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CHAPTER

INTRODUCTION

India is remarkable for the variety of its large mammals, a richness
in species exceeded by few countries in the world. From the rain
forest of Assam to the snows of the Himalayas and the deserts of
Rajasthan, from the deciduous forests of the central highlands to the
mangrove swamps of the Sunderbans, India presents a great diversity
of vegetation types, each with its unique faunal assemblage. The im-
mense sweep of the Himalayas harbor sheep such as the bharal* and
urial as well as wild goats — the markhor, tahr, and ibex, and there
are takin and goat antelopes such as the serow. Snow leopards stalk
musk deer in the rocky gorges, and black bears prowl the forested
slopes. Many of these species belong to the palaearctic faunal region,
and the mountains represent the most southerly part of their range
in India. The peninsula has its own distinctive mammals, with some,
such as the blackbuck, nilgai, and chital, being almost wholly con-
fined to it The thorn forests and other open habitats are or were the
home of the Asiatic lion, cheetah, Indian gazelle, and others; the grass
jungles of the Gangetic basin hold wild buffalo, barasingha, hog deer,
and the great Indian rhinoceros; the forests harbor elephant, sloth
bear, leopard, gaur, barking deer, sambar, pig, and the unique four-
homed antelope. And many of the forests contain the tiger, an ani-
mal which perhaps more than any other over the years has become
the symbol of India’s wildlife heritage.

The Western world was largely unaware of the variety and abun-
dance of the mammals in India until the nineteenth century, although
the four principal Vedas (2000-1500 B.c.) mention the hger, lion,
wild pig, and twenty-seven others (Rao, 1957) and the Mogul em-
perors from the thirteenth to the sixteenth century were famous as

*Scientific names may be found in Appendn A
3
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hunters Akbar the Great is said to have kept one thousand trained
cheetahs with which to hunt antelope, and his successor Jehangir
shot, among other animals, a total of 889 mlgar (Als, 1927). Wath the
advent of British rule, and particularly after the consolidation of the
whole country following the mutny of 1857, many hunters penetrated
all parts of the country. Books by Rice (1857), Shakespear (1860),
Baker (1890), Forsyth (1889), and Kinloch (1892), among others,
give a vivid picture of the great herds of hoofed animals and the
numerous large predators that occurred even in the parts heavily
populated by man. Jerdon (1874) reported herds of blackbuck in the
Punjab numbering ten thousand animals; “traveling through almost
any district, you will come across them, sometimes m large herds,
and herd after herd” (Aflalo, 1904). Rhinoceros and wild buffalo
still existed at the foot of the Himalayas, and “swamp-deer, hog deer,
sambhur, and other cervine species, herd together in the tall grateful
cover of the friendly jungle grass—and wild pig, porcupine, wild
fowl, game fowl, and other animals, dear to the sportsman, are to be
met with in incredible numbers” (Inglis, 1892).

These herds are no more The cheetah is extinct in India, the last
ones having been shot in 1951 (Talbot, 1960). The great Indian rhi-
noceros, which was hunted 1n the Indus valley by the Moguls as late
as 1519 (Rao, 1957), survives only in a few isolated sanctuaries in
India and Nepal The population of Kashmir stag has been reduced
to fewer than two hundred fifty individuals (Gee, 1962a). The Asiatic
lion, once found throughout the dry open forests north of the Narma-
da River, now occurs only in the Gir Forest of Gujarat, where fewer
than three hundred animals remain (Gee, 1962¢). Probably no more
than two thousand wild buffalo exist in scattered remnants (Daniel,
pers comm. ). Of the “herds of thousands” of barasingha seen by Pol-
lock and Thom (1900) in Assam and Bhutan only some four thousand
survive in the country and in the world. Where Forsyth (1889) ob-
served herds of blackbuck “which must have numbered a thousand
or more mdividuals,” none are now seen and this species once so
abundant 1s reaching a critical stage in its survival The other large
mammals —the Indian gazelle, milgai, chital, gaur, and so forth—
which were exceedingly common have all declmed drastically in
number The ubiquitous tiger has become scarce in most parts of the
country. The Himalayan fauna has suffered a similar fate ( Dang,
1964a,b). What has been the cause for the dechne?

. Direct shooting has been an important factor in the decrease of
wildlife. Many British civil servants were inveterate hunters, as were
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the maharajas, for whom it was a major form of recreation. Animals of
any age and sex were bagged indiscriminately. Hunting was not just
a sport but a symbol of status, the criterion for the latter being the
number of animals, especially tiger, shot:In Cooch Behar (1908) the
caption on one photograph reads: “A record day’s bag of bison —3
bulls and 8 cows”; books by Rice (1857), Shakespear (1860), and
Smythies (1942) contain representative descriptions of this type of
hunting. By the end of the past century the decline had accelerated
to such an extent that some hunters grew concerned. The rhinoceros
was gone from most of its former haunts, and the lion was nearly ex-
terminated, although one was shot in central Madhya Pradesh as late
as 1851 (Forsyth, 1889). Russell (1900), after bagging twenty-four
blackbuck in one outing, noted the general scarcity of the species in
the area. Baldwin (1877) wrote: “In former years tigers were doubt-
less a scourge, now they are becoming rare even in the wooded parts
of the country, where in days of yore they abounded, and where
once a dozen could be shot by a party in the hot weather with but
little difficulty, two or three now will only be bagged over the same
ground, and these not without great exertion and perseverance.” At-+
tempts were made to regulate the shooting, with acts for the preser-
vation of animals peing passed in 1887, 1912, and 1935. The Nilgiris
Game Association was founded in 1877 and the Bombay Natural His-
tory Society in 1885, both designed to promote the conservation of
wildlifg#’A number of reserves were established, prominent amon
them the Banjar Valley Reserve, Corbett National Park, and Kaz-
iranga SanctuaryvHowever, the decline of the wildlife continued,
and Champion (1953) wrote in 1934: “Animals like blackbuck and
chital and game-birds, both in the plains and particularly the hills,
are literally being wiped out at an increasingly rapid rate and one
wonders if there will be anything left except monkeys and jackals
after another two or three decades.” Yet in spite of the apparent apa-
thy with which the government viewed the protection of the large
mammals (Stebbing, 1912), and the great amount of damage done
by army personnel during the Second World War, India retained a
considerable amount of its wildlife until 1947.

Independence ushered in a period of destruction that could almost
be compared to the slaughter on the American prairies in the 1880’s.
Rejecting shooting regu%ations as a form of colonial repression and
released from restraint, Indians shot down wildlife everywhere, in-
cluding sanctuaries and private estates.”As a result of food shortages

® government initiated a national drive to protect crops from the
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depredation of wild animals, and guns were issued freely to farmers,
an action which literally doomed almost all animals near cultivations/”
For instance, G. Smgh, Conservator of Forest in Punjab, wrote to me
in 1964 :“Blackbuck was found in large number in central and south-
ern parts of the Punjab state until 15 years ago. Then it was treated
as a crop pest and killed in large numbers:/This resulted in virtual
extermination of the species.” A new type of hunter emerged, too, a
motorized one who drove in jeeps along forest roads at night and shot
at any eyes that reflected the beam of his light. For about five years
the destruction continued unabated: In 1951 Bombay state passed the
Wild Animals and Wild Birds Protection Act; in 1952 the Indian
Board for Wildlife was formed and 1 1958 the Wild Life Preserva-
tion Society of India. Conditions improved slowly with each state
government making serious attempts to preserve its fauna and to
strengthen the existing shooting regulations?’A number of fine but
small reserves were established. But enforcement against poaching
on the local level remained inadequate, with the result that the wild-
life continued in its decline.

Coupled with the outright destruction of wildlife by shooting was
the indirect method of eliminating the habitat. As late as the sixteenth
century rhinoceros, elephant, buffalo, and other animals character-
istic of fairly moist conditions occurred in parts of western India that
are now covered with dry thorn scrub (Rao, 1957), indicating a
rapid dessication of the habitat undoubtedly caused by misuse of
the land by man (Puri, 1960). Chinese pilgrims in A.p. 600 talked
of the dark jungles in the Gangetic basin, and even three centuries
ago large areas of Uttar Pradesh were still covered with virgin forest
(Robertson, 1936). Today, the heavily populated Gangetic basin
retams sizable patches of forest only at the base of the Himalayas,
areas that were uninhabitable earlier because of malaria. Tremen-
dous tracts of grass and reeds in the valley of the Brahmaputra
River were put under the plow, and Kaziranga Sanctuary remains
as one of the few remnants of a habitat that once covered thousands
of square miles, Forests were cleared throughout India for cultiva-
tion, and the timber was cut for use 1 railroad construction. After
%ndependence the drive for more food and the unchecked increase
in the population resulted in the cultivation of most marginal land.
The natural vegetation cover of India is forest, but less than a quar-
ter of the country 1s still covered with it

A great scourge of India’s land is the vast numbers of domestic
animals which are undernourished, diseased, and unproductive, yet
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are permitted to exist for religious reasons. The plains of West Ben-
gal, for instance, had in 1961 a human population of 1,031 per square
mile and a cattle and buffalo population of 351 per square mile. The
animals received only one third of #heir estimated daily nutritional
requirements, and annual mortality due to disease was about 15 per-
cent (Anon., 1962). India had an estimated 204 million cattle and
buffalo and 94 million goats and sheep in 1956, of which 21 million
of the former and 13 million of the latter grazed exclusively in the
forests (Venkataramany, 1961 ). Livestock is permitted to graze with-
out restrictions in virtually all forests and most sanctuaries, and seri-
ous damage to the vegetation culminating in widespread erosion is
common particularly in the thorn and deciduous forests. The carry-
ing capacity of many forest areas and other uncultivated lands is so
far exceeded by livestock alone that a substantial amount of wildlife
could not support itself even if it were protected from shooting,

Livestock diseases, especially rinderpest and foot-and-mouth dis-
ease, also affect the wild ruminants. There are numerous records of
gaur, chital, and others contracting diseases from cattle and dying
in large numbers, whole populations having been wiped out in this
manner (Brander, 1923; Ali, 1953). The health of domestic and wild
hoofed animals is mainly a function of the quality of the range, and
animals in poor condition as a result of malnutrition become highly
susceptible to parasites and disease, making the problems of range
condition and disease inseparable.

In one hundred years the combination of land clearing, uncon-
trolled slaughter, habitat destruction by livestock, and disease have
reduced one of the world’s great wildlife populations to a small
remnant. Yet in spite of a realization that wildlife represents the coun-
try’s fastest vanishing asset, no detailed studies of any kind have been
attempted on the large mammals. Published information consists for
the most part of incidental observations collected in the course
of shooting the animal, the majority of books, even the better ones
like Forsyth (1889), Sanderson (1912), and Champion (1927), pre-
senting only general life history notes. Articles in the Journal of the
Bombay Natural History Society, the Journal of the Bengal Natural
History Society, and others are either cursory or consist of notes and
anecdotes of unusual encounters. The books on Indian mammals —
Jerdon (1874), Sterndale (1884), Blandford (1888-91), Lydekker
(.1924), Prater (1948) —although providing useful summaries, do

ttle more than repeat the information first published in the books
by hunters. By far the best single book on Indian wildlife is by
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Brander (1923), who, though occasionally in error, presents a good
deal of accurate data. E. P. Gee is virtually the only person in India
who has in recent years consistently gone into the field and published
first-hand accounts of certain mammals, particularly of the threat-
ened ones like the Indian rhinoceios and Kashmir stag (Gee, 1953;
1962a,b; 1963), and he has also been the major voice in drawing in-
ternational attention to the phght of the wildlife. His book The Wild
Life of India presents a useful introduction to the animals and his
work. So far even the most rudimentary forms of ecological research,
such as making accurate annual censuses and delermining rates of
reproduction and mortality, have yet to find a place in the plans of
the state forest departments and the Zoological Survey of India, the
two governmental services with direct responsibility for this type of
work.

In 1961 the Johns Hopkins Center for Medical Research and Train-
ing was established in Calcutta, West Bengal, under the direction of
Dr. F. Bang, School of Hygiene and Public Health, Baltimore. Al-
though the center is medically oriented, as the name implies, the
organizers have realized that a meaningful program of disease studies
is possible only 1n a broad ecological context, one in which the be-
havior of the vectors and of the possible hosts of the disease organ-
isms also is studied m detail. To gather such data, the program formed
an ecological umt headed by Dr. C. Southwick. Some of the projects
completed or 1n progress mclude work on the biology of flying foxes,
rhesus monkeys, and various rodents, as well as the present study of
deer and tiger.

At first I intended to study primanly the chital deer, but it soon
became apparent that the most fruitful approach, the one that would
yield the most information not only for the program but also from
the standpoint of conservation and management, would be to col-
lect a broad spectrum of facts on a number of different species in
one locality. After considerable searching I decided on a relatively
undisturbed forest area in central India, the Xanha National Park
in the state of Madhya Pradesh, as the site for the study. Fourteen
months were devoted to research on the large mammals in this sanc-
tuary, the remaining six months of the project being used to obtain
comparative information in other areas. A broad study has one se-
vere disadvantage — the danger of superficiality, of failure to collect
the quantitative data needed for proper evaluation of the observed
facts. On the other hand, a broad approach provides a better under-
standing of the interrelationship between species, which m the study
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of one area may be highly important. At Kanha Park, for example,
observations on the chital automatically included the barasingha,
with which they were often associated, and the tiger, which preyed
on both. I hope that I have managed to present a reasonable compro-
mise between the two approaches.

This report is concerned largely with the ecology and behavior
of the major hoofed animals in Kanha Park —the chital, barasingha,
sambar, blackbuck, and gaur —and with the life history of the tiger,
the most important predator in the area. The main purpose of placing
all this information under one cover is not only to present new ma-
terial about the habits of these animals but also to stress similarities
and differences in aspects of behavior, such as the time of mating
and bearing of young, and to attempt to answer such questions on
predator-prey relations as, What is the effect of tiger predation on the
hoofed animals in Kanha Park? The report, furthermore, provides a
summary of the available information about these species in the wild
in India, indicating how little has been and is still known about
them and how much research needs to be done in the near future
if the large mammalian fauna is to survive in appreciable numbers
In India, perhaps more than in most countries, the basic problems of
animal and human ecology are intimately related, and a solid body
of facts is desperately needed if conservation and management prac-
tices satisfactory to man, his livestock, and the wildlife are to be
mitiated in time to save the last from complete extermination. If this
report acts as a stimulus for other studies it will have served its

purpose



CHAPTER 2

STUDY LOCATIONS AND METHODS

The wildlife was studied in a number of localities under different
ecological conditions. This chapter of the report presents my itinerary
and describes the general study techniques employed. It also dis-
cusses India’s physiography, vegetation, and seasons with special
emphasis on Kanha National Park.

Study Locations

I arrived in India on September 2, 1963, and departed on May 9,
1965. The work during this period fell into several stages.

Zoo StupY

The first one and a half months of the project were devoted chiefly
to the study of a herd of twenty-three chital deer in the Calcutta
Zoological Garden to determine which aspects of social behavior were
mmportant to quantify in the wild, to record details of social inter-
actions such as dominance, and to trace the development of fawns
of known age in order to establish a basis for comparison with free-
living animals Observations were continued by assistants after I be-
gan work in the field, but the condition of the herd unfortunately

deteriorated as a result of malnutrition and disease, and most data
had to be discarded.

SurvEYS

Parts of northern India were toured from October 20 to November
16, 19683, to search for a suitable study site and to become familiar
with the ecological conditions existing there. The journey included
visits to some of the major wildlife areas and vegetation types in the
states of Bihar, Uttar Pradesh, Rajasthan, and Madhya Pradesh (see
10
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Fig. 1). It soon became apparent that a wildlife study such as I had in
mind was feasible only m a sanctuary because the animals in the
unprotected forests were usually so shy and sparse that prolonged
observations proved difficult. It was also desirable to locate a site with
low human and livestock populations as well as one where the possi-
bilities of viewing the wildlife were adequate throughout the year.
Most of the areas visited were unsuitable for one reason or another:
Hazaribagh National Park in Bihar and Chandraprabha National
Park i Uttar Pradesh contained very little wildhfe; the South Kheri
Forest Division and the whole stretch of forest in and along the foot-
hills of the Himalayas, including Corbett National Park, had ample
wildlife in a few localities, but for six months of the year the grasses
are ten to fifteen feet high in many places, making it difficult to see
the animals much less to observe them at length; the sanctuaries of
Rajasthan supported a vast livestock population; and the high moun-
tain fauna was inaccessible because of unsettled political conditions.
Shivpuri National Park in Madhya Pradesh was a possible site, but by
far the best one proved to be Kanha National Park in the same state.
Gee (1961) considered it to be the finest reserve in India, and
Brander (1953) wrote after a visit in 1928:

In 1900 this tract contamned as much game as any tract I ever saw in the
best parts of Africa in 1808. I have seen 1,500 head consisting of 11 species
m an evening’s stroll. It is nothing like that now, but it is probably true to
say that it contamns more numbers and more species than any other tract
of its size in the whole of Asia

Additional surveys were made in West Bengal —in the Sunderbans
at the mouth of the Ganges from October 8 to 7, 1963, and the hill
forests in the vicimty of Darjeeling from December 4 to 7, 1963.

THE MAN STtupy

Observations in Kanha Park were carried out from December 20,
1963, to January 17, 1965, and from March 11 to 81, 1965, a period of
almost fourteen months. The bulk of the data in this report were
collected 1 the central part of Kanha Park, and unless specifically
stated otherwise all facts and generalizations pertain to this area
alone..It 1s important to keep this fact in mind not only because the
behgwlor of a species in such aspects as the season of rut and food
habits may vary considerably from locality to locality but also because
Fhe ecological conditions in my study area were in many respects
ideal. There were fauly large ungulate and predator populations, the
fore.:st was not cut for timber, and the grass was only ightly grazed
by livestock, a situation very unusual in India today. The population



STUDY LOCATIONS AND METHODS 13

TABLE 1

LARGE MauMmALSs OF KANEA NATIONAL PARK

Saentific Name*

Common Name Used
in This Report

Other Common Names

Pnimata
Presbylss entellus
Lagomorpha
Lepus nigricollis
Rodentia
Hysiniz indice
Carmivora
Cants aureus
Cuon alpinus
Vulpes bengalensis
Melursus ursinus _
Herpesies edwardsi
Hyaena hyaena
Felis chaus
Panthera pardus
Panthera tigrist
Proboscidea
Elephas moximus

Artiodactyla
Sus scrofa .
Tragulus meminna
Azxss axist
Cervus duvaucclst
Cervus unicolor}
Muntiacus muntjak
Antilope cervicaprot
Tetracerus quadricornas

Boselaphus tragocamelus
Bos gourust

Common langur
Indian hare
Indian porcupine

Asiatic jackal
Indian wild dog
Bengal fox
Sloth bear
Grey mongoose
Striped hyena
Jungle Cat
Leopard

Tiger

Indian elephant
(domesticated only)

Wild pig
Mouse deer
Chital
Barasingha
Sambar
Barking deer
Blackbuck
Four-horned
antelope
Nilgax
Gaur

Black-naped hare

Crested porcupine

Red dog, dhole

Panther

Spotted chevrotain
Axis deer, spotted deer
Swamp deer, gond

Indian muntjac
Indian antelope

Chousingha
Blue bull
Indian bison

* Nomenclature follows Ellerman and Mornson-Scott (1951).
t Mammals treated 1n detal 1n this report

dynamics of the species may have been influenced considerably in
such respects as the rate of reproduction and survival of young by
these habitat conditions.

Table 1 lists the large mammals found in Kanha National Park.
Brander (1953) recorded Indian gazelles near the boundaries of the
park, but none have been seen there in recent years. Wild elepbants
and buffalo were regular visitors to the area during the rainy season
1 1900 (Brander, 1923); today neither species occurs within a one-
hundred-fifty-mile radius.

CoMPARATIVE STUDIES

To obtain some material with which to compare the data from Kanha,
and to add to my knowledge of several species, I spent from one to
two weeks in the following four different wildlife areas.

Two days were spent in obtaining age and sex counts of the un-
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Location Dates Species Studied

Corbett National Park, U.P. Jan. 23-Feb. 8, 1965  Chital, hogdeer
Keoladeo Ghana Sanctuary, Feb. 11-23, 1965 Chital, blackbuck,

Bharatpur, Rajasthan nilgai
West Khen Forest, U.P. Feb. 25-Mar. 5, 1965  Chital, barasingha,
hogdeer
Kaziranga Sanctuary, Apr.30-May 7,1965  Barasingha, hogdeer
Assam

gulates in the Vanbihar Sanctuary, Rajasthan, and part of a day
was devoted to the blackbuck in a 700 X 1,500 foot enclosure at Ak-
bar’s Tomb, Sikandra, about five miles north of Agra. J. C. Daniel of
the Bombay Natural History Society conducted a census of the wild
buffalo west of Jagdalpur in the West Bastar District, Madhya
Pradesh, from April 1 to 10, 1965, and I assisted him in this. My as-
sistant De studied the blackbuck at Chilka Lake, Orissa, from No-
vember 8 to 15, 1964, a site which I also visited for one day on April
13, 1965.

Study Methods

The techniques used in gathering data on the various species are
discussed at the appropriate places in the report, but some of the main
points are enumerated below.

GENERAL OBSERVATIONS

The animals were usually observed with the aid of 7 X 50 binoculars
and a 20 X spotting scope at distances of 100 to 800 feet depending
on the circumstances. At Kanha Park, as well as in Corbett Park and
the Keoladeo Ghana Sanctuary, much of the work was done from the
mside of a Land Rover or on 1its roof, because the wildlife tended to
disregard the presence of a car whereas it fled from a man on foot.
I usually cruised along meadows and over forest roads until a herd
of animals was spotted, then parked and observed it for varying
lengths of time. This technique was particularly useful at night and
during the three hours after dawn and before dusk when the wildlife
was active. A considerable amount of work was also done on foot—
searching for remains of animals killed by tigers, transecting forests to
estimate abundance of wildlife at various times of the year and in dif-
ferept parts of the park, collecting plants and making notes on the veg-
etation, and just wandering about for the pleasure of it. From mid-
June to mid-November all roads in Kanha Park were impassable be-
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cause of the monsoon rains, making observations on foot a necessity.
Most work at West Kheri and in the Kaziranga Sanctuary was done
from the back of an elephant because of the tall dense grass.

Kanha Park is 123 square miles in size, and it was obviously not
possible to study the whole sanctuary in detail. Although all parts of
1t were visited, most observations were made in a sample area of 20
square miles in the center of the park which was relatively unds-
turbed by man and livestock. The study area contained much of the
wildhfe in the park, including all the blackbuck, two-thirds of the
chital, and seasonally most of the barasingha and gaur. Park head-
quarters, where we lived, was located within this area.

Observational conditions varied greatly with the seasons and with
the habits of the animals. From September to December the grass
was high and the wildlife scattered in the forest, making the col-
lecting of data difficult. But after the burning of the grasses in Jan-
uary, chital and barasingha congregated on the meadows and
remained readily observable until August. The gaur and sambar
appeared on the meadows primarily during the hot time of the year.
As a consequence the emphasis of the study shifted somewhat with
the seasons, with, for example, January being devoted particularly
to the barasingha and April to the gaur. Detailed observations on
the main ungulate species at Kanha were made for the following
numbers of hours, which do not include numerous brief encounters:
barasingha, 242 hours; chital, 227 hours; blackbuck, 133 hours; gaur,
82 hours; and sambar, 15 hours.

Tigers were occasionally seen, but rarely for more than half an
hour at a time. Prolonged observations were possible only when the
tiger was on its kill, but since most of its prey was relatively small and
was eaten up in a day or two, it was rarely possible to obtain in-
formation m that fashion. Only when a tiger killed a large animal,
such as a domestic buffalo or 2 gaur, was I able to obtain data on
feeding habits, social interactions, and so forth, by watching the kill
from the cover of a tree trunk or other hiding place. Domestic live-
stock dead from disease or other causes was occasionally placed out
at specific places and the behavior of the cats observed from a blind
80 to 150 feet away. A total of sixteen head of livestock, principally
buffalo, was staked out alive to attract tigers, a method commonly
e‘?Ployed by hunters in India. One male tiger and two tigresses, each
with cubs, tended to disregard my presence in the blind and ignored
the beams of flashlights and spotlights, making accurate night ob-
Servations possible. I spent twenty-four whole nights and numerous
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artial nights m waiting for tigers and in watching them. Tigers were
observed for 129 hours, a number which does not include the many
hours in a blind with the tiger resting nearby but out of sight.

POPULATION STUDIES

The forest department has conducted a yearly wildlife census in
Kanha Park during late May or early June since 1953, the only such
sustained effort in India. Smce 1958 the census technique has been
relatively standardized, the animals being counted in a drive census
by villagers who walk through the forest, spread out at four men to
the mile, and tally the number and kinds of animals they see. Only
twenty square miles are covered in this fashion, but since the sam-

TABLE 2

Forest DerARTMENT CENSUS FIGURES
rorR THE LARGE UNGULATES 1IN KANHA NATIOMNAL PARE

Year Chatal Baratingha Sambar Blackbuck Gaur
1938 2,844 3,023 324 168 35
1958 1,726 b77 36 44 176
1859 1,579 411 52 52 159
1960 1,259 260 96 38 181
1961 1,253 254 87 44 201
1962 1,292 244 104 46 259
1963 1,471 173 126 30 297
1964 623 94 77 16 97
1965 1,146 109 139 20 239

pled areas include all the known wildlife concentrations, the figures
obtained are thought to give a good idea of the size of the popula-
tions in the park (Table 2). I was able to obtain reliable counts on
the chutal, barasingha, and blackbuck populations in my study area
during 1964, and these figures, together with my estimates for gaur
and sambar, provided a check on the reliability of the forest depart-
ment census during the same year. The number of tigers and leopards
are estimated by the forest department on the basis of footprints at
water holes. The resulting figures are discussed later in detail for the
respective species.

