four months of age and may then be consid-
ered adults. Males are considered subadult until the
horn growth begins to show a pronounced curvature
when they are arbitrarily designated as adults for the
purposes of censusing, although they still may not be
adult in terms of sociological status. Young bulls prob-
ably begin to breed at around four years of age and,
although they could breed at an earlier age, they are
prevented from doing so by the presence of more
mature adult males.

Social Groupings and Habitat Utilization

The frequency of group size showed several peaks
(Figure 19). Solitary individuals were sighted the most
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FIGURE 19.—Frequency diagram indicating grouping tenden-
cies for water buffalo. Most of the solitary sightings were of
adult males. Forest buffalo tend to be organized in groups of
six to nine. The villu buffalo occur in larger herds or sub-
groupings of sixteen to forty.

frequently and, in over 90 percent of the cases, these
were adult males. The next most frequent group size
was six individuals, followed by thirty individuals, fol-
lowed by nine individuals. Some explanation is neces-
sary at this point in order to interpret these data. The
size of the buffalo herd very much depends on the
habitat in which it is living. Furthermore, we have
found that there are two herd types characterized by
two subpopulations of buffalo in the park. The so-called
"forest buffalo" utilize the central villus or rivers in
the central and northeastern portion of the park. On
the other hand, we have the "villu buffalo" which
habitually use the large tall grass villus in the West
Sanctuary during the wet season and then migrate into
the permanent central villus during the dry season.
The villu buffalo are more diluted with domestic blood
and the more nearly wild-type buffalo are those in the
central and northern portions of the park. Herd size
in the forest buffalo ranges between six and nine in-
dividuals whereas herd size in the villu populations
runs consistently from thirty to fifty.

Distribution in the Park

As discussed in the introductory section, three ecosys-
tems can be discriminated within the park, the Ara
or river system, the villu system including permanent
central villus, and the western villu section including
the large grassland areas which are periodically inun-
dated during the monsoons. As indicated in the pre-



NUMBER 10 1 31

FIGURE 20.—Patterns of habitat utilization by forest buffalo and villu buffalo. Only six herds
are portrayed including their movements during the annual cycle. The movement patterns of the
large western villu herd (B) are similar to those displayed by the elephant cow herds, see
Figure 9. The herds of forest buffalo (A, C, and D) are more consistent in their habitat utiliza-
tion patterns and do not exhibit such long range movements. Forest herd A made one long range
excursion to Kali Villu in the 1968 drought (dashed line) but during the 1969 drought it
remained in Katakadal Kulam which had been repaired in 1968 and held water in 1969. The
Tala Villu herd (F) made an excursion to Pannikar Villu in the 1969 drought; and in the same
period herd B made an unprecedented trek to Manikepola Uttu and back. Buffalo were also
present on the Eerige Ella and Pan Ella systems (E) but their ranges were imperfectly known.
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vious section, two herding types may be found utilizing
the three systems. The larger herds seasonally utilize
the West Sanctuary villus and the central villus; the
small herd types and more true "wild type" utilize
the eastern river systems and the central villus. Hence,
discussion of movements of the buffalo naturally must
make a distinction between the two ecological types
which we have designated.

Movements

Forest herds remain resident in the vicinity of perma-
nent water for prolonged periods of time. This is es-
pecially true of the cow herds. During the rutting
season, the bulls, especially the younger bulls, may be
prone to wander over considerable distances; however,
the cow herds are remarkably stable in the forest pop-
ulations. As the villus begin to dry out and as the
available forage diminishes during the drought, there
may be some shifting on the part of the forest popula-
tions (Figure 20), but the return to the original home
range with the onset of the rains is the rule. The site
attachment shown by the forest buffalo is similar to
the observations made in Australia by Tulloch (1969).

On the other hand, the larger herds characteristic
of the western villu population rotate their pasture
areas over a considerable period of time. An inspection
of Figure 20 indicates one such herd which remained
resident alternating between three areas with resi-
dences ranging from a week to ten days at each of
three points. This pattern of cyclic movement is rem-
iniscent of elephant herds.

Seasonal movements as a function of the drought and
monsoon are not as pronounced as in the case of the
elephants. Indeed, the large western villu herds of buf-
falo will continue to show cyclic oscillation between
dried pasture and more favorable areas throughout the
drought period. In part this is due to the fact that the
buffalo apparently has a higher tolerance for drinking
saline water. Dependence on clear water appears to be
much less than is the case in elephants.

The buffalo does have a shade requirement and dur-
ing the height of the drought will spend much of its
time browsing in the forest. The buffalo will always
seek out some form of water for bathing and plas-
tering itself with mud. This undoubtedly is related to its
thermoregulation problem, as well as to protect it from
insect bites.

Habitat Utilization

As has been mentioned previously, the buffalo appears
to have a high tolerance for saline water and will drink
in areas where elephants will not. This is especially true
of Kokarre Villu where, as the drought season pro-
gresses, the salinity of the water becomes higher and
higher. Very few animals other than the buffalo appear
to have such a high tolerance for saline water. Even so,
the buffalo did not drink from Luna Villu which ap-
pears to be the most saline of all water sources in the
park.

In addition to water requirements for drinking, the
buffalo spend no inconsiderable amount of time lying
about in the water during the heat of the day. Where
extensive tracts of water are not available, the buf-
falo will make use of very small water holes or pot
holes as long as some water remains and the buffalo
can churn the substrate to a muddy consistency. As
such wallowing areas dry out during the drought, the
buffalo will then seek out new bathing spots.

The buffalo is typically a grazer but it makes con-
siderable use of browse during the drought season
spending much time in the forest browsing on small
trees and shrubs within reach of its tongue. A survey of
habitat utilization made in September indicates that
the buffalo is strongly associated with grass, grass scrub,
and discontinuous forest areas. Utilization of the forest
itself by buffalo is very low, lower than that shown by
the elephant and sambar (Figure 70). Nevertheless,
in forest tracts with associated dry washes near the
rivers, sparse populations of forest buffalo may be
found throughout the drought period (Figure 20).

Buffalo show a very extreme form of trail stereotypy
utilizing traditional routes over and over again even
when these routes cut across shallow water (Figure
21). Access to water along rivers together with trail
stereotypy results in the formation of rather deep cuts
in the banks of rivers where buffalo habitually trek
down to water.

Aside from trail formation, the buffalo make an im-
pact on the habitat in the formation of wallows. This
is especially true in the vicinity of smaller villus where,
as the water level falls, the buffalo in aggregating in
the vicinity of these villus will churn up die surrounding
terrain into a veritable quagmire. Buffalo are respon-
sible for fouling some of the water pools especially
when a small herd remains in residence through the
drought period. When the water has been used by buf-
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FIGURE 21.—Trail utilization by Periya Naga herd of buffalo in crossing Periya Villu. Note the
route stereotypy in that the same path tends to be used over and over again in crossing the villu.

falo for several weeks, it is generally unacceptable to
elephants for drinking (see also Kurt 1969).

Buffalo are prone to rub on trees in the vicinity of
water holes after mud bathing characteristically leav-
ing a strip of mud with some hair adhering to the
trunks of trees in the immediate vicinity of the wallow.

General Observations on Behavior

Buffalo feed and move during the early part of the
evening and the early morning hours. Grazing is also
heavy in the early morning and late afternoon. Typi-
cally at midday, the buffalo lie up in the water or in
mud wallows (see also Ullrich 1966).

The social groupings of buffalo are quite cohesive
and the most cohesive unit is the cow herd with calves
and juveniles. Subadult males and adult males typi-
cally are solitary or form into temporary all-male herds
which do not show nearly the same degree of cohesion

as is the case with cow herds. During the rut, the males
become exceedingly aggressive toward one another and
actively defend an area against intrusion by other adult
males. At the time of rut, when a cow herd passes into
the territory of a male, he will actively investigate the
cows and attempt to breed any that are in estrus.

In Wilpattu the density of buffalo is not nearly as
high as that found in Ruhunu Park. As a consequence,
the adult males tend to be spaced out and no formal
territorial phenomenon can be observed as is the case
where the males are concentrated in restricted areas
and in great numbers, which one finds in Ruhunu.
There the territories of individual males may be very
small and closely packed around available water with
definite boundary defense easily observed. In Wilpat-
tu such a manifestation of territoriality is not to be
seen because of the more dispersed condition of the
population. In Wilpattu, if a cow herd has a number
of estrous females in it, the male may move away from
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FIGURE 22.—Calf buffalo nursing. Note that the calf approaches the female from the rear
inserting his head between her hind legs.

his residential area and follow the cow herd. In addi-
tion, subadult males may attempt to join the cow herd
with adult males already in attendance. At this time
genuine fights can be observed. We offer the following
quotation from our field notes:

10 March 1969: The buffalo males are becoming more
and more aggressive the last few weeks and fighting behavior
is noticeable. Today at Kali Villu, two males were associated
with a cow herd and one male threatened and chased away
a smaller one. The threat involves approach with head up,
ears extended and nostrils flaring. A male may turn broad-
side to an opponent, then may turn to and approach with
head still up, only to lower the head and make a rush.
If the buffalo are going to fight, the opposing male will
lower his head and lead the rush with the horns clashing.
Otherwise, if he is very subordinate, he will turn and flee
immediately.

13 March 1969: Note a second sequence of male conflict
at Kali Villu. The sequence is as follows: Approach by the
dominant male with the head up and the lip curled almost

in a "low-stretch posture" as defined by Geist (1968b). The
subordinate will lift his head and toss but eventually flees.
Male aggressive behavior is so intense now at the buffalo
herd that a juvenile male has been chased from the herd and
has fled over 1.7 kilometers to Marai Villu where he is
grazing alone.

It would appear that the frontal approach to an-
other animal is almost an immediate threat; indeed, we
have observed when calves approach a female fron-
tally it induces the female to lower her head and then
gently prod with her horn thus turning the calf to one
side. Older calves typically do not approach the
mother from the front in order to nurse but approach
from the rear and nurse between her hind legs (see
Figure 22).

The female buffalo will generally retire away from
the herd at the time of parturition. In the western vil-
lu herd, females at the onset of parturition would re-
main in the vicinity of Periya Naga Villu for at least
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FIGURE 23.—Cow herd of buffalo orientated toward an enemy. Note that the calves and juveniles
are either between the cows or to the rear. Such a cow herd, when advancing toward a potential
predator, such as a man on foot, can cause flight behavior on the part of the predator (see text,
page 36).

two weeks while the calving took place. The females at
this time were extremely wary. Even though the calf
can accompany its mother within 24 hours after birth,
the newborn calves are generally given every opportu-
nity to rest in a secluded spot. Within two weeks or
so, the females with new calves will form again into a
regular herd.

As the calves become more mature, there is a ten-
dency to form nursery units. Mothers may graze more
individualistically while the calves are congregated to-
gether in a group generally with one or two females
and juveniles in attendance. Example from field notes:

13 February 1969, 1123 hours, Kali Villu: There is a
herd of buffalo including sixteen females, three juveniles,
and one subadult male in one subgroup and another sub-
group consisting of six calves, one juvenile, and one adult
female. The subadult male is actively courting one of the

cows and attempts to mount her. The herd was doing some
grazing but most were lying in the water. In response to our
approach the females became restless and a low grunt by
the females plus jostling by the juveniles or calves with the
nose or horns induces movement on the part of the young
in a direction away from our approach.

There is a marked tendency to form subgroups. One
should note that within a herd the most cohesive unit
is a female and her calf; nevertheless, not withstand-
ing the fact that nursery groups are formed, it would
appear that mothers recognize the call of their calf
individually and perhaps the calves learn to recognize
the voice of their mothers. It is easy upon inducing a
disturbance to see the nursery group begin to break up
at the approach of the mothers and a definite segre-
gation into mother-calf units resulting.

When moderately threatened the cow group will
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form a defensive front to an enemy, with the calves be-
tween and slightly behind the mothers and the mothers
facing out toward the threat of danger (see also Ullrich
1966). Females are prone to charge offending objects
that come too close; this includes jackals and leopards
(Figure 23). The following example is from field notes
taken by G. McKay:

12 June 1968, Gal Oya National Park, Hatpata Bay
(2«/2 miles south of Inginiyagala), 1505-1800: Herd of
elephants and herd of buffalos feeding in grass zone. 1625:
Growling heard from direction of buffalo herd. Entire buffalo
herd runs toward a large clump of rocks about 75 meters
from where they were feeding. Distance from our position
about 500 meters. With telescope can see a leopard (fairly
large adult) moving slowly among the rocks. As buffalos
approach leopard freezes. Buffalos stand near rocks orienting
toward leopard. When leopard begins to move entire buffalo
herd chase. Leopard crosses open area about 100 meters
and enters forest. Herd of buffalos stops at edge of forest
orienting to place where leopard entered but one adult
female continues on into forest. 1638: Adult female returns
after about one minute. Herd begins to move away from
forest edge.

Population Structure and Dynamics

The age structure through the annual cycle for the
buffalo of Wilpattu are presented in Figure 24. As can
be seen, the proportion of calves shifts markedly reach-
ing a peak in December with a secondary peak in
April. This is indicative of two parturition periods, one
in November-December and the other one in April.
The sex ratio in the calf and juvenile classes appears
to be approximately equal. Adult males evidently
suffer a heavier mortality than is the case for females
since the ratio of adult males to females in the popu-
lation is less than one to eight (Table 4).

There are two periods of reproduction in the Wil-
pattu population; one in February-March and the
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other in late May-early June. The February-March
peak is by far the more pronounced and at this time
the males are exceedingly aggressive. The conception
peak corresponds very well with the birth peak. It is
known from the literature that the females generally
come into the estrus two months after calving. The
duration of estrus is approximately two to three days
with a 22-to 28-day interval between estrous periods.
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FIGURE 24.—Breeding season for water buffalo is indicated by
the peaks for calves (black area) born during the months of
December and April. Two breeding periods are suggested.
The juvenile precentages (white area) reflect recruitment
from the calves born during the two peaks. Calf counts are
lower than expected since the mothers with newborn calves
are more wary and secretive. Census taking during November
and January was inadequate since the herds were dispersed.
Ordinate expresses percentage of total population for calves
and juveniles.

TABLE 4.—Population structure of Bubalus bubalis*

Total
Count

Adult
8

7

11

4

Subadult
8

3

7

2

Adult
9

74

66

55

Subadult
9

7

9
_

Juvenile

31

17

15

Calves

20

2

1

February, 141

June, 112

August, 77

* Partial tabulation of known herds.
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Gestation is ten months and typically a single calf is
born (Ishaq, in Asdell 1964).

We estimate that approximately 160 buffalo are
resident in Wilpattu Park giving an overall density of
.27 animals per square kilometer. Attempting a biomass
calculation based on the typical age structure of a
population, we find that crude density biomass levels
are at approximately 73.4 kilograms per square kilo-
meter. During the maximum concentration of game
at the time of the July-September drought, the density
per square kilometer of buffalo may reach 1.5, with a
biomass of 408 kilograms per square kilometer.

The significant causes of mortality in the buffalo
population seem to be from three sources: (1) preda-
tion on the calves by leopards, (2) indiscriminate
poaching of adults in the West Sanctuary and along
the Moderagam Aru, and (3) mortality of males in-
duced by fighting at the time of rut. In commenting on
the last statement, two males are known to have been
severely injured and to subsequently have died of in-
juries as a result of fighting at the time of rut.

THE SPOTTED DEER (Axis axis)

The spotted deer of Ceylon and India is the most abun-
dant game animal of the lowland dry zone. It is not
adapted to wet zone habitats and on peninsular India
the low, wet jungles are occupied in part by the hog
deer (Axis porcinus), its close relative. Although the
hog deer was believed to have been introduced by the
Dutch (Phillips 1935) on Ceylon, its numbers in the
lowland wet zone have declined greatly in recent years,
and it is now found only in small numbers in the ex-
treme southwest delta country. The Ceylon axis is a
medium size deer with males weighing up to 74 kilo-
grams and females averaging about 46 kilograms.
Stags may reach 145 centimeters at the shoulder while
does are about 12 to 15 centimeters shorter (Phillips
1935).

The young males grow antlers at one year of age
and females come into estrus at approximately the
same age (that is, from 12 to 24 months). Gestation is
believed to be about seven months; thus a female may
be as young as eighteen to nineteen months old at the
birth of her first fawn. Typically a single fawn is pro-
duced. (See Schaller 1967 for a discussion of repro-
ductive data.)

For the purposes of censusing, we established the
following aging and sexing criteria: Fawns were de-
fined as the smallest size class characterized by their

longer hair. Animals of about six to twelve months
show glossy coats and were designated juveniles. Year-
lings were classified as to sex. Male yearlings begin to
show antler growth and the yearling females are about
12 to 15 centimeters shorter than the adult females.
Typically yearling females have more rounded abdo-
mens. Adult males and females were arbitrarily defin-
ed as animals judged to be in their third year or older.

Yearling males were classed with respect to whether
their antlers were in. the velvet or not. Adult males were
further broken down into shed-antler, velvet, and hard
antler classes. Throughout a twelve-month period,
3,067 axis were censused with respect to age and sex
classes at selected water holes. In addition, rough
counts without aging and sexing were maintained
throughout our study area.

Social Groupings

Axis typically move in small groups which subse-
quently assemble at various times during the diel cycle
to form a herd. The term herd thus refers to a gathering
of smaller groups and is the social formation most of-
ten seen grazing near water holes or in park country.
Such an extended herd generally exceeds twelve ani-
mals and over seventy have been counted within the
same continuous grouping. Figure 25 presents a fre-
quency diagram representing grouping tendencies.

10 15 20 s30*4Os5Os60s7O
Group size

•70

FIGURE 25.—Frequency diagram indicating group size for axis
deer. Note the rarity of solitary sightings. The basic social
unit includes some three to six individuals. The higher counts
reflect a melding of these units during open country grazing.
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Considering all groups of less than twenty animals,
only fourteen out of 365 sightings were of solitary in-
dividuals or less than 4 percent; 38 percent of our
sightings included groups of three to six individuals. In
the main, these small units are composed of a doe, her
fawn, and a yearling female with or without a fawn.
Hence, the axis is quite gregarious, seldom moving
alone, with a basic sociological unit consisting of a
female and her probable descendents. Within the ex-
tended herds and even within the smaller groupings,
there is some tendency for unisexual subgroup forma-
tion; such that, the males will tend to form all male
groups and, of course, the does will tend to segregate
out into groupings of does and their progeny. As an
example of such subgroup formation, we cite the fol-
lowing from field notes:

Mahapatessa Villu, 1315 hours: Forty-four axis are graz-
ing. Eight of these are males with antlers. The distribution
in space is as follows: One male far to the left, then a
string of females and juveniles extending almost linearly
for a distance of approximately 92 meters. Two males are
sparring in about the center of the line. Two other males
are left of center grazing, and at the extreme right end are
three antlered males together and slightly detached from
the female-juvenile group.

The question of herd integrity may well be asked
since the small subgroups come together periodically
during the 24-hour cycle. One wonders how consistent
the larger assembly is in its structure. This question is
rather difficult to answer since the animals composing
a given herd were not generally identifiable as individ-
uals. In some cases, however, individuals could be
identified; when we kept track of such individuals, it
was found that a given animal, especially a doe, gen-
erally spent most of her time within an area of approx-
imately 2.5 square kilometers. In particular, we might
cite the example of the white doe at Kudapatessa. This
individual was observed throughout the year grazing
generally in the evening near the same water hole. The
evidence from observing this individual and at least
two other animals that could be identified with reason-
able certainty has led us to the conclusion that does are
extremely consistent in their use patterns. Although
they may not emerge from the forest to graze at the
same time on a given day, in general one can say that
the composition of the extended herds is relatively
constant.

The bucks seem more prone to wander and those
herds which habitually utilized water holes that dry
up during part of the annual cycle will undertake

movements of 2.4 to 3.2 kilometers. We quote from
Eisenberg's field notes:

Summary of herd structure at Marai Villu at the onset
of the rains, 22 October 1968: There are four discernible
herds of axis at Marai Villu. These herds form at different
points around the villu before grazing and advancing to
water. They form from small subgroups of approximately
four individuals, generally a doe and her offspring of several
years. The time of morning drinking is approximately 0730
to 0800 hours and they come out to drink and then retreat.
Group 2 generally comes out first, group 3 somewhat later,
and group 4 last of all. Groups 3 and 4 are frequently seen
to mix with one another. Group 1 is from the neighboring
villu which is now dry and seems to be the most inhibited
in its activity. Groups 2, 3, and 4 would appear later on in
the afternoon from 1600 hours on but sometimes earlier
depending on the nature of the current rainfall and the
overcast. Overcast tends to result in earlier emergence.
Estimated numbers of the groups: Group 1, twelve animals.
Group 2, approximately twenty. Group 3, approximately
sixty-five. Group 4, about thirty-two. Group 1, as previously
noted, is obviously attached to the dry villu behind the
camp and is more nocturnal and restricted in its movements
at Marai and apparently only uses Marai Villu for water
during the extremely dry periods. As noted before, emergence
is often done in small groups of three to six in rapid succes-
sion. Often in the morning the younger axis show much
activity, bounding and chasing down to the water's edge.

As indicated in the preceding field notes, the ex-
tended herd which makes its appearance is formed by
an assembly of smaller units which tend to emerge as
subgroups. Following is an example from field notes:

14 February 1969, Marai Villu, 1500 hours: Axis are
beginning to emerge to drink and to feed. A group of five
are out and then a group of three at the opposite side of
the villu emerges. At 1600 hours, two groups of four each
have assembled at the forest edge and now proceed together
toward the water in a line splitting off into two groups of
four and going to different points of the pond to drink. At
1603 hours, more axis are appearing from the forest.

19 February 1969, Marai Villu, 1500 hours: Composition
of social units of axis emerging: Adult male and female
emerge together; three females and three juveniles emerge;
female and a juvenile emerge; two females and one yearling
emerge; a yearling and an adult female with a juvenile and
a fawn emerge as a unit. All of these groups converge
together to graze between 1500 and 1520 hours.

Distribution in the Park

Figures 26 and 27 indicate the approximate numerical
densities as estimated for the axis populations in both
the drought and rainy seasons of 1968. Sampling and
density calculations are discussed in a previous publica-
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FIGURE 26.—Numerical density of axis for drought and rainy
periods in the intensive survey area (see Figure 76). At the
onset of rain, there is a tendency for dispersal away from con-
centration at certain selected villus toward villus which have
been dry during the drought period. The relationship between
Marai Villu (M) and Kali Villu (K) is rather complicated,
since Marai Villu tends to dry out more rapidly and concen-
tration increases at Kali only to fall at the onset of rain with
a restoration toward more intensive grazing at Marai. This
pattern may alter from one year to the next depending on the
extent of habitat utilization. Shaded bars refer to the wet sea-
son; white bars refer to the dry season. Numbers refer to the
average highest evening count. The total high counts for the
wet season are higher than for the dry season. This reflects
both an increased duration of grazing activity at the onset of
the rains and an increasing tendency to remain in the open
during daylight when the cloud cover increases. The counts
reflect intensity of utilization for each villu but do not parallel
density (see Eisenberg, Santiapillai, and Lockhart, 1970).
P = Periya Naga.

tion (Eisenberg, Santiapillai, and Lockhart 1970).
During the drought interval, the axis feed less in the
forest and utilize the grasses bordering on the perma-
nent villus. As the smaller villus dry up there is a gen-
eral movement to the neighboring nearest permanent
water source (ibid.). Movements are not extensive and
no long-term migrations are discernible. Herds in the
vicinity of permanent villus probably occupy home
ranges of less than 2 square kilometers; however, stags
may move more widely (see also Schaller 1967).

Habitat Utilization

A survey of animal activity during September in Wil-
pattu clearly indicated that the habitat utilization dis-
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FIGURE 27.—Average maximum monthly concentrations of
axis grazing near three villus: Kali (dotted line), Marai
(dashed line), and Kokarre (solid line). Line above graph
indicates periods of rainfall. Concentration at the brackish
water Kokarre is later and more restricted than is the case
for Kali and Marai, indicating grazing on grass growth ini-
tiated by the rainfall and little utilization during the drought
when its salinity increases. Concentrations at Kali and Marai
increase as the drought proceeds only to fall after the sus-
tained onset of rains, indicating return to other grazing areas
and more intensive grazing in the forest. The relationship be-
tween Kali and Marai Villus is in part reciprocal, as indicated
in Figure 26.

played by axis is in the main limited to grassland or
scrub. Forest utilization by axis is high only when the
forest borders on open grassland or scrub areas (Figure
70). Adult male axis utilize browse to a maximum
height of roughly 2 meters. The average axis can
forage only at about 1.5 meters. Browsing on apical
tips and shoots shows an increase after the onset
of rains when the new shoots are developing. Dur-
ing the height of the draught, axis are prone to
supplement their diet with fallen fruit or even bark.
Browsing and grazing in the forest or open scrub leads
to trail formation. The deer opportunistically utilize
elephant trails and use common trails with Bubalus,
Sus, and Cervus. When one maps game trails in the
vicinity of water holes, it is easy to discern convergence
of many smaller separate trails into larger trails of a
more unidirectional character which again split at the
forest edge (Figure 28).
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25m.
FIGURE 28.—Diagram indicating convergence of trails in the
vicinity of water hole only to break up into numerous smaller
trails in the area where browsing is concentrated. Breakup of
trails generally occurs at the interface between forest and
scrub. Survey made at Kali Villu plot.

Axis do not wallow in contradistinction to sambar
(Cervus unicolor), buffalo, and swine. The axis do
leave many traces of their passage in the habitat. Feces
arc deposited without a bias resulting from a predis-
position to "mark" the habitat; nevertheless, feces may
accumulate in areas where the animals are prone to
rest or stand for long periods.

One of the more consistent features in the habitat
resulting from the activities of antlered bucks are low
shrubs which have been in part debarked. Hard antler
males will rub their antlers on the bark of low sap-
lings or shrubs and, in fact, a definite preference for

certain species may be shown in some habitats, e.g.,
Cassia fistula in Wilpattu. Occasionally bucks will rise
on their hind legs under low-hanging foliage and tram-
ple around in a tight circle, thus leaving an area of
tramped ground with disturbed fragmented vegetation
immediately above it. This behavior, termed "preach-
ing" (Schaller 1967), is frequently shown during rut.

Behavior Patterns

The behavior of axis has been described in some de-
tail by Schaller (1967). In general, we have found no
major differences in the behavior of the Ceylon axis.
The reader is referred to Schaller's work for more de-
tailed descriptions.

ACTIVITY RHYTHMS AND GROUP BEHAVIOR

The amount and type of activity displayed by the axis
is very much a function of the ambient temperature,
extent of cloud cover, and the presence or absence of
rainfall. Considered in the reverse order, the rainfall
induces the axis to move in the open; indeed, the high-
est population counts can be made during such weath-
er. Quotation from field notes:

12 November 1968: The axis are spending less time in
the open and more time in the forest; however, when it
rains most of the animals will leave the forest and come out
into the open. Either the dripping water from the leaves
of the trees is distracting to them or they are made uneasy
by the fact that they cannot hear well with the pattering
of the rain. But whatever the cause, the axis are very much
driven into the open when it rains heavily. The herbaceous
undergrowth in the forest is dense and green as the result
of the rain; fecal pellets are disintegrating rapidly; termite
activity is at an all time high.

Cloud cover which ameliorates the effect of direct
sunlight can encourage grazing in the open during
midday. During the drought when water is at a pre-
mium, the axis may drink at midday as well as in the
evening and morning, but open-country grazing will
be reduced (Figure 29). During the rainy season, the
growth of grass, forbs, and branches (new leaves, etc.)
stimulates much browsing in the forest itself with graz-
ing in the open confined to the late afternoon and
evening. Conversely, all things being equal, there is
more nocturnal utilization of the open grassland
around water holes during the drought period than is
the case during the rains.

Drinking times are dependent upon the season of
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FIGURE 29.—Diurnal activity of axis. In both the wet and dry
seasons, maximum build-up of axis for grazing in the open
occurs in the late afternoon. These data are computed from
average maximum counts at Kali Villu during the August
drought.

the year with an increase of frequency of visits during
the drought. Typically the groups emerge in three's
and four's, pausing at the forest edge before trekking
to the water hole itself. Following quote from field
notes:

12 October 1968, 0700 to 0730 hours: I have been watching
the axis take their early morning drink. They drink rapidly
and graze little. The group sizes are four and six; in other
words, it appears that axis are split into the basic social
unit during the early morning hours. These small groups
emerge from the forest with very little grazing and make
their way rapidly to the water's edge to drink. They gen-
erally run from the forest to the water, drink rapidly, then
turn. The juveniles may play slightly as they canter back
toward the forest itself.

During the assembly of the herd at the water hole,
social interaction is intensified as the small units con-
verge and interact. Activity continues through the
night and often about midnight the animals bed down
as groups in the open.

7 December 1968: Around 2100 hours, I made the following
observations on the axis deer at Marai Villu: Four are lying
down, sixty-seven are grazing near the camp. At 0300 hours,
the small herd of axis was lying down near the camp. It
would appear that intermittent resting and grazing take
place at night in the open following the evening drink which
occurs anywhere from 1630 on to 1800 hours.

18 January 1969: Axis are not visible in the open this
morning. Last night they bedded down in the open, gathered

into small herds or groups near the villu edge. After the
evening feeding session from around 1700 to 2000 hours,
they rested for some hours in small groups before recom-
mencing feeding and gradually retiring to the forest at dawn.