Between February 12 and 16, 1965, Spillett and I censused the
Keoladeo Ghana Sanctuary by transecting the entire area on foot in
parallel Iines 150 to 800 feet apart (Schaller and Spillett, 1966).

A particular effort was made to determine the status of the few
surviving barasingha populations in the world. In addition to corre-
sponding extensively with persons who know or might know about
the animal m a particular area, I visited several parts of its range
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and made censuses in two of them. In the Kaziranga Sanctuary, the
deer remained primarily on the short grass bordering the ponds
where they could be counted readily from the back of an elephant.
The last known large herd of barasingha occurs on private farm land
and in the Kheri Forest Division of Uttar Pradesh. Since a census
on foot through the swamps and high grass was impossible, five ele-
phants walking in parallel lines about 200 feet apart were used to
tally the animals as they flushed (Plates 8, facing p. 97).

Classification counts were made of all species to ascertain the rela-
tive number of males, females, and young in the population. All
single animals and herds were classified whenever it was possible
to distinguish every individual clearly. If only a few members of a
herd were visible, then no count was made except in a few in-
stances. The total number of animals tallied usually exceeded the
number in the area because some were recorded repeatedly in the
daily counts.

DisEAsSE STUDIES

It was not possible to collect a series of specimens for detailed au-
topsy. However, endo- and ectoparasites as well as blood samples
were obtained from 8 chital, 2 killed by predators and 1 by poachers.
In addition, 9 chital were tranquilized with a sleep-inducing drug
(Sernylan) and checked for ectoparasites. Some blood was extracted
from the jugular veins of these animals and later tested for disease
antibodies (Shah et al., 1965). A few parasites were also obtained
from carcasses partially eaten by tigers. Eleven fresh tiger feces and
3 leopard feces were preserved in formalin and later checked for
parasite ova. The mammalian ectoparasites, collected by Mitchell,
Spillett, and myself from rodents, carnivores, and ungulates, com-
prised 8 species of ticks, 19 species of mites, 5 species of suckling lice,
8 species of fleas, and 1 species of hippoboscid fly. The potential
disease relationships and other information regarding these parasites
have been discussed in a separate paper (Mitchell et al., 1966).
Mitchell and Nadchatram (1966) described 7 new species of chig-

gers from Kanha Park, and Maa (1965) a new species of hippo-
boscid fly.

Foop Haerr StubpIES

The food habits of the ungulates were determined mainly by iden-
g the species of plants eaten while the animals were actively
oraging on them. I obtained some quantitative data by collecting
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rumen samples from deer and gaur killed by predators. About one to
two pounds of materal, gathered at the kill site, were preserved
from each ammal. The sample was washed to eliminate the fine
materal, and the residue was separated mto three broad plant types
—browse, fruit, and sedge grass. After bemg drained, each type
was measured volumetrically by water displacement. A total of twen-
ty-six samples, representing four species, were analyzed.

To determine the extent of predation on the various prey species,
kills were sought throughout the study area, fresh ones sometimes
bemg advertised by the behavior of jungle crows and vultures. The
lower jaw was collected for later determination of relative age, based
on the eruption of and wear on the premolar and molar teeth; and
the sex was noted from skull characteristics De and I found a total
of 100 animals beheved to have been killed by tiger, leopard, and
perhaps wild dog, and the villagers brought i an additional 128
jaws The cranium and lower jaw could not both be found in many
mstances. Predators frequently carry the remains of their prey from
site to site, and their habit of dragging the victim into a ravine to
feed there in seclusion results m the bones’ being washed away dur-
mng the rams, young amimals are usually eaten so completely that
only a few bone splinters are left. Even though we found the re-
mains of 82 chital, barasingha, and sambar at Kanha, both the age and
sex of only 46 of these could be determined.

A careful examination of the animal remains in the fecal droppings
of tiger and leopard revealed the food habits of these two cats. Each
pile of droppings was dissected thoroughly, and the hair and some-
times hooves were then compared with reference material from
known specimens obtamed earlier at kill sites, The hairs of most
species, including those of langur, porcupine, pig, cattle, and chital,
differed sufficiently m color, length, and thickness to make identifi-
cation possible with the unaided eye. Barasingha hair, however, was
occasionally difficult to distmgmsh from sambar hair in that manner,
but since the cuticle of hair i each species has a diagnostic scale pat-
tern, the hairs of the two species could readily be distinguished when
examined under a microscope The central portion of the barasingha’s
guard hairs were found to have large irregular scales with contigu-
ous edges, whereas those of the sambar were comparatively smaller
and not in direct contact with each cther. In a few instances it was
difficult to separate domestic buffalo from gaur, but since few of the
former were killed in the area during 1964, the possible shght error
will have had little effect on the percentages. A total of 335 tiger and
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99 leopard feces were analyzed. A number of jackal, jungle cat, and
sloth bear droppings were also checked for ungulate remains.

Description of the Study Areas

Although most work was done in Kanha National Park, brief studies
were also carried out in other areas. The following brief description
of the major physical features and vegetation types of India places
my study area into a broader perspective and serves as a background
for comparing the various ecological conditions under which the wild-
life exists.

PHYSIOGRAPHY AND VEGETATION OF INDIA

The one and a quarter milhon square miles of India are divisible
into three major physical regions. Between the headwater gorges of
the Indus and Brahmaputra rivers rises the tremendous mountain
barrier of the Himalayas. For 1,500 miles these mountains arc across
the northern frontier of the country in a series of parallel ranges
varying in total width from as little as 100 miles in the east to nearly
300 miles in the west. The Himalayas are a young range, built mainly
between the Eocene and Pleistocene, and activity has not yet sub-
sided. The inner range — the snow peaks—is composed of granites
and gneisses; the outer range, consisting of forested mountains some
6,000 to 10,000 feet high, has a sedimentary ongin. Bordering the
outer range are the Siwaliks, low hills of ancient river deposits stretch-
ing from the Punjab to Assam (Randhawa, 1958).

The Indo-Gangetic plain, including the valley of the Brahmaputra
River, skarts the Himalayas like a moat. This great plain with a width
of over 250 miles along parts of the Ganges River was once a deep
depression formed by the elevation of the Himalayas and until the
Eocene was occupied by an arm of the sea (Ripley, 1964). Covered
now with fertile alluvium to a depth of over 6,000 feet, the region
has over the centuries been the principal site of India’s history and
the source of its wealth. Today an average of four hundred persons
per square mile crowd into this monotonously flat plain.

The Indian peninsula rises from the southern end of the Gangetic
basin in a series of terraces to a huge plateau. This plateau is one of
the oldest stable land formations in the world, having apparently
never been wholly submerged since the Cambrian, Its average eleva-
tion is about 1,500 feet, although it rises to 3,000 feet in Mysore. Most
of the peninsula consists of Archean rocks —a mixture of gneisses,



20 INTRODUCTION, STUDY LOCATIONS, AND METHODS

granites, and schists —which on decomposition form the rather in-
fertile red soils that give the country a bleak and baked look during
the hot season, However, in the western part, particularly in Ma-
harashtra and western Madhya Pradesh, the underlying rock is com-
posed of volcanic lava which produces a rich black cotton soil. The
northern edge of the plateau 1s flanked by the Vindhya and Satpura
ranges, a series of scattered and rather desolate flat-topped hills
reaching an altitude of 4,500 feet. Only the higher parts of the Sat-
puras — the Mahadeo Hills and the Maikal Range — have the verdant
aspect so dehghtfully described by Forsyth (1889). The Western
Ghats border the western edge of the plateau. Starting near the Nar-
mada River, they grow progressively higher toward the south until
they reach an altitude of 8,000 feet in the Nilgin Halls of Kerala and
Madras. The whole plateau tilts eastward, with the result that the
hills along the eastern edge, the Eastern Ghats, are usually no more
than 1,000 feet high.

A number of different forest types cover India, and several de-
tailed classifications of these exist (Champion, 1938; Puri, 1960).
For the purposes of this report, however, a characterization will suf-
fice. Figure 2 features only the major vegetation types below an alti-
tude of about 4,000 feet. Those above that altitude show a definite
zonation of temperate forests grading from (1) Pinus to (2) Abies,
Picea, Tsuga, Quercus, and Acer, to (8) the conifer, Betula, and
Rhododendron thickets, and finally to (4) timberline at about
12,500 feet. Although the natural vegetation of India is forest, with
grasslands occurnng primarily along some of the large rivers, about
75 percent of it has been cut and the land used for cultivation and
other purposes. Since the majority of the large mammals are forest
dwellers, one can gam a rough impression of the amount of habitat
still available to them in the various states from Table 8. The figures
tend to be somewhat hugh, for denuded and overgrazed tracts, which
in some instances are simple wastelands, are also included.

Five major forest types cover most of India

1) Tropical wet evergreen and semi-evergreen forest. Much of As-
sam, Nagaland, and Manipur, parts of West Bengal, and the coast of
Orissa, as well as the west coast from the vicinity of Bombay south-
ward through Kerala, have a hot, humid climaté. The mean annual
temperature is over 75°F and the minimum not below 50°F. Rains
are l.le_avy, 75 inches or more per year, with Cherrapunji in Assam
receiving up to 430 inches. The trees in undisturbed evergreen for-
est reach a height of 150 feet, and the canopy 1s continuous. The
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TABLE 3

PERCENT OF AREA UNDER FOREST IN INDIAN STATES AND TERRITORIES
AND DENsITY OF HUMAN POPULATION PER SQUARE MiILe

State ot Total Geographical Percent under Density of Population
Terntory Area in Square Miles Forest per Square Mile
Andhra Pradesh 106,052 24 8 205
Assam and Nagaland 53,460 326 159
NEFA 31,439 59 7 159
Bihar 67,198 192 577
Gujarat 72,207 92 226
Maharashtra 118,831 218 271
Jammu and Kashmr 86,024 129 51
Kerala 15,003 32.4 903
Madhya Pradesh 171,210 41.1 152
Madras 50,132 16 5 508
Mysore 74,122 187 262
Ornissa 60,161 421 243
Punjab 47,084 117 343
Rajasthan 132,150 12.7 121
Uttar Pradesh 113,454 19.7 557
West Bengal 33,928 139 775
Delln 573 23 3,044
Himachal Pradesh 10,879 37.3 102
Manipur 8,628 26.9 67
Trpura 4,035 609 158
Others 3,412 757 15
Tetal 1,259,983 Average 240 Average 287

After Venkataramany, 1961

number of tree species 1s great, with Michelia, Dipterocarpus, and
Artocarpus bemg common among the genera Many trees are but-
tressed and draped with epiphytes. Shrubs and forbs grow sparsely
m the understory, and the ground is for the most part covered with
moldng leaf litter. The semi-evergreen forest appears to be a sub-
chmax to the evergreen one and differs primarily in that it contains
a number of deciduous tree species. The canopy is consequently
somewhat open, the undergrowth 1s dense in spots, and occasional
bgmboo thickets occur. Both types of forest grow on flat to hilly ter-
rain, rarely above an altitude of 4,500 feet. The only large tracts of
these forests survive m eastern India, particularly in the North East
Frontier Agency (N.E.F.A.). Shifting cultivation is the usual method
of agniculture practiced m the areas occupied by these forests, with
the result that many of them present a patchwork of trees in various
stages of regeneration.

2) Mangrove forest. The only large area of mangrove forest in
Indha lies in the Sunderbans at the mouth of the Ganges River, but
small patches also occur at the mouth of the Godavari and Ma-
hanadi nivers A network of sloughs and channels intersect the delta
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leaving innumerable flat alluvial islands which are partially to wholly
submerged during the tides. It is hot (average annual maxmum,
96°F), humid (average relative humidity, 80 percent) and wet (av-
erage annual precipitation, 79 inches). The trees are for the most
part low and scrubby, 20 to 30 feet high, creating almost impene-
trable stands Ceriops roxburghiana, Excaecaria agallocha, Avicen-
nia alba, and Heritiera minor are common tree species, and patches
of Phoenix paludosa grow along the water’s edge. The ground con-
sists mostly of mud, but grasses grow sparsely in places not reached
by the sea.

3) Tropical moist deciduous forest. The Siwahk Hills and ad-
joming plams from western Uttar Pradesh eastward to northwestern
Assam, and parts of Bihar, Onssa, and Madhya Pradesh are covered
with a forest in which the dommant trees are deciduous. Rainfall is
usually 50 to 80 mches per year, and there is, in contrast to the ever-
green forest areas, a definite dry season. Temperatures range at the
extremes from about 25°F to 110°F 1n the shade. The tree canopy in
undisturbed forest is high, about 120 feet, and almost closed. Clumps
of bamboo are common, but the undergrowth is often sparse because
the grasses and shrubs are burned during the dry time of the year.
Some moist deciduous forest is thought to be secondary, the result
of shifting cultivation, but much of the area is covered with sal
(Shorea robusta), a climax species.

4) Tropical dry deciduous forest. Dry deciduous forest grows in
the plains and hills from Uttar Pradesh south to Madras in areas of
moderate rainfall —usually 25 to 50 inches—and a prolonged dry,
hot season. The trees average 40 to 60 feet in height, and the canopy
coverage rarely exceeds 70 percent and is usually about 50 per-
cent. During the dry season the majority of trees shed their leaves
and remain bare until the onset of the rains. Tectona, Anogeissus,
Erythrina, Albizzia, and Bauhinea are some of the common genera.
Bamboo 1s abundant only in parts of central India Shrubs, some
of them thorny, are prominent in the understory, and so 1s grass. But
these forests are either burned annually or are so heavily grazed by
livestock that for much of the year they present a denuded appear-
ance.

_ 5) Tropical thorn forest. In the plains of Rajasthan, western Pun-
jab, and Gujarat, as well as in the shadow of the Western Ghats, an
area which fails to receive the heavy monsoon rains because of the
mountain barrier, the forests consist of xerophytic, thorny plants.
Rainfall is usually less than 80 inches annually and maximum tem-
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peratures reach 120°F. The scattered trees average only 20 to 30
feet m height and mnclude several species of Acacia and Zizyphus,
as well as Vachellia, Salvadora, Cassia, Mimosa, Tamarix, Prosopis,
and others. The understory contains several kinds of thomy shrubs
and a sparse cover of grasses Excessive use of these forests by man
for firewood and by livestock for grazing has turned or is turning
them from semdesert to desert conditions.

DESCRIPTION OF KANHA INATIONAL PARK

Kanha National Park lies in a rugged tableland in the eastern part
of the Satpura Range known as the Maikal Hills, about 25 miles
southeast of the district town of Mandla, at 22°45’N., latitude and
80°45'E longitude. The park comprises 123 square miles of terram
rangmg m altitude from about 1,750 feet in the valleys to 2,900 feet
on the lugh ridge tops. The area consists for the most part of a huge
amphitheater, some five miles 1n diameter, hemmed in by lulls on
three sides and beyond them by a series of lesser ridges and valleys.
The shape of the park is roughly rectangular, demarcated within a
contmuous block of forest of over 500 square miles.

Little was known about the area before British rule came to Mandla
in 1818, except that from the sixth to the twelfth centuries it was
ruled by the Rajput dynasties and after that by Gond kings until it
was acquired by the Marathas of central Madhya Piadesh m 1781
(Fuchs, 1960). The local tribal people, the Baigas, practiced shifting
cultivation throughout the hills unti] prohibited from doing so by the
Land Settlement Act of 1868. The management of the forests was
taken over by the government in 1879. Although the district became
famous as a place to hunt because of the abundance and variety of
its wildlife, it was not until 1935 that 99 square miles of the area
were established as a sanctuary, which was then known as the
Banjar Valley Reserve. The size of the sanctuary was 1educed to 51
square miles m 1942 m order that the chital deer, which supposedly
destroyed sal seedlings, could be shot. About two hundred fifty chital
are said to have been removed yearly from 1945 to 1952 From 1947
to 1951 the Maharajkumar of Vijayanagaram had special shootin
privileges 1n and around the sanctuary, and he killed about thirty
tigers during that time. Felling of sal trees mamly for railroad
sleepers began m 1864 and continued intermittently until termi-
nated mn 1959, In 1952 the sanctuary was enlarged to 98 square miles
and in 1964 to 123 square miles. On June 1, 1955, the area was de-

clared a national park by the state government, which has sole juris-
diction over 1t (Nath, nd.)
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Although legal hunting and timber felling in the park has ceased,
human disturbance continues to be quite heavy. Five forest villages
—Raunda, Sonph, Kisli, Silpuri, and Kanha —lie within the park,
but all except the last are near the periphery. Another fifteen villages
lie at or within two miles of the boundaries. Each village occupies a
clearing in the forest at least one square mile i size and consists
of mud-walled huts, fields of rice, and grazing land for livestock.
Only one rice crop is grown per year, which is planted during the
rains and harvested by November. The tribal peoples roam through
the forest cutting grass for thatch and bamboo for house construction,
picking wild fruit, tubers, and mushrooms in season, poisoning fish
in the streams, and poaching deer. Each village retains a fairly large
herd of cattle and buffalo, which forage in the forests. The approxi-
mate livestock population of the villages in and immediately border-
ing the park is twenty-five hundred head, but a considerable num-
ber of other animals are brought into the forest illegally from farther
away during the hot season. Twenty-five square miles in the basin of
the amphitheatre are closed to cattle grazing, except for one small
herd at Kanha village. This, together with the fact that at least five
miles of unbroken forest stretch in all directions from the village,
has left the central part of the park, my study area, comparatively
undisturbed. Relatively few Indian and foreign tourists visit the park,
and these confine themselves to the roads.

Mandla District lies in an area of transition from moist deciduous
to dry deciduous forest, and both types occur in the park. The major
habitats include village sites, 5 square miles; grass meadows, 18
square miles; sal forest, 30 square miles, and mixed forest (dry de-
ciduous), 70 square miles.

Grass meadow. Grass meadows varying in size from a few
acres to several hundred acres lie scattered throughout the area on
ridge tops, in valleys, and along stream beds. Most if not all of the
large meadows represent abandoned village sites, some of them de-
serted during the famime of 1874 and never reoccupied. Periodic
frosts, yearly fires, and grazing by animals prevent the surrounding
forests from encroaching. The species composition of the grasses has
been altered considerably around the villages and near the bounda-
ries of the park where numerous cattle and buffalo forage. Perennials
hke Themeda triandra have been largely replaced by annuals or other
perennials like Pennisetum alopecurus, a coarse bunch grass not
favored by livestock. Zizyphus jujuba, a thorny shrub, and several
unpalatable species of forbs have also spread unhindered. At all sea-
sons the grasses are eaten down to a short, sparse stubble.
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The meadows m the center of the park present an entirely differ-
ent appearance, and typical of these is the Kanha meadow on which
I made many of my observations of the wildlife (Plate 1) Ths
meadow 1s about three square miles mn size, the largest mn the park.
Several stream beds transect the gently undulating terrain, and nu-
merous small ravines, often bordered with a variety of trees and
shrubs, radiate from them. Copses of trees, particularly of sal and
Lagerstomia parviflora, mterrupt the expanse of the meadow, as do
rocky hillocks covered with clumps of bamboo (Dendrocalamus
stictus) Soltary trees, from the lofty Bombax malabaricum to the
brushy Bauhinea racemosa and the spreading Ficus, dot the meadow
here and there. Its whole aspect 1s most pleasing and resembles a
tended parkland more than a wilderness mn central India

I collected 29 species of grasses and grasslike plants on the mead-
ow The dominant grass along the forest’s edge and other shaded
sttes 1s Themeda triandia, which reaches a height of 7 feet On the
dry open expanses Heteropogon contortus, Andropogon brevifolius,
Imperata cylindrica, Chrysopogon fulvus, and Hemarthria compres-
sa are common. The height of these grasses rarely exceeds 4 feet,
and in the moist depressions such species as Panicum mihare,
Sporobulus diander, Cypeirus iria, Eragrostis gangetica, Cyperus ex-
altatus, and Fimbnistylis dichotoma are often no higher than one
to two feet. Vetiveria zizamwoides, Arundo donax, and Coix lachry-
majobi form dense thickets 10 feet high along some stream beds
Forbs are mconspicuous, with some, like the blue-flowered Evolvulus
dlsinoides bemng almost procumbent Most shrubs, except for
Zazyphus qujuba and Phoenix humilis, are associated with stands of
trees

Sal forest. Shorea robusta 1s largely confined to the valleys below
an altitude of 2,000 feet. There 1t forms almost monotypic stands
on flat to undulating terramn with moist loamy soil derived from
the decomposition of schists, gneisses, and other metamorphic
rocks About 80 percent of the trees around Kanha village are md-
dle-aged, 70 to 90 feet high, and 10 to 18 inches m diameter The
straxght boles reach upward for two-thirds of their length before the
first branches flare out to form a canopy covering 70 to 80 percent of
the ground Toward the periphery of the park, where loggmg has
been heavy and the soil 1s poor, the trees are spindly, only some 40
to 60 feet hngh and the coverage of the canopy 50 percent or less -
One of the mam associates of sal 1s Terminalia sp , which on some .
of the low, rocky llls replaces 1t as the domimant tree
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The forest beneath the canopy 1s quite open (Plate 2). A con-
spicuous second story is generally absent, although stands of young
sal occur in some clearings, saplings of such trees as Cordia myxa
are scattered here and there, and bamboo forms occasional dense
thickets, particularly along stream beds and on the boulder-strewn
hillocks that rise from the forest floor. The dominant shrub is Moghan-
ia stricta, which, together with a dwarf palm (Phoenix humilis), sev-
eral thorny vines ( Smilax zeylanica, Asparagus racemosus), and vari-
ous forbs and grasses, creates in places a tangled undergrowth to a
height of 8 or 4 feet. Bothriochloa odorata, Imperata cylindrica,
Chloris dolicostachya, Themeda triandra, Eragrostis unidoides, and
Cyperus paltestylis are the abundant grasses and sedges. Of the forbs,
the tall, broad-leafed Curcuma ferruginea and Chlorophytuum tu-
berosum are conspicuous, but most others (see Table 11, p. 59) are
small and found predominantly among the banks of streams. In areas
where the canopy is continuous or the soil heavily sprinkled with
white quartzite pebbles, the ground is often bare except for leaf
Iitter and an occasional tuft of grass.

Mived forest The slopes of the hills are steep, rocky, and cut by
numerous ravines; the tops are often flat, forming plateaus up to sev-
eral hundred feet wide. The hills consist of basalt capped with lime-
stones, quartzites, and conglomerates The forest is scrubby, with
trees only 40 to 60 feet high, most of them deciduous. The canopy
covers about 50 to 60 percent of the ground when the trees are in
leaf, and there is little shade when they are not. Among the more
common trees are Anogeissus latifolia, Buchanania lanzan, Acacia
torta, Cassia fistula, Bauhinea racemosa, Gardenia latifolia, and
Terminalia sp , a large-leafed climber (Bauhinea vahli) trails from
many branches

Stands of bamboo are very abundant on the slopes. The clumped
stems grow to a height of 20 feet and arch outward to form such a
dense canopy in places that the ground remains bare or at most is
covered with a dense mat of shade-resistant grasses (Oplismenus
burmanii, Arthraxon ciliaris). Bamboo usually reproduces by vege-
tative shoots, although it flowers at intervals of 10 to 20 years and
seeds gregariously, then dies Roughly 70 percent of the bamboo in
the area flowered in 1963-64 and about 5 percent in 1964-65. Con-
sequently dead bamboo stems littered the hills and valleys, and after
the onset of the monsoon, bamboo seedlings sprouted in profusion.

fuch go)wering occurred also in 1800, 1921, 1930-31, and 1944 (Meh-
4, n.d.).
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Shrubs (Pogostemom plectranthoides, Colebrorkia opposilifolia)
grow densely on a few ndge tops, at other places, black basaltic
boulders and rocky soil prevent much vegetation from finding a
foothold. Usually, however, the ground cover consists of grasses 2 to
7 feet lugh, among them Themeda triandra, Heteropogon contortus,
Apluda mutica, Andropogon monticola, Spodopogon rhizophorus,
Iseilema laxuus, and Pennisetum setosum.

THE SEASONS

The whole tempo and pattern of life on the subcontinent of India is
strongly affected by the seasons. The temperatures and the amount
of rawnfall change drastically with the time of year, and this in turn
has a profound effect on the vegetation and on the habits of the ani-
mals, mcluding man. The year at Kanha is divided into three major
seasons, which are also typical of much of India as a whole, al-
though the mtensity and time of the seasonal change differ some-
what 1n vaiious parts of the country.

The cool season. The cool season from November to February,
sometimes referred to as “winter,” has a temperate climate, with the
mghts crisp and daytime temperatures rarely above 85°F (Table 4,
Fig. 8) Occasional frosts occur mm December, sometimes severe
enough to kill sal seedlings in the clearmgs. The lowest temperature
recorded on the meadow m 1964 was 26°F, but temperatures as low
as 22°F were noted in some previous years. Night temperatures in
the forest are usually at least 5°F warmer than on the meadows, es-
pecially during the coldest time of the day from 0300 to 0600 hours.
Relative humidity reaches 100 percent during the night (Fig. 4),
with the result that the vegetation is sodden with dew in the morn-
ing and, on the meadow, sometimes covered with frost. A low blanket
of fog often lies over the clearings until dissipated by the warming
sun. Ram 1s scanty, except for occasional showers toward the end of
the season (Table 4). These spring rains are part of the northeast
mons'ooilfl V‘ihlclllll inda tgplcal year deposits two to three inches of
ramn in the hmighlands But in e i i i
ot o g some years, including 1964, the rains

Smee the cool season follows the retreat of the monsoon, the vege-
tation 1s still green and rank m the forest, but the grasses on the
meadows have already gone to seed and turned yellow. The forest
department then begins to burn the grass on the Kanha meadow,
burning a patch here, another there, until after a month or more only
a black stubble remams In 1963 the burning began on December 28
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Fig. 3.—Hourly temperature readings in the shade at Kanha on a representative
day 1 the cool (January 22), hot (Apnl 30), and wet (July 16) seasons

but in 1964 as early as November 30. Burning the grass apparently
releases nutriments mto the soil and, together with the sporadic
showers, stimulates a fresh growth of green grass to appear within
two weeks. The new growth 1s very sparse n areas that are not
burned The Kanha meadow was burmed by Brander (1923) in
1902 and has probably been set afire every year since then

By mid-January the weather resembles the European autumn as
some of the deciduous trees shed their leaves, which crackle under-
foot and are blown across the ground by the wind. But in February
1t 15 suddenly springtime with the mghts growing somewhat warmer,
the Bombax trees opening their large scarlet flowers, and many birds
begining to breed Ringdoves coo, green barbets tinker with the
dawn’s first redness at 0600 hours, peacocks strut, and the persistent
call of the bram-fever bird 1s heard for the first time in the year.

The hot season. From March to mid-June, the local “summer,” the
sun bumns down from a hazy sky and temperatures reach 110°F m
the shade (Table 4, Fig 8) and considerably higher on the meadows.
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Fi¢ 4—Hourly relative humidity readings in the forest at Kanha on a represent-
tative day 1n the cool (January 22), hot (April 80), and wet (July 18) seasons

The sun rises as a coppery orb at 0530 hours and by 0900 the white
heat blazes down until dusk brings rehef. Relative humidity is low,
sometimes less than 20 percent during the early afternoon (Fig 4).
Rain, if any, occurs in sporadic showers, and hail sometimes falls
in March and April (I saw some stones in 1965 the size of golf balls).

The grasses almost everywhere have now withered, and toward
the end of the season the green shoots on the meadows have been
grazed off or have been shriveled by the sun. The sal trees bloom
m early March and at the same time shed their leaves. Almost simul-
taneously they grow new ones, so that when the deciduous trees in
the hills are bare and the ground is exposed to the full force of the
sun, the sal forest is shaded by leaves of the freshest green The forest
floor everywhere is carpeted with dead leaves so brittle that even a
tiger finds it difficult to walk silently.

Villagers burn the grasses and dead leaves throughout the forests
from March to May, except in a few spots which inadvertently
éscape the fires or from which the livestock has eaten the inflam.
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mable material. The fire leaves the soil bare and black, giving the
hills in particular an exceedingly bleak appearance. With almost all
forage gone, the wildhfe leaves the hills and concentrates in the
sal forest, where some green shoots and coarse grasses remain and
where the sal saplings and Moghania shrubs have burst into fresh
leaf.

All streams cease to flow by early March, and water remains
only 1 pools m the large stream beds and at a few seepage springs
in the hills. In 1964, when the rains of the northeast monsoon almost
failed, water was very scarce, with, for example, only 7 pools in an
area of fifteen square miles near Kish village. A waterhole count in
my study area during late May and early June, however, revealed
253 pools of various sizes, 155 of them on the Kanha meadow.

The wet season. After onginating in the south Indian Ocean, the
southwest monsoon surges as a massive current of vapors across
the seas, spurred on, so to speak, by the breakdown of the subtropical
ligh pressures over India resulting from the intense heat. After a
passage of five thousand miles the monsoon arrives at the west coast
and moves north and east, arriving fairly punctually each year in
Bombay around June 5, in Calcutta around June 15, and in Delhi
around July 1 (Kendrew, 1961).

Clouds often drifted in during the afternoons in early June, and
occastonal light showers fell. The air grew heavy, enervating, as the
humidity rose although temperatures contmued to climb above
100°F. On the evening of June 21 the sky blackened, and at last the
rams came. Clouds settled on the hills for two weeks, and downpours
were frequent. There was a week of relatively little rain during the
latter part of July, but in August the sun appeared infrequently.
The rains began their retreat in September and terminated during
the first half of October. The average annual rainfall at Bichhia, about
12 miles north of Kanha village, was 73 inches (34-81) during the
years 1936-45 (Mehta, n.d ); at Kanha 63 inches fell during 1964
(Table 4). June to September receives about 95 percent of the total
annual ramnfall, with July and August sharing some 70 percent of it.
With the clouds providing shade from the sun, the temperatures
drop suddenly (Table 4), averaging 20°F lower than during the pre-
ceding months Relative humidity is lugh, usually 75 percent and
above (Fig. 4).

With the first heavy rams and the release from the oppressive heat,
all Lfe bur§ts forth as if 1t has been waiting for the moment Frogs
(Rana tigrina, R. cyanophlyctis, R. breviceps, R. limnocharis) sud-
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denly appear in number and mate; large red mites (Dinothrombium
tinctorium) emerge from the soil by the thousands, court, then dis-
appear again; winged termites (Odontotermes sp.) swarm from
their subterranean chambers and funnel into the night sky. Biting
insects, particularly tabanid flies on the meadows and mosquitoes in
the forest, become somewhat bothersome for the only time of the
year. The color of the vegetation changes within a period of two
weeks from predominantly grey and yellow to an intense green as the
leaves on the deciduous trees unfold and the grasses sprout. By the
middle of July the grasses are two feet high, and numerous forbs,
especially monocots and creepers, cover the forest floor, which was
bare only a month before. The small species of grasses and sedges
bloom from late July to mid-August, but the tall ones, such as
Themeda, flower in September. In October the grasses are in seed,
and by the end of the month those on the meadows have turned
shghtly yellow. Villagers begin to cut the vegetation that has grown
up on all the forest roads. Minor streams, which for brief periods
were torrents, cease to flow, and the large ones confine themselves
to their beds. The monsoon is at an end.






PART I

THE HOOFED ANIMALS

Of the ten wild species of hoofed animals in Kanha Park, only the
chital, sambar, and gaur were fairly abundant. The barasingha and
blackbuck, though conspicuous, were rare in actual number. This
part of the report is devoted to a description of the behavior of these
five species.

An additional five species were rare to uncommon 1 the study area
and so elusive that very little information was obtained on them. A
nilgai male was once seen in the northemn comer of the park, and
the four-horned antelope, a solitary species, was encountered three
times. The tiny mouse deer was observed twice, but its habit of scur-
rying away through the grass often made identification uncertain.
Barking deer were tallied on twenty-three occasions, usually solitary
but sometimes in a group of two. Herds of wild pigs, numbering
nine to fourteen animals each, were seen three times and lone boars
twice. Since these species played a rather minor role in the ecology
of the area during 1964, they are not discussed in detail.






CHAPTER 3

THE CHITAL

The hthe grace and lovely spotted coat of the chital or axis deer
(Axis axis) have made it a favored mhabitant of zoological gardens
and parks for centuries. Because of its wide distribution and abun-
dance, 1t has also been the most persistently hunted deer for meat
and sport 1 its native India, Nepal, and Ceylon, acquiring 1n certain
respects a position similar to the Odocoileus deer in North America
There have been detailed studies of the life history of these North
American deer (W. Taylor, 1956), but very little data about deer in
thewr subtropical environments are available for comparison. Such
knowledge is particularly urgent in the case of the chital because the
species has declined drastically throughout its range in India, and
is now only locally abundant in some sanctuaries and forest tracts.
The remaining populations are highly vulnerable to poaching, habitat
destruction, and other forms of decimation; in Madhya Pradesh, for
example, all wildlife in forest areas of ten square miles and less which
are surrounded by cultivation are being slated for extermination be-
cause of supposed damage to crops (Mehta, n.d.). Yet the chital,
perhaps more than any other Indian ungulate, would lend itself
well to management practices, and with a little effort the species
could once again become a conspicuous and economically valuable
member of the forest fauna.

The deer belongmg to the genus Axis, the chital and hog deer, are
considered by Flerov (1960) to be among the most primitive of the
’frue cervids, having been present during the Pliocene and Pleistocene
in Europe and Asia (Matthes, 1962). Lydekker (1913-16) regarded

is as a subgenus of Cervus, but Simpson (1945) raised Axis to
generic rank, a classification followed by Ellerman and Morrison-

37
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Scott (1951). The last-mentioned authors also recognized two sub-
species, one from Ceylon (A axis ceylonensis) and the other from
India (A a.axis).

Description

The chital 1s 2 medium-sized deer standing about 35 to 38 inches
high at the shoulders. Its coat 1s rufous brown and covered with white
spots that persist throughout the hfe of the animal. A dark stripe
runs down the back from the nape to the tip of the tail. The abdomen,
rump, throat, and the insides of the legs, tail, and ears are white. A
black band circles the muzzle (Plate 3). Adult bucks have a dark
brown, swollen neck during the rut, yearling bucks lack the promi-
nently enlarged neck although its color is sometimes a darker shade
than that of does. There is no seasonal difference 1 the color of the
coat, except that during the cool season it is somewhat glossier,
darker, and thicker than during the hot and wet seasons. One adult
buck weighed 145 pounds (Hornaday, 1885), and Brander (1923)
stated that large bucks may reach 190 pounds in weight. One spike
buck at Kanha weighed 101 pounds, and two adult does weighed
123 and 124 pounds, respectively.

The first set of antlers n yearlings consists of simple spikes, usually
less than 5 mnches long, Adults carry three-tined antlers, each com-
posed of a beam forked at the summit and a brow tine that grows at
night angles with the beam Large bucks sometimes grow one or two
small projections n the angle made by the beam and the brow tine
Lydekker (1898) and Anthony (1929) illustrate the size of antlers
n a stag for a number of consecutive years. Record antler length,

Ilré%ass;lred on the outside curve, is 89 inches (Dollman and Burlace,

Geographical and Ecological Distribution

To determine the precise distribution of the chital throughout India
was a task beyond the scope of my work, but an attempt was made
to delneate 1ts general range, particularly at the penphery, in order
to assess its ecological requirements and the factors that lmit its dis-
tribution

The eastern boundary of the chital’s range lies in western Assam
along the Bhutan border 1n the districts of Goalpara and Kamrup as
far east as the Dhunsiri River in Darrang District (Gee, 1964) and
in Bhutan itself along some of the forested valleys below an altitude
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of 8,000 feet (Gee, pers. comm.) In northern Bengal, chital occur
m the forests along the Kurseong-Nilpara railroad line, the Sukna
and Mahanadi forest reserves, in some of the valleys near Darjeeling
(Biswas, pers. comm. ), and mn neighboring Sikkim at the junction of
the Tista, Rangpo, and Ranghit rivers (G. Hyde, pers. comm.). The
species also persists in the Sunderbans of East Pakistan and West
Bengal

Tl%e northern boundary of chital distnbution runs along the foot-
hills of the Himalayas from western Assam through West Bengal,
Nepal, and Uttar Pradesh to but not including the Punjab (Russell,
1900), following in general the range of the sal tree. Accordmng to
R Willan (pers. comm.), chital occur m Nepal throughout the Si-
walik Hills and adjoining plains where patches of forest survive, but
the animals have failed to penetrate the Mahabharat Range, which
borders the Siwaliks to the north Similarly the chital in Uttar Pradesh
are found in and around the Siwalik Hills but not in the outer range
of the Himalayas above an altitude of about 3,500 feet.

The western boundary of the chital’s range lies in Gujarat, in the
northeastern part of the state and in the Gir Forest, and in eastern
Rajasthan, particularly in the forest tracts around Kota, along the
Chambal River, and in a number of reserves like the Sariska Sanc-
tuary near Alwar and the Keoladeo Ghana Sanctuary near Bharatpur
(Sankhala, 1964)

Chutal occur sporadically throughout the peninsular plateau in the
forested areas of Bihar, Madhya Pradesh, Orissa, Andhra Pradesh,
Maharashtra, Mysore, and Madras. In Kerala they are found in for-
ests of low rainfall (K. Mathew, pers. comm.) below an altitude of
3,000 feet (Fletcher, 1911).

The present distribution of the chital has, of course, been greatly
affected by the ehmination of its habitat for agricultural purposes,
but even so the species displays a number of preferences for certain
conditions which in the past undoubtedly also influenced its dis-
persion. A brief comparison of the geographical distribution of the
chital with the forest types in Figure 2 (p. 21) shows that the ani-
mal is generally found in moist deciduous and dry deciduous forests
and that it has occupied the evergreen and thorn forests only periph-
erally. Four factors appear to have limited the chital to these vege-
tation types: (1) the need for water, (2) the need for shade, (3) the
avoidance of high, rugged terrain, and (4) the preference for grass
as forage. The need for water and shade probably mfluences the dis-
tribution of the species greatly in areas with an average annual
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rainfall of less than 80 inches. Chital drink at least once a day and
usually twice a day during the hot season, a trait which under semi-
desert conditions would tend to localize the animals around the
widely scattered water sources and hinder their emigration into
new areas. Chital seem to have relatively little tolerance for direct
sun, m contrast to the barasingha and blackbuck, and this may also
have deterred them from extensively colonizing such open habitats
as the thorn forests The animals fail for unknown reasons to ascend
the Himalayas and Western Ghats above an altitude of 3,500 feet al-
though physical barriers are absent and forage, shade, and water are
available. In Ceylon they are said to remain below an altitude of
1,500 feet (Storey, 1907). Even in the Kanha and Shivpuri parks
the chutal rarely leave the shady valleys to visit the dry deciduous
forests in the surrounding low hills; in Corbett Park most chital crowd
mto the valleys at a time of year when the ridges also provide their
necessities for life.

The fact that the animals have failed to penetrate the evergreen
forests very far is at first surprising because shade and water are
abundant and the terrain 1s not rugged. That the chital are not de-
terred by a wet environment 1s shown by their occurrence in the man-
grove swamps of the Sunderbans, and that they can thrive in ever-
green forests under certain conditions 1s illustrated by the success of
their introduction m the Andaman Islands, where they have be-
come an agricultural pest. Their absence fiom the evergreen forests
may originally have been based on a lack of grass, which under the
continuous canopy of primary forest is usually sparse or absent.
Clutal are essentially mnhabitants of secondary forests or of open for-
ests, bioken here and there by glades, with a good understory of
grasses, forbs, and tender shoots, and they tend to avoid the intenor
of extensive tall forests, a habitat preference similar to that of the
North Amencan Odocoileus deer. The forests of Assam remained
relatively undistmbed until cut over by agriculturalists within his-
toric times (Malroy, 1958), and it is possible that the chital have not
yet had the time and oppottunity to colonize the favorable habitat
opened to them as a result of man’s activity.

Population Dynamics

Various data pertaming to the size, growth, maintenance, and mor-
tality of the chital population m my study area are presented in this
section and information fiom other areas is included for comparison
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whenever pertinent. The term “population” applies to all chital in a
locahized area; a “herd” indicates any aggregation of two or more
animals within a population. The prolonged fawning season makes
precise age classification of fawns and yearlings difficult. For con-
venience January 1 was used as the dividing line in separating the
two age classes: fawns born during the first half of the year were re-
corded as yearlings, but those born between July and December were
considered still to be fawns and were added to the fawn crop of the
current year. The age of fawns was estimated on the basis of com-
parative size and the known ages of animals in the Calcutta Zoologi-
cal Garden.

Pedicels become visible as two small bumps on the frontal bones
of yearling bucks by the age of about twelve months and then grow
into spikes, which are shed at the age of about twenty to twenty-two
months. Any buck which had lost his spikes was considered to be
an adult. The adult bucks were segregated into several classes based
on estimated antler length. Although Severinghaus and Cheatum
(1956) showed that antler size is a poor criterion for determining
age in deer, the length does give a rough idea of the age of bucks
until their fifth year. Ditmars (1919) found that the antlers in one
captive male showed a steady increase in size to the seventh year, a
leveling in the eighth and ninth years, followed by a gradual de-
cline. At Kanha the majority of bucks with antlers 11 to 20 inches
long appeared to be about two to three years old, most bucks with
antlers 21 to 30 inches long were probably three to four years old,
with some perhaps five years and over, and those with antlers over
31 inches long were at least four to five years old.

PoruraTioN SiZzE AND DENSITY

The chital in Kanha Park were concentrated into two populations,
one around Kanha village, the other around Kisli village. The mixed
forest in the hills was generally avoided, and even much of the sal
forest contamed few animals. The forest department censused both
populations in June, 1964, and derived a figure of 143 animals for
the Kisli area and 480 for Kanha, a total of 623. My estimate for
Kisli, based on frequent visits, was about 200~250 chital. On August
8, when a track census along the forest roads around Kanha showed
that almost all chital were concentrated m a few large herds on or
along the periphery of the meadow, I counted 525 animals there. A
few small herds were undoubtedly overlooked, which would raise
the total to about 600 animals, a figure that was rechecked on sub-
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sequent days The total park population comprised an estimated
900-1,000 chutal, considerably fewer animals than talhed by the forest
department during therr annual censuses between 1958 and 1963
(Table 2, p. 16). The forest depaitment census in June, 1965, gave
a figure of 873 ammals for Kanha and 273 for Kisli, a total of 1,146
Assuming that my 1964 estimate of 600 chital around Kanha was ac-
curate, the supposed mecrease during the year was 29 percent, about
three times the actual amount (see Mortality, p. 54).

The population density of the chital in 1964 was about 7 to 8 deer
per square mile 1n the park as a whole. However, the Kanha popula-
tion actually occupied only about twelve square miles of terram, giv-
mg a density of 60 animals per square mile; the figure for the Kish
population was about 17 per square mile. For comparison, there
were about 375400 clutal mn the Keoladeo Ghana Sanctuary (Schal-
ler and Spillett, 1966). These ammals occupied about eight square
miles of habutat, or 45 per square mile. Several large areas in Kanha
Park are suitable for chital yet contain few or no ammals, suggesting
that with proper management, particularly with protection from
poaching, the range could support many more deer than it does now.
The competition from hvestock for forage mn the Keoladeo Ghana
Sanctuary is so heavy that the chital population there 1s probably ap-
proaching 1ts lughest possible level.

SEx AND AGE CoOMPOSITION

Sex and age ratios denote the status of the population, giving an
1dea whether it 1s increasmg, decreasing, or remaining stable. Herd
composition counts were taken almost daily, but since most of these
were made around the Kanha meadow, the data are typical of this
sample area alone and not necessarily of the population as a whole.
The samphng technique and the time of year durmg which counts
are made have a striking effect on the ratio of bucks to does (Table
5). Bucks traveled widely and concentrated on the Kanha meadow
prmanly during the peak of the rut and immediately afterward.
Movements were also mfluenced by the food supply, with the result
that, for example, fewer bucks came to the meadow in January, 1964,
than a year later when ample green grass was available (Table 5)

Bucks tended to congregate at certain times of the year, and the
count of even one large buck herd was sufficient to skew the popu-
lation figures of a monthly sample This occurred in Corbett Park,

for mstance, during early February when I tallied one herd consist-
mg of 43 bucks, 3 does, and one fawn.
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TABLE 5

AGE AND SEX RATIOS OF CHITAL AT MONTHLY INTERVALS
AROUND THE KANHA MEADOW

Month To(t:aiistsx‘:ir:&)er Bucks . 100 Does Fawns
January, 1964 1,467 454 100 15.6
February 3,185 435 100 276
March 2,258 66 6 100 471
Apnil 1,901 63 2 100 51.9
May 2,203 716 100 66 8
June 2,911 676 100 653
July 2,049 72 4 100 67.5
August 1,567 625 100 685
September 732 535 100 642
October 852 65 6 100 68 4
November 403 420 100 64 6
December 567 525 100 66 4
January, 1965 . 681 77.2 100 228
March . 1,386 577 100 458

The bucks associated closely with the does during and following
the peak of the rut from May to July, and the average buck to doe
ratio during this time was 70.5.100 (Table 5). Composition counts
in other areas (Table 6) showed ratios quite similar to the one at
Kanha, females outnumbering males by 20 to 30 percent in each lo-
cality. The ratio of bucks to does in an introduced chital population
i Hawaii was 77.100 i 1959 (Nichols, 1960). Selective hunting is
probably not a major factor in the disproportion of the sexes in most
areas since poachers snare and shoot more or less indiscriminately
and the legal kill of adult bucks is insignificant. For example, only
88 bucks were shot on license m the state of Uttar Pradesh durin
the fiscal year 1961-62 (Hingorani, 1962), and 104 the following
year (Misra, pers. comm.); the legal kill in West Bengal in 1958-59
was 3 bucks (Rao, 1961). Selective predation has a possible effect

TABLE 6

AGE AND Sex RATIOS OF CHITAL IN SEVERAL LOCALITIES

Date Location g:;;%:‘d Bucks 100 Does Fawns

January 23-31 Corbett National

Park 484 69 6 100 17.1
February 11-22 Keoladeo Ghana

Sanctuary 460 70 8 100 35.4
February 25-

March 5 West Kher: Forest 125 78 6 100 26 2

March 8-10 Vanbihar Sanctuary| 217 729 100 53 1
April 1-11 West Bastar

Daistrict 29 69 2 100 538
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on the adult sex ratio, but, as shown m Table 57 (p. 323), propor-
tionally fewer males than females appear to be taken. The dispropor-
tion of adults may be due either to an unequal sex ratio at birth, a
higher mortality of male fawns, or both, The sexes of fawns could not
be determmed in the wild. Of 25 newborn young m the Calcutta
Zoological Garden, 10 were male and 13 were female, but figures
from such a small sample have little relevance. The sex ratios of
North American deer at or before birth usually favor the males.
Severinghaus and Cheatum (1956) found a fetal sex ratio of 117
males per 100 females in the white-tailed deer in New York; in four
of the five studies on the mule and white-tailed deer summarized by
Dahlberg and Guettinger (1956), the fetal sex ratio favored the
males. An unbalanced sex ratio in favor of females is said to indicate
poor range conditions (Taber and Dasmann, 1954 ). This might be a
pertinent factor mn evaluating the dynamics in the Rajasthan sanctu-
artes but probably not in my study area and in central Corbett Park.
Dafferential fawn mortality, with more males than females bemg lost
through starvation and other causes, was found in the black-tailed
deer of California (Taber and Dasmann, 1954) and of southeastern
Alaska (Klem and Olson, 1960). Selective predation on fawns 1s a
possibility at Kanha, but no data were obtained on this point.

Most fawns at Kanha are born between January and May, and
the ratio of fawns to does mcieases steadily during these months,
finally reaching 67:100 (Table 5). From May until the end of the
year, the ratio remawns almost constant. This does not imply lack of
mortahty but mdicates that deaths are largely offset by births Sam-
ple ratios from other areas (Table 6) are roughly similar to those
from Kanha. In the Hawaran chital population in the fall of 1959,
there were 70 fawns to 100 does (Nichols, 1960).

The age and sex composttion of the population, expressed as per-
cent of the total and averaged for the months of May, June, and July,
was as follows: adult bucks, 19 percent; yearling bucks, 10 percent;
does (adult and yearling), 42 percent, and fawns, 29 percent. Year-
ling does could not always be classified accurately because of the
difficulty mn distingwshing old yearlings from adults. According to
my counts only 9 to 10 percent of the population consisted of yearling
does, a figure which undoubtedly 1s too low. Robmette et al. (1957)
found that mortality of yearling buck mule deer 1s much Ingher than
that of yearling does, but this does not seem to be the case m the
chital at Kanha. The disparate sex ratio characteristic of adults was
probably present m the yearlings, too, and if this assumption 1s cor-
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rect, the percent of yearling does was on the order of 14. The total
yearling figure, taken at a time when the majority of animals were
fifteen to eighteen months old, was thus about 24 percent. The popu-
lation as a whole was vigorous, with half of it less than 2 years old.
The total yearling figure at Keoladeo Ghana was 22 percent, at Van-
bihar Sanctuary 18 percent, and at Corbett Park 23 percent.

Tue RurrmNe SEASON

Few aspects of the chital's life history have created as much con-
fusion in the minds of hunters and naturalists as the time of the year
when mating occurs. In southern India the rut is from October to
April according to Fletcher (1911), but Krishnan (1959) found no
definite mating season. In other parts of India rutting is said to take
place in the winter (Prater, 1934), in December and January (Hodg-
son, 1847), in April and May (Brander, 1923), and throughout the
year (Inverarity, 1895). Several lines of evidence were used to de-
termine the period of rut at Kanha and elsewhere: the annual cycle
of antler development, the frequency of sexual behavior, and the time
of fawning,

Data from Kanha. Adult bucks shed their antlers yearly; no evi-
dence from captivity or from the wild was obtained to support the
suggestion by Inverarity (1895) that some animals retain their antlers
for more than one year. The antlers are dropped at intervals of rough-
ly ten to twelve months. One buck at the Calcutta Zoological Garden
shed one set between November 12 and 14, 1963, and the following
set on September 27, 1964; a second buck lost his antlers on Sep-
tember 23, 1963, and on September 14, 1964. Both antlers are usually
shed on the same or on consecutive days. For example, one antler
of a buck fell off at 0715 hours while he was grazing. He merely shook
his head once and continued to forage. At 0730 hours the following
day he was walking along when the other antler toppled forward over
his muzzle. He jerked to a halt, looked down at the antler briefly,
then moved on. Occasionally, the second antler is not cast until two
to three days after the first one. At Kanha a buck was seen with one
antler on February 24, and when encountered again two days later,
it had still not dropped the antler. The new set of antlers begins to
grow immediately after the old one is shed.