Resting may involve a synchrony in behavior. Dur-
ing the day, virtually the whole herd will lie in the
shade but still be visible, for example at Kumbuk Villu.
At other villus, such as Marai, the herd breaks into
subgroups which rest intermittently, concealed from
view within the forest. As mentioned before, nocturnal
resting typically involves the formation of an extended
group bedding down in the open. A similar synchrony
in grazing behavior may be easily observed as the small
subgroups unite to form the typical herd.

12 October, Marai Villu: There is a tendency to align
body axes parallel when grazing. There are deviations from
this but for any given subgroup within a larger aggregation
of deer, there is a strong tendency for the members of the
subgroup to align their body axes in a parallel fashion and
to be facing in a similar direction. In a total herd or aggrega-
tion, however, animals may be facing in various directions
depending on the distribution of the subgroups and their
spacing.

COMMUNICATION MECHANISMS

A profound influence on the behavior patterns of Axis
deer is noted at the onset of the rut. Although the rut
is not as sharply demarcated in Axis as is the case for
Bubalus, the buffalo, there are definite birth peaks and
differences in the intensity of sexual behavior. Before
proceeding to a discussion of differences and changes
in social interaction, it would be useful to review com-
munication mechanisms in axis.

Auditory communication involves two classes of
sounds; those sounds made by the animal's body itself
and true vocalizations. The axis typically stamp when
startled and may stamp with either the forefeet or the
hind feet. Hind foot stamping generally accompanies
a spring away from an offending object.

Vocal communication involves the following call
types:

The alarm cry.—This cry is sharp and repeated and
is given in response to the sight of a predator such as
a leopard or in some cases to human beings. While the
cry is given, the animals may show some pilo erection.
The tail is often held upright and the animal is gener-
ally oriented toward the source of the disturbance. The
alarm cry of the buck is generally deeper in tonal qual-
ity that that of the female.
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The challenge call or long call of the buck.—This
is a high pitched repeated note given in a burst of
about six or seven. It is generally given by a buck in
full rut as he emerges from the forest to approach a
doe herd.

The growl.—This type of cry is sometimes pro-
duced by the buck. It is very low and not heard unless
one is quite close to the animal. The buck is generally
exhibiting aggressive behavior.

The scream note.—This is produced by an animal
that is either extremely terrified or has been recently
captured by a predator and not yet killed.

The bleat.—This is produced by the fawn when at-
tempting to contact its mother which is either out of
view or not in the immediate vicinity. It is a high
pitched repetitive call with an undulating quality to
it. The does may respond with a similar bleat which is
deeper in quality and not repeated as frequently. Does
may produce this sound when moving from the herd
to the forest thus inducing the fawn to follow.

Patterns of display in the axis have been reviewed
by Schaller (1967). It would appear that the low-
stretch posture during approach by bucks to females
has some communicatory significance. Furthermore,
the head up and head nod are employed by bucks dur-
ing aggressive encounters. Turning away is apparently
a submissive gesture.

Chemical traces left in the environment include the
urine of bucks, the urine of does at estrus, and perhaps
secretions from the pedal glands in the hind feet when
the animals are frightened. The function of such odors
has been reviewed in part by Schaller (1967). Males
in rut may also rub their pre-orbital glands or brows
on branches or tree trunks (Figure 30).

PATTERNS OF SOCIAL INTERACTION

Male-Male Interactions.—Male interactions are very
much governed by their reproductive state. When the
males are not rutting there is a marked tendency to
form unisexual subgroupings or bachelor groups. Some
of these groups may show a consistent composition
over a period of several months, as for example, the
group at Kanjuran Villu, consisting of five animals,
including three adult males and two spike males. Dur-
ing the rutting period hard antler males will spar and
actively attempt to court females (Figure 30). Younger
males are generally subordinate to the three and four-
year old males. They may, however, actively follow

older males and, although not challenging them, they
may secondarily participate in courting activities.

14 February 1969, Marai Villu, 1603 hours: Suddenly
an adult male gives a challenge call and is seen pausing at
the forest edge. He holds his head up and then proceeds
to the females and juveniles. He "lip-curls" as he approaches
with his neck held low in the "low-stretch" posture, and
then sniffs a female's flank. He nudges the female with his
head and, as she moves off, her fawn follows. Meanwhile
a young two-year old male with hard antlers approaches
the spot where the adult male had emerged. The young
male rises on his hind legs and thrashes his antlers in the
overhead foliage. He repeats. This is "preaching." The old
buck has been moving around the villu pausing to sniff
each of the adult females in turn. When he approaches the
females, his penis is unsheathed. Two males of approximately
three years of age are fighting. During fighting, their penises
are also unsheathed, and they are about 30 feet away from
the older adult male. He ignores them.

Male fights generally involve males of equivalent
age; spiked males are always subordinate to the two
and three year olds.

13 March 1969, Marai Villu: A three-year old male with
hard antlers and a male of approximately the same size
but antlers in the velvet are exhibiting challenges. The chal-
lenge involves an approach with the head up and held at
about 45 degrees to the ground. The challenger bobs his
head up and down. If responded to by the second animal,
they will begin to spar gently by opposing their antlers and
pushing. Alternatively, they may not lock antlers but merely
push with their foreheads. The subordinate male (in this
case the one with antlers in velvet) will break off to graze
with his head down or will turn his head away and give
a jump to one side. This generally causes the dominant
hard-antlered one to desist momentarily; but the hard-
antlered male will continue to approach and head-bob and
it seems that the velvet male can hardly resist the challenge
and will then begin to push foreheads. I think the velvet-
antlered male definitely is attempting to avoid contacting
his soft antlers with those of the hard-antlered male.

Male-Female Behavior.—During the nonrutting
phase, the males appear to ignore the females, although
occasionally they may join in with a female subgroup
and follow. Some social facilitation appears to be in-
volved. During the rut, the males will approach and
flehmen, as has been described in the previous section.
Typical male-female interaction may be characterized
by the following notes:

12 September 1968, Mana Villu: While observing an
axis herd, I noted an antlered male sniffing at the urine
of a female. He raised his head and curled his upper lip
back thus exposing his lower teeth while slitting his nostrils.
This is a typical flehmen reaction. Another adult male with
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FIGURE 30.—Typical activity by axis males. An adult male marks with his pre-orbital gland on
the tree to the right. Two males in the two-year age class are sparring, while two females in the
foreground take little notice.

antlers, while walking along, paused suddenly to prong at
the earth with his horns thus stirring up the ground; then
he lay down.

13 March 1969, Marai Villu: An adult male with hard
antlers of at least three years of age was observed chasing
a female in the open. He continued to follow her with
his tongue protruding and when he was close enough he
licked at her rump. He mounted once, then continued to
drive her for a period exceeding two minutes until they
both entered the forest. At one point, a spiked male began
to follow the pair at a distance of approximately 15 to 20
meters.

Female-Female Behavior.—As indicated in the pre-
vious sections on social tendencies, the females are
quite gregarious and it would appear that the small
subgroups showing the most cohesion may well be ex-
tended mother families, including an old doe and her

related female offspring and occasionally yearling
males. At the time of parturition, a female is prone to
retreat from the main herd and becomes somewhat
aggressive toward her own offspring. The fawn is gen-
erally delivered in a very secluded place and, for the
first ten days of its life, the fawn is unable to follow
the mother. After approximately ten days, however,
the fawn will begin to accompany her and at this time
the small subgroupings of females and their descen-
dents, as well as the extended herd groupings are re-
formed; hence, there is a temporary break-up in herd
structure at the time of parturition.

Female with Young.—As noted in the previous sec-
tion, the newborn fawn is born in a very secluded spot.
The fawn is unable to accompany the mother continu-
ally on her grazing forays during approximately the
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first week to ten days of life and, as a consequence, the
mother must return to it in order to nurse it. Some ob-
servations were made on the behavior of a tame female
axis deer and her fawn which were resident at the
rangers' headquarters at Maradan Maduwa. Here fol-
lows a synopsis:

After approximately ten to twelve days of age, the fawn
would begin to accompany the mother on her grazing forays.
Even at this time, however, the fawn was prone to rest in
secluded thickets while the mother grazed unaccompanied by
it. What resulted was the creation of certain meeting spots
based on a learned tradition between the fawn and its
mother so that even well into the fawn's second month of
life it could graze somewhat independently of the mother
and return to either its own resting place or other meeting
spots where it would maximize its probability of encounter-
ing the mother.

There apparently is a synchrony in the temporal pat-
terning of movements by the female and her fawn as
well as a memorization of certain key places in the en-
vironment where the fawn and the mother can meet.
On one occasion the fawn came to a spot where it
habitually was nursed by the mother and the mother
was not present. The fawn began bleating and then
moved off continuing to bleat and ceasing after about
five minutes when it disappeared in the forest. Approx-
imately fifteen minutes later, the mother arrived at the
spot only to find that the fawn was not there. The
mother then initiated a few bleats and began to move
off apparently toward the next spot where eventually
they must have made contact.

We envision thus that there develops out of a pat-
tern of resting and nursing some sort of consistent us-
age of the space by the mother and her fawn. The
fawn need not necessarily be in continual attendance
with the mother in order to guarantee contacting her
again. This would be especially useful in forested areas.
In general, however, from approximately the tenth
day on, the fawn is prone to accompany the mother
when she grazes in the open and may stay rather close
to her. Although even at this time the fawn is prone to
rest in tall grass while the mother grazes often 4 to 7
meters away from it.

ANTIPREDATOR BEHAVIOR

A startled axis will generally leap suddenly to one side,
stamp and/or give an alarm bark, and then run
rapidly for cover, whereupon it will turn and regard
the place of fright, sometimes continuing to emit alarm
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barks. The stimuli initiating the response are not often
obvious.

21 October 1968, Marai Villu: An antlered male emerges
from the forest and walks alone through the grass toward
the water. He tosses his head up and down as he walks.
He passes near the jackal family. The male jackal who is
walking deflects his walk to avoid intersecting with the
stag. The stag pauses, faces the forest, flaps his ears, the
skin on his rump twitches, his tail twitches, and then he
holds perfectly motionless. He stamps; then he leaps
suddenly and trots off, thus startling one of the jackals
which faces the forest and moves on. The first stag has now
entered the forest. A second stag now leaves the forest and
approaches the pool. He drinks at a small pond around
3 meters from the villu edge. He has hard antlers also. Sud-
denly he tosses his head, drinks, flips his tail, ripples his
skin and twitches his ears—the flies are apparently extremely
bothersome. Then the second stag trots toward the spot
where the first stag was frightened. Upon reaching this spot,
he jumps and runs to the forest edge, pauses there, then
slightly wrinkles his nose. At the forest edge the stag bolts
again and runs to enter at a second point. Possibly both
stags were frightened by the smell of blood since the spot
where they took flight from was very close to where the
jackals had been chewing on bones and strips of skin from
a hare that they had killed the evening before.

Upon perceiving a leopard, axis may respond in a
variety of patterns. If an axis is startled by a leopard at
close quarters, it will generally make an immediate es-
cape response; e.g., a jump followed by a rapid gallop
away from the vicinity of the leopard. On the other
hand, if it is not startled but the leopard can be per-
ceived at a distance, then the axis' next act is depen-
dent upon what the leopard does. If the leopard is at
a reasonable distance and resting, the axis will orien-
tate toward the leopard, may show pilo erection and a
raised tail and, depending upon the distance, will gen-
erally maintain its orientation and emit a warning
bark. If the leopard remains resting in the open, the
axis will approach with the head down and in an elon-
gate posture. If the leopard still does not move and if
there are several axis gathered together, the axis will
actually exhibit a mobbing response, often inducing
the leopard to get up and move.

12 September 1968, Kali Villu, 1755 hours: A herd of
axis consisting of approximately eleven females including
older females and yearlings plus two obvious juveniles and
one fawn. A leopard is lying down in the open approximately
70 meters from the forest edge. The axis were to the west
of it and at a distance of about 140 meters when they noticed
the leopard, orientated toward it, with ears directed forward
and stiff body postures, tails erect, and all hairs on the tail
erect, thus presenting a white patch. They began barking
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while more and more members became oriented toward the
leopard. After three to four minutes the deer began to
advance, led by an old doe. During the advance the doe's
neck was stretched out very elongate in what could be called
an elongate posture. The barking continued and the whole
group advanced, led by the doe and followed by some of
the younger females with the older females scattered through-
out. The group advanced on the leopard continually until
the leopard stood, turned away from them, and walked into
the forest. All deer then stopped to sniff at the spot where
the leopard had lain while some still remained oriented
toward the forest where the leopard had entered and con-
tinued to bark. From within the forest new barks could be
heard from deer that evidently had spotted the leopard as
it entered. Eventually the doe herd ceased sniffing at the
spot while still manifesting varying degrees of pilo erection
and tail erection. They then commenced grazing, glancing
from time to time at where the leopard had entered the
forest. This group behavior we have termed "mobbing."

If the leopard is moving slowly at a reasonable dis-
tance of approximately 100 meters, let us say, and
moving away from the deer, the same sort of response
can be shown and the deer will often move toward
the leopard but may not exhibit full mobbing. If the
leopard moves toward the deer, the mobbing response
is not shown but they will reman oriented toward the
leopard, barking. When he comes within approxi-
mately 45 meters, they will move away to a safer dis-
tance, then orientate again, still continuing to bark. It
is believed that the mobbing response occurs when
there is a balance between the tendency to approach
and the tendency to flee with the approach tendency
slightly exceeding the flight response. A concerted
mobbing effort by axis can lead to the movement of
the leopard into the forest.

Interspecific Relationships

The relationship between axis and leopard has been
referred to in the previous section. Suffice to say that,
with respect to predators, axis are generally tolerant of
jackals but a female with a fawn may definitely show
attentive behavior and may even be forced to attack
the jackals if the jackals show an interest in the fawn.
Jackal predation on fawns will be discussed in the sec-
tion under jackals (page 63).

Concerning the relationship between axis and lan-
gurs, it is a well-known fact in Ceylon and in south-
em India that langurs and axis may form a feeding
association (Champion 1927, Schaller 1967); see also
Figure 31. During the dry season when langurs are
feeding on fruits, they frequently drop fruits and leafy

branches to the forest floor after having fed on parts
of them. The axis can then have access to browse and
fruits which would be out of their reach. For this rea-
son it is not uncommon for traditional patterns of as-
sociation to be set up locally between an axis herd and
a langur troop. There may be a distinct survival ad-
vantage inherent in the association between langurs
and axis, not only from the axis benefitting from food
but also from the standpoint of antipredator behavior;
the langurs will respond tp the sight of leopards by
warning whoops and a display involving vertical leap-
ing and jumping about in the branches of trees. In
addition the warning barks of the axis may serve to
focus the langurs' attention on a potential predator
such as the leopard which may not be immediately
visible to them in the trees.

Population Trends

In an unmarked population with only a few individu-
als readily recognizable, one has difficulty in obtaining
an absolute census. Similarly the tendency to fraction-
ate into small subgroups of three to five and the un-
predictable nature of herd formation tends to obscure
complete counts. Very often complete assembly of a
population in the evening grazing unit proceeds after
dusk; hence the full count cannot be made during day-
light hours. These difficulties coupled with the sea-
sonal shifts in intensity of open-country grazing all
prevented the establishment of an absolute census al-
though the resident populations at Kumbuk, Kali, and
Marai villus were relatively easy to work with. Even
so, during several months of the year, some inaccura-
cies were inevitable, especially in the determination of
sex and age class ratios. This resulted from the pro-
pensity of females to restrict their movements when
giving birth and the relative shyness of males which
had recently shed their antlers. In spite of these fluctu-
ations, the ratio of adult males to adult females re-
mained relatively constant at approximately one male
to two females (Table 5).

SEASONS OF BIRTH AND MATING

Although fawns may be born in almost any month of
the year with the possible exception of July and
August, most fawns are born in September and Octo-
ber and later in December and January. Assuming a
seven-month gestation, one could expect maximum
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TABLE 5.—Population structure of Axis axis

Total
Count

August, 169

October, 88 ..

December, 322

February, 142 .

April, 264

June, 502

Males Females
A dult +

Adult (h) Adult (s) Adult (v) Yr(h) Yr (v) Yr

Juv. Fawns

50

21

40

21

33

73

2

1

5

5

38

51

2

1

15

9

17

15

5

11

90

37

195

56

116

295

23

20

39

40

32

41

8

19

8

17

11

= hard antlers; s=shed antlers; v=velvet antlers; yr=yearling.

FIGURE 31.—Langur and axis associated at Kali Villu. In the above photograph the langur
(arrows) are foraging on the ground with the axis.

breeding in June, July, August, and January to Feb-
ruary. This implies breeding at the end of the drought
periods and births at the onset of rains (Figure 32 and
Table 5). Furthermore, it would appear that most

males shed their antlers at the end of the January-
February rut with over 50 percent of the adult males
showing velvet antlers in April and May. Hence, there
is a partial synchrony in the reproduction shown by
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FIGURE 32.—Breeding season data for axis. Trends through-
out the annual cycle clearly indicate that the number of
antlered males reaches a maximum in August and September
then declines with a corresponding increase in the percentage
of males with shed antlers or antlers in velvet (top line).
Fawns show two peaks in occurrence, one in October and the
other in January (solid line). Juveniles peak slightly later
than the fawns as the fawn groups are recruited into the
juvenile class (dashed line). Fawn counts remain artificially
low since they are not easily seen during approximately the
first month of life. November census figures were rejected as
too low resulting from the dispersal of deer and increased
feeding in the forest. Percentages for fawns and juveniles are
based on the total population. Percentage scale for males
(right ordinate) refers to male population only.

the axis of Wilpattu and this synchrony is tied to the
rainfall. Just after the height of the major birth sea-
son in February, the ratio of fawns and juveniles to
adult females was thirty-three to thirty-nine or approx-
imately all adult females were accompanied by young
less than six months old.

MORTALITY AND BIOMASS

Significant mortality appears to occur after the first
year of life with only a 10 to 15 percent loss during the
first year. The principal predators are the jackal and
the leopard (see pages 63,66). If up to 1,500 young are
produced annually and the average weight for the first
year animal is taken at 23 kilograms, then 30,400 kilo-

grams of biomass are produced annually. If predators
take 80 percent of the crop, then 24,300 kilograms
of meat are available which could support twenty leo-
pards alone (see pages 68 and 69).

We estimate (Eisenberg, Santiapillai, and Lockhart,
1970) that approximately 3,500 axis are resident in
Wilpattu (exclusive of the West Sanctuary.) This
yields a crude density of 5.8 deer per square kilometer
or 263 kilograms per square kilometer crude biomass.
Ecological densities were estimated during the July-
September drought for the study area indicated in
Figure 76. Densities may reach twelve per square kilo-
meter for a biomass of 544 kilograms per square kilo-
meter.

The axis are the most numerically abundant of all
ungulates in the Park and account for the greatest bio-
mass. Only the hare (Lepus nigricollis) approximates
the same numerical density, although its biomass is
7 to 8 percent of the axis. The numerical density of
elephants is much less than that for axis yet at crude
density the elephant almost approximates the axis in
biomass. At ecological densities, the elephant may ex-
ceed the axis in biomass by a factor of three (see pages
101-103).

THE SAMBAR (Cervus unicolor)

Description and Age Classes

The sambar is the largest member of the family Cervi-
dae found on Ceylon (Figure 33). It has a wide toler-
ance for different habitat types being found from the
Horton Plains at 1,800 meters elevation down to sea
level in the lowland dry zone. Stags are almost 150
centimeters at the shoulder, does are about 30 centi-
meters shorter. Stags may weigh up to 216 kilograms,
does generally average slightly less than 136 kilograms
(Phillips 1935). The young fawn is generally some-
what paler in color that the adult and does not exhibit
spotting as is the case with so many young of the
Cervidae.

For the purpose of our censusing, we distinguished
the following age and sex classes: Adult females were
individuals approximately 120 centimeters high at the
shoulder. Individuals less than 120 centimeters were
classified as juveniles. Fawns were small individuals
less than 90 centimeters high at the shoulder.

The following classes were distinguished in the
males: Adult males were those considered to be three
years and older, exhibiting three pronounced tines on



48 SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

J

FIGURE 33.—Sambar deer, Cervus unicolor. Adult male entering his third year with hard antlers.
Villu habitat.

their antlers. We divided these into three subclasses,
those with hard antlers, those with shed antlers, and
those with antlers in the velvet. Two-year old males
or prong bucks were again divided into the classes with
antlers, with velvet antlers, and with shed antlers.
Spike bucks or bucks between twelve and twenty-four
months of age were classified as either velvet or hard
antlered individuals.

Grouping Tendencies

In one year 250 sambar individuals were sighted. Of
these 230 were classified with respect to age and sex
classes, with 60 percent of all sightings being of solitary
individuals. Out of 145 groupings, 88 were solitary in-
dividuals. Group sizes ranged from two to eight in
descending frequency (Figure 34). Of all adult fe-
males sighted 82 percent were accompanied by another

individual whereas only 45 percent of all adult males,
exceeding three years of age, were accompanying or
accompanied by a second animal. This species appears
to move and feed alone except for the female and an
attendant juvenile or fawn. The fawn, during the first
three months of its life, does not consistently follow the
female but appears to rest alone. The female returns
to the fawn at set intervals; however, the following
tendency by the three-month old fawn is rather pro-
nounced and indeed the "family group" does not ap-
pear to split up for at least two years.

Assemblies of sambar can occur at restricted places,
apparently based on a traditional habitat use pattern.
Water holes are places where the sambar population in
a given area comes together in the late evening to form
temporary aggregates before dispersing to feed. There
is no evidence for territorial behavior on the part of
bucks. The social gatherings are potentiated at known



N U M B E R 1 0 1 49

8 8

30

O

O)

j Q

2 0 J

10

1 2 4 6 8 >8

G r o u p size
FIGURE 34.—Frequency diagram indicating grouping tenden-
cies for the sambar. Sambar are not nearly as social as axis
and the most consistent grouping is the mother and her young,
although solitary sightings far outweigh grouped sightings. At
certain times of the day and seasons of the year, Sambar may
aggregate at water holes. Individuals comprising such a group
seem to be known to one another.

areas within the overlapping home ranges. After an
assembly the bucks return to solitary foraging unless
accompanied by a two-year old or juvenile male. The
does typically forage accompanied by a juvenile and/or
a fawn of the year.

Habitat Utilization

Our September survey of habitat utilization trends
indicated that the sambar do utilize open grassland
and scrub areas but generally only at night. In contra-
distinction to the axis, the sambar will utilize forested

areas to a considerable extent; hence, sambar utiliza-
tion patterns are broader than those of the axis and
the sambar show a wider range of habitat types which
it can and does utilize consistently. The general pat-
tern of the sambar feeding activity is to browse in the
forest during the morning hours, to rest during mid
afternoon generally in a shaded, secluded spot, and
then to browse again emerging into the open scrub
land for grazing at night.

The animals utilize consistent trails much in the
manner of axis and as noted in the preceding section
assemblies seem to occur daily at preferred watering
spots. The male sambar are prone to wallow in the
mud or in the shallow water at the edge of the lakes.
This is especially true during the drought season when
the sambar stags spend a great deal of time in the water.
They prefer villus that support a tall grass growth
where they can lie in the tall grass and still remain
concealed. During the height of the drought, when it
is impossible for them to seek water without exposing
themselves to the direct sunlight, the males are prone
to lie in shaded resting places in the forest which they
may use over and over again for as much as six weeks.
Such a resting spot becomes well demarcated and fecal
deposition often accumulates in such an area over a
period of time. In its wallowing behavior, the male
sambar differs markedly from the axis, muntjac, and
mousedeer; and although the sambar have a high wa-
ter requirement and appear to drink daily, their large
size and mobility gives them a wider foraging radius
away from a permanent water source than is the case
with the axis.

Social Behavior

The female and her attendant yearling or fawn of
the year comprise the most cohesive social unit. In-
deed, it would appear that the family group persists
for at least two years. Example from field notes:

17 January 1969: On the drive from Panikkar Villu to
Borupan Junction, I saw three sambar just short of the
junction. This group consisted of an adult female, a female
approximately two years old, and a yearling male. This
was undoubtedly a family group. This argues strongly for
the persistence of the family group in Cervus which runs
in direct opposition to the tendency found in the North
American moose (Alces) and is reminiscent of the wapiti
(Cervus canadensis). It appears that the female makes no
attempt to drive away her calf of the previous year when
she has a second young.
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Although the animals tend to forage as either a
mother-family or as a single individual, they do come
together habitually at the water holes and temporary
groupings of individuals who are known to one an-
other can thus be constituted. Courting behavior and
male-male interaction can and do occur at this time.

12 December 1968, approximately 1600 hours, Timpiri
Villu: An adult male sambar was observed courting a
female. The male had hard antlers and the long hair on
his neck was quite evident. He was observed to approach
the female in a low stretch posture, sniff at her urine, lift
his head, show a flehmen response, and then follow the
female, running along side and driving her. Full mating
was not observed.

The differences in behavior patterns expressed by
juveniles and the more attentive behavior of the fe-
male may be illustrated from the following example
where a mother accompanied by a yearling male ap-
proached a water hole. The young male boldly went
forth to drink as the mother remained behind ap-
parently catching my scent. Eventually she gave a
warning bark which caused the young male to retreat
with her into the forest.

13 March 1969, 1810 hours, Mana Villu: A male sambar
yearling with spike antlers in the velvet was accompanied
by an adult female presumably his mother. They came to
drink. The young male was advancing toward the water;
the female following some 9 meters behind. The female
stopped short of the water hole and directed her attention
toward my blind. The young male continued on and drank
but the female did not approach the water, continuing to
face me with her tail up, hairs erect, and the white rump
patch quite evident. Her ears were fully extended. Then
the female turned and trotted at an angle to me while the
male finished his drink and started to follow her. The
female then stopped, faced me, and gave a warning bark.
Immediately she stamped, turned, and trotted off accom-
panied closely by the young male.

Antipredator Behavior

The foregoing example also indicates the alarm be-
havior exhibited by Cervus unicolor. Alarm behavior
includes orientation toward the offensive object, dis-
tending the ears maximally, raising the head, raising
the tail while spreading the white hairs on the rump,
and then either barking or barking, stamping, and
moving away or fleeing. The bark is quite distinct from
that of the axis being repeated two or three times and
quite explosive. As with the axis, the bark of a doe can
be distinguished from that of a buck.
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Population Trends

An examination of the population data (Table 6)
indicates that females probably breed once every two

TABLE 6.—Population structure of Cervus unicolor

Selected Counts

August

October

December

February

April

May

July

Total Counts

for 12 months

Males

Adult 2
(h)

3

4

15

12

6

1

81

(v)

9

_

4

2

2

_

2

13

Yrs + Yr
(h) (v)

1

1

3 -

- -

1

1

12 3

Females
Adult

9

5

6

12

2

22

10

86

Juveniles
+ Fawns

1

1

3

4

1

7

1

26

= hard antlers; v=velvet antlers; Yr:=yearling.

years or 50 percent of the females breed every twelve
months. Fawns are probably dropped during the rains
in November and are first seen during censusing in
December, January, and February. Fawns may be
dropped well into March or April. This would indicate
that intensive rut probably takes place in December
and January following the monsoons.

Although leopards have been known to prey on adult
sambar (see pages 69-70 on Panther a pardus) most
of the mortality seems to be inflicted on the juveniles.
An inspection of the age classes would indicate that
mortality in the males and females is heaviest during
their first year and from two years on there is pro-
bably insignificant mortality. One could estimate then,
between birth and the attainment of two years of age,
that slightly in excess of 50 percent of the recruited
population dies. We estimate that this effect is inflicted
by the leopard.

With an animal that is so shy and nocturnal in its
habits, we had great difficulty in achieving an ac-
curate census. Estimates of the number of sambar in
the park were based in the ratio of sambar to axis feces
recovered in our sample plots (Appendix A). For
the whole of Wilpattu Park, we estimate that there
could be 700 sambar. This would give a crude density
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of 1.17 sambar per square kilometer or a biomass of 158
kilograms per square kilometer; however, a more con-
servative estimate would be some 400 animals yielding
a crude density of .7 animals per square kilometer and
a biomass of 93 kg/km2 (see Appendix A). At eco-
logical densities during the maximum concentration
of game during the July-September drought in an area
of 24 square kilometers, we estimated that there were
twenty-four sambar giving a density of 1.0 per square
kilometer and a biomass of 135 kilograms.

THE MUNTJAC OR BARKING DEER

(Muntiacus muntjac)

The muntjac is the smallest of the true Cervidae found
on Ceylon (Figure 35). The adult males are less than
60 centimeters high at the shoulder and weights range
from 15.4 to 20 kilograms (Phillips 1935). The young

show spotting until approximately three to six months
of age. We distinguished the following age and sex
classes: (a) juveniles which still exhibit faint spots,
(b) adult females, and (c) adult males which were
broken into two classes: subadult males that were ob-
viously in their first year and showing some antler
growth in the velvet, and adult males, either with hard
antlers or velvet antlers. During the twelve-month sur-
vey a total of ninety-two muntjacs were seen of which
seventy- nine were classified. Males were sighted forty-
nine times, females twenty-eight, and juveniles were
sighted only twice.