Studies on various species of deer (W. Taylor, 1956) have shown
that the antlers are lost after the rut and that the new growth is com-
pleted to coincide with the onset of the next rutting period. Assumin
that the annual cycle of antler replacement in the chital follows a
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TABLE 7

PERCENT OF CHITAL BUucks wiTH HARD ANTLERS
AT MoNTHLY INTERVALS IN KANHA PARK

Apurt YEARLING
MoxNTH

Total Number Percent Total Number Percent

Classified Hard Classified Hard
January, 1964 358 32 60 8
February 648 47 149 14
March 500 63 204 13
April 363 85 196 17
ay 427 96 238 28
Juoe 565 98 280 48
July 388 93 235 78
August 261 70 163 83
September 89 56 91 72
October 127 40 112 67
November 53 25 29 68
December 92 22 44 50
January, 1965 175 33 36 33
March 291 61 103 14

TABLE 8

THE PERCENT OF CHitAL Bucks IN HARD ANTLER IN TWO ANTLER-SIZE
CrassEs AT VARIOUs TIMES OF THE YEAR

ANTLER-S1ZE CraASs
Monta
11 to 20 Inches 31 Inches -+
October 11 3
November 13 4
December 9 3
January 18 6
February 20 12
March 26 17
April 30 31
May-July (average) 34 34

similar pattern, we should be able to define the rut by the percentage
of amimals in hard antler at various times of the year. The presence
or absence of velvet on the antlers was recorded for all bucks, animals
that had just lost therr antlers were classified as being in velvet. Be-
cause yearlings differ mn therr antler development from adults, the
two age classes are treated separately. Adult bucks in hard antler
were present m the population during every month of the year (Table
7), but their number mereased steadily from 22 percent in December
to 96 and 98 percent in May and June, respectively About half of
the bucks in hard antler during December had not yet dropped their
old sets, and the other half had recently rubbed the velvet off their
new ones (Schaller and De, 1964). To my knowledge only four bucks
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shed their antlers in the Kanha population between mid-Febru
and mid-June. A few bucks lost their antlers in July, but most did so
between August and October, observations which in general agree
with those made by Brander (1923) Bucks with large antlers tend
to shed them earlier in the year than those with small ones. For ex-
ample, the percent of bucks in the population in both the largest
antler-size class (81 inches 4-) and the smallest class (11-20 inches)
was 85. By October, 31 of the 35 percent of the large bucks had shed
their antlers, but only 23 percent of the small-antlered males had done
so (Table 8). As would be expected, large antlers need more time to
reach their full length than small antlers. The time required for antlers
to grow from the day of shedding the old set until most of the velvet
has been rubbed off the new one is illustrated in Figure 5 for eleven
selected bucks in the Calcutta Zoological Garden. Large antlers re-
quire, in some instances, twice as long to grow as small ones, but since
the former tend to be shed earlier in the year, most bucks of both size
classes finish their growth in April just before the peak of the rut
(Table 8).

Yearling bucks have a schedule of antler development somewhat

Length of Number of mos
PERIOD IN VELVET ontlers in inch. 1n velvet

777 38 | sus
W 31 61/3
%/////////////////// 32 43/4
U777 s | 5w
0 26 | 3m
D% 20 | 3
y///////////d i8 31/3
//////M 16 32
% ///////vd 1 22/3
o 10 2 3/4

| 1 i T | | 1 I |
Sept Oct  Nov Dec Jon Feb Mor Apr Moy June

1963 1964

FI¢ 5 —The tume required for antlers to grow from the day of shedding the
old ones to the loss of velvet from the new ones in eleven chital bucks, Cal-
cutta Zoologlcal Garden
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different from that of adults. The velvet 1s not shed from the spikes
unt1] the animal 15 sixteen to seventeen months old, an age which the
majority of bucks reach m July and August (Table 7). Although
earlings are about three months slower in thewr antler growth than
the adults, both age classes finish shedding substantially at the
same time, by the end of the year. This enables the yearlings to grow
their first set of adult antlers in time to participate in the main rut.
Rutting bucks emit hoarse bellows; every instance of this vocaliza-
tion was recorded between 0500 to 0900 and 1500 to 1900 hours
(Fig. 6). Field conditions naturally could not be standardized to
make each month directly comparable, but the relative amount of
bellowing is roughly representative. The calls were infrequent from
November to January, and they were common from March to June,
with the remaining months intermediate. Various other behavior pat-
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terns associated with the rut (see Sexual behavior, p. 81) were also
most prevalent between March and June. For example, 81 percent
of all courting occurred during these months, with 33 percent in May
alone.

Newborn fawns were seen during every month of the year, but
over two-thirds of them were born during the first half. Fawns were
dropped with increasing frequency durmg December, and a peak
was reached between mid-January and early March. The monthly
increase of fawns per one hundred does shown in Table 5 gives only
a rough idea of the number of young born in any one month because
females keep their newborn young hidden for varying lengths of
time before joining a herd with them. From the peak fawning period,
it may be determined that most conceptions occurred the previous
May (see Gestation Period, p. 52).

TABLE 9

ANTLER DEVELOPMENT OF ApuLT CHITAL BUcks 1N DIFFERENT LOCALITIES
AT APPROXIMATELY THE SAME TIiME OF YEAR

Percen Percent
Location Date s"sﬂg}c ‘ﬁarém OES Tnches

Antler ang 1n

Velvet
Corbett National Park January 23-February 8,1965{ 231 10 48
Keoladeo Ghana Sanctuary |February 11-22, 1965 120 17 18
West Kheri Forest . . |February 25 March 5,1965 47 3 38
Vanbihar Sanctuary March 8-10, 1965 53 77 2
Kanha National Park February, 1964 648 47 11
March, 1964 500 63 3

All evidence indicates that the rut of the chital at Kanha continues
throughout the year but that the activity increases greatly from
March to June, with a peak in May.

Data from other areas. In order to determine if the time of rut
at Kanha was typical of the species as a whole, observations were
also made in several other areas. In addition to recording the percent
of bucks in hard antler, the percent with antlers in velvet less than five
inches long was also noted (Table 9). Zoo observations indicated
that chital require about two months to grow antlers to a length of
five inches; thus the figures give an idea of the percent of animals
which had shed their antlers during the previous two months or so.
The chital at the Vanbihar Sanctuary, Rajasthan, were at a similar
stage of antler development and fawning as those at Kanha (Table
9); several bucks were rutting vigorously and bellowing was com-
mon. The chital in the Keoladeo Ghana Sanctuary, however, which
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is only about fifty mles north of the ecologically similar Vanbihar
Sanctuary, appeared to be somewhat slower in their antler develop-
ment, only 17 percent being 1n hard antler as compared with 47 per-
cent at Kanha dunng a comparable period. Slight differences in
the rate of antler growth do not necessarily imply a difference in the
time of rut (Leopold et al., 1951), but the fact that I heard no bel-
lowing and saw no sexual activity m February suggests that the onset
of the rut was somewhat later there than at Kanha. On the other
hand, the presence of a large number of small fawns indicated that
the peak conception period was similar in the two areas. Thus, it
can be inferred that the main period of rut at Keoladeo Ghana was
of briefer duration than the one at Kanha.

The data from Corbett Park and the Kheri forest areas are strikingly
different from the Rajasthan and Madhya Pradesh data. At Corbett
only 10 percent of the adult bucks were in hard antler as compared
with over 40 percent at Kanha during the same period (Table 9) Al-
most half of the Corbett bucks had lost their antlers after the middle
of November, a stage reached at Kanha about two months earher
Similarly, many females at Corbett were heavily pregnant in late
January, but few had given birth, approximating the stage reached
at Kanha in early December There appeared to be a difference of
nearly two months in the onset of the main rut between the two areas,
but the peaks were similar, judging by the age of the fawns. The
main difference lay in a much shorter time span of fawning and antler-
shedding at Corbett than at Kanha. This conclusion was strength-
ened by my observations that a far greater proportion of the females
at Corbett were heavily pregnant than at Kanha and that at no time
were as many as 90 percent of the bucks in velvet in the latter area.

To pinpomt the ecological factors responsible for the difference m
the onset of the rut between the chital at Kanha and those along
the foothulls of the Himalayas is exceedingly difficult because the two
regions are in many respects very sumilar. The terram m both areas
is flat to hilly, the mam habitats consist of sal forest and large
meadows; the annual precipitation at Ramnagar near Corbett Park
averages 66 inches (44-111), whereas at Bichhia near Kanha the
average is 73 inches (34-81); temperatures range from a light frost
to 110°F; the altitudes are similar, with those at Corbett starting at
about 800 feet and ranging upward to 8,000 feet and above in the
footllls, the monsoon begns about mid-June; and the general sea-
sonal patterns are alike. The water supply at Corbett is perennial in
the Ramganga Rwer in contrast to Kanha where during the hot
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season it exists only in isolated pools. The difference in latitude be-
tween the two sites is only about seven degrees, the amount of day-
light being httle affected by this distance.

The kinds of meadow grasses and the seasons at which they dry
out and can be burned are one of the main ecological differences
between the two areas. Whereas at Kanha the majority of the domi-
nant grasses are six feet or less high and are sufficiently dry to be
burned m December, the coarse grasses at Corbett and Kheri (An-
thisteria gigantea, Vetiveria zizanioides, Saccharum sponianeum)
reach a height of twelve feet and grow in moist conditions that usu-
ally prevent their being burned until February and March. It is pos-
sible that the onset of the rut has been mnfluenced to some extent
by the availability of open areas on which to concentrate and court
and by the presence of nutritious green grass on which to forage.

I was not able to visit southern India, but from the little data
available, it appears that the chital shed their antlers there some-
what later than at Kanha. Of thirty-one yearling and adult bucks
classified by J. Spillett (pers. comm.) in the Bandipur Sanctuary in
southern Mysore in early September, 1965, all were in hard antler,
in the nearby Mudumalai Sanctuary of Madras, he tallied twenty-
five bucks, of which several had very recently shed their antlers.
No chital with antlers in velvet was seen, although Krishnan (1959)
noted that a few occur durnng every month of the year. In southern
Ceylon, 75 percent of the antlers are shed in April and May (Phil-
lips [1927-28], quoted in Asdell, 1964).

In Hawaii the main mating season of the introduced free-living
chital runs from April to August, and the major birth season from
November to March, although some mating and fawning occur dur-
ing all months (Nichols, 1960).

These data illustrate that differences in the onset of the main rut
and perhaps the peak of the rut exist from area to area, but a great
deal more precise information on local climatic conditions, on plant
phenology, and on other ecological factors is needed before these
variations can be explained. Differences in the timing of reproduc-
tion have also been reported for the impala antelope in Africa, a
species in which the peak of fawning varies from September through
January, depending on the locality (Dasmann and Mossman, 1962).

Data from zoos. The chital bucks in the Calcutta Zoological Gar-
den generally shed their antlers between September and February
(Fig. 5, p. 47), on the average somewhat later than at Kanha. On
September 15, 1964, 92 percent of twenty-seven adults were in hard
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antler as compared with 568 percent at Kanha during that month,
Fawns were born throughout the year, but of twenty-five births re-
corded from September, 1963, {o August, 1964, 76 percent oc-
curred hetween January and April. Behavior associated with the rut,
such as chasing and mounting, showed a sharp seasonal peak in the
ten bucks of the study herd. From January to April most of the ani-
mals were in velvet and sexually almost inactive. Of 169 instances
of sexual actvity 1ecorded, 81 percent occurred between May and
August. On January 20, 1965, 28 percent of forty-three adult bucks
in the Lucknow zoo, Uttar Pradesh, were in hard antler, a figure
very similar to the one at Kanha. The chital in these two Indian
zoos seemed to maintain an annual 1eproductive cycle comparable
to the fiee-living anmimals.

On the estate of the Duke of Bedford, England, chital rut at any
time of the year (Bedford and Marshall, 1942), but the gamekeeper
Talbot (pers. comm.) noted that the majority of fawns are born
from January to March. In the London zoo, 124 young were born in
all months, with a shght (60 percent) concentration m the first six
(Jarvis and Morris, 1962); in the New York Zoological Park 225
fawns were born throughout the year, with the lowest number in
December and January (Crandall, 1964).

GESTATION PERIOD

Hodgson (1847), Prater (1934), and Shull (1962) state that the
gestation period of the chital is 6 months; Brown (1936) found it
to be 7% months, Asdell (1946) 7 to 7% months, and Sclater (1863)
and Stebbmg (1911) 8 months. The peak of rutting activity at Kan-
ha occurs in May and the peak of fawning in late January and Feb-
ruary, indicating a gestation period of 8 to 8% months For com-
parison, the Odocoileus deer, which are similar to the chital in size,
have an average gestation period of 6% months, the caribou 7 to 8
months, and the wapit1 8% months (Mosby, 1963).

RaTeE or RepropucTioN

Confu.smn exists i the literature as to how many fawns a doe bears
at a time. Brander (1923) stated that one to three 1s usual, with
twins being common, figures also quoted by Prater (1948). There
were no twins in the 25 births at the Calcutta zoo, nor were there
any 1n 97 births at the Bombay zoo (J. Bombay Nat. Hist. Soc., 1960).
The 225 births at the New York Zoological Park included one set of
twins. At Kanha, and in all other areas studied, single fawns were
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the rule, although on two occasions I saw a doe accompanied by
two small fawns which appeared to be twins. The chital thus dufer
fiom the Odocoileus deer, in which twinning is common (W. Tay-
lor, 1956).

If only adults, about two years old and older, bear young, the
fawn to doe ratio should not exceed 66:100 (or 100 fawns:100 adult
does), as only a single young is born at a time and about 14 of the
42 percent does in the population are yearlings. It was estimated that
46 fawns:100 does died durmng 1964 (see Mortality, p. 54) and
that 49 fawns:100 does survived to become yearhngs (seven to
twelve months old) on January 1, 1965. The total fawn production
was, therefore, 95 fawns:100 does (or 136 fawns:100 adult does).
These figures mdicate either (1) that some fawns conceive and give
birth as yearlings or (2) that some does have young twice in one
year. Fawns of the white-tailed deer conceive occasionally at six to
eight months of age, but the majority do so as yearlings eighteen
months old (Severmghaus and Cheatum, 1956). Many chital are
born between January and March and appear to conceive the fol-
lowing year between March and June when fourteen to seventeen
months old It is probable that a few are bred at an earher age,
but how often this occurs could not be determined. One chital doe
m Corbett Park whose milk premolars were just being replaced by
permanent ones and whose age was estimated to be twenty-three
to twenty-four months carried a full-term fetus when killed by a
tiger. Nichols (1960) found that one doe in Hawaii was pregnant
when killed at an estimated age of eight to ten months.

Captive chital does have a continuous series of diestrous cycles
lasting about three weeks throughout the year (Asdell, 1946). The
ammals are therefore able to conceive during any month since bucks
in rutting condition are also present at all times. It seems probable
that does which have lost their small fawns through predation or
other means come into estrus again soon afterward, with the result
that some of them give birth twice within ten to eleven months. In
contrast, the black-tailed deer increases its productivity not by hav-
Ing young twice in one year but by giving birth to twmns at a ratio
of about 1.4 fawns per doe (Cowan, 1956). This deer comes into
estrus only from October to early March, which precludes concep-
tion for much of the year, an adaptive mechanism that prevents
the birth of fawns during the winter. The potential annual produc-
tion of hve fawns by a black-tailed doe is thus two, whereas the
figure for a chital doe cannot exceed one.
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MoRTALITY

Data on annual mortality provide the basis for determining the rate
of increase or decrease m a population. Initial fawn production re-
mains rather stable, except m unusual circumstances, but mortalty
may vary considerably from year to year The fact that the chital
at mid-year consisted of 53 percent fawns and yearlings points to
a high rate of turnover in the population. It was difficult to deter-
mine the extent of fawn mortality accurately because young were
born throughout the year. The fawn to doe ratio during early Jan-
uary, 1965, was 72:100. Of these, 49:100 were estimated to have
been born between January and June, 1964, and 23:100 between
July and December, 1964. Table 5 shows that the ratio of fawns to
does remained relatively stable at about 66:100 from July to De-
cember, suggesting that the number of births during this penod
equalled the number of deaths—about 23 fawns per 100 does. If
this figure 1s projected to the first half of the year, the total fawn mor-
tality m 1964 was on the order of 46 fawns per 100 does, or 48 per-
cent of the annual fawn crop, based on a production estimate of 95
fawns to 100 does. This figure rests on the assumptions that the
mortahty rate of adult does and fawns was constant throughout the
year, that my age estimates of young and yearhings were accurate,
and that the seasonal differences of adult doe recruitment into the
population did not have an effect on the doe to fawn ratio. Although
these and perhaps other factors may have influenced the accuracy
of the estimate, the general magnitude of mortality is probably rep-
resentative,

The fawn to doe count in January, 1964, was only 16.100 as com-
pared with 23 100 the followmng year. Whether this low figure re-
sulted from a high mortality of small fawns late in the year, a
minor fluctuation in the season of birth, a sampling error, or a lower
mortahity of fawns early in 1963 than in 1964 could not be deter-
mined, but the difference in the number of yearling bucks in the
population between the two years indicated that the last of these pos-
sible reasons contributed to the discrepancy. In March, 1964, 115
percent of 1,760 yearhng and adult chital sampled were yearling
bucks, in March, 1965, 9.5 percent of 1,074 yearlings and adults were
yearhng bucks. The seemingly higher death rate of fawns in 1964
may have been associated with an mcrease in the number of tigers
m the area

The percentage of fawns surviving to the yearlng age class is an
mportant index for measuring the rate of population mcrease. The-
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aretically, the number of yearlings entering a stable population ap-
proximately equals the adults leaving it. The 1963 and 1965 cen-
suses were unfortunately not sufficiently accurate to establish the
size of the population with precision; but if the fluctuations in size
were only shght, it may be inferred from the fact that the yearling
age class m mid-1964 comprised 24 percent of the population that
adult mortahty was also on the order of 24 percent.

An increase in the population requires a fawn survival greater than
the total loss of animals in all other age classes. The population esti-
mate in mid-1964 was 600 chital, of which about 252 were does.
The number of young produced during the year, then, was around
239 (95 fawns.100 does), of which 48 percent, or 115, died and 52
percent, or 124, survived. The estimated mortality of the older age
classes was 24 percent, or 102 animals. The number of surviving
fawns exceeded the number of deaths m the older age classes by 22
animals, limiting the potential increase of the population to 3 per-
cent. These calculations are of course based on the assumption that
24 percent of the adult age class was actually removed from the
population. It 1s likely that this was not the case, and the surplus,
added to the percent of new yearlings, probably raised the total in-
crement to about 7 to 10 percent. Although fawn survival m 1963
may have been greater than in 1964, excessive adult mortality in
the former year apparently prevented the population from increasing
In size.

Possible causes of mortality include accidents, disease, and preda-
tion. Accidents were rare and had no significant effect on the popu-
lation. Only two injured animals were seen: a limping fawn and a
doe without a tail. Brander (1923) stated that bucks occasionally
kill each other when fighting.

Chatal are susceptible to rmderpest, as Gupta and Verma (1949)
have shown, and this disease, which is very prevalent in livestock
all over India, has greatly reduced a number of deer populations in
Uttar Pradesh (Singh, 1958, Srivastava, 1957) and elsewhere. Chital
are also known to suffer from cattle tuberculosis (Fahimuddin,
19683). Ten chital serum samples from Kanha were tested for hemag-
glutination-inhibiting antibodies to arboviruses Japanese B. en-
cephalitis, chikungunya, and dengue 1, but all were negatwe.
Tests for antibodies to Brucella abortus in precipitin tests were like-
wise negative. However, neutralizing and hemagglutination-inhibit-
Ing antibodies to myxovirus parainfluenza 3 were detected in six out
of the ten samples (Shah et al., 1965). This virus is the most im-
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portant agent causing shipping fever in cattle, and 1t can be fatal
if the amimal 1s placed m a stressful situation.

An autopsy of one adult doe revealed pentastomids (probably
Linguatula serrata Frohlich, 1789) m the heart, a nematode (Oesoph-
agostomum sp.) in the large intestine, and a trematode (Param-
phistomum cauliorchus Stiles and Goldberger, 1910) in the rumen.
Only the trematode was found in another doe. One out of thirteen
chital examined for ectoparasites had ticks (Boophilus microplus,
Hyalomma marginatum isaaci), and all harbored hippoboscid flies
(Lipoptena indica Maa, 1965). The tick Hyalomma brevipunctata
has been reported from chital in Bengal (Kaiser and Hoogstraal,
1964). None of the infestations were heavy, and except for one small
fawn with a mangy skin, there was no overt evidence of disease in
the Kanha population.

Predation was the major cause of mortality during the study. An
unknown number of ammals were poached by wvillagers either by
shooting or by placing snares along fences of bamboo, some of which
were over a mile long I watched three villagers shoot a chital doe
on the Kanha meadow, and I destroyed snares from about two mules
of fencing m the study area. Such poaching probably affects the
yearhngs and adults more than the fawns. The amount of poach-
ing 1n the central part of the park was not great in 1964 because of
my presence, although I heard sporadic shooting in the hills. All
evidence indicates, however, that hunting was heavy in 1963, and
the klling resumed around the Kanha meadow soon after my de-
parture according to the forest department staff. Tiger and also
leopard preyed extensively on chital in 1964 Chital accounted for
43 percent of a total of 298 predator kills found, and an analysis of
335 tiger feces revealed chital hair m 52 percent of them (see Tables
50 and 51, p 281, 283), pointing forcefully to the fact that the chital
was the most important prey species in the study area.

General Behavior

The chital, hlfe all ungulates, spend a major portion of their hfe in
foragmng, resting, and wandering withmn their range, but the extent
of these activities 1s greatly influenced by the seasons.

Dawy Activity CycLe

g the cool season, particularly m December and January, the
al become active at or just before sunup at about 0700 hours,

Durin

chit
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when they appear at the forest’s edge and begin to graze. The morn-
ing peak of feeding is between 0700 and 0830 hours, and most ani-
mals continue to forage for another hour or so before 1etreating into
the forest. Feeding if any is usually cursory between 1000 and 1600
hours, consisting of brief snacks between periods of resting or am-
bling along slowly. Toward dusk progressively more chital reappear
on the meadow, where they graze until about 2100 hours; after
that, foraging continues intermittently until past midnight. During
the morning hours, between 0300 and sunup, the animals rest in
the forest, where 1t is usually several degrees warmer than on the
meadow. The chital in Corbett Park follow a similar pattern of ac-
tivity.

A?the days grow hotter the chital spend most of the daylight hours
in the shade. In March some remain in the open until 0830 hours, but
by May they go into the forest by 0700 hours, often foraging a
little before lying down. Direct sun is avoided when temperatures
m the shade reach 80°F. Although a few animals begin to feed
again by 1600 hours, the majority do not appear in the open until
about 1700 hours, and then only to trudge in a listless manner to
a waterhole, drink, and return to the forest. The pattern of activity
at night is similar to that of the cool season.

During the monsoon, with its great abundance of forage, the chital
spend fewer hours in grazing than at any other time of the year.
The mormng peak of feeding is over by 0800 hours, but instead of
retreating mto the forest, the animals sometimes remain in the open
all day if the sky is overcast; for example, one herd of fifty chital
rested on the meadow from 0800 to 1620 hours. Herds commonly
appear at the forest’s edge again at 1600 hours but then lie down
until 1730 hours or later before beginning to eat.

In general, clutal have two major rest periods, one n the hours be-
fore dawn and the other from mid-morning to mid-afternoon. Peaks
of feeding occur for about two hours after dawn and one hour be-
fore and after dusk.

Foop Hasits AND FEEDING AND DRINKING BEHAVIOR

Chital eat both grass and browse, with the former providing the
bulk of their diet at all seasons. Their favored forage 1s green grass
less than four inches high, but when young shoots are unavailable,
the animals readily nip the blade tips and flowering heads off the
tall, coarse grasses. A minimum of forty-four species of grasses and
grasslike plants, including bamboo, grow more or less commonly
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on the meadows and in the forests (Table 10). Although.it was some-
times possible to identify the tall grasses when the.: animals .grazed
on them, the small shoots could rarely be determined specifically.
Table 10 lists only sixteen kinds of grasses as being eaten by chit‘al,
but many of the others are undoubtedly taken; at least, no species
are obviously avoided in areas heavily grazed by the animals.
Browse includes the leaves from a number of trees, shrubs, vines,
and forbs, as well as several kinds of fruit. A total of thirty-five
browse species were eaten by chital at Kanha (Table 11), a list un-
doubtedly incomplete although it does include the major items.
Browse m appreciable amounts is consumed only from October to

TABLE 10

GrASS AND GRASSLIKE PLANTS EATEN AND PrROBABLY EATEN
B8Y WiLp UNGULATES IN KANHA PARK

Species Chital Barasingha Sambar Blackbuck Gaur

Eaten
Bothriockloa odorata x x
Chloris dolicostachya
Chrysopogon fulvus x
Cotx lachrymajobi x
Cyperus 1ria
Cyperus pangorer
Dendrocalamus sirictus
Digitaria granulars
Echinochloa colona
Eragrostis gangelica
Fimbrisiylis dichotoma
Heleocharss fistulosa X
Heleropogon conltortus
Imperata cylindrica
Oryza latifolra
Pantcum milrare
Saccharum spontaneum
Selaria glauca
Themeda triandra
Thysanolaena maxima
Vetiverta zizaniowdes x

MM HMHA B
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™ »

™

»

MoK

Present and Probably Eaten
Andropogon brevifolius
Andropogon monlicola
Andropogon serratus
Apluda mutica
Arthrazon ciliaris

Iseilema laxum
Lipocarpha argentea
Manisurss gronularis
Oplismenus burmant

Paspalum scrobiculatum
Arundo donax Pennisetum alopecurus
(C,‘(-vperus cxaltatus Penmisetum setosum
rypems paltestylis Scirpus capillarss
Lragrostis unidoides Sclerza stocksiana
Fimbristylis ferruginea

Spodiopogon rhizophorus
Hemarlhria compresso Sgorab{:lfs dzandef
Isachue albens




Browsr SPECIES EATEN BY WILD UNGULATES 1N KANHA PARK

TABLE 11

Species

Chital

Barasingha

Sambar

Blackbuck

Gaur

Trees

Acacia lorla

Bouhneo racemosa

Bombax malabaricum

Bridelia squamosa

Casearia graveolens

Cassa fistula

Combretum flagrocarpum

Cordia myxa

Diospyros malanoxylon

Ehretta laevis

Emblica officinalis

Eugenta vuigaris

Ficus glomerala

Ficus gobosa

Gardenia latifolia

Gmelina arborea

Grewia abulilifolia

Milwusa tomenlosa

Miliusa velutina

Mallotus philippinensis

Odina wodter

Skorea robusta

Stereos‘pcrmum chelonoides

.;'yzygzum cunant
erminalia alata

Termnalta arjuna .

Terminalia chebula

Terminalia tomenlosa

Xerompius uliginosa

Zisyphus xylophorus

Shrubs
Dalbergra rubiginosa .
Drospyros tomentosa
Embelia tseriamcottam
Kydia calverna
Mogharaa stricta
Ougeinia oojenenss
Pavelta indica
Phoentx humlis .
Schrebera swiententoides
Sterculia foetrida
Wrightia tinctorio .
Zizyphus qupuba

Vines
Asparagus racemosus
Bauhinea vahlsy
Cryptolepis buchanant
Dioscorea bulbifera
Smlas zeylanica

Forbs

Barringtonia acutangula
Blumea fistulose
Blumea glomerata

it MM
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TABLE 11 (Continued)

Species Chital Barasingha Sambar Blackbuck Gaur

Blumea virens X
Crotalaria sericea X
Curcuma ferruginea by
Elephantopus scaber x
Loggera flava

Leprdagaths fasciculata
Leucas mollissima X

MoA

Nazas sp X
Pimpinclla heyneona
Plectranthus incanus
Pogostemon plectranthoides
Triumfetia rhombordea
Vernoma duvergens X

A A AA

X = leaf eaten
f == fruit eaten

January, when most grasses are fully grown and dry. At that time
chital fiequently meander up the stream beds eating the forbs that
grow 1n the moist niches. Sometimes an animal stands on its hind-
legs and nibbles on a leafy bianch. A major browse species at this
pertod 1s the shrub Moghania, of which both the leaves and seed
pods are eaten. In 1964 browsing was also prevalent during the sec-
ond half of March and m Apnl when green grass was scarce but
newly sprouted leaves of sal, Phoenix, and Moghania were abun-
dant. The leaves from the thorny shrub Zizyphus were rarely taken
except from md-Apnl to early June. Chital also consume fruits m
season, includng Ficus from January to May, Cordia myaa in
May and June, Syzygium cumini i June and July, and Zizyphus
fujuba 1 December and January.

A total of twelve rumen samples were collected from animals
killed by predators in January, Apnil, May, June, September, and
November, The average percent of grass by volume was 96, followed
by browse and fruts equal amounts (Table 12), which attests to
the mmportance of giass mn the animal’s diet.

Clutal 1n the Sunderbans apparently eat small red crabs of an un-
1dentified species, the remains of which have been found in the rumen
(Stanford, 1951).

The movements of chital within ther range were influenced con-
51derably by the availabihity of young green grass. The concentra-
tion of animals on the Kanha meadow 1n late January and Febru-
ary, 1964, appeared to be due to the presence of new grass, for by
late March, when the shoots had either been grazed off or had
withered 1n the heat, many chital spread out in the forest agan. In
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TABLE 12

Praxt Coxrositiox oF TwELVE CHITATL RUMEN SAMPLES BY VOLUME
(Ix PERCENT)

PrANT TYPE
MoxtE
Sedge Grass ‘ Browse Fruit
January . . 01 4 5 (Ficus)
Apnl . . 91 4 5 (Bathinea)
May 99 1
May . . g5 5 Trace (Ficus)
May . . .. a7 1 2 (Cordia)
May . 94 3 3 (Corda)
May 98 2 Trace (Cordza)
June . . 90 2 8 (Syzvgitm)
September - 100
September 100 Trace
September. . 100 Trace
November . . 100 Trace

March, 1965, however, green grass sprouted abundantly on the
meadow after several heavy showers, and the chital were twice as
abundant there as a year earlier. The large concentration of chital
on the meadow during the monsoon persisted until early October
when the grass began to dry out.

Natural salt licks were located along the banks of several streams,
and at these, chital and other deer scraped at the soil with their
incisors, at times leaving holes over one foot deep. Two samples of
the soil were collected and analyzed and the results compared with
two samples of typical soil, one collected in sal forest, the other on
the Kanha meadow (Table 13). Of the five constituents tested, the
phosphate (P-0s) and calcium were appreciably higher in the salt
lick samples than in the others.

A foraging chital herd moves as a unit, each animal cropping

TABLE 13
CoxsTITUENTS OF FOUR SOIL SAMPLES FROM KANHA PARK
Collecting CoNSTITUENTS IN POUNDS PER ACRE
Site pH
Magnesium Phosphate Potash Manganese Calcaum
Typical sal
forest . . 55 331* 50 264* 84 1,900*
Kanha meadow | 55 67 17 64 10 150
Salt hick along
Stream 7.5 497* 249+ 113 15 4,4804-*
Salt lick along
Stream 7.6 193* 369* 85 10 4,480+*

* Hizh to very hagh
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grass at the rate of about nnety bites per minute. The herd either
remains in a small area, sometimes for as long as an hour on a piece
of meadow 200 feet in diameter, or travels slowly at the rate of some
500 to 1,500 feet per hour. Its diameter varies considerably, with the
anmmals sometimes staying tightly bunched and at other times
spreading over 300 and more feet of terram. The general direction
of movement of all animals tends to be the same, and the pattern
of herd formation 1s either a loose flock, a broad front with the chital
moving parallel to each other, or a single file. As the foraging period
passes its peak, the animals feed less intensively and seemingly more
selectively, with periods of standing and moving interspersed with
bursts of eating. In the morning, herds move toward the forest’s edge
slowly and in a straggling line, and while some chital continue to
forage there, others lie down or remain standing. Cud is chewed at
irregular mtervals, each bolus being masticated some thirty to forty-
five times at the rate of three chews in two seconds. The evening
period of foraging begns equally slowly and sometimes twenty
minutes elapse before the first and last member of a herd rises and
starts to eat.

When langurs feed in a tree, chital frequently crowd beneath it
and pick up the leaves and fruits dropped by these monkeys, an as-
sociation also noted by Champion (1927). Langurs eat rather se-
lectwvely, for example, taking only the petiole of a Terminalia chebula
leaf or one bite out of a Cordia myxa fruit. The other parts are dis-
carded and immedately eaten up by the waiting deer. On one oc-
caswon chital hoyered around a fig tree until the langurs moved away
about ten hours later. Once a langur descended a Bombax mala-
baricum tree carrying a leafy branc%. A chital buck began to nibble
on the Jeaves in the monkey’s hand, but the monkey jerked the
branch aside, then retreated to the top of a termite mound and ate
undisturbed.

Water is so widespread for much of the year that it is difficult to
determine how often chital drink. They visit the water holes twice a
day during the hot season at about sunrise and in the late afternoon.
A similar morning and evenmg trek to water was noted in the Van-
blhar‘and Keoladeo Ghana Sanctuaries.

Chita] approach a water hole cautiously, especially when it is
obscured by high grass and shrubs or, as is often the case, lies m
the bottom of a ravine. A whole herd sometimes lines up on the em-
bankment, and each animal peers with stretched neck into the stream
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bed for five or more minutes before one of them finally descends.
The chital drink rapidly, muzzle lowered into the water, and after-
ward spread out to graze. One buck drank for ninety seconds with-
out interruption.

RANGE AND MOVEMENTS

The total area occupied by the Kanha chital population was about
twelve square miles. The great majority of the animals spent the
whole year, and probably their entire life, within that range, the ex-
ceptions being perhaps a few bucks that drifted over a wider area.
The Kanha meadow was the focal point of this population, and the
animals concentrated or scattered from there depending on the
availability of forage and the time of the rut. For at least six months
of the year, including much of the hot season and the monsoon, most
of the chital were found in an area of four square miles on and around
the Kanha meadow. The ranges of individuals tended to be fairly
small during that time. I recognized several bucks by their antler
patterns and plotted their location on a map whenever they were
encountered. One buck was seen 42 times between March and
August within an area of about 1,200 acres; a second buck was noted
29 times between March and June within an area of 1,500 acres;
a third buck was spotted 23 times between March and August with-
in an area of 1,350 acres; and a fourth buck was seen 35 times be-
tween March and June in an area of 400 acres. One doe observed 11
times over a period of seven months was always found within a 450
acre part of the meadow. Sometimes an animal remained for a week
or two in a particular locality, resting in the same patch of forest
during the day and using the same well-beaten trail to move to a
water hole in the evening, before suddenly shifting its activity to
another area. The actual distance traveled by a chital in the course
of a day probably averaged no more than two to three miles of
meanderings within a tract of a few hundred acres. Bucks in rut,
however, wandered considerably; for example, one buck seen in the
evening was one and a half miles away the following morning. These
observations are similar to those made by Dasmann and Taber
(1956) on the black-tailed deer. Home ranges in these deer were
on the order of one and a half miles in diameter, and movements
within them were influenced by daily and seasonal changes in the

quantity and quality of life’s requirements,” with rutting bucks
Toaming more widely than does.
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INTERACTIONS WiTH OTIER ANIMALS

Chital associate peacefully with most other animals in the paik, par-
ticularly with other ungulates. Mixed herds of chital, barasingha,
and blackbuck were common on the Kanha meadow; chital also
mingled fieely with sambar, and, in other areas, with hog deer,
nilgai, and wild pig. Gaur and chital were not seen to forage side
by side, although the two weie often near each other, once within
twenty feet. In one instance domestic cattle grazed fiftcen feet from
several chital, which watched them alertly. Langur monkeys and
chital weie frequent associates, as descnbed eaher. Mynah birds
readily perched on the backs of chital and appeared to search for
ectopmasites; black drongos sat on their heads and snagged insects
flushed by thewr hooves, and jungle crows pulled strips of velvet
from the antlers of bucks. One chital ignored a peacock which was
courting it in full display (Schaller, 1964). Overt interactions be-
tween the species were infrequent. Sometimes chital accepted a mem-
ber of another species as leader (see Leadership, p. 70), and black-
buck males occasionally courted and attempted to mount chital does
(see Blackbuck, Sexual behavior, p. 168). Once a chital buck as-
sumed the head-down display in front of a barasingha stag, but
when the latter, responding correctly, gave the head-up display,
the chital walked away. Two barasmgha hinds jumped aside when
a chital buck jerked his antlers in their direction. A blackbuck male
and a yearling chital buck once faced each other with lowered heads,
and when the latter lunged forwaid, the blackbuck fled, chasing
two chital does aside as he ran.

Although chital pay seemmgly little attention to the animals
around them, any sudden change in behavior such as the flushing
of a jungle fowl, the screeching of jungle babblers and red-wattled
lapwings, the calling of a langur, or sudden running by a member
of the herd is immediately investigated. Ths 1ecognition of and re-
sponse to the alarm signals of other species is undoubtedly of great
survival value to the chital in an environment where the chance of
encountering a predator is great. On several occasions a herd be-
came aware of the proximity of a tiger only after having responded
to the sharp ka-kao-ka of an alarmed langur, and the incessant
screechmg of lapwings at the sight of man alerted chital to my pres-
ence on numerous occasions. The chital, whose senses of smell and
hear.ing are excellent but whose sight is often not sufficiently acute
to distinguish motionless forms, has extended and complemented its
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PLaTE 1~A herd of barasingha and a few chital graze on the Kanha meadow
(January 26, 1964).
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perceptual world considerably by relying in part on other animals,
In addition, the chital possess a complex and effective system of
visual, auditory, and olfactory signals of their own which serve to
warn other members of the species of potential danger.

An alert chital stands or walks with body erect, neck stretched
vertically, and ears cocked as it faces the source of the disturbance
This posture alone alerts the other animals in the vicinity, and they
then behave similarly. In a situation of somewhat higher intensity,
the animal raises its tail, exposing the white rump, stamps one fore-
foot audibly on the ground, and emits a series of loud, high-pitched
barks, somewhat resembling those of a small dog. Chital are said
to stand up on their hindlegs to scan the horizon when the under-
growth is dense (Hiteshi, 1947), but I did not observe this behavior.
The strength of the response varies of course with the situation
eliciting it. When a langur called in alarm some seven hundred feet
from a resting herd of chital, only a few animals jumped up and
faced the direction of the sound for about one minute. But when
on another occasion several chital in the distance barked shrilly in
intense alarm, the herd I was observing remained alert for six min-
utes before relaxing its vigilance. On still another occasion, a herd
of seven chital were ambling along in single file. Suddenly the lead
doe stopped, raised her muzzle as if sniffing the air, then stood
with neck craned and tail raised. The others turned back, retracing
their steps, followed by the doe. Tracks showed that a tiger had
passed by the previous night. In a similar circumstance four chital
faced a patch of high grass and stamped their forefeet for over
two mimnutes, having sensed the tigress that passed through it twenty
minutes earlier. In one instance five chital winded a tiger cub hiding
in some grass 120 feet away; they briefly milled around, then de-
toured around the area.

The actual sight of a predator elicited the same type of response
When a jackal trotted toward a herd of chital, the animals watched
its approach alertly with raised tail, one permitting it to come to
within eight feet before startling back. The deer usually barked vig-
orously at the sight of a tiger, a higher pitched sound with more of a
trll than the usual alarm bark. As the tiger moved away, the chital
often followed the cat for a short distance with tail raised and fore-
legs thumping the ground Only a few members of the herd barked
at any one time, and if the tiger was at a distance, they sometimes
remained silent. On one occasion a tiger walked noisily through
leaf litter. Several chital barked, then watched him stroll by 150 feet
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away As soon as he moved from sight, they sniffed at his trail,
milled around, and followed it for 100 feet. But on another occasion
ten chital merely looked at a tigress walk by at a distance of 150
feet. Rodon (1897) described how a herd of barking chital faced a
leopard on its kill.

A chatal m flight raises its tail exposing the white underside and
the white ramp much bke the Odocoileus deer (W. Taylor, 1956).
If the animal has been surprised in ugh grass, it often mtiates its
retreat with a series of high bounds, between which 1t thumps its
hindlegs Joudly on the ground in unison. These thumps undoubtedly
act as auditory signals in dense undergrowth, indicating not only
the presence of danger but also the direction of flight. Scent is prob-
ably deposited by the pedal or interdigital glands, an olfactory signal
which may later warn others of danger, as has been described in
caribou by Pruitt (1960) “That the secretion from the pedal glands
must scent the ground over which the animal passes seems clear, for
the pouch is commonly furnished with long hairs projecting from the
orifice or the edge of the orifice, and the function of these hairs seems
to be to guide the secretion downwards between the hoofs” (Pocock,
1910). It is interesting to note that the hindfeet of the chital, which
are thumped during fhght, have well developed pedal glands where-
as the frontfeet do not (Pocock, 1910). A startled chital often emits
one or more high-pitched yips, alarm barks of the highest intensity.
A herd fleeing m the open usually runs about one hundred feet
one compact mass and then looks back at the source of the dis-
turbance. When surprised m dense cover, however, the animals char-
acteristically scatter m all directions, behavior which perhaps con-
fuses an attacking predator

Chutal sometimes closely investigate a potentially dangerous site,
apparently out of curiosity. For example, when a’doe barked and
bounded from a patch of high grass, about fifty other chutal in the
vicmity scattered and dashed 100 feet before stopping. But soon
twenty-three does and fawns slowly approached the grass again. One
doe was 15 feet ahead of the others and actually penetrated into
the thicket in an apparent attempt to spot the source of the dis-
turbance. On another occasion, a lead doe suddenly became alert
and, followed by six other chital, cautiously advanced 45 feet to a
bu§h on which a tigress had sprayed scent the previous night. The
animals sniffed the leaves for three minutes, then departed. Once 1
tied a white goat, which the local chital had probably never seen
before, out on the meadow. That evening twenty-three of them ap-
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proached to within 60 feet and stood there barking for several min-
utes.

Man also elicited the various alarm postures and vocalizations,
although if a person was clearly visible and approached slowly the
animals rarely barked and they did not investigate and follow man’s
tracks as they did those of tiger. The deer readily caught my scent
and became alert at distances of 300 to 400 feet if a breeze blew in
their direction; but if I stood motionless on the open meadow on a
windless day, a herd 100 feet away sometimes failed to become aware
of me. Their flight distance to man on foot was usually 200 to 400
feet, depending on the circumstances, but occasionally as little as
120 feet if T walked at right angles to them. In a car it was some-
times possible to approach to within 70 to 80 feet of a herd without
disturbing it, particularly at night. Moreover, the response of the ani-
mals was greatly influenced by the amount of adverse contact with
man. Early in 1965, for example, the chital at Kanha were noticeably
tamer than at the beginning of the study a year earlier.

Social Behavior

Although chital spend much of their time in social contact with others
of their kind, and although each member of a herd tends to pattern
its behavior such as feeding, moving, and resting after that of the
others, overt interactions between two individuals are relatively un-
common. The most prevalent types of social interactions are agonis-
tic ones between bucks, sexual ones between bucks and does, and
relations between females and young.

Herp Size aAnp CoMPOSITION

The average size of chital herds at Kanha varied considerably with
the seasons. The average for most of the year was between 5 and
10 animals per herd, but as many as 50 to 70 occasionally congre-
gated at a particular site. Inverarity (1895) and Storey (1907) gave
similar figures for other areas. During the monsoon months the size
of herds increased greatly, and the averages given in Table 14 are
actually too low because it was not always possible to obtain accu-
rate composition counts. Herds of 100 to 200 animals were com-
mon then, and in one instance two herds comprising a total of about
450 chital were separated by only five hundred feet of meadow. M.
Krishnan (pers. comm. ) reported a herd of about 240 chital in Ma-
dras. Solitary bucks and does were evident throughout the year.
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Herd size was to some extent influenced by the availability of food
and water. When preferred forage was scarce, as in November and
December, the chital were scattered in small herds, but when green
shoots of grass appeared locally, as was the case in February, the
animals tended to form large herds at such sites. Similarly, when
the water supply was reduced to several pools during May, small
herds diifted 1n from all directions, joined, and frequently grazed
together. The large herds characteristic of the monsoon period broke
up as the grasses reached their full growth, but whether this was

TABLE 14

AVLRAGE Stz or CuITAL ITERDS IN KANHA PARK

Total Num Avera vumber o Largest Herd
Month ng‘-ds Tnlll)xccrdd Amm";clwhpl:r ncernlf "Fallied
January, 1964 176 79 35
February 201 105 4
March 218 100 109
Aprnil 220 82 39
May 212 S9 69
June 210 130 152
July 56 324 175
August 41 351 104
September 30 24 4 125
October 85 99 76
November 82 47 23
December 117 4.6 20

because of the height of the vegetation, which made it difficult for
the animals to remain m contact, or the lack of suitable forage, or
both, could not be determined. Social factors also influenced herd
size Adult does withdrew to fawn in seclusion, and rutting bucks
disrupted herds. In addition there appeared to be a social attraction
between herds. The whole population was divided into several units,
eat?h numbering roughly 100 to 200 individuals, and although these
units were unstable 1n composition and their location on the meadow
changed constantly, the fact remained that at any given time chital
were numerous at two or three sites on the Kanha meadow in con-
trast to other and equally suitable areas where deer weré few in num-
ber. For over half of the year almost the whole chital population in
the valley was concentrated around the Kanha meadow even though
several other meadows with an adequate supply of food and wa-
ter were available. This agaimn suggests a basic social attraction, per-
hap§ associated in part with the advantage of mutual stimulation
during the rut. The gathering at the meadow may also represent “a
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living tradition maintained and transmitted by the older individuals
and learned by the young followers,” as reported for Stone’s sheep
by Geist (1964D).

The size of herds in other areas was similar to that at Kanha. After
part of the Dhikala meadow had been burned in Corbett Park in
late January, the average size of eighty-three herds was 5.5 deer
and the largest herd comprised 39. About 500 chital divided into
four population units congregated on the meadow during early Feb-
ruary, and herds regularly numbered 50 or more animals each. In

TABLE 15

ConrosiTION OF CHITAL HERDS CONTAINING THE SAME ADULT BUcCk

ME;}%S& ‘}3(3“::1): Y%a:l‘élg Doe Fawn Total
1 3 0 1 1 5
4 1 2 6 3 12
5 2 1 8 4 15
6 5 4 v 7 23
8 2 1 1 2 6
10 92 0 1 0 3
11 2 0 5 3 10
12 4 4 9 9 26
14 9 0 3 2 7
15 1 0 0 0 1
},fli 1 0 2 1 4
2 6 5 16 13 40

the West Kheri Forest Division, herds were small, mostly 2 to 5 in-
dividuals each, with one consisting of 25. In the Keoladeo Ghana
Sanctuary, herds congregated at dusk as they moved to the marsh
to drink, but accurate counts in the thick undergrowth were not
feasible. A similar joining of herds at water occurred in the Vanbihar
Sanctuary, usually between 0730 and 0830 hours and after 1800
hours, when I saw as many as 74 chital together.

Bucks, does, and fawns associated throughout the year. Small
herds frequently consisted of an adult doe, 2 yearling, and a fawn;
two or three does with their fawns; a buck and a doe; and two or
tl}ree bucks. During the rut, small herds numbering 10 to 15 indi-
viduals each were often composed of one large buck, several small
bucks, and a number of does and fawns (Plate 4, Table 15). Large
herds contained many members of all age and sex classes, with one
tallied on July 15 consisting of 36 adult bucks, 24 yearling bucks,
70 does, and 45 fawns, a total of 175.

Although the composition of herds is usually mixed, chital have a
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tendency to form two other kinds of associations: (1) buck herds
(Plate 8) and (2) herds consisting of does with small fawns. Two
to 5 adult bucks were commonly together, particularly from October
to March, when many of them were in velvet. Yearling bucks usually
remained with the does. The largest herds composed solely of bucks
at Kanha consisted of 12 individuals and at Keoladeo Ghana of 23
Bucks predominated m some herds, with one being composed of
28 bucks, 4 does, and 2 fawns The proclivity of bucks to congregate
was also shown by the composition of two herds seen on the Kanha
meadow in the evening of March 6: (a) 33 adult bucks, 10 yearling
bucks, 52 does, 14 fawns = 109; (b) 1 adult buck, 8 yearlng bucks,
51 does, 17 fawns = 77. Buck herds have also been reported for
a number of other cervids like the caribou (Skoog, 1956), red deer
(Darling, 1937), and black-tailed deer (Taber and Dasmann,
1958). Does with fawns less than two months old sometimes formed
therr own small herds, whereas those with older fawns lacked this
tendency to any marked degree. Somewhat similar aggregations have
been described 1n caribou, but the nursing bands, as Pruitt (1960)
termed them, persisted longer than in the chital.

The composition of chital herds changes constantly. The only as-
sociation of a relatively permanent nature is that of a doe with her
favxtn and sometimes also her young of the previous year. All other
social contacts m a large population are transitory, lasting a few
minutes to a day, or exceptionally, perhaps several days. Small iso-
lated herds are possibly more permanent. The same adult buck, es-
timated to be about two and one-half years old, was seen on twelve
occasions during May, and the compositions of the herds to which
he belonged are given in Table 15. Bucks in particular were un-
stable members of herds, and during the rut one or more commonly
joined a herd, but within a few minutes parted from it again. Mix-
ing of herds occurred frequently. For example, one herd of 61 chital
at a water hole consisted of 7 herds which had joined there; and in
the course of one and one-half hours g herd of 27 chital split into 3

herds, numbering 4, 8, and 15 animals, each leaving for a different
part of the meadow

LEADERSHTP

The term “leader” in connection with chital merely connotes a num-
ber of followers. One member of foraging herd sometimes ambled
off to one s§de, and the others then swerved in its direction. Two
chital walking from a herd 1n opposite directions occasionally
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caused a split with several ammals joining each leader. On one oc-
casion 38 chital straggled i single file for a distance of four hundred
feet, but when the two does last in line turned around and returned
to the locality they had just left, the whole herd, except for several
bucks, retraced its steps. Chital had the tendency to follow any ani-
mal that moved away steadily, a conspicuous habit when at times
members of other species were accepted as leaders. In one instance
a barasingha stag was followed by 10 chital in single file for over
a quarter mile, and on another occasion two barasingha hinds led
a herd of 9 chital. Blackbuck and sambar were also seen to lead
chital.

The leadership of any chital, regardless of age and sex, is accepted
by the others in times of danger. Under normal circumstances, how-
ever, fawns and yearlings rarely ehcit following, and bucks, with
their tendency to roam widely and erratically, are accepted as leaders
primarily by other males. Most leaders of herds are adult females, a
widespread phenomenon among ungulates. Of 75 large herds tallied
as the animals moved along in single file, 84 percent were led by
a doe. Leadership was recorded on 547 occasions in the study herd
of 10 bucks and 13 does in the Calcutta Zoological Garden. Does
led 56 percent of the movements from one side of the enclosure to
the other, a figure much lower than that obtained in the wild. One
doe led the herd 23 percent of the time, and 7 of the 23 animals
accounted for 82 percent of the leadership, indicating that certain
chital are more predisposed to break away from the herd and elicit
following than others. These males and females ranked in the top
50 percent of their respective hierarchies (see Agonistic behavior
and dominance, p. 79). The doe which led most frequently was
fifth in the female rank order, and the leading buck was second in
the buck rank order.