The mobility of the muntjac is not at all high and
the greatest population densities appear to be in the
vicinity of permanent water. The animals are quite
secretive and could best be seen in the evening when
emerging from the forest to graze or drink. Best counts
could be obtained during the drought when they may

FIGURE 35.—Muntjac or barking deer. During the height of the drought the deer will continue
to use villus which have virtually dried out.
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come out at midday to seek water. The animals both
browse and graze but no estimate of the extent of habi-
tat utilization could be made.

Of all sightings, 83 percent were of solitary indivi-
duals. The largest temporary grouping observed con-
sisted of three individuals. An adult male and yearling
male were sighted together four times. Of other double
associations, seven consisted of a male and a female
and one sighting was a female with a juvenile. Obser-
vations at the National Zoological Park suggest that
the juvenile or fawn does not accompany the mother
during her foraging trips but remains concealed and
spends much of its early life resting alone; hence, the
ability to see juveniles is vastly reduced under field
conditions.

The muntjac is termed the barking deer because of
its characteristic warning cry when it is startled. Typi-
cal responses of the muntjac subjected to an alien
stimulus include tensing the body, orientating toward
the disturbance, extending the ears, raising the tail,
and erecting the white hairs on the rump; it then
springs or runs rapidly away. At a fast walk the animal
locomotes by using a pacing gait but it can spring and
bound if greatly frightened. When mildly aroused, it
may flee while uttering low growls. Generally the bark
is not delivered until the animal stands and orientates
to the potential disturbance; then it is in a more secure
position. They are loathe to come out in the open dur-
ing daylight hours and are very wary at that time. The
bark is long and quite loud, very reminiscent of a
hound's bark. It may be repeated several times.

13 March 1969, 0945 hours, Kumuttu Villu: Three axis
are grazing at the villu edge. An adult female muntjac is
in view approaching the water and a young adult male
is near the water hole also in the open. As the female moves
toward the water, she apparently becomes aware of my
presence because I am standing slightly up wind. At any
rate, she becomes startled, erects the hair on her tail, raises
the tail, and orientates toward me. Suddenly she bounds
away and, as she leaps, she gives a series of low growls.
Then in the forest she gives three very loud barks, much
like the bark of a dog. At the moment she started to flee,
it caused a similar reaction on the part of the young adult
male who ran into the forest in a different direction. Inter-
estingly enough, the axis do not flee and do not seem to
take very much notice of the warning cry of the muntjac
other than to raise their heads.

Our data do not permit an analysis of population
trends. We can only estimate the numbers of muntjacs
by estimating the numbers utilizing permanent water
sources and then multiplying the known permanent

water sources by this estimate. We arrive at a figure of
264 muntjacs as a park population with a density of
.44 per square kilometer and a crude biomass of 13.5
kilograms per square kilometer.

THE MOUSE DEER (Tragulus meminna)

This is the smallest Artiodactylan found on Ceylon,
being slightly under 60 centimeters in length with field
weights ranging to 4 kilograms (Phillips 1935). The
male is characterized by a set of protruding upper
canine teeth, a feature shared in common with the
buck muntjac. No antlers are present. The basic
ground color of the coat is brown; the ventrum is light
yellow; the dorsum is marked with a series of spots
and stripes on the neck with a broken spotted pattern
on the sides and back (Figure 36).

In censusing we attempted to separate males, fe-
males, and juveniles; however, we contacted only
eighteen mouse deer in the course of our operations.
Since the animal is nocturnal in its habits and quite
secretive, we were unable to determine the age and
sex of the specimens which were sighted for brief inter-
vals, and as a result, no general conclusions concerning
the population or sex ratios can be made.

All sightings were of solitary individuals. The mouse
deer's small size, nocturnal habits, and color pattern
are shared by unrelated mammals occuping similar
ecological niches in the Old World and New World
tropics. These include the caviomorph rodent, Cuni-
culus paca, and the closely related water chevrotain,
Hyemoschus aquaticus (Dubost 1968).

When we were making foot surveys around large
water holes, mouse deer were frequently encountered
but seldom seen as they ran off in the underbrush.
They have a typical warning cry when startled which
is a sort of reedy grunt repeated two or three times
while they are running. In traversing areas around
water holes, we have come to the conclusion that sev-
eral individuals utilize a water hole and the surround-
ing brush area for foraging. It would appear that they
are organized in a small "community" and, although
they move alone in the forest, they must surely come
together for breeding purposes and the female-young
unit must persist at least through the lactation period.
It would appear that individuals have a rather con-
sistent home range. A female near our camp was
sighted on several occasions; however, we cannot say
to what extent given home ranges overlap.
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FIGURE 36.—Mouse deer, Tragulus meminna. Note the striped and spotted coat present in the
adult characterizes this nocturnal ungulate. (Photo by M. Hladik.)

The enlarged canines of the male mouse deer are
useful in defensive behavior. When we caught a live
mouse deer in Yala and attempted to restrain it, it
jerked its head suddenly to one side laying open the
finger of the handler. The hoofs are also quite sharp
and by kicking the animal can deliver a rather nasty
wound.

From the work of Davis (1965) on T. javanicus, it
is known that the female becomes sexually mature at

4J4 months of age. Breeding season in captivity ap-
pears to be nonexistent since births occur in almost
every month of the year. The litter size for this species
is invariably one. The females come into a postpartum
estrus within a few hours and can conceive at that
time. Gestation is around 155 days or slightly over 5
months. If these figures prove correct for the species
T. meminna, then conceivably a female could produce
two young in a given year.



54 SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

Little can be said concerning the population dy-
namics of this species. We have noticed that during the
drought the animals apparently suffer from a lack of
water and, during drought seasons in Wilpattu and
Ruhunu Parks, three individuals were captured in an
advanced state of emaciation due to dessication. Such a
small mammal probably has a limited mobility; hence,
we can be reasonably sure that permanent home
ranges of this species are in the main confined to areas
around the permanent villus and the rivers. Utilizing
the same assumptions for the calculation of the munt-
jac density, we estimate that there may be up to 350
mouse deer within the park boundaries, giving an
overall crude density of .58 per square kilometer and
an average crude biomass per square kilometer of 1.9
kilograms.

SUMMARY STATEMENT ON THE SMALL
FOREST UNGULATES

At this time, we would like to summarize some of our
thoughts concerning the behavior patterns of the smal-
ler forest ungulates, i.e., the muntjac and mouse deer.
Unless otherwise specified, the following remarks ap-
ply to both of these species. A glance at our census
data will indicate that these animals are generally seen
alone. We tend to think of them as solitary in their
habits. They feed, drink, and rest separately from other
members of their species. It is evident, however, that
the animals do come together at appropriate seasons
of the year for mating and that some continued con-
tact must be maintained between the mother and her
young during the lactation phase. It would appear
that, in the early life of the fawn, it is left in a secure
resting place and the mother returns to it to feed it.
Following on the part of the fawn probably starts at
the age at which the youngster can escape on its own
if necessary. It would seem that the male and female
home ranges overlap so that the male can contact the
female at the time she comes into estrus. Overlap of
home ranges probably takes place at water holes and
here we have noted male muntjacs attempting to court
females.

In the case of the muntjac, some sort of spacing
among males is carried out. This has been well de-
scribed for M. reevesi (Dubost 1970). Although yearl-
ing males may associate with adult males, we have not
seen two adult males in hard antler condition associat-
ing together. It is entirely possible that the males are

aggressive toward one another and they may indeed
mark their territories with secretions from their pre-
orbital glands (Dubost 1970) in a manner reminiscent
of the duiker as reported in the literature for the genus
Philantomba by Aeschlimann (1963) and Cephalo-
phus (Rails 1969). The analogy between duikers and
muntjacs is probably valid since they are ecologically
comparable in their habits and we would assume con-
vergence in social behavior.

Spacing mechanisms for the mouse deer remain to
be investigated. It seems reasonable to assume that the
large canines of both muntjac and mouse deer are used
in sexual fighting. The antlers of the muntjac are prob-
ably employed in a .similar fashion.

One can conceive of these small forest ungulates as
living in auditory and chemical contact with each
other with the home ranges of males and females over-
lapping (Dubost 1970). Perhaps the home ranges of
related females overlap and something similar to the
extended mother-family units of the larger cervids is
being maintained in a more dispersed pattern. If this
is the case, then the pattern approximates the pattern
shown by the small solitary cervid Capreolus, as re-
ported by Kurt (1968). Indeed, our observations on
the mouse deer reported in the previous section rein-
force the conviction that, although these animals are
dispersed, they are to some extent in auditory contact
with one another. This would help to explain the role
of the alarm call characteristic of the muntjac and the
mouse deer which would at first sight seem to be un-
related to a social function when these animals appear
to be solitary. Nevertheless, if home ranges do overlap,
and the individuals in a "community" are in auditory
contact, then the loud warning cries can serve to alert
not only the young but neighbors.

This behavior need not be considered as altruistic
since the hypothesis developed by Smythe (1970)
would indicate that the original selective advantage
for alarm cries and conspicuous markings, such as
white rump patches, is to attract the predator's atten-
tion toward the prey and induce the predator to give
chase since, all things being equal, a healthy prey ani-
mal should be able to outdistance a predator if the
predator is still outside of its escape distance (Hediger
1950). For an extended discussion of this and its im-
plications, see Smythe (1970). All altruistic derivatives
of such warning barks are secondary rather than pri-
mary to the original selective advantage which re-
mains with the individual.
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THE WILD SWINE (Sus scrofa)

Description and Definition of Age and Sex Classes

The swine on Ceylon are quite large; males being al-
most 1.5 meters in length, with a height at the shoulder
of approximately 91 centimeters. Females are slightly
less than 60 centimeters at the shoulder, with a head
and body length of about 1.37 meters. Males may
weigh up to 127 kilograms; maximum weights for fe-
males are approximately 57 kilograms (Phillips 1935).
In addition to the larger size, adult males are charac-
terized by a rather longer mane down the center
of the back and more well-developed canines.
Adults are generally a shade of black to gray in color;
younger animals appear to be more brown. The very
young animals have a rather well-developed coat of
hair, being basically a light brown color with longitu-
dinal stripes of yellow-brown on the sides. The stripes
are lost at approximately two and a half months of age.

We distinguished the following age and sex classes:
Striped young or infants were considered to be less
than ninety days of age. A transition class of approxi-
mately 70 to 110 days of age exhibit faint stripes. Sub-
adults, both males and females, were identified on the
basis of their smaller size. Adult females were those
approximately 60 centimeters at the shoulder and/or
lactating. Adult males were estimated to be in excess
of two years of age and were distinguished by their
large size. Males may easily be distinguished from fe-
males in both the subadult and adult classes by the
presence of the scrotum.

Social Groupings

Over 1,216 animals were counted during the twelve-
month census, although many of these counts were of
the same individuals, and 184 "groups" of less than
20 were recorded of which 70, or 38 percent, were soli-
tary individuals. Of the solitary sightings, 74 percent
were adult or subadult males. The next most frequent
group size was in the range of four to six individuals.
Larger groupings exceeding ten individuals are rear-
ing groups or "sounders" composed of four to eight
adult females and their collective progenies (Figure
37).

To summarize, young males become more solitary
from approximately one and a half to two years on.
Fully adult males are much more independent of
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FIGURE 37.—Frequency diagram indicating average grouping
tendencies in swine. Adult males account for most of the
solitary sightings (see page 55).

sounders and join when the females are approaching
estrus. Females become solitary when they give birth
but reform into consistent units, thus establishing a
rearing group or sounder. Because the young within a
sounder are of approximately the same stage of devel-
opment, we believe that there must be some estrous
synchrony in a group of females which travel around
and forage together; hence, conception among the fe-
males of a sounder is within a few days of one another
and the births are generally synchronized.

Reproduction

The female swine has an estrous cycle of about twenty-
one days; heat duration is two to three days. The ges-
tation period is approximately four months and the
number of young produced varies depending upon the



56

nutritional state of the female and the actual geo-
graphic locality. In Ceylon it would appear that fe-

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

males have from four to six young (Hatt, in Asdell

1964, Phillips 1935).

FIGURE 38.—Home ranges for four swine sounders. Home ranges contract and expand depending
on rainy or dry season but in general a sounder is quite consistent in its space utilization pattern.
This sketch does not indicate the distribution of swine for the entire park.
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Distribution in the Park

There is a tendency for pigs to collect and concentrate
their activity in the vicinity of permanent water during
the dry season. The pig has a considerable mobility
and its home range is quite large; however, the home
ranges are stable during the drought and they may
include several water holes (Figure 38). The pig is
definitely dependent on water for drinking and wal-
lowing. Wallowing behavior may be quite brief but
seems to be necessary to plaster the skin with mud as
added protection against flies. Soaking in water may
also serve to aid in thermoregulation at midday during
the drought. In the vicinity of a water hole utilized by
pigs, one will find rubbing trees characterized by a
strip of mud left from the pigs' activities. Pigs will ap-
proach such a tree after wallowing and lean against it,
rubbing the length of their sides, sometimes pausing
to move back and forth. In addition to rubbing the
sides, pigs also may mark with their tusks in the bark
of trees. Such marks are quite characteristic.

7 December 1968: On the way back from Periya Naga
Villu, we stopped at Salamba and examined some bark
gouging apparently done by a large pig. Three marks were
noted in the bark of a tree approximately 60 centimeters
above the ground. There were pig tracks at the base of
the tree and the bark below the gouging marks showed
evidence of rubbing.

FEEDING

Pigs are quite omnivorous in their diet and throughout
the annual cycle definite seasonal shifts in their habitat
utilization can be noted. With the onset of rains, fungi
are prone to grow in the forested areas and the pigs
feed on these to a considerable extent, often rooting for
these fungi which are subterranean. During the dry
season, as we have mentioned before, there is a con-
siderable fruit-fall, especially in the months of July
and August. At this time the pigs are very dependent
on fruit which falls from the trees.

Swine are able to dig extensively utilizing their
mouth and nose to acquire tender roots, especially
during the rainy season. They also may root for tubers
in the vicinity of water holes leaving a virtual ring
around a water hole where the growing plants have
been uprooted. As the water retreats during the
drought season, such rings may be progressively ex-
tended inward, thus giving some index of successive
pig activity as the water hole continues to dry up.

In addition to roots, fungi, and fruit, pigs are also
prone to eat grass, especially certain species of sedge
and the tall grass growing in the vicinity of villus.
Grass feeding seems to be particularly common during
the rainy season and the grass blades may be picked
up almost intact in pig feces at this time.

Pigs will also utilize other vertebrates for food.
Small turtles may be fed upon as well as turtle eggs.
The habit of rooting up turtle nests on beaches is well
known in Ruhunu Park. Although we have no di-
rect evidence, we have no doubt that ground-nesting
birds' eggs and rodents are eaten if the pigs can find
them. Pigs are also prone to eat carrion and, when a
large carcass has been abandoned by other predators,
pigs will feed on it until it is reduced to bones. Thus,
the pigs, mongooses, and jackals together with the
monitor lizards comprise the scavenger component in
the community.

HABITAT UTILIZATION

Pigs utilize trails in common with deer and with ele-
phants but are by no means confined to trails in mov-
ing from one water hole to the next. Very often they
depart from a well-worn trail after some hundred feet
from the water hole and begin to forage on the forest
floor. An examination of the intensity of habitat utili-
zation by swine indicates that it parallels that of ele-
phants. Pigs show a great deal of activity in the vicinity
of water holes and in open scrub country. Activity by
swine in forested areas is vastly reduced but in the vi-
cinity of riverine forests with associated scrub habitat,
pig activity is quite high. Such an intensity of habitat
utilization pattern is in conformity with the distribution
patterns as outlined in Figure 70.

Summary of Swine Behavior

The discrete behavior patterns of swine have been re-
viewed in part by Hafez, et al. (1962). Further
reproductive data on swine is included in the recent
publication by Fraser (1968). Rather than reiterate
the general outlines drawn in the main from domestic
swine, we will proceed with an examination of those
behavior patterns which we observed in the park, urg-
ing the reader to make reference to the data from the
domestic swine, since it would appear that wild Sus
scrofa do not depart very radically in their behavior
patterns from those exhibited by their domestic rela-
tives.
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ACTIVITY

Pigs generally show periods of activity both during the
day and the night, although diurnal activity predom-
inates. Activity during the daylight hours extends on
until about 10 o'clock when the pigs are generally in-
active. Depending on the extent of cloud cover and the
season of the year, pigs may become active during mid-
day. During the drought period, pigs very often come to
water at midday and may wallow at that time fre-
quently before retreating to the shade of the forest.
During the rainy season pigs may feed intermittently
during the midday if the cloud cover is sufficient. Pigs
generally rest in the late afternoon exhibiting increased
activity as night approaches and quite a bit of activity
takes place in the early evening hours. The extent of
their activity during the total dark period is poorly
understood.

PATTERNS OF SOCIAL INTERACTIONS

For a detailed discussion of postures and sounds pro-
duced by pigs during social interactions, the reader is
referred to Hafez, et al. (1962) and Gundlach
(1968).

In general pigs employ chemical marking, auditory
communication, and to some extent visual communi-
cation in their interactions. During aggressive arousal,
a pig generally stands rather erect with the mane ex-
tended. The small tuft of hairs in the sacral region of
the back may be raised independently of the dorsal
crest during mild arousal (Figure 39). An aggressive
pig will champ its jaws together causing the tusks to
clack. Loud explosive grunts may be given and, if the
pig suddenly becomes frightened, it will emit a loud
snort, stamp, and wheel to run away. Pigs mark chem-
ically in the vicinity of their wallow by dragging the

5 \£i?v(

FIGURE 39.—Typical sounder of Bus scrofa composed of several females and their collective
progeny. Note the tendency for the young to collect in the center with adult females in the
forefront and rear of the formation. (Photo by M. Hladik.)
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per.neal region along the ground, which we have
termed the anogenital rub. Also during wallowing
they can leave traces of their own body secretions be-
hind during a brief wallow which consists of a side
rub, lying on the side, and extending and flexing on
alternate sides.

13 December 1968, 1414 hours: Female pig with six
young still showing faint stripes emerges from the forest.
Female rests in the mud for 95 seconds, then gets up and
moves off. While lying on her side in the wallow, the young
flock around her and attempt to suckle. Before lying down
in the mud for the 95-second period, the female, at the
approach to the edge of the villu, paused to rub her ano-
genital area in the mud and then to rub alternately her
left side and her right side.

Male-Male Interaction.—Subadult males may asso-
ciate together within the same sounder but fully adult
males are generally solitary. Aggressive attacks by an
adult male toward subadult males are rare but may
manifest themselves when there is competition over
females in estrus. It would appear that subadult males,
even though traveling with the sounder, have a limited
opportunity to breed, since at the time the females
come into estrus, an adult male is usually in atten-
dance.

14 January 1969, Kali Villu: Two males are in associ-
ation with five large adult females, four subadult females,
and one immature male. The two adult males show frequent
aggressive interaction with each other. One large adult
male with tusks was attempting to court a sow and periodi-
cally chased off the second adult male. The second adult
male will approach the female but if too close to the estrous
female, the first adult (Alpha) male will orientate toward
him, approach, and suddenly chase for about 9 to 12 meters
only to stop and then turn broadside to the male. At this
time his mane is raised and his whole appearance in size
is increased; generally the subordinate male will hold his
position or withdraw further. Adult boars such as these
two fighting males are easily distinguished from subadult
males. Although subadult males have large descended testes
and run with the herds, their tusks are poorly developed
and they are much more slightly built than the fully adult
males.

Male-Female Behavior.—As indicated in the pre-
vious section, subadult males will travel with sounders
and, although they attempt courtship, they are not
usually successful because of the presence of fully adult
males. An example of sexual behavior demonstrated by
an adult male toward an estrous sow is given.

14 January 1969, 1400 to 1530 hours, Kali Villu: At the
north shore of the villu, there are two large adult male pigs,
five large adult females, four subadult females, and one
immature male; divided into two subgroups. One adult
male with tusks was attempting to court a sow and periodi-
cally chased off a second adult male. The estrous sow raises
her mane, squats, and urinates in a mud hole, slightly dip-
ping her hind quarters and rubbing her ano-genital region
as she moves away. The adult male standing behind her
sniffs the urine, raises his mane, then follows the female.
This adult male attempts to follow the female from time
to time and stands near her. Such courtship continues with
attempts on the part of the adult male to mount the female.

Female-Female Behavior.—As indicated under the
section on "social groupings," females will retire to
give birth to their young but then reform into a
sounder or a group of females which apparently acts
in common to defend their young. The young begin
to follow the female at approximately two weeks of
age and that is the time that we first note their
presence. There appears to be no strict leadership in
the sounder although older sows are often seen to take
the initiative in moving. There appears to be little dis-
crimination on the part of a sow with respect to her
offspring; hence, whenever a sow lies down most of
the youngsters in the vicinity will attempt to nurse.
Thus, there is some cooperative nursing effort on the
part of sows in a sounder which is reminiscent of what
one observes among elephant cow herds.

Adult-Young Relationships.—The young pigs, when
they begin to follow the female, have to be very inde-
pendent in their movements. Most of the social inter-
action within a sounder, aside from the nursing, takes
place among the youngsters and juveniles.

15 August 1968: A group of pigs is under observation
at Timpiri Villu. The group consists of a male, a female,
and one juvenile. The adults are rooting in the soil near
the edge of the water hole. The juvenile keeps dashing
around the adults and attempting to join them in their
rooting behavior. He is definitely pushed away by a head
toss on the part of one of the adults. While rooting the
pigs are kneeling on their wrists with the hind legs extended.
The male walks over to a small depression near the edge
of the water and rolls on his side. The juvenile approaches
and lies down beside him; then both get up and move off
to join the female.

When a sounder is moving with young pigs associ-
ated, very often several sows will take the lead followed
by the piglets with a sow or a subadult male bringing
up the rear or moving to one side of the young (Figure
39).
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13 August 1968, 1315 hours, near Kumbuk Villu: Ob-
served seven adults and approximately ten young. The
band consisted of three males and four females. During
movement the animals were strung out in a line with the
three adult males in the lead, the young in the middle, and
the four females bringing up the rear. One of the females,
however, was walking parallel to the group of youngsters.

At other times, however, if a lone female is with a
group of young, she will usually bring up the rear.

13 December 1968, 1410 hours, Marai Villu: As the
sounder begins to leave, consisting of a female and six
young with faint stripes still visible, the female moves
slightly up wind with the youngsters ahead of her. The
youngsters are moving along in a group and she is following
behind and seemingly guiding them to some extent and
nudging them with her snout. This is a case of a single
female moving with a group of almost juvenile young. She
does not lead but rather encourages them to move ahead
of her while she brings up the rear.

Nursing is very brief in the sow, rarely lasting over a
minute in duration. At the time that a sow lies down,
the young will immediately group around her and at-
tempt to nurse (see page 59).

Interrelationships of Young Pigs.—It may be useful
to quote from an extended set of field notes concerning
the behavior patterns of young swine when a sounder
is feeding near a water hole.

14 March 1969, 1240 hours, Marai Villu: A sounder of
pigs enters the cleared area immediately in the vicinity of
the villu. There are eight adult females, all lactating, and
twenty-four to thirty striped young, three juveniles, and
one subadult male in the transition age class. The adults
drink and root. After approximately 10 minutes of observa-
tion, most of the adults have now rubbed their ventrum
and perineum in the mud at the water's edge. One sow
finds a dead turtle and carries it by the hind foot to the
water's edge. The young show continued motivational shifts;
they root, run, attempt to suckle, mount each other, mock
fight with each other including headbutting, chasing, and
biting at each other, rolling and tumbling together, and
then they will break off, attempt to suckle, or root—there
is continuous activity. Two young have risen on their hind
legs and are tussling with their forefeet around each other;
they toss their heads, batter with their heads, and chase
one another. At one point, there is a confusion effect as the
adult sows form two subgroups and begin to move in op-
posite directions. Piglets run back and forth as the sows
split. One sow lies down and immediately the young in
the vicinity approach her and begin to suckle for about
one minute. This is at the water's edge.

A detailed analysis of the behavior of young swine

is discussed by Gundlach (1968).

ANTIPREDATOR BEHAVIOR

When surprised by a predator, such as a leopard, the
sounder may immediately begin to disperse in various
directions, running rapidly, creating a confusion ef-
fect. A predator, however, may be confronted by a pig
and the pig will show a direct aggressive behavior,
especially if it is an adult, including mane erection,
champing of the jaws, and even short rushes. This
may be shown in response to jackals and, indeed, it
seems that an adult pig might well be a match for a
leopard. An interesting piece of antipredator behavior
was recorded with respect to crocodiles:

14 March 1969, Marai Villu: The same sounder [referred
to above] is present. While a sow is nursing the young, a
crocodile begins to move up close to her. It appeared for
a moment as if the crocodile intended to grab one of the
piglets but suddenly the crocodile makes a slash with his
head only to grasp a dead turtle. As he did this, the male
and one sow noticed the crocodile and immediately oriented
toward him. The male lip-curled and champed his tusks
together. The nursing female rose and moved away followed
by the piglets.

Interspecific Relationships

Responses to predators will be discussed in the follow-
ing section. Pigs in general give way to elephants and
there is very little interaction between pigs and buf-
falo, or pigs and deer. The cleaning of pigs by mynahs
is of some interest.

15 February 1969, 1505 hours. A male pig has finished
feeding and is lying down near the water. Two mynahs
light on his back. After about two minutes, one mynah
remains clinging to his left hind leg apparently cleaning
ticks from the vicinity of his scrotum. On the third minute,
he lay on his left side. The mynah continues to clean. At
1509 hours the male pig continues to feed and the mynahs
have left him.

Population Trends

Table 7 presents a summary of the age class and sex
class distributions of pigs throughout the annual cycle.
It is rather difficult to arrive at a consistent population
figure for the swine since they breed over a broad
period of time and have reasonably large litters. Fur-
thermore, the mortality is rather high during the first
two months of life; hence there is a continual fluctua-
tion in numbers. Breeding appears to take place dur-
ing the rainy season of October, November, and
December and again during February, March, and
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TABLE 7.—Population structure of Sus scrofa for central villa area

Quarterly
Counts

Aug.-Oct

Nov,-Jan

Feb.-Apr

May-July

Adult
8

1

2

9

12

Subadult
S

8

6

7

5

Adult
9

8

15

28

51

Subadult
9

-

2

2

7

Juvenile

9

7

4

12

Young *
f-st

10

-

8

20

Young •
st

-

6

27

21

* Values alter during three-month survey, see Figure 40; numbers recorded indicate the high
count.

f-st=faint stripes, st=stripes.

April. Most intensive breeding probably occurs during
the fall rains (Figure 40). Mortality is extremely high
and up to 50 percent of newborn pigs are lost within
the first month of life. Table 7 indicates that mor-
tality may continue at a diminished rate through the
first year of life but that the adults are relatively in-
vulnerable to attack from predators. We have esti-
mated the crude density of pigs within Wilpattu Park
to be at approximately 180 individuals or .30 indi-
viduals per square kilometer. This would yield a crude
density biomass of 8.1 kilograms per square kilometer.
At ecological densities during the drought concentra-
tion, the crude density per square kilometer may reach
1.16 with an average biomass per square kilometer of
31.3 kilograms.
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FIGURE 40.—Young swine may be born during any month of
the year but there appears to be a peak production from Feb-
ruary to May. Mortality is high, as is indicated by the lower
dotted line which shows the number of juveniles losing their
stripes, being recruited in from the population produced in
the preceding months. Black dots = young less than six weeks
of age; open circles=young from six to ten weeks of age.

THE JACKAL (Cants aureus)

Description and Social Organization

The golden jackal of Ceylon is the size of a medium
dog. Adults are about 122 centimeters long from the
tip of the nose to the tip of the tail and stand approx-
imately 61 centimeters high at the shoulder (Figure
41). Weights can reach up to 9 kilograms (Phillips
1935).

Jackals are organized into social units based on a
pair bond which persists throughout the annual cycle.

f

FIGURE 41.—Female Cants aureus, the Ceylon jackal.
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Some eighty-four jackals were counted in the park and
this count avoids duplication of the same individuals.
Jackals are generally seen in groups and the most fre-
quent grouping is a pair or three individuals. Most of
the remarks for the rest of this discussion are based on
the observations we made with two families; one fam-
ily at Marai Villu and the other at Pannikar Villu.

The group at Marai Villu was first contacted in
July 1968 and at that time consisted of two adults and
two juveniles. The juvenile animals were a male and
a female. The young male disappeared from the group
between December and January. The old female ex-
hibited lactation in March, and in June the two juve-
niles of the year were brought forth into the group
giving a total of five animals at Marai. In July and
August the younger female disappeared reducing the
Marai Villu group to four again. Hence, it would ap-
pear that in Wilpattu Park the average social group
consists of a bonded pair and their offspring of the
year. Apparently daughters may stay with the parental
group for at least one annual cycle but young males
appear to disperse early.

Distribution in the Park

An inspection of Figure 41 demonstrates that jackals
tend to be localized in the vicinity of permanent water
holes. It would appear that only a single family group
occupies a given home range. The spacing is reminis-
cent of a territorial pattern. The home range of the
Marai Villu group included Kali Villu on the east
and Salamba Villu on the west. The extent of the
home range then exceeded 4 kilometers. One got the
distinct impression that the male jackal was able to
cover the whole range at least once in twenty-four
hours.