AcoNisTIC BEHAVIOR AND DOMINANCE

Bucks in velvet are very passive, but after their antlers have become
hard, they display several distmnctive behavior patterns, which are
either overtly aggressive or are apparently intended primarily to in-
timidate the opponent directly or indirectly. The overt aggressive
actions, in order of increasing intensity, consist of (1) walking di-
rectly at the opponent, (2) jerking the head downward or sideways
to point the tip of the antlers briefly at him (3) lunging forward
with head lowered, and (4) chasing him over a distance of five or
more feet, often with antlers pointing forward.
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A charactenistic display, termed here the head-up display, 1s com-
mon between bucks. One animal approaches stiff-legged with rather
jerky steps, neck stretched upward, and muzzle pointing obhquely
toward the sky, a position which exposes the white throat patch.
The ears are partially laid back, and on rare occasions, the tail 1s
raised vertically. The buck maintains this position, either while fac-
ing lus opponent or while standing parallel to him, until the latter
moves away, displays in similar fashion, or lowers his antlers threat-
eningly. The posture makes the buck look large and impressive, at
least to the human observer, and it appears to be a means of asserting
dommance, of challenging the other animal, without resorting to
direct aggression. For example, a large buck approached a herd con-
sisting of 8 adult bucks, 5 yearling bucks, 2 does, and one fawn. He
assumed the head-up display as he entered the herd, and the two
largest bucks promptly turned aside and grazed. Then he stepped
toward the third adult buck, which behaved similarly.

Another display, the head-down display, occurs commonly be-
tween males when herds jom. Typically, one buck stands parallel to
and faces in the same direction as another buck. His back is humped,
the hairs on the shoulders are somewhat erected, and the neck is
erther S-shaped or arched with the muzzle pointing toward the
ground. The ears are laid back, but the one facing the opponent is
sometimes flashed back and forth, making the white hairs on the
wnside of 1t conspicuous; the tail 15 held limply horizontal. The head
is averted, and the eyes are rolled so that the whites show. The other
buck may assume a similar posture, and both then stand or walk
stiff-legged some four to twelve feet apart. Occasionally one circles
the other, or both stop briefly and thrash a tuft of grass with their
antlers or paw the ground with a forefoot, creating a dust cloud if
the earth 15 dry. Usually only two bucks display in this fashion, but
on occasion as many as six or eight animals participate, all stalking
around and circhng each other. Cowan and Geist (1961) have de-
scribed a display mn the black-tailed deer, “the crouch,” which re-
sembles the head-down of the chital, and Thomas et al. (1965) ob-
served a white-tailed deer buck “which turned his head and body
approximately 30° from his antagonist, head erect and chin tucked
in, and took several sidling steps toward his adversary.”

The head-down display is undoubtedly designed to intimidate the
opponent, but unlike the head-up display, it does not appear to rep-
resent a challenge to the other animal’s status and thus rarely leads

to a sparring match or other form of aggression. (Most interactions
Vs



THE CHITAL 73

are resolved without an obvious decision having been reached.) Con-
sequently, the display 1s frequently exhibited by yearlings and bucks
in velvet, both of which seldom perform the head-up. Of 231
bucks volved in head-down displays, 34 percent were yearlings.
About one-third (81 percent) of the adult bucks were m velvet.
Adult bucks with large hard antlers, 31 inches long and over, were
never seen to display to bucks in velvet, and the frequency with
which they did so to other bucks m hard antler varied considerably.
Of 80 displays involving a large buck, 16 (53 percent) were directed
at an equally large animal and only 2 (7 percent) at a yearling. On
98 occasions one buck walked in head-down past another buck which
failed to respond; in 20 (71 percent) of these mstances the buck
with the smaller antlers displayed. Yearling bucks displayed to does
on 4 occasions, and once an animal did so to a fawn; one buck dis-
played to no one m particular. Does were seen to give the head-
down to each other twice.

The bucks responded to a head-down display in a number of
ways. Once, for example, two bucks stood parallel and eight feet
apart as they pawed the ground and jabbed their antlers into the
grass with upward jerks of the head. They then circled each other,
going in opposite directions. A third buck walked between them, dis-
playing the head-down first to one buck and then, while retracing
his steps, to the other. All three bucks drifted apart without further
interaction. On another occasion a large buck pawed the soil while
twenty feet from him another buck belabored a Butea shrub so vio-
lently with his antlers that the leaves flew high into the air When
the first buck approached in the head-down posture, the second and
smaller one retreated and left the herd In yet another instance a
buck with medium-sized antlers entered a herd in the head-down
without eliciting a response from a large buck in velvet at whom the
display was directed. He then approached and circled a large buck
in hard antler, which promptly assumed the head-up and remained
motionless while the small buck pawed and thrashed grass. When
the latter switched to the head-up display, the other buck immedi-
ately responded with the head-down. After about four minutes, the
intruding buck left the herd.

Two of the behavior patterns associated with the head-down dis-
play ~ pawing and thrashing vegetation with the antlers—also oc-
cur before and after sparring, and with seeming spontaneity. A
Pawing buck stands with head lowered and scrapes the ground with
either one forefoot or alternately both, creating a characteristic bare
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patch with a series of grooves made by the hooves. Bucks frequently
rub therr antlers agamst the trunks of Butea and other trees, leav-
mg patches of scoured bark, which were particularly common on
the Kanha meadow during the hot season (Plate 5), as were tat-
tered sapling and shrubby plants which had been thrashed with the
antlers. Bucks begm to rub their antlers against trunks and shrubs
when the velvet begins to dry, and they continue to do so until the
antlers are shed. Sometimes this rubbing is vigorous, the antlers clank-
ing noisily, but at other times the buck does it gently by wipmng
his face, forehead, antlers, and neck over the bark. Tufts of grass
and other vegetation are thrashed with violent lateral motions of
the head or with upward sweeps of the antlers.

A third type of behavior, related to the thrashing of vegetation,
1s “preaching,” a term apphed by Brander (1923) to the sambar’s
habit of rearing up on 1its lund legs. The buck stands bolt upright
and sticks his head into the leaves of a low-hanging branch. He
shakes his head back and forth and, while attempting to retain his
balance, treads with his hindlegs, churning the soil. After repeated
use, a preaching tree has a characteristic bare patch two to three
feet in diameter at its base. Several bucks sometimes use a preach-
ing tree in succession. For example, when a herd moved into the
forest past a tree at which a buck had preached earlier that morning,
a yearling male wiped his face in the leaves at that spot, and three
minutes later another passing buck halted abruptly, raised his muz-
zle as if sniffing the air, and then reared up and preached.

All instances of thrashing, pawing, and preaching observed at
Kanha were recorded in connection wiEh the approximate length of
the antlers of the buck exhibiting the behavior (Table 16). The re-
sults show that the bucks with the longest antlers displayed pro-
portionately more frequently than those with small antlers and with
spikes. Does were not seen to thrash, paw, or preach.

None of the behavior patterns described so far involve actual
physical contact between the bucks, the majority serving to cow the
opponent by visual and olfactory means. The head-up display is
a dlref:t assertion of dommance, the head-down display an attempt
to mtimdate, and the pawing, thrashing of bushes, and scouring
of tree trunks appear to be forms of redirected aggression, with the
buck expending hus energy on objects rather than directly on an-
ot.her buck. The wigorous pawing and thrashing of the vegetation,
with dust, leaves, and grass flying into the air, also increase the ef-
fectiveness of the head-down and other displays by drawing atten-
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tion to the animal and probably by making it look impressive, es-
pecially afterward when it stalks around with grass and tatters of
velvet draped from its tines. Other cervids show smmilar patterns of
behavior. Wapiti and black-tailed deer paw and rub antlers on
shrubs and trees (Graf, 1956), as do reindeer (Espmark, 1964a).
Males of the latter series also tramp the ground with their hindlegs
while urinating on them. Pruitt (1954) observed a white-tailed deer
buck as it pawed, grunted, and “reached up and grasped low-hang-
ing oak limbs in his mouth, pulled them down, and, by twisting
his head, raked his antler through them.”

These activities leave visual and olfactory signals in the environ-
ment which become physical extensions, as it were, of the animal

TABLE 16

FREQUENCY OF THRASHING BUSHES, PAWING, AND “PREACHING”
IN THE ANTLER-S1zE CrAssES oF CHITAL Bucks

. Rubbing Antler on Bucks 1n Each
An%f;f‘” Tree or Thrashing Pawing Preaching Size Class in
Bush Population

Total number of

observations 167 96 28
31 inches-}- . 38%, 349, 369, 23%
21-30 inches 22 32 32 19
11-20 inches 28 23 18 23
Spikes . 129, 11% 149, 359,

itself. The paw marks are a prominent feature of the surroundings,
and I have several times observed a solitary buck stop and paw at
such a site. The scoured tree trunks and the bare patches at the base
of preaching trees remain easily visible for several months. Insep-
arably associated with these visual signals are olfactory ones. When
thrashing bushes and preaching, scent from the preorbital glands
is probably deposited on the leaves. On several occasions bucks
rubbed their preorbital glands on tree trunks, then appeared to
spread the scent over their antlers, head, and neck by brushing
against the bark, which not only enhanced the odor of their bodies
but also left evidence of their presence on the tree. Secretions from
the interdigjtal gland are perhaps added to the soil when pawing.
It is possible that these signals have an intimidatory effect on other
bucks that see and smell them (Graf, 1956), and thus a large number
of such signs in a limited area might tend to space bucks out. On
the other hand, the mcreased number of signals toward the peak of
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the rut probably also attracts the animals and through mutual stimu-
lation 1nfluences the synchromzation of sexual activity.

Sparnng, or fighting with the antlers, 1s one of the most conspicu-
ous behavior patterns of chital and of deer in general. Two bucks
charactenistically approach each other, lower their heads abruptly,
and lock antlers gently before twisting them back and forth and,
with hindlegs braced, attempt to push each other backward Some-
times the ammals break apart and, after a cursory head-up dis-
play, spar once agam The number of such rounds in a sparring
match may reach five or six before one buck breaks away and de-
parts A third buck occasionally butts in from the side and then spars
with each of the others m succession. Groans are emitted occasion-

TABLE 17

FREQUENCY OF SPARRING BruHAVIOR IN ApULT CHITAL BUCKS
OF DIFFERENT ANTLER-S1ZE CLASSES

Antler-Size T"O‘fakN“mIb“ Percent Pc"cs“" %f( Bucks 1n
lass S mmals Sparning i," lass in
parrnng opulation
31 Inches+ 46 9 35
21-31 inches 124 26 30
11-20 inches 320 65 35
Total 490 100 100

ally by sparring animals Most matches are brief, one minute or less,
but some exceptional ones last as long as ten minutes. Of 284 spar-
ring matches observed at Kanha, only one was a serious fight with
the bucks obviously attempting to vanquish each other. Although
sometimes carried on with vigor for brief periods, all other matches
consisted for the most part of gentle grappling with the antlers The
animals gave the impression of trymg to reassert themselves or test
their strength rather than determine their position in a rank order.
The antler length of every buck involved in a sparring bout was
recorded. The results of 245 such matches (Table 17) show that the
adults with the shortest antlers sparred seven times as often (65 per-
cent) as those with the longest ones (9 percent), a difference per-
haps attributable i part to the fact that the young, growing animals,
In contrast to the large bucks, change constantly in size and hence
test their strength frequently against others of comparable age and
antler length The difference m antler length of the participants 1n
227 sparrmg matches tallied was 5 mches or less m 55 percent of
the cases, 6 to 10 mches in 24 percent of the cases, 11 to 15 inches
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in 15 percent of the cases, and 16 or more imches in 6 percent of the
cases. Sumilarly, in 36 matches between spikes and adults, 70 percent
of the latter were in the small (11-20 inches) antler-length class.

The majority of matches terminated when one buck turned aside,
walked or trotted off, or began to forage. I designated such an animal
as the loser. Occasionally no decision was reached, as when the bucks
reacted to some disturbance or when interrupted by a third animal.
The buck with the larger set of antlers was victorious in 88 percent
of 129 matches observed in which the estimated length of the antlers
of the participants differed by at least one inch. When two bucks
approached each other before a match, I could in most instances
designate the winner and loser merely by estimating the length of
the antlers. The whole sequence of events, from the mitial approach
to the termination of the match, was observed 62 times. The ulti-
mate winner initiated 77 percent of the matches. The loser then oc-
casionally sought out another buck of still more subordinate position
and challenged him to a sparring bout. These data suggest that in
a majority of sparring matches the dominant animal deliberately
chooses a subordmate one to assert its position: in other words the
match is “fixed” since the outcome is almost predetermined. This does
not, of course, exclude the possibihity that sparring is also a “matter
of mutual enjoyment and probably has the effect of building up
their rutting condition,” as was suggested by Taber and Dasmann
(1958) for the black-tailed deer.

Smce it is lighly improbable that all bucks in a large population
know each other individually, the animals must have some means
by which they are able to determine their rank without overt inter-
action as soon as they meet. I think that dominance among chital
bucks is primarily established by a rapid visual assessment of the
opponent’s physical attributes: body size, swollen neck, and, particu-
larly, antler length. The simple tine pattern of the antler makes such
an estimation relatively simple, at least to the human observer.
Espmark (1964b), in his study of captive reindeer, also concluded
that the size of the antlers influences rank order. If 1t is assumed
that a clutal is able to determine its rank in relation to another in-
dividual by visual means alone, the problem remains just how the
animal is able to compare its own attributes favorably or unfavorably
with those of its opponent, especially when the animals are evenly
matched as to body size. Possibly each buck learns from experience
to correlate size of antler and strength of opponent after having won
and lost a number of sparring matches.
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Antlers have a number of functions. They are obviously dangerous
weapons. Skoog (1956) mentioned that a cartbou was seen to hold
off two wolves with lowered antlers, and a wild dog could be similarly
held at bay by a chital buck. During intraspecific encounters the
antlers are rarely put to their full potential use; in fact, a buck was
never seen to take advantage of an exposed and vulnerable part of
lus opponent’s body, and the mere presentation of the neck or flank
with the head averted prevented further attacks by the other animal,
Although antlers are occasionally used for fighting when two bucks
have apparently failed to settle their respective positions in the rank
order by other means, they seem to function primarily and para-
doxically to reduce aggression by providing a prominent visual sig-
nal of status that can be assessed at a distance. That is, the antlers
of chital serve mamly in display; they are status symbols. A simlar
conclusion was reached by Darling (1937) for the red deer and by
Espmark (1964b) for the remdeer

Bucks wath antlers 31 inches long and over were seen to spar with
each other only two times. These la1ge bucks, the most powerful ani-
mals in the population, appeared to avoid physical contact and, in-
stead, established and remforced their status by using displays and
various forms of redirected aggression, with, for example, thrashing
and pawmng being used more commonly by the large bucks than by
the other size classes (Table 16), an inverse correlation with the
frequency of sparring.

An adult buck in velvet sparred gently with an opponent on sev-
eral occasions: three times with a small yearling buck, twice with a
yearlmg doe, and once with another buck in velvet.

' Aggressive mteractions between the other age and sex classes were
infrequent. Does nipped the shoulder or rump of another doe or
of a yearling buck on several occasions, Threat in does consisted of
facing the opponent with neck held vertically, ears laid back, and
muzzle honzontal or slightly above it, a display which resembled
the head-up of bucks to some extent. Altmann (1956) described a
sumilar posture in the wapiti, as did Geist (1963) in the moose and
Lent (1965) mn the cartbou. The mere laying back of the ears was
often a sufficiently threatening gesture to cause another doe to re-
treat If the threatened animal failed to res ond, or if it assumed a
similar posture, the confhct resulted at times in a fight, during which
both combata.nts reared up on thewr hindlegs and, remaining up-
nght by leaning on each other, flalled wildly with their forelegs
Bucks 1 velvet were observed to fight 1 this manner on two occa-
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sions, and fawns on four occasions. Yearling does “locked antlers”
with a buck in five instances but adult does never did so. Once,
when an adult doe bit a yearling doe in the rump, the latter wheeled
around and with spread forelegs and lowered head assumed the male
fighting stance. A doe sometimes bit her larger fawn when it at-
tempted to suckle or when it crowded her too closely.

Most subordinate animals avoided contact by merely turning aside
when threatened, but two other postures also conveyed submission.
Bucks occasionally began to graze intensively in agonistic situa-
tions, a displacement activity which served to mlibit further action
on the part of the aggressor. Submission was also conveyed, pre-
dominantly by does, by lowering the neck and stretching 1t parallel
to the ground with muzzle pointed forward and ears laxd back. On
one occasion a yearling buck gave the head-down display to a doe,
and she immediately lowered her neck and trotted off. When two
does threatened each other, one frequently would lower her neck
suddenly wlile the other kept her head in a raised posttion for sev-
eral more seconds.

Implied in this discussion of aggressive behavior 1s the existence
of a rank order among bucks based not on individual recognition
but on an immedate visual assessment of the opponent’s physical
features, particularly the length of antlers. Since a herd is in a con-
stant state of flux, its hierarchial system is too. This, together with
the extremely limited number of overt interactions between animals,
made it difficult to confirm the existence of a hierarchy in herds con-
taining many bucks. When only about five males were together, how-
ever, a rank order was sometimes clearly evident. For example, on
one occasion I observed a herd of seven bucks, three does, and one
fawn. The two largest bucks each courted a doe, implymg top
ranking, the smallest buck, a spike, grazed. Eleven interactions by
the four remaiing bucks indicated that they had a linear rank order.

A herd of chital containing ten bucks was observed in the Calcutta
Zoological Garden for 173 hours between September 18 and Novem-
ber 4, 1963, usually during the early morning when the animals were
most active. All overt aggressive interactions—direct approach, a
jab with an antler, chasing, and sparring —were tabulated (Table
18). The 580 interactions show that the bucks had a linear hier-
archy, except for buck No. 8 which was dominant over buck No. 5.
The number of reversals in mteractions comprised 1.7 percent of
the total, if buck No. 2 is excluded from the computation. Buck No
2 shed his antlers on October 1 and instantaneously lost his high
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ranking, He withdrew to the periphery of the herd and became the
recipient of butts even from the bucks lowest in rank Similar be-
havior was described by Crandall (1964) m the New York Zoologi-
cal Park: “The only hard-antlered male in the herd was a spike buck
that previously had been kept in order by older animals Released
from restraint, his persecution of now defenseless superiors resulted
1n extensive damage ” The fact that the loss of antlers immediately
relegates an animal to a low position 1n the hierarchy was also noted
by Hediger (1952) and Espmark (19645) The combined evidence

TABLE 18

DoMINANCE INTERACTIONS IN TEN CHITAL BUCKS,
SEPTEMBER 18~NOVEMBER 4, 1963, CaLcurTa Z00LOGICAL GARDEN

Total Length
Dom- Subordinate Buck Nungbzér of | of fﬁﬁgest Comments
mant Buck |7 1T 11 IV V VI VII VIII Ix X | b=} Aptlerm
I 21 31 32 35 38 39 36 39 38 309 17 Antler tips
broken
1T 2 5 5 3 1 2 2 20 28 Antlers shed
QOctober 1
11T 6 161115 9 9 6 5 S0 17
Iv 3 1017 821 4 2 85 22
Y 4 10 8§ 4 3 30 18
Vi 1 2 16 2 3 1 25 14
VII 6 1 1+ 3 6 22 12
VIII 11 4 1 6 4 26 15 One antler
deformed,
3% long
1X 2 1 3 Spike
X 0 Spike
580 Total

from the wild and from captivity indicates that the hierarchy of
chtal bucks is in a continuous state of flux, not only as a result of
the flnd social structure of the herd, but also because of seasonal
changes in the physical appearance of the animal itself The cyclical
nature of antler development is largely mediated by the amount of
testosterone 1 the blood (Wislock:, 1943, Wislocki et al., 1947),
the shedding of the velvet being precipitated by the increase of the
honnf)ne Smce a raise in the testosterone level also increases ag-
gressiveness m vertebrates (Collias, 1944), it is apparent that the
ph)'S{ologxcaI state of the animal also has a profound influence on its
position in the social order (Allee, 1952).

It was suggested that the length of antlers determines the rank of
the animals in the wild to a large extent. The shed antlers of all the
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bucks in the zoo study herd were measured, and Table 18 shows
that, although bucks with large antlers tended to be dominant over
those with small ones, there was no complete correlation between
antler size and status. This is not surprising, for the captives probably
determined their position in the hierarchy not by a brief visual as-
sessment of each other’s physical attributes, as was the case in the
wild, but by repeated contacts with known individuals. A hierarchy
based on and maintained by a relatively stable society in which each
member knows the personal idiosyncrasies of every other member
can be expected to operate on a somewhat different level than one
in which the animals are not known to each other. For example,
the dominant buck in the zoo herd was an exceedingly aggressive
individual, who in the confines of the enclosure was able to assert
his dominance fully in spite of his small antlers. In the wild this ani-
mal probably would be at a psychological disadvantage in dealing
with bucks whose antlers were larger than his and whose strength
and other personal attributes were unknown to him.

In the study herd as a whole, which also included ten adult does,
three yearling does, and two fawns, all adult bucks were dominant
over all the does, but the status of the yearling bucks was in flux,
with some does being dominant over them and others not, approxi-
mating conditions in the wild. The does also established a hierarchy,
based on biting, as 3,836 interactions recorded intermittently by
my assistants Ghosh and Goswami over a period of ten months
showed Reversals were more common (5.4 percent) than among
the bucks, and there were four pairs of does who seemingly failed to
settle their respective positions in the rank order completely. There
was no evidence of a hierarchy among free-living chital does. It is
likely that when any group of mammals remains together for a pro-
longed period, either voluntarily in the wild or without choice in
captivity, some form of social organization based on priority rights
will become established if competitve situations such as limited
food and mates exst. The fact that chital does in captivity have a
hierarchy illustrates merely that they have the propensity to form
one and does not provide evidence for its occurrence in the wild.

SEXUAL, BEHAVIOR

The weight of the testes of white-tailed deer in temperate climates
fluctuates seasonally, reaching a maximum during the fall rut and a
mimmum from late winter to early summer. Simila1ly, the output of
testosterone rises with the shedding of the velvet and remains high
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for several months, then diminishes before the antlers are diopped
(Severinghaus and Cheatum, 1956). It is probable that chital bucks
follow a similar hormonal cycle, which, however, is not synchromzed
1n the whole population according to the seasons but follows its own
characteristic pattern in each buck. An increased level of testosterone
results i more sexual behavior and aggression, two activities often
so complementary in deer that sepaiation is sometimes difficult. It is,
for example, common to read in the literature such a statement as
“the stags fight for hinds” (Brander, 1923), when in fact fighting
seems to be related primarily to dommnance, a high rank giving in
turn priority to estrous females.

One of the most obvious behavior patterns of rutting bucks is
bellowing, with the amimal emitting a series of 2 to 10 hoarse calls
at the rate of about one per second. The number of bellows m a
series was counted 459 times. The average number during the peak
of the rut from March to June was 4.2 and during the rest of the
year 3.7. The majority (96 percent) of the bellows were given by
bucks with antlers 31 inches long and over (Table 19). The calls of
one buck frequently elicited bellows from one or two others in the
vicmity. Most bellowing occurred around dawn and dusk, the time
when mating activity i general reached its daily peaks. The bel-

TABLE 19

FRLQUENCY OF VARIOUS SEXUAL BEHAVIOR PATTERNS
IN THE ANTLER-S1zC CLASSES OF CHITAL BUCKS

Percent of
Antler-Size Driving, Mounting Bucks in
Class Bellowing Flekmen Tending, and/or Copulation | Autler-Size
and/or Attempted Class 1n
Chasing Mounting Population
Total number
of observations| 56 52 135 13 2
31 inches4-1 96 77 67 58 23
21-30 inches 1’ 5% 3% &% 1007 2%
11-20 inches 0 7 11 8 0 23
Spikes 0% 189 49, 389, 0% 35%

lows appeared to function primarily as auditory complements to the
visual and olfactory signals left by the buck in his environment dur-
m% agonistic displays, and they perhaps also attracted does m
estrus.

Rutting bucks are exceedingly restless. They roam widely, often
at a fast walk or trot; they lick ther lips and occasionally bellow or
thrash a bush with their antlers. If they spot a herd they either join
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it, or if a large buck is already present, they may veer past it and
continue their wanderings. One buck observed on February 17 be-
haved typically. At 0630 hours he walked alone across the meadow.
At 0650 hours he joined 8 does, 1 fawn, and a buck in velvet. He
left the herd three minutes later after sniffing the vulva of two of
the does. At 0930 hours he associated for five minutes with 2 bucks
and 2 does before continuing alone again. At 1715 I spotted him
once more, this time with 4 does and 1 fawn. Stebbing (1911) and
Brander (1923) gave the impression that a chital buck collects a
harem of does, and Lydekker (1924) implied that large herds re-
main under the junsdiction of one “master bull.” Chital bucks make
no attempt to collect and retain a number of does, nor do they es-
tablish and defend a territory. Instead, bucks join a succession of
herds in search of a receptive doe, a pattern of behavior similar to
that used by the Odocoileus deer (Taber and Dasmann, 1958, W.
Taylor, 1956).

When a buck enters a herd, he usually sniffs the anal area of one
or more does or pokes them there with his muzzle. This gesture some-
times stimulates the doe to urinate. The buck then either holds his
nose in the stream of urine, licking vigorously, or he sniffs the
ground, afterward raising his head slightly above the horizontal with
an upcurled lip, a gesture termed flehmen by Walther (1958),
Buechner and Schloeth (1965), and others. The buck is apparently
able to determine the doe’s state of receptivity by her odor, and if
she is in heat or approaching it, he attempts to remain with her. He
grazes by her side, usually staying parallel to and within six feet of
her, he follows when she walks off, and he lies down when she
does. McHugh (1958) referred to such behavior as “tending” in the
American bison. When the doe stands still, the buck may poke her
with his nose as if to induce her to move, and he chases after her
at full speed if she runs. His penis is occasionally unsheathed, and
he may emit a hoarse, moaning sound.

When approaching a doe rapidly, the buck sometimes assumes a
posture which corresponds roughly to one which Geist (1964a)
called the “low-stretch” in the mountain goat. The neck is lowered
and held parallel to the ground, but the head is slightly raised with
the antlers lymng along the back, the ears are held laterally, making
the white insides conspicuous when seen from the front. Linsdale
and Tomich (1953) noted a similar posture in the mule deer. The
stance resembles the submissive posture employed by does except
that the raised head resembles the head-up of bucks. It is possible
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that the low-stretch contamms components of both dominance and
submussion, signifymng that, although approach is rapid, attack 1s not
intended.

The head-up display, described earher mn conjunction with domi-
nance behavior, 1s also given by courting bucks. Whereas in
dominance the display is brief and exhibited primarily as the buck
faces or approaches another animal, in courtship the actions are more
prolonged and mtense, and the buck is commonly standing parallel to
the doe or following her With muzzle raised, head slightly averted,
neck somewhat s-shaped, and tail held vertically, the buck prances
beside or behund the doe, hifting and placing his forelegs in exag-
gerated fashion, His tongue flicks in and out, and when she ceases
to move, he may stand beside her and stamp a forefoot on the ground.
The use of the head-up display in both aggressive and sexual situa-
tions points to a close relationship of the two patterns, and the re-
sponse of the doe probably depends on her physiological state: she
avoids the buck when not receptive but is attracted to him when in
heat. Pruitt (1960) also noted a similarity in the threat and court-
ship dlslglays of caribou.

The head-up display, smiffing, chasing, and other patterns are
given repeatedly in no particular sequence as the buck and doe re-
main together, usually becoming separated from the herd as they
feed and rest at intervals. A receptive doe makes no attempt to es-
cape from the buck, and even though she sometimes bounds away
at great speed, she merely circles and returns to lum if he has not
followed her. At intervals he places his chin on her rump, then
mounts. She usually steps ahead, causmg him to fall off, but when
fully receptive, she stands or walks slowly with her back humped
and tail held horizontally. Two copulations were observed in the
wild. In each instance the buck thrusted so violently after penetrating
the vagma once or twice that the doe was propelled forward several
feet. No postcortal display occurred. While the buck licked his geni-
tals, the doe walked off slowly. The courtship may continue for sev-
eral hours, judging from the behavior of captives, but it was not
possible to keep a pair in sight the whole time in the wild The pro-
longed sequence of events leading to copulation probably stumulates
the amimals and synchronizes them physiologically, making the ac-

tual coitus very brief. Two detailed examples describe the behavior
of rutting bucks around estrous does:

1) 1655 hours. A large buck stands near a herd of 13 animals and thrashes
a tuft of grass with s antlers He joins another herd of about 20 animals
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some 300 feet away and assumes the head-up display parallel to and 5 feet
from a doe. As she walks slowly, he remains beside her; when she stops,
he does, too. She urinates, and he sniffs the ground, then curls his lip. Sud-
denly he leaves the doe and at a trot rejoins the first herd, mingling with
it for 10 minutes, lis pems unsheathed. He bellows. Once again he walks
to the other herd One doe is lying, and he touches noses with her. He then
sniffs her vulva and, after she rises, the ground Without paying her further
attention, he leaves and joins a third herd which has appeared 300 feet
away at the forest’s edge. After sniffing the rump of one doe, he belabors
a tuft of grass with his antlers, both pawing and urinating while doing so.
At 1750 hours he follows a grazing doe dnd keeps in step with her as she
moves along. A small fawn tags behind.

2) 0640 hours. A large buck and a doe are 300 feet from a herd of 17
chital. He places his chin on her rump several times, but she either trots
ahead or gallops in a circle. When he mounts, she jumps forward, circles,
and touches his muzzle with hers. He mounts twice more. A yearling buck
trots over from the herd but retreats when the large buck jerks his antlers
down at him. He mounts 4 times in succession, then prances beside her in
the head-up display; he places his chin on her rump, then bellows 6 times.
Again he assumes the head-up, standing beside her as she grazes in cursory
fashion. The yearling buck has drifted over again, and the large buck takes
a threatening step in his direction before resuming the head-up display
The doe walks to the yearling buck, which has been joined by two adult
bucks with antlers in velvet. The large buck threatens the yearling with
lowered antlers, ignoring the two other bucks Another large buck, in size
equal to the courting one, appears nearby and approaches to within 60
feet before beginning to graze. The large buck leaves the doe and chases
the newcomer for 50 feet at a run. Then he rubs his antlers vigorously on
;zl;r‘ee trunk and finally returns to the doe. Both move from sight at 0715

1s.

A buck with antlers in velvet placed his chin on the rump of a doe
on two occasions, and a doe mounted another one on four occasions.
Fawns, one to six months old, attempted to mount a doe ten times,
behavior probably released by the conformation of the female’s rump
or the odor eminating from her vulva.

In order to determine if all bucks participate equally in the rut,
the frequency of occurrence of several sexual behavior patterns in
each of the four antler-size classes was noted (Table 19). All ob-
served instances of bellowing and flehmen were tallied. Driving and
the associated displays are listed only if these patterns were neither
preceded nor succeeded by mounting or attempted mounting while
the animals were under observation Table 19 thus gives an indica-
tion of the total number of instances of sexual behavior observed
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and the total number of bucks involved. The largest bucks were sex-
ually at least twice and sometimes almost three times as active as
expected. one-fourth of the buck population accounted for over 50
percent of all mstances of sexual behavior. Although only two copu-
lations were observed, there is no reason to doubt that these large
bucks are also responsible for over half of the conceptions. Year-
ling bucks rarely chase does or display the head-up to them, but
mounting and attempts to do so are frequent. In the white tailed deer,
sexual matunity is reached at eighteen months (Severmghaus and
Cheatum, 1956), an age which probably corresponds closely with
matunty m the chital buck. It is unlikely that yearlings mate suc-
cessfully very often, especially since most of them come into rutting
condition during the monsoon after the peak of the rut. A high rank
in the dommance hierarchy 1s clearly of sexual advantage to the
individual, as the close correlation between large antler size and
mating activity shows. The genetic selective advantage of being
dominant durmg the rut 1s therefore great, as Darling (1937) and
Allee (1952) have pointed out.

FemMALE-Younc RELATIONS

The association between a doe and her fawn persists for about twelve
months until she withdraws to give birth again. After the newborn
begms to accompany its mother, the fawn of the previous year,
now a yearling, often rejoins the doe for another three to eight
months. Yearling does sometimes remain with an adult until nearly
two years old, whereas yearling bucks have usually become inde-
pendent by about fifteen months of age.

The doe becomes solitary at least three days before parturition and
remains in the vicimty of a patch of dense brush and high grass. The
newborn fawn spends most if not all of the first week after birth
hidden m the v;aﬁetation while the doe remains in the general vi-
cuuty. Occasionally T came across a female with a tiny fawn shalaly
at heel moving from one thicket to another, but usually fawns were
not encountered until fully co-ordinated. The young are not found
regularly with a herd untl at least ten days old, and even then they
spend much time lying down while their mother feeds

Goswami observed one fawn in the Calcutta Zoological Garden
m}rledlately after birth. It first attempted to stand up at about
thirty-five minutes of age and finally succeeded m doing so when
seventy-five minutes old. The doe expelled and ate the placenta two
hours after parturition. By then the youngster was able to stand well,
and 1t tried to run Although still somewhat unsteady on its feet at
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one day of age, it ran, walked, and jumped playfully on the following
day. It rested in a comner of the enclosure for most of the first week
of ‘its life while the doe was with the herd, but the age of eleven
days it was commonly seen with the other animals.

The doe licks the head, neck, body, and anal area of the newborn
fawn frequently and intensively. The fawn observed by Goswami
was licked almost continuously for three hours following parturition.
Although such licking undoubtedly has sanitary functions, the be-
havior also appears to play an important role in establishing and
strengthening the social bond between female and young, as sug-

ested by several of Ghosh’s observations on a fawn one to three
days old: (1) The young has a tendency to follow any chital in its
vicinity, but when it does so, its mother approaches immediately and
begins to lick its body. (2) The doe walks along, closely followed
by the fawn. When the young stops and sniffs at other chital, the
doe returns and licks it. (83) The doe licks the fawn, then walks
ahead with the young following behind The fawn drifts to one side
and stands beneath another doe. Its mother returns, licks it, and
again moves away, this time with the young at heel. Pruitt (1960) de-
scribed a head-bobbing movement by which a canbou female in-
duces a young to follow her. Chital appear to lack such a specialized
visual signal and instead rely partly on physical contact in the form
of licking. After the fawn reaches the age of about ten days and the
social bond with its mother is presumably fully established, the fre-
quency of licking decreases sharply. Of 46 instances of licking ob-
served in the wild, not including bucks licking the vulvas of does,
females licked young 32 times, the reverse occurred 7 times, and
does licked each other 7 times, indicating that licking is primarily a
social gesture between doe and fawn.

Suckling or attempted suckling was observed on 61 occasions in
the wild, all young except one being four months old or less. A fawn
characteristically ducked between the doe’s front legs, butted the
udder vigorously once or twice, an action which apparently stimu-
lates the flow of milk (Amoroso and Jewell, 1963), then suckled with
tail in a vertical position and one foreleg pawing the air. In 15 per-
cent of the instances, the doe stepped away without permitting the
young to feed. The fawn approached from between the front legs 75
percent of the time and from either side or from behind in the re-
maining instances. The duration of suckling averaged 82 seconds,
with a variation of from 5 to 55 seconds. The doe always terminated

the activity by walking away. One young, estimated to be two weeks
old, nibbled on grass.
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Captive fawns suckle frequently, sometimes four or five times in
the course of a morning, either on their own mother or on other
does. One fawn, born on December 19 and observed by Ghosh
for several months, attempted to suckle on a doe other than its mother
at the age of five days but was bitten. At the age of eleven days it was
seen to suckle on three different females including its mother. After
that the youngster commonly suckled on a doe which lacked a fawn

TABLE 20

FREQUENCY AND DURATION OF SUCKLING BY A CAPTIVE MALE CHITAL FAWN,
BorN DECEMBER 19, on ITs MOTHER AND ON A FEMALE Not ITs MOTHER

MOTHER ANOTHER DOE
Darz Total Instances | Average Duration | Total Instances | Average Duration
of Suckling of Suckltng/Sec of Suckling of Suckling/Sec

December

19-31 18 65 4 53
January

1-31 51 66 50 57
February

1-29 54 069 a7 77
March

1-13 . 7 44 24 65

of her own, and by the age of two months it spent more time away
from than with its mother (Table 20). Although this was an ex-
treme case, six of the ten adult does in the herd accepted suckling
from one or more fawns other than their own.

The frequency with which young became separated from their
mothers m the wild was striking, Does sometimes wandered alone
‘Fhrough the forest looking alertly i all directions, obviously search-
ing for something as they emitted nasal bleats, fawns were en-
countered in similar circumstances. A single doe was occasionally
followed by two, three, and 1n one instance seven small young of dif-
ferent ages. Fawns became separated by straying from their mothers’
sides and by failing to note ther departures. Once, for example, 2
herd left a water hole, then another herd departed, and remaming
alone was a fawn standing in the middle of a group of twenty-five
langurs. Sometimes doe and fawn found each other by bleating,
but 1n many instances, of which the followmng was typical, a fawn
simply followed any doe that accepted it. A small fawn in a scattered
herd gave several Tugh-pitched yips. A doe bleated in answer one
hundred fifty feet away. The fawn ran to her, and they touched
noses, odor apparently being a means of recognition; but the female
Wwas not its mother, for it stood seemingly undecided by her side for



THE CHITAL 89

a few seconds, then dnfted off. When the herd moved into the for-
est, the fawn remained alone on the meadow. A solitary doe ap-
proached. The youngster dashed two hundred feet in her direction,
stopped abruptly eighty feet away, then ran back to the spot from
which it had come, apparently having noted that the female was not
its mother. The doe drank at a nearby water hole, and as she headed
back into the forest, the fawn tagged along sixty feet behind her.

Many of the lost fawns probably find their mothers on subsequent
days, for the ranges of the amimals are small and certain sites like
water holes are visited repeatedly. Although some does bite strange
fawns, it is likely that most lost ones attach themselves permanently
to certain females. In an environment where predation is heavy and
orphaned fawns probably fairly common, the general tolerance of
does for strange fawns is clearly a useful adaptation.

PrAYy

Playful behavior was seen on about thirty occasions, predomi-
nantly in fawns. Most play consisted of dashing along, bucking,
dodgng, and kicking the hindlegs up into the air. Such actions on
the part of one animal frequently stimulated others in the vicinity
to behave similarly, and even adults sometimes bucked once or twice.
The most prevalent forms of mutual play were chasing and fol-
low-the-leader, with as many as seven fawns bounding along in
single file, their tails raised. On three occasions two fawns “locked
antlers” in typical adult fashion. Once a young chased a mynah bird.

Play was very infrequent during the hot season, but on June 20,
with the first heavy rain of the monsoon, the whole chital popula-
tion behaved exuberantly. One herd of eighty-five chital thundered
in a big semicircle at full speed; then individuals bucked and chased
each other. Animals which were foraging leisurely suddenly leaped
into the air and broke into a brief gallop, soon drawing the whole
herd with them as they raced along,

Comparisons with Hog Deer

A brief comparison of the behavior of the hog deer (Axis porcinus)
with that of the chital is of interest since both species belong to
the same genus, they have been known to interbreed in captivity
(Pocock, 1910, Crandall, 1964), and their range overlaps extensively.

The hog deer is heavy-set and compact, standing only 27 to 98
inches high at the shoulder (Jerdon, 1874). Its chunky appearance
and habit of crashing away through the undergrowth have undoubt-
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edly contributed to its popular name. T he antlers are about 10 to
15 mches long, three-tined, and set on tall pedicels. The winter coat
is dark brown, the summer one chestnut brown covered with faint
to conspicuous white spots; the fawns are spotted.

The hog deer is or was distributed throughout the basmns of the
Indus, Ganges, and Brahmaputra rivers into Burma and Thailand
(Dollman and Burlace, 1935), but the species is not found in central
and southern India. Its preferred habitat is the reed beds and
swampy meadows bordermg streams (Finn, 1929; Peacock, 1933),
extensive forests being generally avoided. In Corbett National Park
they were observed occasionally in the valley of the Ramganga
River but not in the surrounding hills; in the West Kheri they were
common on the low-lying marshy meadows bordering the sal forests,
and in the Kaziranga Sanctuary they were abundant in the vast
grass thickets.

The sex ratio of adults was about equal or favored the does only
shghtly (Table 21), in contrast to the chital which has a dispropor-
tionate sex ratio favoring females. The ratio of fawns to does at a
time of the year when the great majority of young were five to ten
months old was about 42:100 (Table 21); no small fawns were seen
except for two newborn ones in West Kheri. One fawn per doe is
the rule, although Zuckerman (1953) reported the birth of twins
in the London zoo. ;

According to Prater (1934), Blandford (1888-91), and Lydekker
(1898), the rut of the hog deer occurs during September and Oc-

TABLE 21
AGE AND SEX RaTios oF HoG DEER IN SEVERAL LOCALITIES

Location Date Sample Size Buck 100 Does Fawns
ol I - I
Vekhe | ek
Kaziranga Apnl 30~ 105 75 100 “
Sanctuary May 7 290 103 100 39

tober. After a gestation period of eight months (Brown, 1936; Scla-
ter, 1863, Lydekker, 1898), the fawns are then bom in April and
Ma}f (Prater, 1948). My observations suggest that the period of mat-
Ing 1s more prolonged than indicated by the literature. The newborn
young seen 1 late February were probably conceived the previous
July. Only 1 out of 11 adult bucks seen at Corbett Park in late Jao-
uary had shed his antlers, but a month later 12 of 30 bucks in the
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West Kheri forest had just done so. Observations on 4 bucks in
the Calcutta zoo showed that about three months elapse be-
tween the shedding of one set of antlers and the completed growth of
the new set. Thus a buck which loses his antlers in February is in hard
antler again by June. The rut of the hog deer in Uttar Pradesh
seemed to run from about June to January, with a peak in Septem-
ber and October. The time of rut in the Kaziranga Sanctuary and
mn Uttar Pradesh appeared to differ somewhat. Of 100 adult bucks
tallied in early May in the former area, 2 were in velvet, 1 was just
shedding the velvet, and the rest were 1 hard antler. The animals
were in full rut, indicating that mating commenced there at least one
month earlier than at Corbett and Kheri. Hog deer in captivity mate
at all seasons (Bedford and Marshall, 1942), and young are bomn
throughont the year, but principally during the first half of it (Cran-
dall, 1964).

The hog deer is said to be unsociable and essentially solitary, col-
lecting at times into groups of 2 to 5 individuals (Prater, 1934; Pea-
cock, 1933) but never into herds (Lydekker, 1898). Seventeen of
44 animals tallied in Corbett Park were solitary, and a doe with
fawn was seen on seven occasions. The two largest herds consisted
of 1 buck, 2 does, and 1 fawn, and of 4 bucks and 1 doe; but in
early February, 1966, Spillett (pers. comm.)} saw herds of some 40
hog deer there, which, however, had dispersed by the end of the
month. In West Kheri, where the deer were more abundant than at
Corbett, they had a similar social structure, except that herds con-
taining 4 and 5 individuals were quite prevalent. One herd con-
sisted of 7 animals —4 does and 3 fawns —and another of 13, but I
was unable to classify them all. The hog deer in the Kaziranga Sanc-
tuary were found principally in the short-grass areas surrounding
the scattered ponds. The largest herd seen numbered about 40 in-
dividuals, and herds of about 20 were common. The composition of
two such herds was 8 bucks, 13 does, and 5 fawns for a total of 26,
and 5 bucks, 11 does, and 5 fawns for a total of 21. Such herds
never moved or fled as co-ordinated units, and when disturbed, the
animals scattered in all directions.

Although hog deer are essentially solitary, they apparently con-
gregate at the time of the rut and at certain feeding sites. The be-
havior of rutting deer was observed at one locality in the Kaziranga
Sanctuary from 0755 to 1615 hours on May 4 From 5 to 15 hog deer
were visible throughout the day. Animals appeared single and in
pairs at the edge of the high grass and formed a loose aggregation.
While the does and young grazed, the bucks roamed around. One
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sniffed the spot where a doe had urmated, curled his lip, and then
chased a nearby buck for 60 feet. One buck assumed the head-up
display while standing parallel to a doe—his tail was raised and
his muzzle held ugh as he pianced beside her. When she ran he
chased after her, and when she lay down he remained beside her
in head-up. Finally both disappeared in the high grass. A buck
squirted urine twice on a spot before lying down on it, behavior
not observed in the chital. It appears that does and bucks leave the
ligh grass and congre%ate in the open areas where they can see
and display to each other. If a receptive doe is present, the most
vigorous and presumably the dominant buck in the herd at that
time first courts her, then leaves the area with her. Numerous iso-
lated pars consisting of a doe followed closely by a buck were seen
in the hugh grass. The sites at which hog deer congregate were thus
little more than places where bucks could find and pick up a doe.

Only a few instances of aggressive behavior were observed. One
buck stood fifteen feet from his opponent and pawed the ground,
his head held low and slightly averted; another buck thrashed a tuft
of grass with his antlers; and once two bucks suddenly jerked down
their heads and rushed forward, locking their antlers with a crash
One buck m the Calcutta zoo approached another m a head-up dis-
play, stiff-legged, muzzle raised, and tail horizontal. Two bucks in
Corbett Park gave the head-down display: as one stood still with
head lowered and averted, the other slowly circled and at the same
time sidled closer, his gait stiff, hns ears laid back, and his head low-
ered. The tails of both animals were raised vertically and tipped
slightly toward each other.

Alarmed hog deer raise their necks and tails, occasionally stamp
a forefoot, and emit barks which resemble those of the chital but
are flatter in tone and more nasal. A fleeing animal displays the
white erectile hairs on the rump and the fluffy white uncgerside of
the tail and occasionally thumps the hindlegs in unison.

The behavior of the hog deer is in many respects similar to that
Of. the clutal, especially m 1ts various aggressive, courtship, and alarm
displays. Basic differences he 1n the hog deer’s solitary nature and
n its social organization during the rut. Except for the great dis-
crepancy in size between the chital and hog deer and a preference
for somewhat different types of habitat, there seem to be no strik-
mg differences between ‘the two species that would prevent them
from mating with each other. However, the peak of the rut of the
chutal in northern Indua is about May and June, whereas that of the

hogdeer is not until September and October.



CHAPTER 4

THE BARASINGHA

Five elephants moved slowly through the yellow marsh grass in a
broad front. A mahout sat on the neck of each one, urging the ani-
mal on by digging his toes in behind its ears. In all directions spread
tall reeds and ghstening sloughs and pools. Somewhere to the left
was the Sarda River and far to our right stretched the dark line of
trees of the Kheri forest. It was silent except for the swishing of
grass against the elephants’ bodies. Suddenly the water churned and
the reeds shook ahead of us, and galloping up onto a slight rise was
a herd of over five hundred barasingha. The brown, undulating mass
thundered along, one moment crowded together, the next split into
several weaving lines as it disappeared over the skyline and back
into the cover of the grass. Sitting on the back of a swaying ele-
phant, and looking at the vast number of deer and the wild coun
around me, I had a glimpse into the past, a vision of India as it was
a hundred and more years ago. But this was the last large herd of
barasingha in existence.

The barasingha (Cervus duvauceli) has declined so drastically in
number in recent years that the continued existence of the species
in the wild state is not assured under present conditions. To learn
as much as possible about the habits of the animal while it still sur-
vived, I studied it at Kanha Park and also observed and censused
it in other parts of its range.

Ellerman and Morrison-Scott (1951) recognize two subspecies,

C.d. branderi from central India and C.d. duvauceli from northern
and eastern India.

93
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Description

The barasingha resembles the red deer in size and appeaiance. It
is a large, graceful deer, standing 44 to 46 inches high at the shoulder
(Blanford, 1888-91). Published weights of stags include one of 370
pounds (Brander, 1923) and two of 460 and 570 pounds (Cooch
Behar, 1908), the latter two being the heaviest of many shot; two
captive hinds weighed 305 and 320 pounds (Crandall, 1964).

Barasingha show a marked seasonal change in coat color. The ani-
mals in their summer coat are a rich chestnut brown on the back,
somewhat lighter brown on the sides and belly, and creamy white
on the inside of the legs, rump, and underside of the tail (Plate 6).
A dark brown band, bordered by white spots, runs down the length
of the spine. The chin and the throat are whitish and so are the
insides of the ears. The winter coat of hinds, acquired by Novem-
ber, is of dull to grayish brown. The white spots and the dark band
along the back are not discernible or only faintly so in both sexes
Adult stags have a long, coarse, dark brown, almost black, coat, con-
siderably darker than that of hinds and young stags (Plate 7) The
hairs on the neck are up to five inches long, giving the animal a
prominent ruff. One stag was seen with frost on his back, attesting
to the msulating quality of the winter coat. The molt begins in March
and by mid-May all animals are in their summer pelage, although
a few may retain patches of old hair The fawns have brown coats
without spots.

The first indications of the antlers are small bumps on the frontal
bones, which appear at about seven months of age in the fawn. Year-
ling stags have simple spike antlers The first set of adult antlers
consist usually of a brown tine and a main beam with one or two
forks The antlers of fully adult animals are very characteristic of
the species, with the mamn beam sweeping upward for over half of
1ts length before branching repeatedly in the distal third (Plate 7).
The name “barasmgha” literally means “twelve-tined.” Of 46 adult
stags tallied 1n 1964 and 1965 at Kanha, 28 percent had antlers with
6 to 9 tines, 33 percent had 10 or 11 tines, 30 percent had 12 tines,
and 9 percent had 13 or 14 tines. Record antler length is 41 inches
(Ward, 1922). Pocock (1912) illustrates five stages of growth in
the barasingha antler.

There was a shght regional variation in the appearance of the
baraS}ngha. The summer coat of the animals seemed to be of a deeper
and richer chestnut color in the Kaziranga Sanctuary than at Kanha,
and the winter coat of adult stags appeared to be darker on the aver-
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age at Kanha than in the Kheri forest. The antlers of the stags
in the Kheri area were lighter in color than those at Kanha, pre-
sumably as a result of having been rubbed against the tall grass in
the marshy habitat.

Distribution and Status

GEOGRAPHICAL AND ECOLOGICAL DISTRIBUTION

In former times the barasingha was distributed in suitable localities
throughout the basins of the Indus, Ganges, and Brahmaputra rivers
as well as in central India as far south as the Godavan River. Bones
probably belonging to barasingha were found in the Langhnaj site
of Gujarat dating back about two thousand years (Clutton-Brock,
1965), but the species has disappeared from the western part of its
range together with the rhinoceros and elephant (Burton, 1952).
Blanford (1888-91) gave the distribution in the past century as
“along the base of the Himalayas from Upper Assam, in a few places
m the Indo-Gangetic plain from the Eastern Sundarbans to Baha-
walpur to Rohri in Upper Sind, and locally throughout the area be-
tween the Ganges and Godavari as far east as Mandla.”