Behavior Patterns

From about 1000 to 1400 hours, jackals are not par-
ticularly active. They commence hunting activity from
approximately 1600 hours on. Howling was heard
only after dusk. During midday jackals will rest in the
shade, or if cloud cover is heavy, they will rest in the
open near the villu edge. We have hypothesized that
the moist soil may have some cooling effect for the
animals and by keeping its fur moist the jackal may
promote thermoregulation through evaporation of
water from the body fur.

Male jackals mark throughout their home range
depositing urine in a typical dog-like fashion. After
dark, contact may be maintained among jackals of
the same group through howling.

7 December 1968, 1920 hours: Jackals howled tonight
but not simultaneously. There are two or three preface
notes which are groan-like in their tonal quality and then
a wail which varies in pitch. There was one call from
approximately 137 meters to the north of the camp, two
calls about 46 meters north of the camp, and one call some
68 meters south of the camp. These were apparently emitted
in response to one another and indicated the current position
of the calling animals.

The interaction patterns are quite dog-like in their
form. For example, a greeting ceremony between an
adult male, a lactating female, and a second female:

15 March 1969: Both adult animals roll in the grass and
are joined by their daughter. At first interaction the second
female crawls toward the pair on her belly. The old male
urine marks twice between bouts of rolling on the ground.
The second female sniffs the spot where the male urinated
and then exhibits an open-mouth with tongue extended,
looking around. This is reminiscent of the flehmen response
of female cats to male urine.

Interactions between an adult male and an adult
female may vary in their form.

Male approaches female, nose to nose with her. Male
runs off as female bares her teeth at him. Male walking
with fluffed tail carried upright at an angle; walks to a grass
tuft, cocks his leg and urinates. Female approaches male.
Male lip-curls with his muzzle tense, he mjves away. Female
sniffs the urine spot then sits and licks her ano-genital area.
The two young jackals are circling the villu and return to
the opposite side where the parents are located. All four
now rest together except for the young male who remains
approximately 18 meters from the three other animals.

A further example of encounter behavior:

Adult male approaches adult female who is lying down.
The male flops on his side with forelegs extended and his
lips curled; tilts his head back in front of the second animal.
The second animal, the old female, begins to groom on
the head and neck of the male. Male then rolls on his back
with his forepaws crossed on his chest; second animal licks
on his neck, chin, and chest. Then the second animal stretches
and presses its nose on the ground and rolls its shoulder in
the earth, stretching and sliding on its side, thus marking
on the grass or perhaps impregnating its body fur with an
odor trace present on the grass.

A further example between an adult male and one
of his juvenile offspring:
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Adult male turns to approaching juvenile. The juvenile
moves away with his tail down, then the juvenile turns and
approaches; they touch nose to nose and begin to engage
in typical dog-like play; that is, rushes and snapping at each
other, and short chases. The adult male approaches the
adult female and grooms her on the nape of the neck and
side of the neck while the female sits upright. The male
extends his grooming to the neck and chest. The male goes
over to a pile of bones which are the remains of a carcass
and approaches the adult female with a piece from the
carcass; he drops the food before the female and both com-
mence to eat. One juvenile approaches the feeding pair but
does not feed while the adults are occupied with the bones.

The social structure and interaction patterns of the
jackal are typical of many canids which form family
groups. The general trends conform to the review pre-
sented by Kleiman (1967).

Predation Behavior

The jackal is an opportunistic feeder, hunting ground-
nesting birds, rodents, hares, and utilizing the remains
of leopard kills. The jackal, however, should not be
underestimated as a predator since it will attempt to
hunt the fawns of axis and does this with considerable
success. They generally hunt in pairs or the whole
family group can participate in cooperative hunting.
For purposes of illustration, we quote from field notes
on hunting behavior.

8 December 1968: Forty-three axis are feeding to the
northwest of the camp. A jackal entered the subgroup of
females and fawns. The females and their young immediately
exhibited the raised tail and orientated toward the jackal.
As the jackal continued to approach them, individual females
with their young would move away. Suddenly a group of
females and young ran. Two more jackals emerged from
the forest and joined the first in trotting after the fawn.
Females and fawns entered the forest. No further action was
noted. At 1345 hours, however, the jackal initiated a chase
with a fawn which was detached from its mother. The fawn
began to run toward the forest edge when it was intercepted
by the second jackal waiting near the forest. This second
jackal made an attempt to snap at the fawn but the young
deer leaped to one side and continued to run to the safety
of the forest. While this was going on, the remainder of the
herd took no notice of the jackals. Around five minutes later
when the jackals approached the deer herd and lay down,
no warning or attentive postures were shown by the deer.

Marai Villu: All four jackals running along the forest
edge by the villu until suddenly one of the four deflects and
moves toward the water's edge while the others disperse in
the forest. The three remain almost concealed in the forest
shifting back and forth while oriented toward the fourth
jackal which is now near the edge of the villu. This animal

employs a zigzag walk oriented laterally toward the villu
edge, as it approaches a feeding lapwing. The lapwing begins
to move away from the jackal and the jackal does not
attempt to pursue but rather herds it slightly until the lap-
wing is walking away from the water and directly toward
the spot where the other three jackals are waiting in ambush.
Suddenly the fourth jackal begins to chase the lapwing
which runs rapidly toward the edge of the forest and then
starts to fly at the last minute as one of the three jackals in
the forest breaks cover and attempts to catch it. All jackals
then come together and touch noses with tails wagging. They
move together as a group of four when, all of a sudden, an
individual detaches and heads toward the edge of the villu
and the whole ambush process is repeated.

Population Structure and Dynamics

It would appear that a given jackal family breeds
once a year. Breeding seems to take place in Decem-
ber or January. An inspection of Figure 42 will give
some idea of the patterns of habitat usage by the fami-
lies. We estimate that there are less than 120 jackals
in the park. This is a much lower density than one
encounters in Ruhunu Park and perhaps the low den-
sity is effected through the predatory activities of
the leopard.

THE SLOTH BEAR (Melursus ursinus)

The sloth bear is the only member of the family Ur-
sidae found in south India and Ceylon. It is a rather
small bear with adult weights seldom exceeding 113
kilograms (Phillips 1935). Sloth bears were only en-
countered twenty-four times by the survey team. In
general, its distribution in the park conforms to the
same trends as outlined for the jackals; that is, the
sloth bears are found within a reasonable distance of
permanent water (Figure 42). Although the sloth
bear may be active in the morning and late afternoon,
it is also active throughout the early hours of the
evening and two of our encounters were with animals
after dark.

An inspection of the feces of the sloth bear indicated
that they fed heavily on termites and fruit. During
August when the palu tree (Manilkara hexandra)
drops fruit, sloth bear feces contained large quantities
of these seeds. In a similar fashion the seeds of the
vira {Drypetes sp.) may be noted in the feces during
the fruiting season.

When the sloth bear is feeding on termites, it seems
oblivious to any observer. The bear will move along
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with its nose to the ground continually sniffing and
pausing from time to time to extend its lips and suck
rhythmically at insects which have been exposed by
tearing open a log or a termite mound.

The sloth bear apparently does not prey on any of
the larger game species. We have seen bears feed
approximately 4.2 meters away from axis and the deer
in no way seemed disturbed by the bear's presence.

FIGURE 42.—Home range for one jackal family (black lines) and a female sloth bear with young
(ihaded area). Dots indicate sightings of other sloth bears within the monthly survey area.
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FIOURE 43.—Melursus ursinus, the sloth bear.

During the course of our study, one female gave
birth to a cub which accompanied her throughout its
first year of life. The mother and cub seemed to have
a home range which included Kumuttu and Kan-
juran villus (Figure 42).

This mother-young unit which was also observed in
Ruhunu Park seemed to be the only permanent social
grouping that the sloth bear exhibits. The female
sloth bear will carry the young on her back until it is
approximately six months of age. The female has a
rather heavy pad of fur between the shoulders which
seems to serve as a place of attachment for the young.
Carrying the young in this manner seems to be unique
among bears, and we have noted the same phenom-
enon for the two births of Melursus at the National
Zoological Park (Figure 43).

THE LEOPARD (Panthera pardus)

The leopard was observed frequently in Wilpattu
Park and during a twelve-month period 113 animals
were contacted in the course of % separate encoun-
ters. Approximately 700 minutes of direct observation
were logged, averaging slightly less than 10 minutes
with each contact.

Ceylon would appear to offer a unique opportunity
for studying the leopard, since it is the largest carni-
vore on the island and is in no direct competition with
the tiger and lion, which is often the case in other
parts of its range in southeast Asia and Africa. As a
consequence the leopard on Ceylon is much bolder.
It spends a good part of its time on the ground and
stalks about in the open in a manner more reminiscent
of a small lion (Figure 44). Solitary leopards were

« ;

'.

FIGURE 44.—Panthera pardus, the leopard. Young adult male
utilizing a jeep trail as a route from the vicinity of Kali Villu
to Kanjuran Viilu.

sighted seventy-eight times; eighteen sightings in-
cluded two individuals in each sighting. Of the cou-
plets observed, ten observations were made on adult
male-female combinations; four were of adult females
accompanied by a juvenile, and four others were not
classified with respect to age and sex classes. All sight-
ings of leopards were made during the daylight hours
with the exception of three instances. Of the ninety-
six sightings, ninety-three were of animals traveling
on the ground and only three were of animals in trees.

As indicated in the introduction, the park may be
divided into two rather separate ecosystems; the riv-
erine system and the villu system. In the villu situation
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we were able to make rather good observations on
the movements of leopards and their distribution in
space and most of the remarks made in this section
refer to the population living in the villu habitat.

Home Range

In the villu habitat, the home range of a given leopard
is rather small. For four individuals we have recorded
home ranges of less than 8 square kilometers and the
maximum was 10 square kilometers in area. Within
its home range the animal may move almost from one
end to the other within a twenty-four-hour period.
The greatest linear movement determined for a leop-
ard during twenty-four hours was approximately 5.5
kilometers and that was recorded for a young male
(Table 8).

TABLE 8.—Leopard home ranges

Animal

A
B
C
D

Sex and Age

9 - 2 cubs
9 - 1 cub
$ and 9
$ solitary adult

Greatest
Dimension

(km)

2.5
3.5
4.0
5.5

Minimum
Estimated

Area*
(km2)

?

8
10
9

* Home range shifts can alter the total area traversed.

The quality of a leopard's home range varies con-
siderably depending on the nature of the small lakes
or villus contained within it. If the home range con-
tains one of the larger villus with a circumference ex-
ceeding 4.8 kilometers, there will be a large number
of deer utilizing the habitat and an excellent food sup-
ply for the leopard so that it can feed repeatedly
around the perimeter of the lake without causing too
much disturbance to the resident game animals. On
the other hand, if the home range contains a number
of smaller villus with circumferences of less than 800
meters and with corresponding lower densities of
game, it is generally the habit of the leopard to move
from one villu to the next within its home range mak-
ing a circuit; staying at one villu for three or four
days, then shifting to the next for perhaps two days,
and then shifting again, gradually coming back to its
starting point (Figures 45 and 46).

The question may be raised as to whether a home
range of 8 or 10.5 square kilometers will support a
leopard and, in order to answer this question, we offer
the following evidence: The crude density and bio-
mass of the various herbivores resident in Wilpattu
Park has been calculated based on our twelve-month
census. The biomass expressed in kilograms per square
kilometer for the park is on the average 766. If we
delete the elephant and the adult buffalo from the
biomass calculation which are generally not avail-
able to the leopard and if we assume a 10 percent
cropping rate by the leopard, then approximately
47.6 kilograms of animals per square kilometer
would be available (Table 10). If we assume
from our data on captives at the National Zoo
that 950 kilograms of meat are needed to support
one leopard for a year and if we further assume that
1,360 kilograms of meat killed will furnish 950 kilo-
grams for the leopard with 400 to 500 kilograms for

TABLE 9.—Leopard predation analysis

Prey
Species

Axis
Sus
Cervus
Presbytis . . . .
Lepus
Hystrix
Bubalus (calf)

Total ..

At-
tempted

Kill

3

1

Actual
Kill

1

1

1

1

Skeleton

7
6

1

Feces
Bone Hair

2 1

<M
 

1 
1 

1 
1 

1

Total

14
8
1
2
2
1
1

29

TABLE 10.—Theoretical minimum biomass available
to leopard per square kilometer (assuming a minimum
of 10 percent cropping at crude densities; buffalo
calves are not included)

Species

Axis axis
Cervus unicolor ...
Sus scrofa
Muntiacus muntjac
Tragulus meminna .
Hystric indica
Lepus nigricollis ...
Presbytis entellus ..

Total

Number Kilograms

.58

.12

.03

.04

.06

.06

.4

.28

26.3
15.8

.8

.6

.2

.5
1.5
1.9

47.6
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FIGURE 45.—Core areas of home ranges of five adult male leopards (August 1%8-June 1969).
Little overlap can be noted; however, there may be pronounced shifts in home range as indicated
by dotted lines. One such shift is indicated by the center male which moved quite far to the east
when his eastern neighbor moved west to utilize part of his range for a month period. Upon
returning to his home range, this center male or Kanjuran male then extended his range to the
south. (Home range boundaries are approximate and based upon tracks and actual sightings
hence these areas represent centers of activity rather than the limits of movements.)
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scavengers, then the leopard's home range at crude
densities would have to be at least 29 square kilom-
eters. Since the old park was roughly 600 square kilom-
eters, we can assume that overall there could be no

more than approximately 20 resident leopards utilizing
the park on a year long basis; however, these figures
are based on crude densities. Ecological densities, that
is, the actual density of game in a given microhabitat,

FIOURE 46.—Estimated home ranges for four selected female leopards. Compare with Figure 45.
Overlap between male and female ranges is almost complete. (Dates comparable to Figure 45.)
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average two to five times that of the crude density
depending on the season. Thus, the actual home range
of the leopard can be as small as 8 to 10 square kilom-
eters within the villu habitat during the dry season
and still support him with a reasonable amount of
food (Tables 9 and 10, see also Tables 14 and 15).

Considering our census efforts, we find that the the-
oretical maximum of twenty leopards is quite realistic
for the park and, in fact, we can delineate partial
ranges for some eighteen animals within the park.
For those animals in the villu habitat that we are dis-
cussing, however, the home ranges are smaller and the
concentration of leopards per unit area is higher than
it is in some of the less favored areas of the park.

Activity

Leopards were sighted more frequently during the
early morning hours from 0600 to 1000 hours. Leop-
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FIGURE 47.—Frequency of calling and frequency of move-
ments by leopards throughout the 24-hour cycle. Calling rates
(shaded bars) show a peak frequency in the evening and just
prior to dawn. Leopard activity (white bars) is moderately
high in the early morning and late afternoon but shows a
minimum during midday. Lower graph portrays calling fre-
quency in zoo animals. Again note the bimodal calling peaks
at dusk and at dawn; however, captive individuals show some
calling prior to feeding time.

ards were seldom sighted between 1100 and 1400
hours. They were again sighted frequently and often
engaged in hunting from 1500 hours until darkness at
approximately 1830 hours. Nocturnal activity of leop-
ards could be inferred in part from their calling. Peak
frequencies of calling occurred at 1900 hours and at
0500 hours. Scattered calling could be detected during
almost every hour of the night but with a much lower
frequency than during the period just following dark-
ness and just preceding dawn (Figure 47).

Stalking and Predation

Although the leopard may turn scavenger and feed
on buffalo and elephant carcasses, in Wilpattu leop-
ards are primarily hunters. If we put aside elephants
and adult buffalo as prey animals for the leopard,
this leaves, listed in order of numerical abundance,
axis, hare, langur, sambar, mouse deer, porcupine,
swine, and muntjac. Buffalo calves are taken rarely
because of the vigilance of the cows. On one occasion
we observed a leopard catch a turtle in one of the
shallow villus (Figure 48).

It would appear that the sambar is somewhat diffi-
cult for the leopard to bring down. Of twenty-nine kills
based on all evidence including actually observed kills,
attempted kills, skeletons, and bones and hair re-
trieved from the feces, we find that axis and swine are
taken with the highest frequencies, with axis account-
ing for over half of all inferred kills (Table 9).

When hunting langurs (Presbytis entellus), the leop-
ard may approach by stalking a troop which is in a
tree. Upon being sighted, the leopard often makes lit-
tle attempt to conceal itself and actually may walk
directly under the tree looking up at the langurs. The
langurs frequently respond with low barks and the
adult males give vent to loud barking or warning
calls. The adult males are prone to leap about in the
tree often providing a distraction while the females
with young will gradually move away quite secretively
to neighboring trees. Subadult langurs, especially sub-
adult males, become quite excited whooping and jump-
ing about and on occasion may slip and fall. This is
much to the leopard's advantage and, if he is quick,
he can catch the langur before it can get up into a
neighboring tree.

An alternate method of hunting langurs consists of
lying in partial or total concealment near a villu edge.
During the height of the dry season between the rains,
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FIGURE 48.—Leopard catching turtle at Kanjuran Villu.

the langurs generally gather at the edge of the villu
and proceed in small groups to drink. The whole troop
never goes down at one time. Some individuals remain
sitting at the forest edge quite vigilant, while others
remain up in the trees. Eventually small groups of two
or three venture across the open grass to the water's
edge to drink. Here ambush is quite possible if the
leopard can conceal itself at a point near to where the
langurs emerge.

The stalking of deer is again a matter of conceal-
ment. Where the low scrub provides some cover near
the grassland edge, the leopard can lie in ambush or,
if there happens to be a stand of rather tall grass
(about 60 centimeters high), the leopard can con-
ceal itself almost completely. The leopard will gen-
erally wait until the deer are quite close before
making a rush. To give a typical example: At a small
water hole which was part of a leopard's home range,
three kills were made between December and April.
The kills included a two-year old axis buck and two
wild swine, one subadult and one adult which was
probably a female. The exact location of the kills
could not be determined since the carcasses were
dragged or perhaps killed some 11 to 12 meters back
from the edge of the forest. The leopard will attempt
to drag its kill to some concealing cover if it is in the
open.

In all our water hole analyses of killing tendencies
on the part of leopards, we have seen no case where
the kill has been placed in a tree. The kill, if moved,
was not dragged very far from the grass at the edge
of the forest; however, it should be noted that Kurt
has recorded an instance where a young sloth bear
was killed by a leopard and the leopard did indeed
drag it into the lower branches of a tree (Kurt and
Jayasuriya 1968). Perhaps the tendency to drag prey

into a tree is in part a function of the density of jack-
als. In Wilpattu jackals were not abundant and the
leopards did not seek to drag their prey into tree
branches; however, in Ruhunu the jackals were quite
numerous and, indeed, aggregated into larger hunting
packs than was the case in our particular study area.
This may be a significant correlation.

Reproduction

It is known from the work of Sadleir (1966) that the
leopard has an estrous cycle corresponding to the fol-
lowing pattern: The mean inter-estrous interval is
45.8 days with a range between 25 and 58 days, highly
suggestive of a lunar cycle. The estrous period itself
averages 6.7 days or approximately one week.

Turning to the reproduction data from the National
Zoological Park, based on seventeen litters and thirty-
five cubs, we find a range in litter size from one to
three with an average of two. The sex ratio of young
which survived in these litters and were not devoured
was 11 males to 18 females or .6 males to 1 female.
This is rather interesting since, based on our observa-
tions, we find that males were sighted in the wild
twice as often as females. This may, however, not be
indicative of a difference in sex ratio but rather of
greater boldness on the part of the males.

At the National Zoological Park, litters were born
during all months except February, October, and No-
vember; however, June, July, and September are peak
birth months at the zoo. Gestation lies somewhere be-
tween 90 and 100 days. In Wilpattu two sets of cubs
four months of age were noted in July and August of
1969. This implies breeding in December or January.

Social Behavior

GENERAL COMMENTS ON SOCIABILITY

The leopard must be classified as an animal living
essentially a solitary life. Since it moves alone and gen-
erally hunts alone, the only cohesive social grouping
seems to be a female and her cubs and the cubs ap-
pear to stay with the mother until almost one year of
age. The only other social grouping observed, showing
any degree of cohesion at all, is that formed between
a male and female presumably when the female is in
estrus. Nevertheless, these animals do make frequent
contacts with each other through various communica-
tion mechanisms. An examination of our home range
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data shows that there is considerable overlap when
home ranges are compared especially between the
home ranges of males and females. The home range
of adult males shows little overlap and when it does
occur it usually involves the displacement of one male,
though this displacement might be only temporary.
These observations on spacing are in agreement with
the results reported by Homocker (1969) for the
North American puma {Felis concolor) and by
Schaller (1967) for the tiger {Panthera tigris). This
brings us to a consideration of communication among
leopards.

COMMUNICATION MECHANISMS

Scratching Trees.—Several trees have been observed
within home ranges of leopards which show that the
leopard repeatedly visits them to scratch with its
claws and perhaps urinate at the base of the tree. In
all instances these trees show a decided lean or are
trees that have a very large limb approximately 1.8
to 2.4 meters above the ground. Upon approaching
such a tree, a leopard will sniff at the base and then
climb rapidly up it, pausing to sniff at the previous
scratch marks, digging in its claws to scratch backward
with its hind feet, or claw with its forelegs while brac-
ing with the hind legs. The leopard continues to pause
from time to time to sniff at the bark especially where
fresh and old scratch marks still remain. No doubt
this could have some communicatory significance. Not
only is urine often sprayed around the base of such a
tree but perhaps exudates from the paws are left or
odor from the animal's body as it stretches or reclines
its ventrum on the bark. In addition, the tree is ren-
dered attractive or noticeable by the visual appearance
of the scratch marks as well as the sap that exudes
from the wounds made in the tree bark. In the course
of lying on the tree and scratching, the leopard may
exhibit several incipient marking movements includ-
ing reclining at full length on the branch and rubbing
the chest or perineal region on the limb, and rubbing
the cheeks apparently on points which bear odor traces
(Figure 49).

Urine Marking.—Both males and females urine
mark, although males show the pattern most often.
While walking along trails they will occasionally pause
to sniff at the undergrowth near the trail edge. They
will then pause and urinate backward when flexing
the tail dorsad. In males the urine stream will be di-
rected at a height of approximately 61 centimeters

FIGURE 49.—Leopard marking in scratching tree.
(Photo by N. Muckenhim.)

against the vegetation bordering the trail. When mark-
ing in this fashion, females are not capable of direct-
ing the urine as far or as accurately. Whether marking
is induced by the odor on the vegetation or the odor
of the vegetation itself we cannot at present say.

Scrapes.—Male and female leopards also prepare
scrapes. During the rainy season when the soil is rea-
sonably moist, one frequently finds evidence that the
leopard has scraped soil back with his hind feet. Some-
times this scraping is accompanied by the emission of
urine on the vegetation or earth immediately behind
the scraped spot. Occasionally urine is deposited on
the spot which has been scraped. Feces may be found
near the scrape but this is extremely rare. Scrapes are
noticed during the wet season because the earth is soft
and lends itself to scratching. The length of the scrape
is approximately 61 centimeters and usually there is a
clear imprint of both hind feet at the end of the scrape.

Calling.—A leopard call consists of a repeated pat-
tern of strokes sounding much like the sawing of wood.
The number of strokes in a given call is highly vari-
able and may have a range from two to thirty. At our
Marai Villu camp, where two leopards frequently
called, the number of strokes in a call had on the aver-
age thirteen to sixteen beats; the range, however, was



72 SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

n

Th

2 3 4 5 6 7 « 9 K> II 1313 U 15 It 17 It 19 20 21 3123 24 2S 3637 3139 30 31 32 33343S

LENGTH of CAll

FIGURE 50.—Length of calls (in number of strokes per call)
for captive male and female leopards. Top graph indicates
frequency for different call lengths for the total captive leop-
ard population. Middle graph indicates the males; the bottom
graph, the females. Note the tendency for different individuals
to call on the average with different call lengths. Different
individual distributions are represented by differential shad-
ing.

from five to twenty. Records of calling at the National
Zoological Park, including five individuals, give a
range from two to thirty with two peaks; one individ-
ual called with an average of three strokes per call
and a second individual showed a peak at twenty-
three strokes per call.

At present it is not possible to say to what extent an
individual leopard has a fixed call length. We do not
have enough identifiable data from the field to sub-
stantiate this point. We believe, however, that there is
some truth to it, since the evidence from the zoo indi-
cates that individuals can be roughly characterized by
the number of beats to a call. Our female, Goldie,
called on the average with twenty-three beats per call.
Our female, Pattie, called on the average at approxi-
mately four beats per call. This is quite a difference;
in fact, you do not have to see the two animals to
realize which one is making the call. There is no over-
lap between the calls of the two females at the zoo.
Whether we can generalize this to a wild situation or
not, we are not prepared to say at the moment. There
are certainly other characteristics of the call which
might give information concerning the individual's

identity. These would not be merely the number of
strokes per call but the rate of delivery and perhaps
even the pitch. Furthermore, it may well be that moti-
vational differences can lead to modifications in the
length of the call itself as determined by stroke dura-
tion or stroke frequency (Figure 50).

When a solitary individual commences calling in the
evening, the interval of time between calls ranges from
approximately one to ten minutes. The average inter-
val between calls in a wild population for a single
individual calling was six minutes. In the zoo the
average interval was three and a half minutes (Table
11, p. 87).

A phenomenon was noted in the wild which can-
not readily be confirmed in the zoo which we have
termed "dueting." Duet calling generally occurs on
the boundary between the home ranges of two males.
It could, of course, occur under other circumstances
but the only situation we studied was the apparent
dueting between males. In dueting, the movement pat-
terns of the two animals are regulated in such a way
as to avoid one another and the interval between calls
is less than one and a half minutes. Furthermore, there

March 14 1969

FIGURE 51.—Dueting situation between two male leopards at
Marai Villu. Note the tendency to remain spaced while
calling. Letters refer to sequence of calling.
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FIGURE 52.—Second set of duets (see Figure 51). The time
of calling is included.

is some suggestion that the animal that is deviating
from its original course as a result of the dueting cur-
tails the length of its call until it seems to pass into a
more secure situation. We indicate this phenomenon
by reference to Figures 51 and 52. These figures por-
tray two different duets involving, we believe, the same
two individuals. This is not to imply that this is the
only circumstance under which dueting occurs, but it
is merely to point out that it can occur and may be
indicative of a spacing function.

We would like to infer from consideration of these
figures that leopards are able to maintain their spacing
and avoid one another by means of roars. These calls
may, however, serve to bring two individuals together,
such as a male and a female. Indeed the rate of calling
per unit time by a female increases during estrus
(Muckenhirn 1971). This process would be greatly
facilitated if individual leopards could recognize an-
other individual's call. We have little evidence of duet-
ing in our zoo colony but this is not surprising since
the animals occupy stable caging situations and are
probably so familiar with one another's voices that
they do not respond in the way wild free-moving
animals would.

REVIEW OF SOCIAL ROLES

Based on our observations we find that a female and
juveniles associate together for almost a year. The
youngsters will hunt with the mother and, when they
are about six months of age, will stay with her almost
continually, even when she is moving in the open. The
female indulges in a great deal of typical cat-like play
patterns with the young involving chase, mock fight-
ing, etc. Male-female relationships were noted from
time to time. In one instance not recorded by us, a
tracker noted two males in association with one fe-
male, but the usual case would appear to be one male
associated with a female. In one case the duration of
association during our period of observations was sev-
enteen days. We have one record of an adult male
chasing a subadult male from a kill.

We have recorded two instances when a young male
(the Kanjuran male) was temporarily displaced from
his normal home range by the appearance of, in one
case, an adult male and, in the second, an adult male
and female (Manikepola pair) who had been resident
at a neighboring villu.

Case /.—On 23 March 1969 the Manikepola pair
was noted at Kanjuran Villu, the normal home range
of the subadult Kanjuran male. Later the same day
this pair was located some 3 kilometers to the south,
still in the Kanjuran male's home range. On 24 March
the Kanjuran male was noted at Kumuttu Villu for
the first time in an area some 2 kilometers east of his
normal range. He was moving west and by the end
of the day was noted at Kanjuran Villu at his usual
resting place. The Manikepola male was noted in his
normal home range at Kuruttu Pandi on 24 March
and the pair was again noted at the same villu on
8 April 1969.

Case II.—The second displacement of the Kan-
juran male was less clear cut. On 13 June 1969 the
Kanjuran male suddenly appeared at Manikepola at
0900 hours. He was sighted at Manikepola again on
16 June and on 27 June. At the same time, on 27 June
a strange male was sighted at Kumuttu Villu that had
not been seen there before but was identified as the
male generally resident at Manikepola and Kuruttu
Pandi. On 28 June the pair which had been resident
at Manikepola previously suddenly appeared at Man-
ikepola about half a mile to the north and subse-
quently the Kanjuran male was then seen again on
10 July resident in his own home range, this time at
Kumuttu Villu, and on 19 July he was seen 6.4 kilom-
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FIGURE 53.—Viverricula indica, the lesser Oriental civet. (Photo by M. Hladik.)

eters south at Allam Villu, giving an extension to his
former home range area (Figure 45).

One gets the impression that the Kanjuran male
very much biased his movements depending on his
awareness of the presence of other residents in the near
vicinity. During September to February the Kanjuran
male went almost every week to within half a mile of
Kali Villu only to turn back. There was a resident
male and female at Kali during this time. The Kan-
juran male's favorite marking tree was on the pre-
sumptive boundary between the Kali Villu pair's
home range and his own.

Some leopards would appear and then not be seen
again. We can only conclude that these were tran-
sients. We hypothesize that leopards can move through
the home ranges of others if they do not attempt to
settle. Leopards were often noted on the dry water
courses near the northern river boundary but it was
impossible to keep track of these individually and we
do not know how often they crossed to the other side.
Hence, as we noted in the introduction, our conclu-

sions regarding home ranges and movements apply
only to the central villu population.

Biomass of Prey and Home Range Occupancy

If we consider the five adult animals that we know
best, we have a situation with a male and female show-
ing overlapping home ranges, concentrating their ef-
forts around Kali Villu with excursions to Marai
Villu; a single subadult male of approximately two
and a half years of age patrolling three villus regu-
larly, and a fourth patrolling intermittently to the
northeast of him; while another pair occupied the
large rich villu, Manikapola, as well as three other
subsidiary villus as hunting areas (Figures 45 and 46).
An estimate of the biomass of prey throughout the
annual cycle for three home ranges indicates that for
the young male less than 50 percent of the biomass
was available to him in a home range of approxi-
mately 9.3 square kilometers whereas the average bio-
mass available to the two adult pairs which shared
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adjacent home ranges was more than twice as much
as that available to the younger lone male.

THE SMALLER CARNIVORES

The Mongooses (Herpestes)

Three species of mongooses have been noted in Wil-
pattu, H. smithi, H. fuscus, and H. edwardsi. The last
mentioned species was seen the least frequently and
was noted near the borders of the park adjacent to
cultivated fields on several occasions. H. smithi is by
far the most numerous mongoose in the forested areas
of the park and is generally found in the vicinity of
permanent water. H. smithi is active during the day
and may extend its activity period to the evening as
well. It is a rather effective predator on small birds,
rodents, reptiles, eggs, and various invertebrates. Most
sightings of H. smithi were of single animals or a
mother with an immature. Temporary pairings of
males and females were noted on occasion but it
definitely does not forage in a group. H. fuscus is
somewhat rare in the park but in its feeding habits
and activity periods resembles H. smithi. H. fuscus
may be a bit more gregarious, since the frequency of
sighting pairs or trios was more common.

The mongooses appear to have a rather restricted
home range and the same individuals could be seen
day after day, especially where we were permanently
camped.

The Civets (Viverricula and Paradoxurus)

The lesser oriental civet (Viverricula indica) was
noted near permanent water sources in the park but
it was active only at night. The animals could be called
to an observer by imitating a "squeaking" sound and
often would approach to within 3 meters or so. Three
animals, two males and one female, were resident at
the Marai Villu camp. One male died during our
twelve-month sojourn there but the other two animals
could be seen on occasion in the evening near the
camp (Figure 53).

Two species of palm civet (Paradoxurus) were
noted in Wilpattu including the toddy cat (P. herm-
aphroditis) and the golden palm civet (P. zeylonen-
sis). Both species were strictly nocturnal and were most
often sighted in trees. P. zeylonensis is by far the rarer
of the two species and was sighted only twice. It
would appear that Paradoxurus has a limited home
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range, foraging arboreally, and preying upon small
rodents, birds, and insects. Fruits are certainly taken
during the fruiting season. In their niche exploitation,
Paradoxurus are the arboreal complements of Viver-
ricula, although Viverricula appears to be the more
carnivorous of the two genera.

The Smaller Cats

Because of their shyness, the smaller cats were sel-
dom seen. Both Felis chaus and Felis rubiginosa were
resident in the park; the latter was noted only once.

THE PRIMATES AND OTHER MAMMALS

The Primates

The Indian gray langur (Presbytis entellus thersites)
was well distributed throughout the park (Figure 54).
Figure 55 portrays the distribution of the three pri-
mate species in our intensive study area. A detailed
study of the ecological separations displayed by the
three diurnal primate species resident in Ceylon was
conducted by Muckenhim within Wilpattu and the

FIGURE 54.—Gray langur, Presbytis entellus, sitting on the
ground. This species is the most terrestrial of all members of
the genus Presbytis. (Photo by G. McKay.)
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FIGURE 55.—Distribution of primate troops within the inten-
sive survey area. Note the gray langur (P.e) tends to be
associated with all bodies of permanent water. The purple-
faced langur, Presbytis senex (P.s.), is more restricted to areas
with large trees. The macaque, macaca sinica (M.S.), is most
thinly distributed in this portion of the park. The diamond-
shaped survey area is depicted in Figure 76. Each side is ap-
proximately 4.9 km in length.

results of this work will be published under separate
cover (Muckenhirn 1971). In general, Presbytis en-
tellus is organized into troops of varying size which
include within their home ranges some permanent wa-
ter. Troops are spaced regularly along both the Mo-
deragam Aru and the Kala Oya. Their distribution
throughout the villu portion of the park is closely as-
sociated with water. During the height of the dry
season, the animals seem to derive a great deal of
moisture from the larger fleshy fruits; however, they
were seen repeatedly to descend to the ground and
drink during the daylight hours. (For an extended
study, see Ripley 1965 and 1970).

The gray langur was sufficiently abundant to war-
rant a biomass estimate. We estimate a crude density
for Wilpattu of 2.8 langurs per square kilometer yield-
ing a biomass of 19.0 kilograms per square kilometer
(Figure 72 and Appendix A).

The purple-faced langur (Presbytis senex) (Figure
56), although distributed in reasonable numbers along
the river systems, was very rare in the park itself. A
small colony was located in the vicinity of Maduru
Odai and Periya Naga and was the subject of investi-
gation by Miss Muckenhim.

The toque macaque (Macaca sinica), although
somewhat abundant along the bounding rivers, was

very scattered in its numerical distribution within the
park. In the eastern portion of the park, the so-called
ara ecosystem seemed to support reasonable numbers
of macaque troops, but in the villu portion of the park
macaques were quite rare, except in the vicinity of
Nelun Villu, Kumbuk Villu, Maradan Maduwa, and
Maduru Odai. A detailed report on P. senex will be
published separately by Dr. G. Manley, and M. sinica
will be the subject of a special report by W. Dittus.

The loris (Loris tardigradus) is distributed through-
out Wilpattu. At least two animals were noted in the
vicinity of our camp at Marai Villu. The status of the
loris and its social organization is discussed for the
lowland dry zone in the publication by Petter and
Hladik (1970).

FIGURE 56.—The purple-faced langur, Presbytis senex. Note
the conspicuous white hairs on the chin and cheeks. This
species prefers larger trees and is far more arboreally adapted
than is P. entellus.
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Comments on Other Mammals

By far the most abundant rodent in Wilpattu Park is
Tatera indica. The Indian gerbil is active at night,
living in burrows either of its own construction or op-
portunistically using natural crevices and cracks in
termite mounds. Rattus r. kandiyanus, the jungle rat,
is also nocturnal and seems to be confined to areas
near permanent water in contrast to Tatera which
seems to be able to occupy quite arid situations. Rattus
r. kandiyanus is very arboreal and does a considerable
amount of foraging in the trees or in the rafters of
bungalows.

Two species of squirrels are to be found in reason-
able abundance and both are diurnal. The palm squir-
rel (Funambulus palmarum) is found in reasonable
densities in the ara ecological zone. It may be locally
abundant in the vicinity of the large villus, such as
Kali, Manikepola, and Kumbuk. The rock squirrel
(Ratufa macroura) is quite abundant along the rivers
and seldom seen in the villu zone of the park. In our
intensive study area, several pairs were known to us,
both at Marai Villu and at Maduru Odai.

The porcupine (Hystrix indica) is widely spread
throughout the park but at rather low densities. It
would appear to utilize both open habitats and for-
ested habitats, digging for roots, feeding on fruits and
grazing on tall grasses when available.

The hare {hepus nigricollis) was reasonably abun-
dant only in the open habitats showing a fairly good
growth of grass interspersed with scrub (Figure 57).
Relative abundance of hares, as a function of habitat
type as assayed indirectly through feces counts, are
portrayed in Figure 70.

The biomass of the smaller mammals is generally
insignificant when compared with the biomass of the
ungulates; however, the porcupine and hare do form
important parts of the diets of predators and were
sufficiently abundant so that we attempted an esti-
mate. Crude density estimates for Hystrix indica yield
an average density of .58 per square kilometer with a
biomass of approximately 5.3 kilograms per square
kilometer. Crude density for the hare works out to
approximately 4.7 per square kilometer with a biomass
of 14.9 kilograms per square kilometer.

FIGURE 57.—The Indian hare, Lepus nigricollis.



Comments on the Nonmammalian Fauna of Wilpattu

The Avian Fauna

Although we made no attempt to conduct systematic
studies or censusing operations with the avifauna of
Wilpattu Park, some mention should be made of the
dominant species. The black crow (Corvus macro-
rhynchos) is abundantly distributed in the park. These
birds are quite versatile, serving as scavengers in the
vicinity of camps and forming a loose symbiosis with
some of the larger ungulates, since the crows will pick
off ectoparasites, such as ticks. This symbiotic tick-
cleaning function is also practiced by the common
mynah (Acridotheres tristis) which can serve as a
"cleaner" for even smaller species of game, such as
swine and deer; Schaller (1967) made the same ob-
servation in India.

The tall forest and scrub forest in the vicinity of
either the river systems or the larger villus is popu-
lated by a wide variety of birds; among the more dra-
matic are the racket-tailed Drongo (Dissemurus par-
adiseus) and the Ceylon paradise flycatcher (Tchitrea
paradisi ceylonensis). Some of the more conspicuous
vocalizing birds of the forest include two species of
barbets, the crimson-breasted and the green barbet
{Megalaima haemacephala and Megalaima zeylan-
ica).

Of great interest are the Malabar hornbills (Anthra-
coceros coronatus). At Marai Villu there were two
groups of hornbills which would call every evening
but generally spaced themselves out at opposite ends
of the villu. Malabar hornbills seem to pair for life,
travel in pairs, and assemble in the evening to call in
a tall tree. The larger assemblies might be composed
of several generations of offspring from the original
pair.

Conspicuous in the scrub country is the Ceylon
hoopoe (Upupa epops) which is one of the more color-
ful birds commonly seen. In the vicinity of the vil-
lus, the bee-eaters are conspicuous and so are their
ground nests, which they excavate themselves. Both
the Ceylon bee-eater (Merops orientalis) and the
blue-tailed bee-eater {Merops superciliosus) were
noted.

In the vicinity of streams, the Ceylon kingfisher

(Alcedo atthis) was noted. These birds appear to be
quite territorial and well spaced. During night patrols
we frequently came across the night jar (Caprimulgus
macrurus) and on several occasions made observations
on the brown fish owl (Ketupa zeylonensis); how-
ever, the bird was most easily localized by its call
which is easily recognized. The common coucal or
crow-pheasant (Centropus sinensis) was not at all
common in the drier western portion of the park but
readily seen in the eastern or ara region. Similarly,
the parakeets seemed to confine their distribution to
the river system, being represented by the rose-ringed
parakeet (Psittacula krameri).

Although several species of doves were present in
the park, the spotted dove (Streptopelia chinensis)
was the most common. In the vicinity of the villus,
terns were commonly noted feeding, including the
white-shafted little tern {Sterna albifrons) and the
crested sea tern {Thalasseus bergii). Also common in
the vicinity of villus, especially the larger ones such as
Kali Villu, were the great stone plovers {Esacus re-
curvirostris). Black-winged stilts {Himantopus himan-
topus) could be noted, especially in the central villus,
including Mahapatessa and Kumbuk. By far the com-
monest plover-like bird in the vicinity of villus is the
Ceylon red-wattled lapwing {Lobivanellus indicus).

The Galliformes were well represented by the bus-
tard quail {Turnix suscitator), the pea fowl {Pavo
cristatus), and the jungle fowl {Gallus lafayettii).
Bustard quail are rarely seen and were observed most
frequently in the ara zone. Pea fowl are not at all
common in Wilpattu in contrast to Ruhunu Park
where they are easily seen in numbers. In general the
pea fowl could be noted in parts of the West Sanctu-
ary, along the upper reaches of the Moderagam Aru,
and in the vicinity of Maradan Maduwa. The jungle
fowl, however, were extremely abundant in both the
scrub jungle and the taller ara forest. Although no
attempts were made to calculate it, the biomass of the
jungle fowl is probably significant and may be double
that of the hare.

The most commonly seen raptorial birds included
the Ceylon crested serpent-eagle {Spilornis cheela),
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the white-bellied sea eagle (Haliaetus leucogaster),
the Ceylon crested hawk-eagle (Spizaetus cirrhatus),
and the Brahminy kite (Haliastur indus).

Winter visitors included ducks, especially the Gar-
ganey (Anas querquedula) and pintail (Anas acuta).
The whistling teal (Dendrocygna javanica), however,
is resident throughout the year in the park.

The larger wading birds are well represented in the
park, especially in the central villu areas of Kumbuk,
Mahapatessa, Borupan, and Kudapatessa. These in-
clude the spoonbill (Platalea leucorodia), the white
ibis (Threskiornis melanocephala), the adjutant stork
(Leptoptilos javanicus), the open-billed stork (An-
astomus oscitans), the painted stork (Ibis leuco-
cephalus), the large white egret (Egretta alba), the
cattle egret (Ardeola ibis), and the eastern purple
heron (Ardea purpurea). The Indian darter (An-
hinga melanogaster) is also abundant in the vicinity
of those villus which support a fish fauna.

It is interesting to comment in passing that many
of the villus have no inlet or outlet and thus support
no fishes. Those bodies of water which were former
tanks or have had some connection with the tribu-
taries of the Moderagam Aru or the Kala Oya do have
fish faunas, such as Maradan Maduwa Wewa. Most of
the feeding by waders and terns in larger land-locked
villus apparently involves the crustacean fauna present
in the villus and the larvae of aquatic insects.

The Reptile Fauna

The breeding status of the sea turtles that were pres-
ent off the coast of Wilpattu is not assessed. The
most conspicuous reptiles in the park included three
species of Testudinata; one lizard, the monitor (Vara-
nus bengalensis); the crocodile (Crocodylus palus-
tris); and two snakes, the rat snake (Ptyas mucosus)
and the Indian python (Python molurus).

The pond turtle (Melanochelys trijuga) and the
soft-shelled turtle (Lissemys punctata) are resident in
most of the larger permanent villus in the park. When
villus dry out these turtles are not at all averse to
going overland as much as a mile to the nearest water
and, during the rainy season, there is often a tremen-
dous movement of turtles between bodies of water.

The star tortoise (Testudo elegans) may be noted
in the grassy areas in the western part of the park and
is spottily located in other suitable habitats throughout
the ara zone and in the central villus. No attempt

was made to estimate the biomass of this tortoise,
which is primarily a grazer.

The crocodile (Crocodylus palustris) is a significant
predator on small game both along the Moderagam
Aru and in the larger central villus. At the Marai
Villu camp, we counted five resident crocodiles at the
end of the dry season which were approximately 1.3
to 1.5 meters long. They were prone to sun themselves
in the early morning and retired to the water around
0900 hours. On overcast days they may remain out
almost all day. At night they lie at the water's edge.

Crocodiles reaching a much larger size up to 3.6
meters could be noted at Kali Villu. Like the pond
tortoises, pond turtles, and soft-shelled turtles, croco-
diles are prone to move between one villu and the
next, traveling over land both at the onset of the rainy
season and during the height of the dry season.

Rat snakes (Ptyas mucosus) were frequently seen
in the vicinity of the larger villus, but the python
(Python molurus) was only noted in the vicinity of
Moderagam Aru. The python is known to be a sig-
nificant predator on fawns of Axis axis, but its relative
density and effect as a predator could not be estimated
in this study.

The monitor lizard (Varanus bengalensis) is prob-
ably the most abundant large reptile in the park. It is
a versatile feeder, utilizing termite nests and feeding
after sloth bears have fed. It also is an effective scav-
enger of carcasses and can be a predator in its own
right. We observed one individual run down and at-
tempt to catch a jungle fowl cock one evening.

A Consideration of the Termites

No attempt was made to assess the density or diversity
of insect fauna in this park; however, some mention
should be made of termites. Termites of the genus
Trinervitermes probably account for the most signifi-
cant biomass of all invertebrate fauna within the park.
Figure 58 portrays the density of termite nests as a
function of habitat and the area of termite nests for
varying habitat types. Termites are consumers of cel-
lulose in the form of wood fiber or from soft plant
parts and are able to utilize effectively the standing
crop of forested material within the bounds of the
park. As such, they represent no small contribution to
the biomass of the park and are in turn fed upon by
the monitor (Varanus), the sloth bear (Melursus),
and the pangolin (Manis). Termites are only utilized
by other forms to a limited extent and would seem to
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FIGURE 58.—Total area occupied by (shaded bars) and num-
ber of termite mounds (white bars) on plots of varying
vegetation form. Note that grass plots (g) without the pres-
ence of scrub show little termite activity except for termite
tunnels which are built to utilize feces. Termite activity
reaches a peak in scrub (Sc) and forest-scrub(F(Sc)) and
seems to be somewhat less in tall mature forest (F). Termite
activity is virtually absent from Plot 14 because this plot is
periodically inundated and the substrate is clay, a substrate
which is not conducive for termite utilization. Method of
censusing is described in Appendix A. dSc = discontinuous
scrub; dF(Sc) = discontinuous forest scrub.

represent a rather stable food-producing unit in the
above outlined food chain which can be exploited only
by some mammals exhibiting extreme specializations.
In all parts of the world, termites have been exploited
and, in every case, are exploited only by mammalian
forms which have undergone morphological speciali-
zations for the art of opening termite nests and extract-
ing the termites from their tunnel systems.

Termites are also very important in the dung cycle
by reducing to its basic constituents the undigested
woody particles in the dung of the ungulates. The
dung cycle may be thought of as beginning with the
plant food itself, grasses, forbs, leaves, barks, fruits,
etc., ingested by herbivores and passed out in a par-
tially digested form. The dung is then further reduced
by termites and the termite dung is reduced by bac-
teria.

The dung may be used by dung beetles and become
scattered by the activity of these insects as they form
it into balls for nourishing and maintaining a moist
environment for their larvae. Dung beetles will bury
the balls of dung containing their eggs where it again
may be reduced by bacteria at the conclusion of the
larval hatching. Dung beetles provide food for sloth
bears, numerous species of birds, mongooses, and mon-
itor lizards. The termites, as stated before, provide a
largely untapped food source for certain specialized
feeders, such as the sloth bear and the pangolin.



Synthesis and Comparisons

TRENDS IN THE EVOLUTION OF
SOCIAL BEHAVIOR AS EXEMPLIFIED
BY UNGULATES

Review of Ungulate Evolution

The "ungulates" in the broadest sense3 exhibit an old
and diversified lineage within the class Mammalia.
We can discern three large radiations within the un-
gulates; one, the Paenungulata giving rise to the Si-
reneans (sea cows), hyraxes, and elephants. The
second major radiation gave rise to two subdivisions,
the first being the Perissodactyla including the horses,
tapirs, and rhinoceroses; whereas the second or Art-
iodactyla gave rise to the deer, mouse deer, camels,
giraffes, swine, and bovine-like mammals (Thenius
and Hofer 1960, Gregory 1951).

The evolution of the ungulates has been paralleled
in part by a complementary radiation within the order
Carnivora. In the main the history of the carnivores
is written in attempts to perfect methods for overcom-
ing diverse prey animals and a large component of
prey animals for the Carnivora is derived from the
ungulates. On the other hand, the ungulate evolution
has its history written in attempts to escape predation
by its ever-present symbionts, the carnivores, and in
the evolution of adaptations permitting it to utilize
plant cellulose in varied habitats as a food resource.

Plants may be utilized for food with little modifica-
tion of mammalian gut morphology if only the starch,
protein, and simple sugars stored within the plants
are utilized by the animal. This is especially true for
the phloem portions of plant stems, the parenchyma
of plant leaves, the fruits, and other reproductive
structures, as well as roots, especially those roots spe-
cialized for starch storage. The vast majority of plant
carbohydrate, however, is locked in the form of the
complex polysaccharide cellulose. Cellulose or plant
starch is formed by linking glucose molecules, together
with a so-called beta linkage which differs structurally
from the alpha linkage characteristic of both plant
and animal starch. No vertebrate animal possesses a
self synthesized enzyme capable of breaking the beta

3 Ungulates is here used as equivalent to the Protungulata,
Paenungulata, Artiodactyla, and Perissodactyla.

linkage; such enzymes are readily present in many
bacteria (Hungate 1960).

Bacterial symbionts in the gut of many mammals
aid in the breakdown of plant cellulose and provide
amino acids and vitamins when the bacteria are di-
gested or the byproducts of bacteria are absorbed. In
order to efficiently utilize cellulose, herbivorous mam-
mals have evolved modifications of the gut. One re-
finement permitting the breakdown of cellulose by
bacteria has been to add a caecum to the gut, thus
enhancing the action of symbionts. Another evolu-
tionary solution was to develop a chambered stomach
with one chamber for the fermentation of plant cel-
lulose by bacterial symbionts. Both methods have been
evolved within the ungulates with the Perissodactyla
and Paenungulata utilizing a caecum as the primary
place for bacterial symbionts to break down cellulose,
whereas the Artiodactylans, with the exception of the
hippopotami and swine, have evolved a chambered
stomach where bacterial symbionts assist in the break-
down of cellulose to simple sugars which then can be
absorbed by the gut.

Thus the trend in the utilization of foodstuffs within
the class Mammalia began with an unspecialized mam-
mal utilizing a high energy food source such as an
insect, another animal's body, fruit, or grain. Through
natural selection, mammalian species departed from
this omnivorous way of life giving rise to specialists on
insects or ants, specialists as carnivores or frugivores,
and finally specialists as exemplified by the ungulates
for utilizing the readily available but less easily metab-
olized food resources of plants and plant parts, in-
cluding cellulose.

The ability to digest cellulose has had tremendous
consequences for the ungulates. As a result, their teeth
have become modified from low crowned grinding or-
gans, for the reduction of plant parts into smaller
particles, to high crowned, rootless, ever-growing teeth.
Finally, the modifications of the gut including a cae-
cum or, alternatively, a chambered stomach with a ru-
men has permitted efficient activity by bacterial sym-
bionts. With the ability to utilize grass as a food source,
ungulates were able to evolve away from dependency
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on forested habitats and indeed by their activities have
contributed to the reduction of forested habitats to
grasslands, thus promoting in a way their own food
resources.

Within the living ungulates, one can find a spectrum
of morphological types ranging from those forms that
are somewhat omnivorous, such as the swine, utilizing
both forest and open habitats and dependent on read-
ily available energy food resources, to animals such as
buffalo, deer, and elephants capable of utilizing grasses
and inhabiting the open plains. The history of grass
evolution is tied to the evolution of ungulates and one
can correctly say that these two biological assemblages
have evolved together.

Understanding the evolution of social organizations
within the ungulates and correspondingly interpreting
the social organizations of carnivores against a parallel
evolution with their prey necessitates a thoughtful con-
sideration of the preceding paragraphs which concern
themselves with the utilization of food substrates by
the evolving ungulate groups. We will now turn to a
consideration of evolutionary trends in social structure
and communication mechanisms by considering the al-
ternative consequences of adaptation to a forest life
versus adaptation to the utilization of open grasslands.

Adaptation to Open Country

Many ungulates still utilize the forest. For noncellulose
feeders, such as swine, the forest provides many forms
of food including roots, fallen fruits, and various in-
vertebrates and vertebrates. The vast majority of highly
evolved ungulates, however, are adapted for brows-
ing either on the forest edge utilizing shrubs or feed-
ing out in the grasslands themselves. The grassland is a
uniform habitat not necessarily offering very much
cover for hiding by the grazing ruminant, which is a
potential prey animal.

The proximity of forest cover can be utilized as a
refugium, but complete adaptation to open grasslands
necessitates other forms of antipredator behavior.
This is especially true of ruminants which have tended
to become larger, thus becoming more conspicuous and
not able to use tall grass as a hiding place in itself.
Increase in size is also correlated with increase in speed.
In fact, as Howell (1965) points out, some morpho-
logical trends in the evolution of ungulates have been
in response to predator pressure. To increase size serves
two functions: (1) it can make a prey animal less vul-
nerable to a smaller predator, and (2) it can increase

the potential speed of the prey animal. In any event,
becoming large reduces inconspicuousness so one of the
primary modes of antipredator behavior (that is, re-
maining immobile and inconspicicuous) is lost to a
large mammal grazing in open grassland habitats.

The primary modes of antipredator behavior, out-
side of remaining inconspicuous or camouflaged, in-
volve the ability to either spring away quickly coupled
with some rapid method of running and/or to be able
to sustain a swift run when being chased by a predator.
Much of the color patterning, especially in forest-
dwelling ungulates, is related to camouflage for render-
ing the animal inconspicuous (Gott 1957) and the
need for speed in locomotion has keynoted the evolu-
tion of limb structure in ungulates (Howell 1965).

Another characteristic of ungulates has been the evo-
lution of horns or hornlike structures. Paradoxically
the evolution of such structures is not necessarily tied
to antipredator behavior but rather the primary selec-
tive force would seem to be sexual selection resulting
from male combat during the breeding season. This
is not to say that some of the horns, tusks, and hornlike
weapons have not evolved as antipredator devices; this
certainly has had some influence in selection especially
where the structures are retained by both sexes. But
where the structures are the exclusive property of males
and where there is no evidence that the males actively
participate in defense of female groups, we must as-
sume that the primary selective force has been the
competition of males for access to females during the
breeding season. (For an extended discussion of the
evolution of horns and hornlike organs, see Geist
1966).

Of course, within the ungulates, we have seen sev-
eral times the evolution of such a large body size that
speed is no longer of importance in antipredator be-
havior but rather the ungulates themselves, by virtue
of the large size and armament, can successfully with-
stand attack by even the largest predators (e.g., ele-
phant and rhinoceros). The rise of man as a socially
organized hunter, however, has profoundly affected
the utility of many ungulate defense mechanisms.
Wholesale extinctions of species in the last 15,000 years
seems to have been caused by early man (Martin and
Wright 1967).

The Social Organizations of Ungulates

Two very strong trends in social organization may be
noted within the ungulates. The first trend is the ex-
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tended mother-family, that is, the mother and her
immediate descendents, constitutes the most cohesive
social unit, and all other social groupings are formed
out of such units. The second major trend is for a con-
sistent division of habitat utilization between males
and females whenever possible. Although in some mi-
gratory grassland species differential habitat utilization
is not pronounced, nevertheless, in many species one
can detect a tendency for adult males and adult fe-
males to form, except for the breeding season, unisex-
ual herds which forage independently of one another,
or, if not manifest to that extent, then at least unisex-
ual subgroupings within an extended herd. Although
this is a very old tendency, probably reflecting pro-
cesses and mechanisms of affiliation already operative
at the level of primitive mammalian systems, such a
separation can and often does result in great benefit to
the female and the young in that direct competition be-
tween males and females for food resources in short
supply is reduced markedly. Such a trend can be noted
for elephants and buffalo in Ceylon as well as for the
mountain goats and mountain sheep of North America
(Geist, 1964, 1968a, 1968b).

In addition to these two basic trends, we can, as we
turn to a consideration of habitat utilization patterns,
distinguish two broad classes of social organization
based on the mode of habitat utilization. In general,
utilization of a forested habitat makes the coordination
of cohesive groupings more difficult, especially if the
forest animal is large. Hence, one of the major features
observed with ungulates utilizing forested habitats is
that they tend not to form into large social aggrega-
tions but rather the minimum social unit, i.e., the ex-
tended mother-family.

If the forest ungulate is very small and vulnerable to
predation, it would seem that inconspicuousness is the
best defense and hence an almost solitary state can be
observed. Referring to the muntjac, however, we may
note that to be solitary does not imply the absence of
social life; indeed, the home ranges of given males and
females may overlap and their descendents may utilize
the same home range until reaching adulthood. Never-
theless, they tend to move alone. On the other hand,
if the ungulate can defend itself well, such as swine
(Sus scrofa), it may form into small troops generally
based on several "mother-families" which band
together.

In contradistinction to the smaller social groupings
or more solitary way of life characteristic of forest-
adapted ungulates, the utilization of grassland, espe-

cially by migratory species, has resulted in the forma-
tion of large herds. At the time of mating, we may note
the evolution of very complicated mating systems and
ceremonies involving male territoriality and male de-
fense of specific areas to which females come and are
bred. (For extended discussions, see Leuthold 1966;
Eisenberg 1966; and DeVos, Brokx, and Geist 1967).

Ungulate Social Systems and Antipredator Behavior

To clarify the preceding discussions, we will review the
social behavior of several species previously discussed
in the text; these include the muntjac (Muntiacus
muntjac), the wild swine (Sus scrofa), the axis (Axis
axis), the water buffalo (Bubalus bubalis), and the
Asiatic elephant (Elephas maximus).

THE MUNTJAC OR BARKING DEER

These animals are generally sighted moving alone and
we can think of them as solitary in their feeding, drink-
ing, and resting. It is also evident that muntjacs do
come together at appropriate times of the year for
mating and that some continued contact must be main-
tained between the mother and her young during the
lactation phase. During the early stages of growth by
the young, it is left in a secure resting place and the
mother returns to it in order to feed it. Persistent fol-
lowing by the young generally begins at the age at
which it can escape on its own if necessary.

The male and female home ranges overlap to some
extent, thus the male can service the female when she
comes into estrus. The greatest overlap in activity
takes place at water holes and indeed this is the place
at which we have noted the male and female muntjac
together. Some sort of spacing must be maintained es-
pecially among adult males and to a certain extent
among adult females. Yearling males can and do as-
sociate with adult males. It is thought that the males
mark their territories with glandular secretions and
actively defend their home ranges against other males
by ritualized combat with their antlers. The rather pro-
nounced canine teeth of the male may be involved in
combat as well.

The small forest ungulates live in auditory and
chemical contact with each other, with the home ranges
of males and females overlapping. Perhaps the home
ranges of related females overlap to some extent also,
approximating the extended mother-family units of
the larger more social Cervidae.
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The muntjac possesses an alarm call which sounds
very much like the bark of a small dog and may be
repeated two or three times when the animal is star-
tled. The role of the alarm call would at first sight
seem to be unrelated to a social function especially
when these animals appear to be solitary; however, if
the home ranges do indeed overlap, then the individu-
als in a given "community" are in auditory contact
and the loud warning cries can serve to alert not only
the young but neighbors.

THE WILD SWINE

As indicated in the section on swine, social tendencies
show a marked change throughout the annual cycle.
Swine typically show the pattern of females associat-
ing together in a sounder which travels about within
a known home range. Females appear to become im-
pregnated at roughly the same time, perhaps with es-
trous synchrony being induced by the presence of a
male. Female swine will move to individual areas to
give birth and when their young are approximately
ten days old will begin to rejoin former female com-
panions to form an extended rearing group composed
of anywhere from two to five females with their pro-
geny. This extended "sounder" then moves together
for several months until the young have reached the
stage of independence; even then the primary foraging
group may remain together.

Adult males take no part in the rearing of the young
and are typically solitary. Younger males may associate
with the female groups until approximately two years
of age but seem to participate in very little breeding
since, at the time of estrus, an older boar will generally
take charge and drive off any younger males who at-
tempt to mate with estrous females.

Wild swine are not ruminants and apparently can-
not utilize cellulose in their diet. They are omnivores,
feeding on carrion, vertebrates, invertebrates, fallen
fruit, and the roots and soft parts of plants containing
starch and simple sugars. The home range of swine
is typically quite large. The female rearing group
serves as a defensive unit for the young against small
predators. If surprised by a larger predator, the sounder
may scatter leaving the young quite vulnerable to
being attacked singly. Adult swine, however, are more
than a match for most predators and indeed, after suf-
fering an initial heavy mortality during the first three
months of life, the chances of swine survivorship in-
crease dramatically. It is on record that adult swine

can effectively defend themselves against the attack of
a tiger, cheetah, or leopard (Schaller 1967, Eaton
1970). We have observed subadult swine falling prey
to the leopard on Ceylon so the generalization is not
absolute; however, it seems safe to say that the chief
antipredator defense of the swine is the communal
rearing unit of several adult females and attached
older progeny. Our observations on the social behavior
of swine are completely consistent with the observa-
tions of the European swine by Gundlach (1968).

THE Axis DEER4

The axis is a social cervid spending the better part of
the diel cycle in company with a great number of its
own kind. The axis typically move singly or in small
groups of two or three while in the forest. These small
units subsequently assemble at various times during
the diel cycle to form a herd in the open. A given herd
is the result of the gathering of small groups and is
formed most often at grazing areas in the vicinity of
water holes. The most frequently observed grouping
assembling at the forest edge is from three to six indi-
viduals. In the main, these small units are composed of
a doe, her fawn, and a yearling female with or with-
out a fawn. The basic social unit presumably consists
of a female and her descendents. The axis is quite gre-
garious and extended herds are formed from these
smaller groupings. Even within the extended herds
there is some tendency for unisexual subgroup forma-
tion so that the males will tend to form all-male groups
and the does tend to segregate into groupings of does
and their progeny.

The quality and form of male interaction is very
much influenced by their reproductive state. Although
the rut is not totally sychronized within the axis popu-
lations of Ceylon, nevertheless, there is a pronounced
rutting trend toward the end of August and into
September.

When males are not rutting, there is a marked ten-
dency to form a unisexual subgroup or bachelor group
which is not completely consistent in its composition
but may maintain itself over a period of several
months. During the rut, males with hard antlers will
spar and actively attempt to court females. Younger
males are almost always subordinate to the three or
four-year old males; however, they may actively fol-
low older males and, although not challenging them,
they may secondarily participate in courting activities.

4 For an extended treatment, see Schaller 1967.
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During the nonrutting phase, the males appear to
ignore the females although occasionally they may
join in with a female subgroup and follow it. During
the rut, the males will approach and actively court fe-
males. There is no permanent pair bonding.

The females are quite gregarious and indeed it
would appear that the small subgroups showing the
most cohesion are extended mother families. At the
time of parturition, the female is prone to retreat from
the main herd and becomes somewhat aggressive to-
ward her own offspring. The fawn is generally delivered
in a very secluded place and, for the first ten days
of its life, the fawn is unable to consistently follow the
mother; however, after approximately ten days, the
fawn will begin to accompany her. At this time the
small subgroupings of females and their descendents,
as well as the extended herd groupings, are reformed.
Although the fawn is unable to accompany the mother
on her grazing forays during the first week or ten days
of its life, the mother nevertheless maintains contact
with it by remembering the place at which she left it.
Furthermore, contact between a fawn and mother
may be facilitated by the bleating call of the fawn and
a similar bleat produced by the female.

When startled axis will generally leap to one side,
stamp and/or give an alarm bark and then run rapidly
for cover, sometimes continuing to bark. Upon per-
ceiving a leopard, axis may respond in a variety of
patterns. If an axis is startled by a leopard at close
quarters, it will generally make an immediate escape
response, a jump followed by a rapid gallop away from
the vicinity of the leopard. On the other hand, if it is
not startled but the leopard can be perceived at a dis-
tance, the axis' next act is dependent upon what the
leopard does. If the leopard is at a reasonable distance
and resting, the axis will orientate toward the leopard,
may show pilo erection and a raised tail, and, depend-
ing on the distance, will generally maintain its orienta-
tion and emit a warning bark. If the leopard remains
resting in the open, the axis will approach with the head
down and in an elongate posture. If the leopard still
does not move and if there are several axis gathered
together, the axis will generally exhibit a mobbing
response, often inducing the leopard to get up and
move. If the leopard moves toward the deer, the mob-
bing response is not shown but they will remain orien-
tated toward the leopard, barking. When he comes
within approximately fifty yards, the axis will move
away to a safer distance and then orientate again and
continue to bark.

THE WATER BUFFALO

Except at the time of the rut, adult male water buffalo
are almost always seen in a solitary state. Subadult
males and occasionally adult males outside the rut may
form into temporary loose bachelor groups. In contra-
distinction, the cows are very cohesive, forming herds
which remain together throughout the better part of
the annual cycle with the exception of parturition time
when individual cows may leave the herd to give birth.
The size of the buffalo herd very much depends on the
habitat in which it is living. Two ecologically different
populations of buffalo may exist in the same area.
Herds being locally adapted to forest generally form
smaller groups, whereas herds utilizing more open
grasslands form into larger groupings of twenty to
thirty.

During the rut the males become exceedingly ag-
gressive toward one another and actively defend an
area against intrusion of other adult males. At the time
of rut when a cow herd passes into the territory of a
male, he will actively investigate the cows and attempt
to breed any that are in estrus. At high-population den-
sities where water resources are restricted, many adult
males may congregate in the vicinity of the same water
hole. At this time, the males will actively defend an
area including a portion of the water hole and adjacent
grazing grounds; hence, clustered territories may be
shown by bulls at this time. Where the habitat densities
are lower, the bulls may be spaced out so that such
overt territorial behavior is riot apparent (Kurt 1971).

The female buffalo leaves the main herd at the time
of parturition and is extremely wary. The calf can ac-
company a female within twenty-four hours after birth,
although slowly. Within two weeks or so, the females
are generally again formed into a regular herd. As the
calves become more mature, there is a tendency to
form nursery units. Mothers may graze more individu-
alistically while the calves are congregated together in
a group generally with one or two females and juve-
niles in attendance. There is a sustained tendency to
establish subgroups. One should note that within a
herd, unless a nursery group is formed, the most co-
hesive unit is that displayed by the female and her
calf. Nevertheless, notwithstanding the fact that nur-
sery groups are formed, it would appear that mothers
can recognize the call of their calf individually. When
threatened by a predator, a cow group will form a de-
fensive front with the calves between and slightly be-
hind the mothers and the mothers facing out toward
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the threat or danger. Females are prone to charge of-
fending objects that come too close, including jackals
and leopards.

THE ASIATIC ELEPHANT

As in all of the preceding examples, the most cohesive
social unit shown by the elephant is a given female
and her descendents. Because of the great age to which
an elephant attains, there is a maximum possibility
for generation overlap. Hence, a female of thirty-five
years of age may have up to seven descendents ac-
companying her at the same time. This leads to a series
of core mother-families related by descent, which con-
stitute the extended herd of from twenty to thirty in-
dividuals. Individuals within the herds seem to be rec-
ognized as such. In fact, when two herds come
together and mix, they generally separate intact with
the same composition.

Adult males generally do not accompany the cow
herds but forage independently, joining the cow herds
at water holes, and especially at the onset of rain when
many cows are in estrus and mating occurs. There
would appear to be a dominance hierarchy among
males established by tradition and maintained over
time through ritualized combat or in exceptional cases
by actual combat. The males typically exhibit a more
consistent home range pattern. Females have a much
larger habitat utilization radius with marked seasonal
shifts depending on the availability of grass and the
rainfall patterns. Bulls may shift in company with cow
herds during major seasonal changes in habitat utili-
zation trends.

Because the members of the cow herd live together
for such an extended period of time and because of the
extensive generation overlap, there is a great deal of
mutual care for infants with several emergent proper-
ties. First of all, the auntie phenomenon is well known
within elephants. A female with a newly born calf is
generally accompanied by at least one female who as-
sumes maternal roles with respect to the calf when the
mother must feed, and otherwise occupy herself. As a
derivative of this, it is not uncommon for females in
late pregnancy or older females that have given birth
many times, to begin lactation after several days when
in the company of young calves. This is noted in zoo-
logical gardens and confirmed in the field (Kurt
1969).

A second emergent property in the social behavior
of females is the cluster formation as a part of anti-

predator behavior. This is similar to the linear forma-
tion of the buffalo herd when facing a predator, but it
is more integrated. The larger cats in the mainland of
Asia are significant predators upon elephant calves,
although the adults are relatively invulnerable. Never-
theless, the adults exhibit cluster formation related to
calf protection even toward smaller predators or to-
ward man when flight is prevented. Elephants have
lived with man for thousands of years and man may
well be considered a natural predator upon the
elephant.

Although flight or attack behavior may be shown
toward potential predators, including man under ap-
propriate circumstances, the cluster formation is de-
finitely an adaptation to reduce predation on calves.
In the formation of a cluster, the adults will turn to-
ward the source of possible or actual danger while the
younger animals align themselves either between two
adults or behind them. If the source of the disturbance
cannot be localized, the adults may even form a star
pattern with the youngsters in between them or in the
center. Young animals attempting to pass an adult
will be forcibly held back by the adult's trunk. Animals
of five feet or less at the shoulder tend to move near
the largest elephant in the immediate vicinity. Thus
even a juvenile may serve as the nucleus for a cluster
or star formation if larger adults are not in the area.
Such a defensive cluster may break up if an older in-
dividual sets out to attack or the older individuals may
hold positions while the younger ones gradually move
away in twos or threes into the protecting forest. (For
more details, see McKay 1971.)

Mating behavior involves the establishment of a
contact relationship between a cow and a bull. Con-
tinuous courting by the bull persists until a peak of
receptivity on the part of the female. Cows come into
estrus once every twenty-one to twenty-eight days and
the period of attractiveness to the male may last some
four to five days; however, peak receptivity on the part
of the female occurs during the last two days of estrus.
Several bulls may be in attendance on a cow herd at
the time that a given female or females are coming
into heat; however, precedence in mounting generally
goes to the largest male or the male that happens to
be in musth. Musth is a condition exhibited by males
which is equivalent to rut in deer although musth in
the male population is not necessarily synchronized
(see also Eisenberg, McKay, and Jainudeen 1971).

Young males have very little opportunity to mate
due to the appearance of older dominant males at the
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times of estrus in the cows comprising their herd.
Young males in their persistent attempts to mount fe-
males in pro-estrus frequently receive aggressive action
from older cows. As a consequence younger males be-
gin to spend less and less time with the cow herd and
either form a subgroup on the periphery or attach
themselves as satellites to older bulls. Male associations
in the elephant are certainly not as cohesive as those
found within the cow herd itself. The role of leader-
ship for the cow herd generally falls to the oldest cow.

Relationship of Social Organization
to Antipredator Behavior

It is perhaps useful at this point to summarize some of
the information we have tried to impart in the pre-
ceding review. In general, an ungulate species has two
major problems, to feed itself and to avoid being fed
upon. Eight intergrading adaptive responses may be
discerned for response to predators:

1. Sight the predator and either sneak away or
freeze, keeping the predator in view. If it would ap-
pear that the predator has spotted the prey, then give
an alarm call and prepare to flee.

2. Give an alarm call and flee from the predator.
3. Move, thus increasing the conspicuousness, while

remaining orientated to the predator and give a re-
peated alarm call.

4. Give an alarm call while displaying some con-
spicuous color pattern such as erecting the tail or rump
hairs which may be white and further enhance con-
spicuousness.

5. With tail erect and perhaps emitting an alarm
call, to move in a zigzag fashion or "stot" to induce the
predator to chase (see Smythe 1970 for an extended
discussion). All things being equal, a healthy prey
animal should be able to out-distance a predator still
outside its flight distance. In any event, the alarm call
serves to attract attention to itself and induces a chase.
Should the predator chase and fail to capture the prey,
then chances are the prey will not be molested again.

TABLE 11.—Average intervals (minutes) separating
a series of leopard roars

Subject

Wild single animal . . .
Captive single animal
Wild duets

N Range Average

6
36

6

3-9
1-10
1-2

6.0
3.5
1.5

Secondarily, the warning call and movements serve to
alert the other members of the community or herd.

6. If the animal be a herd animal and if in a state
of motivational balance between the tendencies to at-
tack and withdraw with approach tendencies slightly
exceeding, then a mobbing by the herd can initiate
either a direct chase by the predator which would be
futile assuming the predator is outside the flight dis-
tance of the prey animal, or the mobbing activity may
serve to drive the predator away.

7. Forming into a cluster and actively advancing on
the predator with perhaps one or two individuals show-
ing attack on the predator. This is possible only if the
species is large enough and with sufficient armament
to damage the predator.

8. Whether alone or in a group, to outright attack
the predator. This is possible only subject to the quali-
fications indicated in (7) above.

Table 12 summarizes these trends for the several
species of Ceylonese ungulates with respect to the leo-
pard as a potential predator. The predator must be
specified since small predators, such as the rusty-spotted
cat, will be responded to differently when all of these
presumptive prey animals are considered as a group.
In addition all ungulates subjected to human hunting
pressure will respond to the odor or sight of man by
exhibiting response types (1) through (3).

Forming into a defensive cluster and actively ad-
vancing on a predator or, if alone, to outright attack
a predator, is an adaptive response which is open only
to animals large enough and possessing weapons that
can serve to intimidate or injure the presumptive pre-
dator. The mobbing response on the other hand is an
additional option open to herd or community-dwelling

TABLE 12.—Potential antipredator responses by
ungulates to leopards

Species

Tragulus
Muntiacus
Cevvus
Axis
Bubalus
Elephas

1

X
X
X
X
X
X

2

X
X
X
X
X
X

Response

3

X
X
X
Na
Na

4

X
X
X
Na
Na

Types

5

X
X
X
Na
Na

*

6

—

X
X
X

7

-

X
X

8

_
-

X

* The numbers correspond to response types 1 through 8;
see page 87.

X=potential response; — =response type not shown; N a =
not applicable (see p. 87-88).
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animals and is shown with resepct to a potentially dan-
gerous predator. Although certain aspects of ambiva-
lence suggestive of mobbing behavior may be seen in
a solitary animal and may be referred to as "individual
mobbing" behavior, mobbing as a group phenomenon
is only possible within the context of a herd or if re-
cruitment from neighbors is a possibility.

Giving an alarm call while displaying some con-
spicuous color pattern and employing a gait which in-
duces the predator to chase is a strategy open only to
animals which can easily outdistance their predator;
hence, they must attract the predator at a sufficient
distance to have an advantage allowing a certainty of
escape, i.e., the escape distance (Hediger 1950, 1951),
or they must be swift enough or have enough alterna-
tive escape mechanisms, such as dodging, to permit ef-
fective escape with respect to a swift predator.

Freezing, sneaking away, or direct flight are options
open to all presumptive prey animals when they spot a
predator or are startled by one. These options, how-
ever, are the standard forms of response by small re-
latively defenseless solitary prey animals and although
warning cries may accompany escape maneuvers, in
general, these are the only options open to a presump-
tive prey animal which is relatively weak with respect
to its predator (Table 12).

One point to bear in mind is that until we get to
response types 6 and 7, the forms of antipredator be-
havior are in the main individualistic. Even in the
case of mobbing, the activities of the individuals com-
posing the group are primarily carried out as individ-
ual activities and, indeed, mobbing is an emergent prop-
erty coming out of group or community life. Many
individualistic responses to predators, such as attract-
ing attention, giving warning cries, etc., secondarily
serve to protect the young. Indeed, the selective ad-
vantage inherent in some antipredator behaviors must
surely be related to the overall increased survivorship
of the young and add a selective bonus on the behav-
ior. In addition, such forms of antipredator behavior
in general increase the individual performer's survivor-
ship. It is from the interaction system of the mother-
young and the development of patterns which favor
the survivorship of young that so-called altruistic be-
havior emerges as a property of those ungulates that
dwell in extended mother-family herds. Hence, in such
cases as the elephant and buffalo, where cluster forma-
tions are set up with the juveniles somewhat protected,
there is not only a response benefiting individual sur-
vival but also a response of direct benefit to the young.

Communication Mechanisms and the
Evolution of Social Organizations

As outlined under the species description, the com-
munication systems of ungulates involve visual signals
including various postures and movements sometimes
augumented by the presence of antlers or horns, olfac-
tory signals involving chemical marking, and auditory
signals including various classes of sounds. Tactile com-
munication through licking and various other forms
of body contact are generally reserved for female-
infant interaction and the interactions of adults dur-
ing the breeding season. It has been conjectured that
more complex, social organizations require more com-
plicated forms of integration, hence a richer repertoire
of signals for the exchange of information among the
constituent members. This would seem to be a reason-
able hypothesis; but the lack of detailed ethograms for
many of the species effectively prevents a meaningful
comparison for all categories of potential communica-
tion. If we consider one channel of communication,
namely auditory communication, and compare the
signals for a semisolitary forest-dwelling species, such
as the muntjac, with the more social living elephant
and axis, perhaps some trends can be elucidated.

We can consider various functional classes of sounds,
such as contact calls which promote the cohesion of
groups and the integration of inter-individual activity.
Generally contact calls can be broken down into close-
range calls, which are very often confined to the
female-young unit, or long-range calls, for communi-
cating distance information to members of a group

.which are separated.
Closely related to long-range contact calls are ad-

vertisement calls, which are indicators of the presence
of an individual and potential indicators of its age and
reproductive state. In this functional category we can
include the vocalizations by adult males in rut.

A third functional class of vocalizations includes
those sounds accompanying fighting which may be
termed agonistic calls and generally form a graded
series related to the intensity of arousal on the part
of the vocalizing animal.

Feeding calls are generally functional in primate
societies for indicating the presence of foodstuffs to
scattered members of a foraging band. Warning calls
are quite common and functionally serve to either at-
tract the attention of a predator and secondarily to
influence the behavior of the young or associated in-
dividuals. Pain cries are common to all animals and
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are generally noisy intense vocalizations uttered by an
injured individual.

If we examine these classes of calls, we can note that
no specific feeding call can be discriminated within
any of the species of ungulates; however, both types of
contact calls, advertisement calls, aggressive calls,
warning calls, and pain cries can be discerned for
many species. A superficial comparison of the munt-
jac, axis, and elephant demonstrates that no long range
contact call is present in the muntjac and axis reper-
toire and no advertisement call can be noted on the
part of the male muntjacs. Rather, for the muntjac,
longe range communication of presence and advertise-
ment of presence seems to be carried out through the
modalities of chemical communication. Elephants do
utilize a long range call for maintaining contact among
group members dispersed in the forest, although axis
do not. A modified advertisement call which is a de-
rivative of the long range contact call may be shown
by elephants and axis males do emit a "challenge"
call; hence, dramatic differences in the vocal reper-
tories of ungulates are not apparent at this stage of
the analysis. It may well be that there are finer grada-
tions in the vocalizations of elephants when, for ex-
ample, their calls are compared with those of the munt-
jac ; but at this stage we may assume this to be in part
conjectural (Table 13).

Discerning the significance of intergrades among
call types as to their communicatory function is often
very difficult and sometimes suspected differences are
more apparent than real. Indeed, it would appear that
for most mammals, the basic components of communi-

TABLE 13.—Comparisons of auditory communication
in three species of ungulates

Species

Functional Class of Sounds Muntiacus Axis Elephas

Close range contact calls
Mother young + + +
Group integration - + +

Long range contact calls
(advertisement of location)

Challenge (adult male) - + ?
Group advertisement — — +
Mother young separation .. -|- + -f

Agonistic cries (roar, growl) . . + -f- +
Feeding calls - - -
Warning calls -f- -f- -f-
Pain cries + + +

+ = response noted; -=response not noted.

cation are remarkably similar and when differences do
occur, it is through the ritualization of intermediate
forms of vocalizations which may occur in the reper-
toires of even the most primitive forms. Ritualization
of intergrade forms of signals can give rise to the so-
called richer vocabulary of the more highly evolved
forms (Eisenberg and Gould 1970: 116-123).

Summary of Other Social Mechanisms Manifest
in Ungulate Groupings

With the preceding considerations in mind concerning
antipredator behavior and communication systems,
it is time now to rapidly review other social phenom-
ena typically exhibited within ungulate groupings. First
of all, feeding is an individualistic matter. The loca-
tion of food, ingestion, digestion, especially with respect
to grasses and leaves, is an individual activity. Al-
though the selection of appropriate foodstuffs by the
young animals may be potentiated through following
and participating with the mother in feeding, there is
no sharing of food nor is there any collection and stor-
age of food stuffs for future use.

The mother is responsible for primary parental care
by returning to the infant to nurse it, maintaining con-
tact with the infant, and by showing protective re-
sponses in the presence of danger. There is no coopera-
tion in parental care involving the male and little care
involving unrelated females. The only possible qualifi-
cation to this preceding statement would be the co-
operative maternal care shown by elephants, where
the social unit is based on an extended mother group-
ing and where transferred maternal behavior may be
shown on the part of adult females to groups of young.
The auntie phenomenon is an emergent property of
such extended kinship groups (Eisenberg 1966).

The male role in rearing the young or in the pro-
tection of female groups is practically nonexistent, un-
less the male happens to be associated with the female
group during rut and redirects aggressive behavior,
normally exhibited toward other males, toward intrud-
ing members of other species. Male activity toward
other males of the same species, however, may second-
arily reduce competition on food resources with respect
to the female-young unit. In short, even in the solitary
species where adult male spacing is the rule, a given
male keeps clear an area that he shares in common
with a female and her young. Thus he effectively re-
duces the competition of other adult males for the fe-
male and the young with respect to the same resources.
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FIGURE 59.—Scrub vegetation, Wilpattu National Park. This photograph was taken in August
when many deciduous species have shed their leaves.

This phenomenon, however, is by no means confined
to the ungulates (see pages 62, 67-68 on the leopard
and the jackal).

Differentiation of roles is in part promoted by mat-
urational and hormonal processes within the infant
and the mother. One of the first critical phases in the
life of the maturing juvenile is the breaking of the close
bond with the mother when she comes close to parturi-
tion with her next young. The degree to which the
"old baby" is rejected differs markedly when various
species of ungulates are compared (Altmann 1960,
1963). For example, in the case of the moose (Alces
americana), the maturing juvenile is openly repulsed
from contact with the mother. In contrast, the more
social wapiti {Cervus canadensis) female is similar to
sambar and axis in that, after an initial rejection, her
yearling is allowed to remain in the vicinity and to
accompany her when the "new" baby is older.

Further differentiation of roles is potentiated by

the formation of bisexual or unisexual juvenile sub-
groupings so commonly seen in the ungulates. The
creation of "play groups" is instrumental in integrating
relevant activities at the appropriate developmental
stages. The fact that yearling females tend to re-
main associated with their mothers even if it is a loose
kinship group and further that yearling males grad-
ually take up with adult males or other yearling males
promotes the differentiation of roles. Such processes
are reviewed by Altmann (1963).

TRENDS IN HABITAT UTILIZATION

As outlined in the introduction, our survey operations
were carried out with respect to defined physiognomic
classes of vegetation according to the scheme devel-
oped by Mueller-Dombois. This classification system
groups vegetation types by the presence of grasses,
shrubs, or trees, and the relative degree of continuous
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FIGURE 60.—Savanna habitat, Wilpattu National Park. This photograph was taken in August
at the height of the drought. The trees are of low stature. Such a habitat type is very rare
in Wilpattu.

cover between the dominant plant forms; hence, at
one extreme one may consider short grass cover near
open water without the presence of any woody vege-
tation. From short grass, the next step in complexity
is grass with scrub islands; followed by scrub islands
or clumped scrub blending into open scrub with scat-
tered trees, followed by forest scrub islands, open forest
scrub, discontinuous forest scrub, discontinuous low
to medium stature forest, low stature forest without
emergents, and low to medium stature forest with
emergents.

To what extent these physiognomic classes of veg-
etation represent stages in plant succession, we can-
not at this moment say. It seems reasonable to as-
sume, however, that given land cleared through the
activities of man there will be a succession of stages
from grass and forbs through grass with scrub to scrub
with emergent trees and finally to a continuous forest
situation as a climax form.

Discontinuous forest with grass interspersed or a
savanna condition is perhaps a special case of climax
type which can remain relatively stable with the peri-
odic burning of undergrowth. Such savannas or tala-
was did not occur frequently in Wilpattu although
they were characteristic of certain parts of the Gal
Oya survey area. Similarly dense scrub may perhaps
be a climax form or subclimax form under certain
conditions of soil and drainage. Bearing in mind that
the hypothetical stages of succession are not firmly es-
tablished for the vegetation zones of Ceylon, it is never-
theless useful to think of a potential series of succes-
sional forms of vegetation with dense scrub as one cli-
max (Figure 59), savanna as another subclimax (Fig-
ure 60), mature forest with emergents as the typical
climax (Figure 61), and perhaps tall grass areas sub-
ject to periodic inundation as a relatively stable sub-
climax form which does not exhibit typical succession
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FIGURE 61.—Mature forest with emergents, Wilpattu Na-
tional Park. The grassy area in the foreground represents a
drainage area sloping down to the channel of the Modera-
gam Aru.

as a result of periodic flooding in low lying areas
(Figure 62).

The grazing and browsing activities of ungulates
certainly have an effect on the rate of recovery of
cleared areas and indeed it is an open question to what
extent elephants and buffalo have had an influence on
the orderly processes of succession in those areas of
Wilpattu Park which were once formerly cultivated.
In the ara region of Wilpattu are many abandoned
tanks indicative of cultivation carried out up to 300
years ago (Figure 63). Many of the former tank sites
are completely silted in with a characteristic clay soil
supporting a scrub vegetation (Figure 64). It would
appear from the intensive utilization patterns by ele-
phants in this area that normal growth of some of the
plant species is seriously retarded. This is especially true
of trees, such as Feronia, which are actually stunted
and distorted through the grazing activities of the
elephants in this area (Figure 65). It is useful then
to think of ungulates as retarders of successional rates.
To clarify our assumptions with respect to this, Figure
66 develops the hypothetical retardation effect by ele-
phants upon orderly succession of tree growth in the
lowland dry zone when cleared areas are no longer
kept open through the activities of man.

By utilizing standard plots, we were able to make
indirect estimates of animal activity and estimate the
relative intensity of animal activity with respect to the

FIGURE 62.—Tall grass villu during the rainy season with elephants feeding.
(Mana Villu, March 1969.)



NUMBER 10 1 93

FIGURE 63.—Map indicating the regions where abandoned tanks occur (dotted lines). Sites of
tanks which are now silted-in with broken bunds are areas supporting clay soil type and open
scrub vegetation. These are prime feeding areas for all varieties of ungulates. Compare Figure 63
with the distribution of feeding by elephant cow herds in Figure 8 and 9.
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FIGURE 64.—Open scrub on clay. This tank bed is partially inundated as the result of flooding.
(Katakandal-Kulam, December 1968.)

different physiognomic classes of vegetation. In addi-
tion, relative productivity of different vegetational
classes was also estimated by Dr. C M . Hladik of the
Laboratoire d'Ecologie Generate (Museum). (See
also Appendix A.)

One of the simplest indicators of long-term utiliza-
tion by animals is the presence of game trails. Figure
67 illustrates an analysis of the amount of animal ac-
tivity inferred by counting the number of trails pres-
ent on one half hectare plots. An inspection of this
figure will indicate that, as the vegetation becomes
higher or as we proceed through a seris of plots toward
pure forest, the number of game trails decreases mark-
edly; hence, areas of discontinuous scrub or areas of
discontinuous forest with scrub show much more ani-
mal activity than pure stands of forest or dense scrub.
Dense scrub itself (plot number 17), although low
enough for most animals to browse upon, is neverthe-
less by virtue of the sheer vegetation density not utilized

as readily as stands of vegetation showing some
discontinuity.

Utilizing the same series of sample plots, one can
consider the proximity of the plot to water and its
effect on animal activity. Figure 68 shows that within
any vegetational type proximity to water has a pro-
found influence. Plots that are within one mile (1.6
kilometers) of permanent water show consistent heavy
use compared to plots that are in excess of two miles
(3.0 kilometers) from permanent water which show
relatively little use. The data suggest that, when there
is an interspersion of scrub and grassland in close prox-
imity to water, succession may well be retarded but,
when such a condition is distant from water, the growth
of trees may actually be encouraged.

On the basis of this analysis, we considered the rel-
ative animal activity data for a series of plots and
eliminated those plots which appeared to be of a suffi-
cient distance from permanent water to bias the utiliza-
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FIGURE 65.—Stunted or distorted trees as the result of long-term ungulate feeding.
(Giants Tank, February 1969).

tion patterns. In this estimate, it was important to
consider the relative mobility of the species in ques-
tion. Some species showing a high mobility could be
studied in plots which were quite distant from perma-
nent water sources. On the other hand those species
showing very little mobility could have, their activity
analyzed with respect to plots within 2 to 3 kilometers
of a permanent water source.

Roughly speaking the elephant, buffalo, and sam-
bar show the greatest potential and actual mobility,
closely followed by the swine. Although axis have a
reasonably high potential mobility and have been
known to undertake movements in excess of 1.6 kilo-
meters, in reality they show very little mobility and
exhibit a strong site attachment. Smaller species such
as the hare, porcupine, muntjac, and mouse deer have
a much lower potential mobility and were only cen-
sused with respect to permanent water sources.

The inevitable conclusion then is that for an inter-

pretation of density and habitat utilization patterns,
the interspersion of resources must be considered which
includes proximity of water and availability of browse
or grazing material to the species in question. Figure
69 illustrates the feeding height of the major herbivor-
ous species with respect to the average heights of scrub
and forest. As can be seen from an inspection of this
figure, the elephant, sambar, and buffalo can carry
out some forest grazing although scrub is more easily
accessible for browsing. Axis, muntjac, mouse deer,
and hare are restricted with respect to forest utiliza-
tion. If the forest shows some discontinuity and a rea-
sonable growth of herbaceous material, then some
forest grazing can be carried out; however, in dense,
continuous forest with reduced herbaceous under-
growth, effective habitat utilization by the smaller
herbivores is retarded. The exceptions, of course, are
those forms which can dig for tubers and roots, such
as the porcupine and swine.
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FIOURE 66.—Hypothetical stages of succession in the lowland
dry zone. The savanna (Sav) and dense scrub (Sc) may be
considered as edaphic climax forms which occur under appro-
priate conditions. The savanna is maintained mainly through
grazing activities of ungulates and burning resulting from
electrical storms. Scrub is the dominant vegetation type where
ground-water levels appear to be too low to support tree
growth. Grassland (g) itself may be considered a climax form
in the vicinity of villus if the villus indeed are sink holes and
are possibly increasing in size. Periodic inundation may pre-
vent colonization by trees. Disregarding the three exceptional
cases of subclimax forms then, all things being equal, vegeta-
tion should proceed toward forest (F); however the activities
of elephants may help to promote retardation from growth to
forest and sustain discontinuous (dSc) or open scrub forma-
tion (g(S)) in some areas. See also the discussion by Boughey
1963, and Buechner and Dawkins 1961. Intermediate stages
are discountinuous scrub with forest (dF(S)), and forest
scrub (F(S)) .

All species exhibiting any reasonable mobility can
make use of fallen fruits in the forest at the appro-
priate seasons of the year. Although the productivity
of the forest is higher than that of the grassland (C. M.
Hladik, in preparation), terrestrial herbivores cannot
effectively utilize the productivity of the forest itself.
(For an extended discussion of this phenomenon in
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FIGURE 67.—Indication of animal activity by trail counts as
a function of height of vegetation. Forest areas (F) show the
least overall activity by game in comparison to areas of scrub
(Sc) and forest scrub (F(S)). See also Agnew 1966 and
Figure 68.
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FIGURE 68.—Proximity to water has an effect on animal ac-
tivity, as indicated in the above diagram. The closer to water
the more activity regardless of the vegetation class; even so,
forest vegetation shows less utilization than scrub when
equally close to water. Compare plot numbers in this figure
with numbers in Figure 67.

semi-arid habitats of North America, see Chew and
Chew 1970.) Only an arboreally adapted herbivore
can effectively utilize the productivity of the forest
itself and, in the case of the lowland dry zone of Cey-
lon, this would appear to be the gray langur {Presby-
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FIOURE 69.—Feeding heights of major herbivores. The elephant has the tallest reach and can
utilize forested habitats to a greater extent than any other ungulate. All things being equal,
grazing ungulates are favored by discontinuous forest or discontinuous scrub and least favored
in a continuously forested habitat with maximal shade and a minimum of herbaceous vegetation.

tis entellus). Depending on the water requirements of
Presbytis, its distribution in the lowland dry zone
would seem to be limited only by access to fruits bear-
ing sufficient moisture to sustain them during drought
periods. In the absence of such fruits, the langur prob-
ably must drink; hence, its distribution will be tied
somewhat to water. Nevertheless, aside from the ele-
phant, the langur probably represents the largest bio-
mass component in the forested habitat.

All of the foregoing discussion leads us to believe
that the maximum densities of game can and will be
achieved only where water, herbaceous growth, and
scrub are at a maximum and with the exception of
the langur these predictions are amply confirmed and
illustrated in Figure 70. This figure illustrates that the
maximum utilization of habitat by the herbivorous
species in the park occurs in vegetation zones includ-
ing grass, grass with scrub, discontinuous scrub with
grass, and discontinuous scrub with tree emergents.
Dense scrub itself shows very little activity with the
exception of the elephant, whereas the savanna situa-
tion shows reasonably high activity.

An inspection of Figure 70 shows that the elephant

is able to utilize a wide range of habitat types al-
though it is favored by a discontinuous forest situation.
The elephant may be considered as a grassland-
dependent form and in this respect does not differ
markedly from the African elephant (Wing and Buss
1970). The langur is very much confined to the for-
ested situation although some activity can be noted in
the scrub areas in the vicinity of forests. The hare is
very much confined to the discontinuous scrub or
grassland situation. The swine, in its habitat utilization
trends, is definitely favored by the discontinuous scrub
or grassland, but can and does utilize the forest. To
an extent the porcupine appears to parallel the swine
in its utilization patterns. Although the sambar does
utilize the discontinuous open habitats to a great ex-
tent, its activity is extended into the forest and makes
a major contribution to habitat utilization in the for-
ested areas. By contrast, the axis makes very little con-
tribution to the utilization of forested areas and in
the main is favored by an open or discontinuous veg-
etational pattern. The buffalo likewise is favored by a
discontinuous pattern of vegetation although the buf-
falo can browse in the forest and traces of buffalo ac-
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FIGURE 70.—Habitat utilization trends as indicated by intensity of habitat utilization for a series
of vegetation types. Intensity of habitat utilization was measured according to procedures out-
lined in Appendix A. Note that the elephant shows the broadest habitat utilization; Presbytis is
confined in the main to forested area; Lepus is confined mainly to open scrub; Axis is more
restricted in its form of habitat utilization to open scrub than is Cervus. The buffalo, Bubalus,
parallels the axis in favoring open habitats. With the exception of the alluvial forest region,
forested areas do not favor high densities of herbivores. Only the elephant and the sambar utilize

tivity can be ascertained in forested areas which are
in the vicinity of good grazing areas.

COMPETITION AND ECOLOGICAL
SEPARATION
The foregoing discussion indicates that the intensity
of habitat utilization by the various grazing species is
in part dependent on season as well as the physiolog-

ical capabilities of the species in question. Axis utilize
the grassland and scrub-grassland interfaces. Although
axis will enter the forest and browse, their ability to
utilize the forest is in part dependent on the maturity
of the stand since the axis cannot reach above some
1.5 meters. Although it is true that when pressed,
axis will browse by rearing up on their hind legs, in
general, the return from this mode of browsing is ap-
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the forest to any appreciable extent. Percentages for Presbytis, Lepus, Cervus, Elephas, and Axis
refer to number of 5 m2 plots out of 140 which were found to contain feces of the species in
question. Numbers for Hystrix, Sus, and Bubalus refer to the total number of fecal piles counted
on a half hectare plot. Plots 6 and 10 were not plotted for Presbytis, Lepus, Hystrix, Cervus,
Bubalus, and Axis because they were examples of forest pockets in association with villus, thus
utilization trends were biased. Similarly Plots 12 and 18 were not plotted for Axis, Bubalus,
and Lepus because of their distance ( > 3 km) from water (see Appendix A).

parently not high enough in quality to make it a pre-
dominant feeding mode except under times of extreme
deprivation.

The taller sambar deer, the adult at least, can
browse to a height of approximately 1.8 meters. The
sambar, although utilizing open grasslands, is more
nocturnal than the axis, rarely grazing in the open
during daylight hours, and in addition spends a great

deal of its time in more discontinuous forest areas
where it can remain in the shade, browse to a reason-
able height on the vegetation, utilize the herbaceous
plant growth forming the understory in forested areas,
and in general make much more effective use of the
forested habitat than does or can the axis.

The buffalo, although browsing to some extent in
forested areas, is very much dependent on grass and
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water, especially standing water. A good part of each
day is spent lying in the water probably to protect itself
from biting insects and also to regulate its body tem-
perature. The buffalo is far more grass dependent than
is the sambar deer and its habitat utilization patterns
parallel that of the axis.

The elephant is in part grass dependent, which is a
function of age and sex. Lactating females and their
young utilize the herbaceous growth to a far greater
extent than do adult males (McKay 1971). Neverthe-
less, the elephant can and does browse a great deal
and because of its extreme reach can utilize the forest
by reaching into the lower branches. The height of
reach of an adult elephant is approximately 4 meters.
The elephant has one additional advantage in that it
is capable of pushing down small trees, thus making
the crowns available for browsing by younger animals
and also making browsing a simpler process. Further-
more, when a tree is pushed down, the elephant has
access to the roots of the tree without having to dig
for them.

The elephant is quite versatile in being able to uti-
lize short grass even when it is too short to be con-
veniently grasped by its trunk, for it will then kick up
the turf to form a pile of uprooted grasses and, after
scraping the soil from the roots, commence feeding.
Although this method of feeding is not particularly
efficient, the elephant is so dependent on herbaceous
growth that during drought periods it will aggregate
and feed on short grass in the vicinity of the small
lakes or villus. In terms of the intensity of habitat uti-
lization then, although the elephant does not utilize
the forest to the same extent that it does the scrub
area, it nevertheless seems the least restricted by phys-
iognomic classes of vegetation with respect to its in-
tensity of utilization. Although our analyses were not
as controlled as those conducted by Wing and Buss,
we conclude that the Asiatic elephant is remarkably
similar to the African form with respect to diet and
habitat preferences (Wing and Buss 1970).

Wild swine are, of course, not adapted to grazing
but will devour quantities of herbaceous growth at
certain seasons of the year. Instead, swine are broadly
adapted to feeding on a variety of vegetable and ani-
mal foodstuffs. The movement patterns of sounders
are very much determined by the local abundance of
fruit which has fallen to the ground and by the sea-
sonal growth of tubers and fungi in the forest. So ver-
satile is the swine that it is impossible to discuss its

feeding habits in a meaningful comparison with the
feeding habits of the ruminants.

The muntjac is primarily a dweller at the forest
edge utilizing the forest for cover and grazing in the
evening or browsing on low shrubs in the open. The
muntjac is extremely limited with respect to the height
of its browsing ability as is the mouse deer. The mouse
deer is somewhat more versatile in its feeding habits,
in that it takes quantities of fruit and even the eggs
of ground-nesting birds; however, it is similarly re-
stricted in its browsing height and, in general, is dis-
tributed at the edge of the forest or at a forest interface
between mixed scrub and grassland.

The porcupine (Hystrix indica) does graze on grass
and equally well digs for roots and tubers. It is thinly
distributed in the vicinity of permanent water. The
hare is apparently not as water dependent, but it is
primarily a grazer. It can also convert to browse and
bark feeding during the drought period. The hare ap-
pears to be less restricted with respect to water but is
almost entirely restricted to the scrub and mixed scrub
grassland types of vegetation and does not utilize the
forest to any extent.

The gray langur (Presbytis entellus) utilizes fruit
and leaves. The langur has a sacculated stomach and
is capable of utilizing cellulose as a carbohydrate sub-
strate (Bauchop and Martucci 1968). During the max-
imum abundance of fruit, the langur feeds heavily on
this food and during the nonfruiting season, the langur
apparently can rely on flushing leaves and buds for
its dietary intake. The langur obviously is able to uti-
lize the crowns of forests and has a cellulose resource
which removes it from any direct competition with
the terrestrial ungulates during drought periods.

If we can consider a provisional classification of
lowland dry zone vegetation based on a hypothetical
series of successional forms from grassland through
scrub to forest, it is appropriate to speak of the axis
deer as an intermediate successional species, the sam-
bar as a late intermediate successional species, the
muntjac and mouse deer as intermediate successional
species, the hare as an early successional species, and
the langur as a climax adapted species.

The differences in food preference exhibited by the
swine, mouse deer, and porcupine virtually eliminate
them from any general competition with the other
dominant members of the Ceylon fauna. Differences
in ability to feed on forest vegetation in part remove
the elephant from direct competition with the buffalo.
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Differences in habitat preference shown by axis and
sambar ameliorate competition between them; how-
ever, all of the species to some extent compete for
grass when it is available. Since availability of grass is
in part seasonally determined, each of the species
must to some extent have alternative sources of food
when the abundance of grass decreases. To this ex-
tent, then, the only two critical times of potential
competition occur during the two drought periods
when fresh, growing grass becomes restricted. During
the drought there is some competition for low-stature
shrubs and competition with respect to the utilization
of water. The great mobility of the elephant removes
it in part from competition with the sambar and axis;
however, the equal mobility of the villu buffalo some-
times creates competition for unpolluted water sources
(Kurt 1969). Buffalo have a tendency to foul water
holes when large numbers lie in the water for several
days at a time—defecating and churning up the mud
bottom. This appears to render the water unpalatable
for elephants but appears to be a serious problem only
in Ruhunu Park, where a large percentage of available
water is in small, shallow water holes.

NUMERICAL ABUNDANCE AND BIOMASS

Our censusing operations and calculations are dis-
cussed in Appendix A. It should now be obvious from
a close reading of the preceding section that certain
compensations had to be made for each species in esti-
mating their density within the park. Details for esti-
mating the numbers of each species are included in
Appendix A. An extended consideration of the utility
of pellet-count techniques versus actual visual-count-
ing techniques for the axis deer is considered in the
publication by Eisenberg, Santiapillai, and Lockhart
(1970).

Two types of calculations are presented here: crude
density and ecological density. Crude density and bio-
mass include estimates without reference to the dis-
crete habitat utilization patterns of the species in
question. The crude estimates are based on a consid-
eration of Wilpattu Park as a total habitat (exclusive
of the West Sanctuary and the recently added South
Intermediate Zone) ; hence, the calculations are based
on an area of only some 600 square kilometers. Table
14 includes the crude density estimates and Figures 71
and 72 compare crude density and biomass for the
dominant species. Our crude estimates of biomass
worked out to 766 kilograms per square kilometer.

TABLE 14.—Crude density and biomass of herbivores
in Wilpattu Park (area: 580 square kilometers)

Species

Elephas maximus ..
Bubalus bubalis
Axis axis
Cervus unicolor** .
Sus scrofa
Muntiacus muntjac
Tragulus meminna .
Hytrix indica
Lepus nigricollis ...
Presbytis entellus ..

Total

Average
wt.l

Density animal*
Number {km2) (kg) kg/km'

70
160

3,500
700,
180
264
350
350

2,800
1,700

.12

.27
5.84
1.17
.30
.44
.58
.58

4.67
2.84

1810.0
272.0

45.0
135.0
27.0
13.5
3.2
9.1
3.2
6.7

217.2
73.4

262.8
157.9

8.1
5.9
1.9
5.3

14.9
19.0

766.4

* Adjusted with respect to percentage of age and sex classes
for larger ungulates.

** This may be taken as the maximum value; see Appendix
A. If we assume 400 sambar as a minimum then the sambar
biomass equals 93.1 kg/km 2 and the total biomass is reduced
to 702 kg/km 2.

Since in the main Wilpattu Park is a forested habitat,
the biomass is considerably lower than those biomass
estimates calculated for steppe and savanna country
in East Africa, being almost one sixth of the biomass
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A L P C T H M S B E
FIGURE 71.—Crude density of major herbivores in Wilpattu
National Park were ranked in the order of numerical abun-
dance. A=i4*w. L=Lepus. P=Presbytis. C=:Cervus. T =
Tragulus. H=Hystrix. M.—Muntiacus. S=Sus. B=Bubalus.
E=Elephas.
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estimate calculated in 1958 by Grzimek (in Bourliere
1966) for the Serengeti and falling considerably be-
low the high biomass estimates of up to 31,000 kilo-
grams per square kilometer quoted in the tabulation
by Bourliere in 1966 (see also Bourliere and Verschu-
ren 1960). Nevertheless, we feel that this is a fair
estimate of the crude density and biomass pattern for
our forested habitat.

It is interesting to note that ranked in order of
greatest numerical abundance axis deer are first fol-
lowed by hare, langur, sambar, and then at low densi-
ties by the mouse deer, porcupine, muntjac, and swine.
Buffalo and elephant show the lowest density of indi-
viduals per square kilometer. On the other hand,
when biomass is considered, elephants almost equal
the first ranked axis followed by sambar, buffalo,
langur, hare, and then in insignificant amounts swine,
muntjac, and mouse deer (Figures 71 and 72).

To supplement the crude density and biomass cal-
culations, we offer ecological density calculations from
an area of 24 square kilometers including all major
habitat types (Figure 76). During the drought in
July and August, rather large congregations of game
can occur for periods of up to seventy days. Censusing
at this time we can define a maximum biomass figure
for a given time interval. During the rainy season,
dispersal of buffalo, elephant, and sambar causes this

300
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100

Biomass
Kg

Km2

A E C B P L S M H T
FIGURE 72.—Crude biomass expressed as kilograms per kilo-
meters squared. Animals listed in order of decreasing biomass
contribution. Note that, although the elephant is the least in
numerical density, it is second only to the axis in its contribu-
tion to crude biomass (see Figure 71.)

maximum biomass value to drop to a value still ex-
ceeding the crude estimates by almost 100 kg/km.2

Tables 15 and 16 compare and contrast the ecolog-
ical densities for the drought season and the rainy
season. During the drought biomass can reach 3,000
kilograms per square kilometer only to fall by 60 per-
cent during the wet season when the elephants and
buffalo may be dispersed into other areas. Hence, eco-
logical densities can reach a critical maximum for this
area and the figure of approximately 4,000 kilograms
per square kilometer may be taken as an extreme
value. At maximum densities, our 24 square kilometer
survey showed up to two sloth bears, four jackals,

TABLE 15.—Ecological density calculation.*

Species

Elephas maximus
Bubalus bubalis . .
Axis axis
Cervus unicolor . .
Sus scrofa
Presbytis entellus

Total

Number

24
36

290
24
28
68

Density
(km2)

1.00
1.50

12.09
1.00
1.16
2.82

Average
wt.l

animal**
(kg)

1810.0
272.0
45.0

135.0
27.0
6.7

kg/km 2

1810.0
408.0
544.0
135.0
31.3
18.8

2957.1

* Estimate made during the maximum concentration of
game at the time of the July-September drought. Area:
24 km2. Habitat: villu type (three permanent water holes).
Physiognomic class of vegetation: forest cover 91-92 percent,
scrub cover 4 percent, herbaceous cover 3 percent.

** Adjusted with respect to percentage of age and sex
classes for larger ungulates.

TABLE 16.—Ecological density calculation*

Species

Elephas mavimus ..
Bubalus bubalis
Axis axis .
Cervus unicolor
Sus scrofa
Presbytis entellus

Total

Number

3
5

240
15
17
50

Density
(km')

.13

.21
10.0

.62

.71
2.10

Average
wt.l

animal
(kg)

1810
272
45

135
27

6.7

kg/km 2

235.3
57.1

450.0
83.7
19.2
14.1

859.4

* Estimate made during the minimum concentration of
game during the October-November rainy season. Area: 24
square kilometers. See Table 15.
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three leopards, four troops of langurs, one troop of
Presbytis senex, perhaps two troops of Macaca sinica,
varying numbers of buffalo averaging around thirty,
up to twenty-four elephants, approximately three hun-
dred axis, anywhere from twenty to thirty sambar,
and three sounders of swine which varied in compo-
sition from less than twenty to almost thirty individ-
uals.

When our data from Wilpattu Park are compared
with the population density and biomass calculations
presented by Schaller (1967) for Kanha National Park
in Madhya Pradesh, India, we seem to be in reason-
able agreement with respect to pounds per square mile
for wild game; however, in Schaller's study area con-
siderable domestic cattle and buffalo were grazed, so

in effect his biomass calculation comes to approxi
mately three times the level we have estimated when
the domestic livestock is added in. This suggests that
the Kanha forests and meadows show an overall
higher productivity and that the domestic stock are
providing very strong competition for the wild species
resident in his particular study area (Schaller 1967).

Surveys in the wet lowlands of Assam yield higher
biomass estimates for elephant and other ungulates
(Spillet 1967) and, until further surveys are conducted
in tropical dry zone forests with seasonal drought,
we cannot evaluate the extent to which the carrying
capacity is being approached here in Wilpattu. Further
biomass calculations are considered in the report of
McKay (1971).



Recommendations for Management

Clearly our studies indicate that the West Sanctuary
is an integral part of the villu ecosystem and should
be included within the park proper. All domestic cattle
grazing and agriculture currently being carried out
in the West Sanctuary in the vicinity of Mail Villu
and south near Pomparippu should be discontinued
and, if necessary, the human populations dependent
on these areas be relocated. The old Mannar Road
is used by carters and by some automobiles for com-
munication between Puttalam and Mannar. The use
of this road should be restricted and only daylight
travel should be allowed. If it were at all possible, the
park should be bypassed completely and the use of the
old Mannar Road be discontinued.

The Ceylon Department of Wildlife has been at-
tempting to include the West Sanctuary within the
borders of the park proper and every effort in this
direction is to be encouraged. Residency of elephants
in the West Sanctuary could be prolonged and more
effective utilization of the grassland areas around
Atha, Periya, Periya Naga, and Mail villus could be
promoted if the water were supplied throughout the
drought period. The possibility occurred to us that
wells could be bored in the vicinity of these large vil-
lus and by installing windmills and pumps a continu-
ous supply of fresh water could be delivered to the
low-lying villu areas. Windmills and pumps would
be a very cheap method of supplying water through-
out the drought period to the West Sanctuary region.
This would encourage the growth of grass and in-
crease the carrying capacity of the West Sanctuary
area considerably. In addition, it would reduce the
pressure on habitat utilization in the vicinity of the
permanent villus which suffer greatly from earth scari-
fication by elephants during the drought period when
they are forced to scuff up short grass and herbaceous
ground cover. This is especially true in the vicinity of
Tala, Kali, Marikaram, Marai, Mana, Katarampu,
Mahapatessa, Kudapatessa, Borupan, and Kokarre
villus.

A word of caution should be added, however. Since
we have a very poor knowledge of succession in the
dry zone, experimental plots should be set up to assess
the quality of changes induced by permanent water in

these areas. It may well be that long-term grazing and
permanent water could promote succession of less
palatable grasses.

Some success was achieved during 1968-1969 by the
reconstruction of the bund at Katakandal Kulam.
Thus water was retained throughout the 1969 drought
period in this area and the migration of the buffalo
herd observed during the drought of 1968 did not
occur with retention of water at Katakandal Kulam.
The utility of this repair system is readily demon-
strable and it remains only to be extended to other
ruined tank areas in the central villu system.

As indicated on pages 94-95, it is the degree of inter-
spersion of resources that determines the quality of
the habitat. Water, grass, and scrub must be inter-
spersed in an appropriate balance to insure uniform
grazing habits by the resident herbivores. Currently
the elephant population in the central villu portion of
the park is forced to move extensively and also forced
to destroy much herbaceous cover in the vicinity of
permanent water during the period of prolonged
drought. Increased productivity of the West Sanctu-
ary and subsequent relaxation of pressure on the cen-
tral villus could be insured by the establishment of
wells and pumps in the low lying temporary villu
areas of the West Sanctuary itself.

A consideration of the mortality trends and preda-
tion habits by the leopards and jackals, as outlined
under the species sections, gives no indication of over-
predation on the part of the leopard. Rather there is
every indication that the axis and sambar populations
are increasing. Buffalo populations appear to be in-
creasing as well, and a close watch must be kept on
the trends within the buffalo populations lest buffalo
density reach a critical level as it already has in Ru-
hunu Park. At present Wilpattu Park is in fairly good
balance and during the years that we studied it, the
park was experiencing severe droughts without serious
degradation of the habitats themselves. With the very
heavy rains in late 1969, the over-utilization trends in
the vicinity of the larger villus should be in part re-
duced and if the drought cycle is broken at this point
the park may come into even better balance within
the next two or three years.
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FIOURB 73.—Wounded male elephant at Katarampu Villu, Wilpattu National Park, August 1968.

Poaching is still a serious problem in parts of Wil-
pattu. Some poaching is carried out in the West Sanc-
tuary by the resident populations who cultivate and
also by fishermen who visit from across Putallam Bay.
Evidence of poaching was noted in the vicinity of
Atha Villu, Periya Uppu, Periya Villu, Periya Naga,
and Mail Villu. Shooting blinds were located north of
Marikaram Villu along the banks of the Moderagam
Aru. Actual cases of poached buffalo came to our at-
tention twice during 1968 and 1969 and how many
cases went undetected we cannot say.

Two wounded elephants, both bulls, were noted in
Wilpattu during the 1968-1969 survey, apparently
having suffered gunshot wounds from cultivators while
foraging across the Moderagam Aru (Figure 73). One
of the primary problems in reducing elephant shoot-
ing by cultivators is to induce the elephants to remain
within the park boundaries. Improvement of the habi-
tat within the park could contribute to this. In addi-
tion, the buffer zone of the north sanctuary on the
north bank of the Moderagam Aru should be extended

and its status changed from sanctuary to full national
park status. Both banks of the bounding rivers—the
Kala Oya and Moderagam Aru—should be buffered
not by sanctuaries alone but rather by full portions
of the National Park. In view of the settlement at
Marichchukkadi, such an extension of the park to the
north would be extremely difficult without radical re-
location of the resident human population; neverthe-
less, one cannot overstress the importance of buffering
both banks of the river system to insure adequate
protection of the game animals which use the river.
Elephants do cross rivers and will continue to do so as
long as there is attractive forage on the opposite bank.

In Ruhunu Park, the Manik Ganga runs through
the park itself and hence both banks are secure for
elephants and other game species. Unfortunately the
situation in Wilpattu is not so easy since in both cases
the south bank of the Kala Oya and the north bank
of the Moderagam Aru are experiencing sporadic
cultivation and are not parts of the park proper. Until
such time as both banks are secured and given full
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protection, one can only anticipate that the wounding
of elephants will continue as they seek to cross and
inevitably begin to raid cultivated plots.

Wilpattu Park is certainly one of the most beautiful
natural areas in the lowland dry zone. The series of
lakes in the central portion provides not only beauty
for the eye of the human observer but an extraordi-
narily interesting habitat situation with the dispersed
pure-water resources spaced so uniformly within the
forest. Extending the park boundaries to include the
West Sanctuary and portions north and south of the
bounding rivers would greatly enhance the value of the
park as a reservoir of Ceylon's native fauna. More strict
patrolling to reduce the incidence of poaching and
regular censusing to determine long-range population
trends should be executed. Only by continually moni-
toring the population trends within the park can ade-
quate predictions be made with respect to the extent of
habitat utilization and the degree of competition for
critical resources.

In a park as small as Wilpattu, supporting as it does
such a varied and dense fauna of ungulates, a rather

continuous check on the extent of habitat utilization
and a rather continuous estimate of the degree to
which the carrying capacity is being exceeded must be
made. Indeed, the balance of the park may well have
to be adjusted many times over the years. Buffalo pop-
ulations, in the absence of any more effective predator
than the leopard, may reach critical values within this
park during the next fifteen to twenty years and se-
rious competition with the elephant will then result
in a manner reminiscent of the situation at Ruhunu
Park. Selective shooting or selective round-up of buf-
falo for selling to cultivators may become a necessity.
Indeed, within the next twenty-five years, the elephant
population may similarly have to be cropped either
by employing a round-up technique or by actually
shooting excess animals.

The managers of these park areas are certainly
aware, and the general public must be made aware,
that an area of this size needs to be managed. It can-
not be left to the animals to control their own habitat
utilization trends. A park of this size cannot manage
itself but must be treated as a garden and, as a garden,
must be cultivated.



Literature Cited

Aeschlimann, A.
1963. Observations sur Philantomba maxwelli (Hamilton-

Smith) une Antilope de la Foret emburneene.
Ada Tropica, 20:341-368.

Agnew, A. D. Q.
1966. The Use of Game Trails as a Possible Measure of

Habitat Utilization by Larger Mammals. East
African Wildlife Journal, 4:38-46.

Altmann, M.
1960. The Role of Juvenile Elk and Moose in the Social

Dynamics of Their Species. Zoologica, 45:35-49.
1963. Naturalistic Studies of Maternal Care in Moose

and Elk. Pages 233-254, in H. L. Rheingold, edi-
tor, Maternal Behavior in Mammals. New York:
John Wiley & Sons.

Asdell, S. A.
1964. Patterns of Mammalian Reproduction. Ithaca, New

York: Cornell University Press.
Bauchop, T., and R. W. Martucci

1968. Ruminant-like Digestion of the Langur Monkey.
Science, 161:698-699.

Boughey, A. S.
1963. Interaction Between Animals, Vegetation, and Fire

in Southern Rhodesia. Ohio Journal of Science,
63:193-209.

Bourliere, F.
1966. Observations on the Ecology of Some Large Afri-

can Mammals. Pages 43-54, in Howell and Bour-
liere, editors, African Ecology and Human Evolu-
tion. Chicago: Aldine.

Bourlie're, F., and J. Verschuren
1960. Introduction a I'Ecologie des ongules du Pare

National Albert. Brussels: Institut des Pares Na-
tionaux du Congo Beige.

Buechner, H. K., and H. C. Dawkins
1961. Vegetation Changes Induced by Elephants and

Fire in Murchison Falls National Park, Uganda.
Ecology, 42:752-766.

Buss, I. O., and N. S. Smith.
1966. Observations on Reproduction and Breeding Be-

havior of the African Elphant. Journal of Wild-
life Management, 30:375-388.

Champion, F.
1927. With a Camera in Tiger Land. London.

Chew, R. M., and A. E. Chew
1970. Energy Relationships of the Mammals of a Desert

Shrub (Larrea tridentata) Community. Ecological
Monographs, 40:1-21.

Cooray, P. G.
1967. An Introduction to the Geology of Ceylon. Colom-

bo : National Museum of Ceylon.

Cott, H. B.
1957. Adaptive Coloration in Animals. London: Methuen

& Company.
Davis, J. A.

1965. A Preliminary Report on the Reproductive Be-
havior of the Small Malayan Chevrotain, Tragulus
javanicus, at the New York Zoo. International Zoo
Yearbook, 5:42-44.

Deraniyagala, P. E. P.
1955. Some Extinct Elephants, Their Relatives, and Two

Living Species. Colombo: National Museum of
Ceylon.

1958. The Pleistocene of Ceylon. Ceylon National Mus-
eum's Natural History Series, Colombo National
Museum.

DeVos, A., P. Brokx, and V. Geist
1967. A Review of Social Behavior of the North Amer-

ican Cervids During the Reproductive Period.
American Midland Naturalist, 73:390-417.

Dittrich, L.
1967. Beitrag zur Fortpflanzung und Jugendentwicklung

des Indischen Elefanten, Elephas maximus, in
Gefangenschaft mit einer tJbersicht fiber die Ele-
fantengeburten in Europaishchen Zoos und Zir-
kussen. Der Zoologische Garten, 34:56-92.

Dubost, G.
1968. Les Niches Ecologiques des Forets Tropicales

Sud-americaines et Africaines, Sources de Conver-
gences Remarquables Entre Rongeurs of Artiodac-
tyles. La Terre et la Vie, 1:3-28.

1970. I/Organisation Spatiale et Sociale de Muntiacus
reevesi Ogilby 1839 en Semi-liberte. Mammalia,
34(3):331-356.

Eaton, R. L.
1970. Hunting Behavior of the Cheetah. Journal of

Wildlife Management, 34(1):56-67.
Eisenberg, J. F.

1966. Social Organizations of Mammals. Handbuch der
Zoologie, VIII (10/7), Lieferung 39, 1-92.

Eisenberg, J. F., and E. Gould
1970. The Tenrecs: A Study in Mammalian Behavior

and Evolution. Smithsonian Contributions to
Zoology, number 27:1-137.

Eisenberg, J. F., and G. M. McKay
1970. A Revised Checklist of the Mammals of Ceylon

with Keys to the Species. Ceylon Journal of
Science, Biological Science, 8(2) : 23-52.

Eisenberg, J. F., G. M. McKay, and M. R. Jainudeen
1971. Reproductive Behavior of the Asiatic Elephant

(Elephas maximus maximus L.). Behaviour,
38:193-225.

107



108 SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

Eisenberg, J. F., C. Santiapillai, and M. Lockhart
1970. The Censusing of Animal Populations by Indirect

Methods. Ceylon Journal of Science, Biological
Science, 8(2):53-62.

Evans, G. H.
1910. Elephants and Their Diseases. Rangoon, Burma:

Government Printer.
Fernando, S. N. U.

1968. The Natural Vegetation of Ceylon. Colombo,
Ceylon: Lake House Bookshop.

Frade, F.
1955. Ordre des Proboscidiens. Pages 715-783, in P.-P.

Grasse, editor, Traite de Zoologie, XVII (1).
Paris: Masson & Cie.

Fraser, A. F.
1968. Reproductive Behavior in Ungulates. London:

Academic Press.
Gaussen, H., P. Legris, M. Viart, and L. Labroue

1964. International Map of Vegetation, Ceylon. Special
Sheet, Ceylon Survey Department.

Geist, V.
1964. On the Rutting Behavior of the Mountain Goat,

Oreamnos americanus. Journal of Mammalogy,
45:551-567.

1966. The Evolution of Horns and Hornlike Organs.
Behaviour, 27:175-214.

1968a. On the Delayed Social and Physical Maturation in
Mountain Sheep. Canadian Journal of Zoology,
46(5) : 899-904.

1968b. On the Interrelation of External Appearance,
Social Behaviour, and Social Structure of Moun-
tain Sheep. Zeitschrift fur Tierpsychologie, 25:
119-215.

Gregory, W. K.
1951. Evolution Emerging, 2 volumes. New York: Mac-

Millan Company.
Gundlach, H.

1968. Brutfiirsorge, Brutpflege, Verhaltensontogenese und
Tagesperiodik beim Europaischen Wildschwein
(Sus scrofa L.). Zeitschrift fur Tierpsychologie,
25:955-995.

Hafez, E. S. E., L. J. Sumption, and J. S. Jakway
1962. The Behaviour of Swine. Pages 334-369, in E. S. E.

Hafez, editor, The Behaviour of Domestic Animals.
Baltimore, Maryland: Williams and Wilkins Com-
pany.

Hediger, H.
1950. Wild Animals in Captivity. London: Butterworths

Scientific Publications.
1951. Observations sur la Psychologie Animate dans les

Pares Nationaux du Congo Beige. Brussels: In-
stitut des Pares Nationaux du Congo Beige.

Hornocker, M.
1969. Winter Territoriality in Mountain Lions. Journal

of Wildlife Management, 33(3): 457-464.
Howell, A. B.

1965. Speed in Animals. New York and London: Hafner
Publishing Company.

Hundley, G.
1934. Statistics of Height Increments of Indian Elephant

Calves. Proceedings of the Zoological Society of
London, 104:697-698.

Hungate, R. E.
1960. Microbial Ecology of the Rumen. Bacteriological

Reviews, 24:353-364.
Jayasinghe, J. B., and M. R. Jainudeen,

1970. A Census of the Tame Elephant Population in
Ceylon with Reference to Location and Distribu-
tion. Ceylon Journal of Science, Biological Science,
8(2):63-68.

Kleiman, D. G.
1967. Some Aspects of Social Behavior in the Canidae.

American Zoologist, 7:365-372.
Koelmeyer, K. O.

1959. The Periodicity of Leaf Change and Flowering in
the Principal Forest Communities of Ceylon. The
Ceylon Forester, IV(2) : 157-189; IV(4):308-364.

Kurt, F.
1968. Das Sozialverhalten des Rehes, Capreolus capreolus

L., eine Feldstudie. Mammalia Depicta. Paul Parey,
Hamburg.

1969. Some Observations on Ceylon Elephants. Loris,
XI (5) : 238-243.

1971. Oekologie und Soziologie des asiatischen Elefanten
und anderer ceylonesischer Saugetiere in Ruhunu
(Yala) National Park (in preparation).

Kurt, F., and A. G. Jayasuriya
1968. Notes on a Dead Bear. Loris, XI : 182-183.

Kurt, F., and A. P. W. Nettasinghe
1968. Estimation of Body Weight of the Ceylon Elephant

(Elephas maximus). Ceylon Veterinary Journal,
XVI (1-2): 24-26.

Laws, R. M., and I.S.C. Parker
1968. Recent Studies on Elephant Populations in East

Africa. Symposium of the Zoological Society of
London, 21:259-310.

Leuthold, W.
1966. Variations in Territorial Behavior of the Uganda

Kob, Adenota kob thomasi (Neumann). Behaviour,
27(3-4):215-259.

Martin, P. S., and H. E. Wright, editors
1967. Pleistocene Extinctions: The Search for a Cause.

Volume 6, Proceedings VII Congress International
Association of Quaternary Research. Yale Univer-
sity.

McKay, G. M.
1971. The Ecology and Behavior of the Asiatic Elephant

in Eastern Ceylon. PhD dissertation, University
of Maryland.

Muckenhirn, N. A.
1971. Interrelationships of Three Primate Species in the

Western Dry Zone of Ceylon. PhD dissertation,
University of Maryland (in preparation).

Mueller-Dombois, D.
1968. Ecogeographic Analysis of a Climate Map of Cey-

lon with Particular Reference to Vegetation. The
Ceylon Forester, VIII(3-4) :39-58.



N U M B E R 1 0 1 109

Mueller-Dombois, D., and K. S. Fernando
1970. Vegetation Map of Wilpattu National Park. Sur-

vey Department of Ceylon, Colombo.
Mueller-Dombois, D., and V. A. Sirisena

1968. Climate Map of Ceylon. Survey Department of
Ceylon, Colombo.

Norris, C. E.
1959. Preliminary Report on the Ceylon Elephant Field

Survey. Colombo: Wildlife Protection Society of
Ceylon.

Panabokke, C. R.
1967. The Soils of Ceylon and Use of Fertilizers. Colom-

bo: Ceylon Association for the Advancement of
Science.

Petter, J.-J., and C. M. Hladik
1970. Observations sur le Domaine Vital et la Densite

de Population du Loris Tardigrade dan les Forets
de Ceylan. Mammalia, 34:394-409.

Phillips, W. W. A.
1935. Mammals of Ceylon. London: Dulau and Com-

pany, Ltd.
Rails, K.

1969. Scent-marking in Maxwell's Duiker, Cephalophus
maxwelli. Abstract 51. American Zoologist, 9:1071.

Reuther, R. T.
1969. Growth and Diet of Young Elephants in Cap-

tivity. International Zoo Yearbook, 9:168-179.
Ripley, S.

1965. The Ecology and Social Behavior of the Ceylon
Gray Langur, Presbytis entellus thersites. PhD
dissertation, University of California, Berkeley.

1970. Leaves and Leaf-monkeys: The Social Organiza-
tion of Foraging in Gray Langurs, Presbytis entel-
lus thersites. In J. Napier, editor, Systematics
and Behavior of Old World Monkeys. New York:
Academic Press.

Rzasnicky, A.
1939. Zur Kenntnis der Wachstum verhaltnisse des in-

dischen Elefanten. Annales Musee Zoologique
Polonnais, 13:303-313.

Sadleir, R. M. F. S.
1966. Notes on Reproduction in the Larger Felidae.

International Zoo Yearbook, 6:184-187.
Schaller, G. B.

1967. The Deer and the Tiger. Chicago: University of
Chicago Press.

Seth-Smith, D.
1932. Remarks on the Age a*t Which the Indian Elephant

Attains Sexual Maturity. Proceedings of the Zoo-
logical Society of London, 4:816.

Smythe, N.
1970. On the Existence of "Pursuit Invitation" Signals

in Mammals. American Naturalist, 104(938) :491-
494.

Spillet, J.
1967. A Report on Wildlife Surveys in North India and

Southern Nepal. Journal of Bombay Natural
History Society, 63(3):492-528.

Thenius, E., and H. Hofer,
1960. Stammesgeschichte der Saugetiere. Berlin: Springer-

Velag.
Tulloch, D. G.

1969. Home Range in Feral Water Buffalo, Bubalus
bubalis. Australian Journal of Zoology, 17:143-
152.

Ullrich, W.
1966. Beobachtungen zur Biologic des Ami (Bubalus

arnee fulvus Blanford) in Assam. Der Zoologische
Garten, 32 (4 ) : 146-158.

Wing, L. D., and I. O. Buss
1970. Elephants and Forests. Wildlife Monographs,

19:1-92.



Appendix A

METHODS EMPLOYED IN CENSUSING

Figure 74 illustrates Wilpattu National Park and its
associated intermediate zones and sanctuaries. At the
time of planning the study, the park itself consisted of
the unshaded area in the map bounded by solid lines.
This comprised approximately 580 square kilometers

80°!' E
I

5 mi.
FIGURE 74.—Map of Wilpattu National Park and associated
intermediate zones and sanctuaries. In 1967 when the study
was planned, the area of the National Park comprised the un-
shaded portion of the map bounded by solid lines. All refer-
ences in text to the National Park refer to this area even
though area 3 was included within the boundaries of the Na-
tional Park during 1968. Because of difficulty of access, area 3
was surveyed only sporadically; therefore, crude density and
crude biomass estimates refer to the old boundaries of the
National Park itself. Area 4, the West Sanctuary, was sur-
veyed extensively however, but when referred to in the text
is so designated.

and, although the former south intermediate zone
(area 3 in Figure 74) was subsequently added to the
park, this area remained relatively inaccessible and
was not included in our normal survey; thus, crude
density and crude biomass estimates were made with
respect to the original national park boundaries.

Referring again to Figure 74, area 1 or the North
Sanctuary comprises some 6.3 square kilometers; area
2 or the east intermediate zone consists of approxi-
mately 281 square kilometers. The former south in-
termediate zone includes some 71 square kilometers
and the West Sanctuary or area 4 includes roughly
214 square kilometers. Crude density and crude bio-
mass calculations were based on a map area with the
old national park boundaries of approximately 225

5 mi
FIGURE 75.—Survey routes employed for estimate of habitat
utilization during the quarterly survey. As can be seen, por-
tions of the West Sanctuary, as well as the boundaries of the
National Park itself, and the river systems were surveyed on
a quarterly basis. Dotted lines refer to foot surveys.
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square miles or 580 square kilometers. The total
area of national park and associated sanctuaries and
intermediate zones include in excess of 1,118 square
kilometers; hence, our estimates of crude biomass and
density refer to approximately one-half of the area
currently under total or partial protection.

Figure 75 indicates the survey routes employed dur-
ing the quarterly circuits of the park. We were able
to survey portions of the Kala Oya, Moderagam Aru,
and the West Sanctuary. By employing the feces-count
technique, we were able to get a rough estimate of
the intensity of habitat utilization by elephants in these
park boundary areas. We were not, however, able to
monitor movements or get absolute counts of the ele-
phant herds in these peripheral areas. The quarterly
circuit did allow us to gain some insight into the in-
tensity of habitat utilization by elephant herds not
directly associated with the central park itself.

Figure 76 indicates the survey routes employed in
taking the census in the park proper and in interpret-
ing the relationship of the West Sanctuary habitat
utilization patterns to those of the national park it-
self. The monthly survey and censusing included some
190 square kilometers of national park area and
roughly 127 square kilometers of the West Sanctuary.
Intensive censusing operations were carried out in the
24 square kilometer area indicated by the diamond
pattern on the map.

Locations of twenty-two study areas are indicated
by dots on the map in Figure 76. At these locations,
standard plots were established for studying habitat
utilization patterns by the various ungulate species;
twenty-nine plots were included within the twenty-two
locations and ten of these plots were used for our
pellet-count monitoring (Eisenberg, Santiapillai, and
Lockhart 1970). The monthly survey and plot loca-
tions permitted us to compare and contrast habitat
utilization trends through the wet and dry seasons for
the major villus in the park and the Moderagam Aru.

Surveys on the study plots involved two techniques.
1. In September of 1968, together with the botanists

under the direction of Dr. Dieter Mueller-Dombois,
seventeen plots were surveyed. An area 100 by 50
meters was surveyed by seven people walking linear
transects parallel to one another, being equally spaced
and surveying some twenty stations along the 100
meter transect, noting such characteristics as fecal
piles, evidence of branch feeding, height of branch
feeding, extent of cover, presence or absence of game
trails, location and size of termite mounds, tracks, and
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presence or absence of ground disturbance as the result
of digging, flat scarring, resting, or wallowing. The
results of this September survey were employed in
preparing Figure 70 which illustrates relative inten-
sity of habitat utilization by the major herbivores. The
seventeen plots were selected with respect to differ-
ences in physiognomic classes of vegetation. Further
details of this method of animal activity analysis and
its application will be included in a forthcoming pub-
lication by Mueller-Dombois for Ruhunu National
Park (in preparation).

2. Ten plots were studied for seven months by
measuring the number of fecal piles and weights of
feces for axis, sambar, hare, buffalo, and elephant.
These plots were located in pairs at three water holes
and along the Moderagam Aru. Each plot equalled
roughly 450 square meters or 5,000 square feet. Pellet
groups were counted and weighed once every 30 days.
Estimates of intensity of habitat utilization based on
the pellet count paralleled actual visual counts of ani-
mals. Our visual counts, however, do not necessarily
represent the maximum number of animals utilizing
a given area and appropriate corrections in censusing
were made. For a further discussion, see Eisenberg,
Santiapillai, and Lockhart, 1970.

As indicated in the previous paragraphs, a 24 square
kilometer area was set aside for intensive survey, in-
cluding Marai Villu, Kali Villu, and parts of Maduru
Odai. This area allowed us to check our crude density
and biomass estimates against figures based upon
counts which were as near accurate as possible. We
chose two periods for intensive censusing, one during
the maximum dispersal phase of the ungulates during
the rainy season and the other during an interval of
maximum concentration of game in the dry season.
Since the elephants and water buffalo in this sector
moved widely, the maximum estimate gives only a
temporary concentration value; however, such a den-
sity may be achieved several times during the annual
cycle (see pp. 101-103, Tables 14 and 15).

Because the elephant and buffalo move widely with-
in the park, it was necessary to employ long-term
tracking techniques in order to ascertain actual move-
ment patterns. Some of the movement patterns for
elephant and buffalo with respect to the park and the
West Sanctuary are portrayed in Figures 7, 8, 9, and
20.

Although we feel quite confident concerning the
biomass and density estimates for our intensive sur-
vey areas and the areas in which the monthly counts
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FIGURE 76.—Monthly survey routes employed during the censusing operations. Dots indicate
location of some 22 areas where study plots were located; 29 plots located within these 22 areas,
10 of which were studied consistently for intensity of habiut utilization by employing the pellet
count technique, see Appendix A. The diamond shaped area of some 24 km2 is that area referred
to in the text as the area of intensive survey and is the location in which the ecological density
calculations in Tables 14 and 15 were made. One side of the diamond-shaped area is approxi-
mately 4.9 km.



N U M B E R 1 0 1

were carried out, it is necessary to outline here our
procedure in estimating crude density and biomass
for each of the species.

The population estimates for the 580 square kilo-
meters area took into consideration the mobility of the
species in question and its dependency on water. The
mobility of sambar, buffalo, and elephant is high. Al-
though axis deer have a high potential mobility, they
seem to move only short distances of up to 1.5-2.0
kilometers. The other species show a limited mobility;
hence, the three largest contributors to the biomass
can and do move around a great deal when water re-
sources become restricted during the dry season. Ade-
quate allowance must be made for migration and the
high counts made during times of maximum concen-
tration must not be taken as indicators of the average
biomass for a given area. The smaller species, such as
muntjac, mouse deer, and hare, must be considered
as animals being both dependent on water and re-
stricted to areas of permanent water. Hence, all bio-
mass estimates were made with respect to eight
permanent villus of a large size, twenty smaller but
permanent villus supporting perhaps half the popula-
tion of the larger villus, and a riverine system allow-
ing for a strip of approximately 0.8 kilometers on
either side, giving an area of 38.8 square kilometers.
By allowing for the movements of the larger species
and considering the presence or absence of permanent
water as an important regulator of density, we have
arrived at a reasonable approximation to the actual
densities and biomasses for the major herbivorous spe-
cies within the park.

Elephant (Elephas maximus)

We were able to ascertain the movement patterns for
one major herd within the park system. Two other
herds which were reasonably well known to us had
their ranges partially mapped whereas the fourth could
only be surveyed sporadically. Table 3 portrays the
counts from those herds for which we have the best
data. Three of the four herds spent at least part of the
time in the West Sanctuary. We counted sixty-one indi-
vidual animals and we estimate that roughly seventy
animals, including some bulls that we may have missed,
utilize the core national park area throughout most
of the year. If we include the other protected areas,
such as the entire West Sanctuary, the newly incorpo-
rated south intermediate zone, and the east interme-
diate zone, a reasonable figure for the total elephant
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population within the national park boundaries and
associated protected areas would be at least twice as
large or 140 to 150 elephants. In addition an unknown
number of elephants in the vicinity of the south bank
of the Kala Oya do cross over into the park and its
associated intermediate zones and sanctuaries; hence,
the overall population of elephants dependent in part
on Wilpattu Park may be close to 200 animals.

Buffalo (Bubalus bubalis)

For the national park itself our estimate of 161 ani-
mals is based on counts of known herds as is the case
for the elephants. In addition, at least one of the herds
spends part of its time in the West Sanctuary. If we
include the other associated areas, including the old
south intermediate zone, the eastern intermediate zone,
and the West Sanctuary, some 300 to 400 buffalo are
probably dependent on the park for the better portion
of the year.

Axis deer (Axis axis)

As outlined in a previous publication (Eisenberg, San-
tiapillai, and Lockhart 1970), visual counts were cor-
related with pellet-count techniques utilizing the study
plots. On the basis of our counts, we assume that the
average density of deer at major villus was in the
neighborhood of 115 animals per square mile or 68
axis per square kilometer. Since the axis are dependent
on permanent water sources and since there are 8
major villus each supporting up to 100 deer and 14
minor villus retaining permanent water each of which
may support up to 20 deer, then some 1,080 axis deer
are associated with the major permanent villus in the
national park itself. Considering riverine habitats, if
we assume that at best density there may be 150 deer
per square mile or 57.9 deer per square kilometer, and
if we further calculate the density of deer based on a
38.8 square kilometer area along the river system
within the national park or bounding the park, then
some 2,240 deer may be considered to be in association
with the bounding rivers and their tributaries. This
would mean that approximately 3,320 animals com-
prise the axis population for the area included within
the old national park boundaries. We settled on a
figure of 3,500 as a safe estimate for the axis deer
population.

The Sambar (Cervus unicolor)

Feces counts on the study plots indicate deposition by
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sambar equal to 10-15 percent that of axis. If we as-
sume an equal defecation rate for axis and sambar and
equal habitat utilization, then the population of sam-
bar may lie between 350 and 525. We know, however,
th?t sambar graze less in the open and when they do
g-c.ze in open country it is generally at night. Hence,
there is less than half the opportunity to drop feces in
open parkland than is the case for axis. Therefore,
there could be twice as many sambar or up to 700.
Our known count, based on the monthly census, for
approximately 190 square kilometers is 170 sambar or
slightly less than 0.9 sambar per square kilometer. If
we extrapolate for the 580 square kilometer area taken
as the base for our census area, then roughly 520
sambar may be present. The riverine population, how-
ever, may be higher and, once again, we are faced
with considering up to 700 sambar as a maximum for
the park itself; hence, in the presentation of our crude
density and crude biomass data, we have set 700 as a
maximum and 400 as a minimum.

Wild swine (Sus scrofa)

Tabulation for the national park is based on actual
counts at the major villus and an estimated density
for the riverine system based on inference from the
highest counts at the major villus which are utilized
by the swine. This gave us overall an estimate of 180
animals for the 580 square kilometer area; however,
litter sizes are large in the swine and there may be
dramatic fluctuations in actual count of animals
throughout the annual cycle.

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

Muntjac (Muntiacus muntjac), Mouse Deer
(Tragulus meminna), Porcupine (Hystrix indica),
and Langur (Presbytis entellus)

Estimates for these species were based on counts made
at Kali Villu and Marai Villu and we assumed that
the density for these two major villus would be equiv-
alent for the remaining six larger villus within the
park. Populations for smaller villus were estimated to
be at half that for larger villus and the average den-
sity per unit area of usable habitat at the larger villus
was set at the density estimate for our 38.8 square
kilometer area of riverine habitat. Since these species
are not particularly mobile, we considered them to be
more or less bound to permanent water. Therefore,
their total density estimates are based on considera-
tions similar to those for the axis.

Hare (Lepus nigricollis)

The hare is exceedingly difficult to census directly.
On the feces plots, the weight of hare feces correspond
to roughly 10 percent that of the axis. If we assume
equivalent habitat preferences between axis and hare
and if we allow for the weight difference since the
hare averages less than one-tenth the weight of an
axis, then the hare density might be considered to be
almost equivalent to that of axis deer. Axis, however,
would seem to have a broader habitat tolerance than
the hare which does not seem to be particularly abun-
dant in the vicinity of the rivers. Thus, we arbitrarily
set the estimate for hare density at 80 percent that of
the axis, realizing that this may be slightly low. Hare
density, however, can fluctuate vastly from year to
year and any estimate we make can be taken only as
an approximation.



Appendix B

LIST OF SOME DOMINANT PLANTS OF THE LOWLAND DRY ZONE

(Nomenclature and classification from Fernando 1968)

TREES AND TREE-LIKE PLANTS

Ara Zone

Adina cordifolia
Alphonsea selerocarpa
Alseodaphne semicarpifolia
Berrya cordifolia
Cassia fistula
Cassia marginata
Chloroxylon swietenia
Cordia domestica
Diospyros ebenum
Diospyros ovalifolia

* Dry petes [=Hemicyclia] sepiara
Elaedendron glaucum
Euphorbia antiquorum
Ficus glomerulosa

*Ficus parasitica
Gleniea zeylanica
Grewia polygama

*Manilkara hexandra
Nephilium longana
Pleurostylia wightii
Pterospermum canescens
Sapindus emarginatus
Schleichera trijuga
Sterculia foetida
Strychnos nux-vomica
Syzygium cuminii
Vitex pinnata
Walsura piscida

West Area

* Acacia leucophila
Acacia planifrons
Cassia timorensis

*Ferronia elephantum
Fragerea zeylanicus
Limonia crenulata

Nephelium gardneri
*Phoenix zeylanica
*Salvadora persica
Sapium insigne
Vitex negundo

*Zizyphus jubata

Allophyllus cobbe
Croton aromaticus
Ehretia buxifolia
Glycosmis pentaphylla
Ixora arborea
Mallotus sp.
Memycylon sp.

SHRUBS

Ara Zone

Murraya koenigii
Phyllanthus sp.
Polyalthia korotoni
Randia dumetorum
Stenosiphonium cordifolium
Tarana asiatica
Webera corymbosa

•Indicates intensive feeding by elephants (Norris 1959, McKay 1971).
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West Area

* Acacia eburnea Grewia orientalis
Azima tetracantha Plumbago zeylanicu
Cassia spinosum Sanseviera zeylanica
Cissus quadrangularis Wrightia zeylanica
Gardenia coronavia

GRASSES AND FORBS

Ara Zone

Aliscarpus vaginalis Digitaria marginata
*Amphilophis pertusa Echinochloa colonum
Apcopis wightii Eragrostcella hitaria
Aristida setaceae *Eragrostris coramandeliana

*Bracharia reptens Euphorbia geniculata
Celosia argentea Indigofera achinata

*Chloris barbata Ipomoea angustifolia
*Chloris inflata Leptochloa neesii
*Cymbopogon confertifloris *Paspalum conjugatum

Cyrtococcum trigonum Phaseolus trilobus
Dactyloctenium aegyptium Ruellia ringens
Desmodium heterophyllum Syndrella nodiflora
Desmodium triflorum Tridax procumbens

West Area

Acanthospermum hespidium Enteropegon monostachys
Aristidia depressa Lopholepus ornithocephala

*Cynodon dactylum

•Indicates intensive feeding by elephants (Norris 1959, McKay 1971).
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numbering system of text illustrations with that of plate illustrations. Submit all legends on
pages separate from the text and not attached to the artwork. An instruction booklet for the
preparation of illustrations is available from the Press on request.

In the bibliography (usually called "Literature Cited"), spell out book, journal, and
article titles, using initial caps with all words except minor terms such as "and, of, the." For
capitalization of titles in foreign languages, follow the national practice of each language.
Underscore (for italics) book and journal titles. Use the colon-parentheses system for volume,
number, and page citations: "10(2) :5-9." Spell out such words as "figures," "plates," "pages."

For free copies of his own paper, a Smithsonian author should indicate his requirements
on "Form 36" (submitted to the Press with the manuscript). A non-Smithsonian author will
receive 50 free copies; order forms for quantities above this amount with instructions for pay-
ment will be supplied when page proof is forwarded.