Near the turn of the twentieth century the species survived pri-
marily in the marshes bordering the Himalayas and along some of
the rivers in the Gangetic basin from about 78°E. latitude eastward
to West Bengal. It also occurred in the Sunderbans (Prater, 1934)
and surrounding areas, with some animals being killed near the town
of Midnapore (Jerdon, 1874). In Assam, barasingha were com-
mon in the Brahmaputra River valley, where as late as 1934 a good
number survived in the Goalpara, Kamrup, Nowgong, Sibanger,
and Danang districts (Bhadian, 1934).

In central India, barasingha were found in scattered pockets mostly
south of the Narmada River in what is now the state of Madhya
Pradesh. Brander (1923) mentioned their presence in the Mandla,
Bilaspur, Raipur, Balaghat, and Bastar districts, and one population
is also said to have occurred in the Shapure Range near Dindori,
north of the Narmada River. According to Finn (1929) one popu-
lation had existed near Pachmarhi (about 78°3(E., 22°80’N.) but
died out. Brander (1923) also recorded the barasingha from eastern
Maharashtra state, primanly in the Chanda District.

Today the barasingha exists only in a few isolated pockets (Fig. 7).
Its main center of survival is in the West Kheri Forest Division near
the Sarda River in Uttar Pradesh and the adjoining area of south-
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Fig. 7 —The distribution of barasi
singha The black i
been reported to exist as late as 19g60 (F gr dzfallgpscc):t: 'llfi'gjllceat;lsreas where besasinghs 1Y

western Nepal. Scattered small herds also occur in northern Bengal

?:,1;1 ;&f ssam. No barasingha have been sighted m the Sunderbfns

doubte d{ }éears by the Forest Department, and the deer has un-

tral I dly 1sappeared from there. The surviving populations in cen-
al Indha are small, and all are on the verge of extinction.
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The past and present range of the species encompasses a wide
variety of forest types, including dry and moist deciduous forest,
mangrove forest, and evergreen and semi-evergreen forest. However,
the anmmals once reached their greatest abundance in the grasslands
and reed beds bordering the major rivers in the northern part of
their range (Champion, 1927; Inghs, 1892, Pollock and Thom, 1900),
where, because of periodic inundations, forests grew only in patches
or not at all. This type of habitat still exists in the Kaziranga Sanc-
tuary, where the flat alluvial plains are covered with grasses up to
fifteen feet high, the expanse broken here and there by small pools
and patches of forest on higher, drier ground, it is also found in
the western part of the ammals’ present range in the Kheri Forest
Division, where the ground is either swampy as at Ghola (Plate 8)
or sandy as along the banks of the Sarda River. But, to repeat, the
animals also occur in certain forested areas, particularly in sal for-
ests as Finn (1929) has pointed out. Sal is the principal forest type in
and surrounding much of the barasmgha’s habitat in Uttar Pradesh
and Nepal, in northwestern Assam, and in Madhya Pradesh. Dry
deciduous forest has not been extensively occupied, although popu-
lations once occurred in the West Bastar and Chanda districts where
this type predominates.

Within each vegetation type the species 1s found primarily in
areas with the following attributes. (1) open localities consisting
either of marshes and grasslands or woodlands with an understo
of grasses, (2) water, and (3) flat to moderately hilly terrain. As
pointed out below (see Food Habits, p. 111), barasingha subsist al-
most exclusively on grasses Grass is not a conspicuous component
of forests with a closed canopy, such as primary evergreen forest,
and it is possible that the lack of suitable forage was once a major
factor in limiting the distribution of the species in eastern India to
the vicinity of the major rivers Although the barasingha are found
predominantly in marshy grasslands m northern India, they are al-
most wholly confined to relatively dry forests in central India. But
water for daly drinking and for wallowing during the rut appears
to be essential, and even in their forest environment they have a
marked tendency to enter pools of water, sometimes up to their
necks, while drinking and feedmng.

Another factor which has influenced the distribution of the bara-
singha 15 their avoidance of extensive steep terrain like the foothills
of the Himalayas The large grass meadows in Corbett Park have
been m existence at least since 1840 (Srivastava, 1857), but they
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have not been colonized, the animals having failed to venture over
the one or two ridges that separate their habitat in the plains from
that in the foothill valleys. On the other hand, the barasingha readily
climb into the low hills at Kanha, and Forsyth (1889) noted that
they congregated on the plateaus during the rut.

NUMBERS AND STATUS

Table 22 gives the localities where barasingtha still occur or where
they have been seen since about 1960. A few small herds may have
been overlooked, especially along the Assam-Bhutan border, but
otherwise the list is probably complete. The population figures are
rough estimates in most instances, but they reflect the precarious posi-
tion of the animals in the various localities.

E. P. Gee and R. Willan investigated the status of the barasingha
in Nepal in 1963. Their population estimates vary from 400 (Gee)
to 1,200 (Willan) in southwestern Nepal, with a few also surviving
in the Rapti valley of the Chitawan Division, where Gee (pers.
comm. ) saw five animals in 1959 and G. Hyde (pers. comm.) a few
in 1963.

Several small isolated populations still exist in Uttar Pradesh. Al-
though the state government has since 1958 established five sanc-
tuaries for the preservation of the barasingha, and although the ani-
mal is strictly protected throughout the state, the deer in three of
them have been almost exterminated by poachers. Some survive in
the Jaulasal Sanctuary where I heard stags calling in late October,
1963. Forest rangers told me of occasionally seeing herds of up to
20 individuals in the South Kheri Forest Division. Foot transects for
two days through the supposed main area of concentration of the
species there revealed only a few tracks and fecal droppings. One
or two small herds occur also in the grass thickets bordering the
Ganges River according to Dang (pers. comm. ). The only area in
Uttar Pradesh where the barasingha is locally common is between
the Sarda River and the Nepal border in the West Kheri Forest Di-
vision. There in an area of roughly ten thousand acres of marsh,
grassland, and forest near the Neora and Soheli rivers and an ad-
jacent tract called Ghola, some 800 barasingha were tallied, includ-
ing one herd of about 500-800 animals, The barasingha population
of Utter Pradesh probably does not exceed 1,400 to 1,800 animals.

_ Gee (pers. comm.) saw 8 barasingha in the Jaldapara Sanctuary
in the Cooch Behar division of West Bengal, and two additional
animals were spotted by the forest department in 1964 in the Chila-



TABLE 22

DISTRIBUTION AND NUMERICAL STATUS OF THE BARASINGHA 1IN 1965

Location

Estimate of Numbers

Source

N aéal .
anchanpur Division

Bardia Division

Banke Division

Chitawan Divisior .

Kanchanpur and Bardia
divisions.

Uttar Pradesk

Jaulasal Sanctuary

Lalkua Sanctuary.

Maldhan Sanctuary

Sonaripur Sanctuary

Along Ganges River, west
of Bijnor .

Along Ganges Raver, west
of Chandpur. .

Between Hardwar and
Luksor .

South Kheri Forest
Division

Bahdi Tal, 6 mules west
of Bellraen. .

Mirchia, bordering Nepal

Ghola and surrounding
tracts . .

West Bengal

Jaldapara Sanctuary and
surrounding forests

Assam

Manas Sanctuary .

Darang Division along
Bhutan border

Kaziranga Sanctuary .

Madhya Pradesh

Kanha National Park

Motinala and Karanjia
Ranges, Mandla District.

Balaghat District between
Bathar and Lamba

Near Amarkantak, Bilaspur
District . .

Near Kota, Bilaspur
District . .

Madhya Pradesh-Orissa
border, Raipur District

West Bastar Division near
Tekemeta .

West Bastar Division near
Kutru in Toynar and
Bhairamgarh Range,

1,000

200

A few

A few

400
Fewer than 100
Very few, if any
Very few, if any
Fewer than 50
Probably some

100+

1 doe shot in 1963

Fewer than 200

A few
A few

800-900
A few

Perhaps a few

A few
200-250

50+
A few seen
Several seen in 1960
A few
1 stag shot in 1960
100+

4 seen in 1963

Rare

R. Willan (pers. comm.)
bH bR} 1

»” ” 12
” ” "

E. Gee (pers. comm.)

This study
D. }Yﬁsra (p;;rs. comm )

This study
H. Dang (pers. comm,)
b2} 1 ”
Source withheld on request
This study
A Singh (pers comm.)
” 1 1

This study
Forest Department;

Gee (pers, comm )

E. Gee (pers. comm,)

S. Thakur (pers. comm )
This study

This study

Forest ranger (pers. comm.)
D. White (pers. comm.)
Forest ranger (pers, comm.)
Source withheld on request

H. Ahmedulla
(pers. comm,)

S. Thakur (pers. comm.)

D. R. Kochhar, D.F.O.
(pers. comm
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pata Range adjacent to the sanctuary, indicating that a few stragglers
persist in the state

Scattered individuals may perhaps survive in the Manas Sanctuary
(Gee, pers. comm ) and the Darang Division (Thakur, pers. comm.)
of Assam along the Bhutan border, but the only known concentra-
tion of the barasmgha occurs in the Kaziranga Sanctuary. There the
species appears to have increased considerably in recent years, from
perhaps 20 animals in 1950 (Gee, pers. comm.) to a forest depart-
ment census tally of 522 m 1963. My population estimate mm May,
1965, was 200250 mndividuals. Once a herd existed in the Kaki Re-
serve in the Mikir Hills of Assam, but according to Gee (pers.
comm.) 1t died out m about 1930. It is unlikely that more than 500-
600 barasingha survive 1n eastern India

Kanha National Park has long been considered the last stronghold
of the species in central India, but in 1964 fewer than 100 animals
survived there. A forest ranger saw several barasingha mn the Motinal-
la Range 20 mles to the east of the park in 1960, and another ranger
told me that some also occurred in the Karanpia Range of the Mandla
District. D. White, a resident engineer, reported seeing several ani-
mals in the Balaghat District, just south of Mandla District, near
the town of Bathar in 1960. To the east, in Bilaspur District, one
stag was shot i 1960, but when I querned the district forest officer
as to the status of the species he rephed “not seen or heard of of late”
(letter, August 12, 1964). One small population survives along the
Onssa-Madhya Pradesh border (M Ahmedulla, pers. comm ). Bara-
singha are reported occasionally from the West Bastar Forest Divi-
sion, most recently mn 1963, but after spending ten days in the area,
I was unable to obtan any reliable reports of recent sightings. The
continued survival of the species in central India 1s obviously
doubt, if the two small populations and the scattered individuals
are taken into account, there are probably no more than a total of
400 to 500 anmimals there.

The total population estimates for the various regions range be-
tween about 2,700 and 4,100 barasingha; but until further censuses
clarify the status of the animal in areas which were not visited dur-
ng this study, an estimate of fewer than 5,000, and more lkely 3,000
to 4,000 animals is indicated.

The preferred habitat of the barasingha —the expanses of grass-
lands along rivers —is coveted by man for agricultural purposes, with
the result that the animal has been progressively driven back as the
swamps are replaced by rice and sugar cane fields. The surviving
populations in northern India are in reserves like the Kaziranga
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Sanctuary or in a few small tracts which have so far not been plowed
up. In Uttar Pradesh some of these, such as the South Khern Forest,
are under government jurisdiction and presumably secure from de-
struction, but the main concentrations of deer exist on private farm-
land. With an increased demand for food production and a recent
government decree designed to cut up all large land holdings, 1t 1s
unlikely that these remaming marshes can survive for more than a
few years. In addition, poaching is exceedingly heavy, with some
farmers subsisting entirely on wild meat. A. Singh told me that as
late as 1950 herds of 500 and more barasmgha were still encountered
along the Sarda River near his farm, but that in 1965 only one such
herd survived —at Ghola, a 3,000 acre marsh in private hands. Un-
less the remamning herds in Uttar Pradesh are given immediate and
rigid local protection in addition to the legal protection the animal
already has, it is unhkely that the species will survive in the state.

The decline in the number of barasingha in central India has been
due primarily to unrestricted poaching by villagers, although dis-
eases introduced by cattle may have been a contributing factor. In
the West Bastar District, for example, the communal hunts by the
tnbal peoples indiscriminately destroy the wildhife over large areas
so completely that even monkeys are rarely seen.

The prognosis for continued existence of the barasingha in the wild
is poor under present conditions. The remainmng populations are
small, widely scattered, and, with the exception of those in the
Kaziranga Sanctuary, declining rapidly because of lack of adequate
protection. Most of these remnants have or soon will have reached
the pomnt of no return, and the main hope for the species in the wild
lies m the rigid maintenance of the Kaziranga Sanctuary and the
immediate establishment and subsequent control of reserves in
Nepal and the West Kheri Forest Division of Uttar Pradesh.

Population Dynamics

The barasingha in Kanha Park were so few in number that in some
respects, such as the duration of the rut and the extent of mortality,
the population was probably not wholly typical of a large and vigor-
ous one, thus 1t is mmportant not to apply data collected there un-
critically to other herds.

PoruraTioNn Size anD COMPOSITION

The tendency of barasingha to assemble on meadows makes it rela-
tively easy to census them, and the figures obtained by the forest
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department (Table 2) probably reflect the general size of the popu-
tation. A census in 1938 gave a figure of 3,023 animals, which, even
if greatly in error, points to a large number of animals. The 1912
Mandla District gazetteer, quoted by Nath (n.d.), indicated the
widespread occurrence of the animal in the park area: “In cold
weather the Barasingha lie up in most of the maidans if they have
not been disturbed, particularly in the great maidan east of the Kanha
and the neighbourhood of Sharwantalao. The best spots perhaps are
Kopedabri and Sonph where Sambhar, Barasingha and Cheetal stay

TABLE 23
AGE AND SEX RATIOS OF BARASINGHA IN SEVERAL LOCALITIES
Approximate | Number of
Location Date Size of Angmals Stags 100 Hinds Fawns
Population Tallied
Kanha National
Park January 1, 1964 82 90 100 15
Kanha National
Park January 1, 1965 55 104 100 16
West Kher: For-
est (A Singh February 25~
farm) March 5 70-80 140 69 100 40
Kaziranga Apnl 30~
Sanctuary May 7 200-250 108 88 100 33

out till comparatively late in the day.” The species decreased stead-
ily, however, from 577 in 1958 to 173 in 1963. I searched through
all areas in the park formerly occupied by barasingha in 1964 but
found them only around the Kanha meadow.

Based on the number of stags, all of which could be recognized
individually by their antler pattern, and the largest number of hinds
and fawns counted at any one time during the hot season, and adding
the animals known to have been killed by predators in the months
preceding the census, the number of barasingha surviving on Jan-
uary 1, 1964, was 82 and on January 1, 1965, 55. My figure for 1964
compared quite closely with the one derived by the forest depart-
ment the same year (Table 2, p. 16). In June, 1965, the forest de-
partment counted 109 barasingha, an increase over the previous year
explained by immigration from the surrounding forest tracts. My
census was made 1 late March, a time of year when barasingha
wander very little. Although it is possible that a few hinds and
solitary stags failed to come to the Kanha meadow and were thus
not included in the census, the probability that an influx in April
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and May increased the local population by over 100 percent is very
low.

Stags and hinds were present in roughly equal numbers in Kanha
Park and in the Kaziranga Sanctuary (Table 23). An attempt was
made to obtain composition counts of the large herd at Ghola in
West Kheri, but the shyness of the animals coupled with the high
grass made this difficult. A total of 185 barasingha were classified,
giving an obviously biased ratio of 16 stags to 100 hinds. However,
the ratio obtained on the farm of A. Singh appeared to be representa-
tive of the population there (Table 23).

The age and sex classes of the Kanha population, expressed as
percent of the total, consisted on January 1 of the following,

1964: 37 percent, adult stags; 7 percent, yearling stags; 44 percent, adult
hind; 5 percent, yearling hinds; 7 percent, fawns.
1965: 41 percent, adult stags; 6 percent, yearling stags; 40 percent, adult
hinds; 6 percent, yearling hinds; 7 percent, fawn.

The most striking aspect of these figures is the very Iow proportion
of yearlings (12 percent) and fawns (7 percent). Considerably
more fawns were present in the other areas (Table 23), comprising
15 to 19 percent of the population at a time when the majority were
over five months old.

ToE RurtIng SEASON

Most published sources fail to agree as to when the barasingha ruts.
My evidence pertaining to the time of rut is presented separately
for central, northern, and eastern India.

Central India. The peak of the rut is from mid-December to mid-
January, according to Brander (1923), “and the great mass of the
fawns are born in the hot weather, shortly before the rains.” This
implies a gestation period of only five to six months which is clearly
erroneous, Brander (1923) further found that the antlers are shed
in April and that the new ones are free of velvet by October. Forsyth
(1889) noted that in “about the end of the rains, in September and
October, the red deer collect in large herds on the tops of the
plateaux; and I have been told of assemblages of several hundred
head at that season, They are then beginning to rut. . . .”

The onset of the rut is marked by two prominent behavior pat-
terns, wallowing and bugling (see Sexual Behavior, p. 124). The
stags were bugling when I arrived on December 20, 1963, and the
last bugle of the season was heard on February 14. In 1964 bugling
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began on December 17. Wallowing and other forms of sexual be-
havior, however, had begun by December 9. The frequency of all
forms of sexual activity declined after mid-February, although a few
mstances were seen as long as the stags retained their antlers. The
peak of the rut was reached in January.

The first set of adult antlers was shed on May 18 and the last set
on July 26, the large-sized stags losing theirs before the small-sized
ones. Yearlings began to drop their spikes in mid-July, and the last
animal lost lus on August 7. All stags were in velvet until md-Octo-
ber No stags were encountered between October 18 and December
4, and after the latter date all adults were in hard antler, indicating
that the velvet was lost in late October and November.

According to Kenneth (1953) the gestation period of the bara-
singha is 240 to 250 days, and according to Asdell (1946) it 1s 250
days, or about 8% months. With most fawns conceived between
mid-December and mid-February, births would be expected in Sep-
tember and October. Although no newborn fawns were found, the
physical appearance of the pregnant hinds and a later estimation
of the age of the young indicated that the births occurred during
this period.

Northern India The rut in northern India is m November and
December, and antlers are shed by April (Prater, 1934). Champion
(1933) heard bughng during the latter part of the year and stated
that the rut 1s from autumn to Christmas Stags in hard antler are
found from November to February (Anon., 1956). When I visited
the Jaulasal Sanctuary on October 28, 1963, I heard barasingha
bughng, and A. Singh told me that the animals can occasionally
be heard 1n late September, or two and a half months earlier than
at Kanha Of 51 adult stags tallied in late February and early March
in West Kheri, all were 1n hard antler except two, which had just
lost theirs. A hunter also showed me eight recently dropped antlers
The sheddmg of antlers thus begins in late February, nearly three
months earlier than at Kanha and, according to A. Smgh, 1s largely
completed by late April.

The majority of fawns were estimated to be six to exght months
old, having been born the previous July and August and hence
concerved between mid-October and md-December. A Smgh has
seen newborn fawns m May, conceived m early September. 1 also
noted several fawns which were only two to three months old, hav-
g been concewved in March or April. Successful matings can thus
occur at any time between September and April, a pertod when at
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least some stags are in hard antler, but the peak of the rut is prob-
ably in November.

Eastern India. In eastern India the rut is in late October according
to Lydekker (1898) and in April and May according to Prater (1934)
and Bhadian (1934). The last two authors also stated that the antlers
are shed in February and March, somewhat surprising dates, since
the antlers would then be in velvet at the time of the rut. Wright
(1930) and Prater (1945) found that the velvet is shed in April,
but Bhadian (1934) says this stage is not reached until August.

I visited the Kaziranga Sanctuary in early May, the period for
which the statements in the literature are highly contradictory. Of
43 adult stags tallied, all but 3 were in velvet, and of those in velvet,
77 percent had antlers two to fifteen inches long. If the antler
growth rates at Kanha and Kaziranga are similar, the majority of the
animals had shed their antlers between January and March and
few in November and December. The three stags mn hard antler
had lost the velvet recently, and they were in full rut with greatly
swollen neck, a condition which most of the other stags would not
reach for nearly three months. The evidence suggests that rut begms
in late April and lasts until about December, with possibly a peak
around August. Two small fawns, one to two months old, were seen
and several hinds were heavily pregnant, indicating conception dur-
ing the previous monsoon period, but further details are needed be-
fore the peak of the rut can be determined with precision.

Captivity. Eight stags on the estate of the Duke of Bedfored in
England were all in velvet on June 18, 1965, and the gamekeeper
informed me that fawns are born in June and July. The barasingha
at the New York Zoological Park shed their antlers in February and
March, and the main rut is from August to October. All of the 109
fawns born at the zoo were dropped between March and November,
with 82 percent of them coming between Aprl and July (Crandall,
1964). Frfteen births at the London zoo occurred between May and
September (Jarvis and Morris, 1962).

The barasingha shows some striking differences in the time of on-
set of the rut from area to area—in late April at Kaziranga, in earl
September at Kheri, and in early December at Kanha (Fig. 8). The
season of rut was prolonged at Kheri and Kaziranga, lasting some
eight months, judging by the age of the fawns. In contrast, the rut
at Kanha was well defined and concentrated in a two-month period,
with only a limited amount of sexual activity at other times This
may, however, result from the small size of the population, for the
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comment by Forsyth (1889) quoted earlier suggests that in the past
the rut may have lasted longer, The peak of the rut also differs from
locality to locality: in January at Kanha, in about November at Kheri,
and during the monsoon period at Kaziranga.

An attempt to explain the regional variation in the annual sexual
cycle by relating it to environmental conditions is difficult (Table
94). Climate, phenology, and other factors are fairly similar in the
three localities, the main differences being that at Kaziranga the
annual range in temperature is not as extreme and the rainless season

KANHA I
KHERI J

KAZIRANGA l

Jc‘m F;b M::r Apr M:Jy J—u]n J:y Atlxq S;p Oct NTOV D:c
Fic. 8.—The onset of the rut (black bar) and the onset of antler-shedding
(white bar) 1n barasingha mn three areas of India.

is shorter and the monsoon longer than in the other areas. As a result
Kaziranga remains wet throughout the year, with less fluctuation in
the availability of green forage and water than at Kheri and par-
ticularly at Kanha. Some 50 to 60 percent of the Kaziranga Sanctuary
is mundated during the rainy season, with as much as 99 percent
of the area standing under water during the peak floods that occur
once every year or two (Gee, pers. comm. ).

Changes in the length of day have been known to influence the
yearly sexual cycle of mammals in the temperate parts of the world
(Amoroso and Marshall, 1956). Since the differences in latitude be-
tween study areas are relatively slight, it is unlikely that the amount
of dayhght has much of an influence on the barasingha. Darling
(1987) noted that in the red deer a lowering of the temperature
stimulates the rut. The coolest season of the year is from November
to February mn all three localities, and although at Kanha the animals
seemed to respond with an increased level of sexual activity when
temperatures suddenly dropped, the Kaziranga population rutted
dtun'?g the monsoon when climatic conditions were relatively con-
stant.

Einarsen (1956) summarized data on fawning, antler-shedding,
and mating in the mule deer for varous parts of North America; he
found that the animals in Alberta, Canada, fawned in the first half
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of June but that those in Sonora, Mexico, over 20° latitude to the
south, fawned in mid-August. The difference was related to the avail-
ability of green forage. Some green forage is present at Kaziranga
throughout the year; at Kheri most conceptions occur at a time when
the grass begins to dry out, and the fawns are born during the mon-
soon when the food supply is at its peak; at Kanha most mating
occurs when the grass is already quite dry, and the young are born
at the end of the rainy season. A clear-cut correlation between con-
ception or fawning and the food supply is obviously lacking. Indeed,
it may be a mistake to look for one factor that influences the pattern
of reproduction in all three areas. Each population is adapted to
the environmental conditions in its particular locality, and a factor
important in one may be less so in another. Thus it is possible that
the seasonal rhythm of the barasingha at Kanha has been influenced

TABLE 24

ENVIRONMENTAL 'SIMILARITIES AND DIFFERENCES
or THREE AREAS OCCUPIED BY BARASINGHA

Enwvironmental Factors Kanha, M P Khen, U.P. Kaziranga, Assam
Approximate latitude -

and longitude . . . | 22°45'N,,80°45'E. | 28°45’'N.,80°30'E | 26°45'N.,93°30'E.
Terrain ... Uxiqﬁlating to Flat to undulating | Flat

illy

Altitude/feet . | 1,750-2,900 500 300
Range of Light frost to Laght frost to 45°~100°F

temperature . 110°F 110°F
Average annual pre-

cipitation/inches 73 (Bichhia) 66 (Ramnagar) 74 (Tezpur)
Main habitat . . . . | Sal forest and Marshy and dry Marshy grasslands

meadows grasslands

Burning of meadows December~January| February-March | December~March
Amount of green

forage . Scarce during lat- | Scarce during lat- | Available in vary-
ter part of hot ter part of hot ing amounts
season season throughout year
Monsoon period Mid-June to Mid-June to Many showers
early October early October from latter part

of April onward
with heavy rains
from early May

to early October
Percent of rain falling d

during monsoon 95 90-95 March-May, 26

66
Availability of June~September,

water Scarce March to Some permanent Abundant through-
mid-June streams and out year

marshes present
throughout year
Cool season . | November— November— November-
February February February
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by the need for short-grass meadows on which to congregate, court,
and mate, the presence of a swiable water supply for wallowing,
and a high level of nutritious forage during the latter stages of preg-
nancy m the hinds, a combmation of conditions making January the
optimum month for mating. Different factors, outweighing those that
are umportant at Kanha, may operate on populations in other areas,
makmg it necessary to study not only the gross environmental dif-
ferences m each locality but also the fine ones like the nutritional,
hormonal, and mineral level of the forage if an explanation for the
pattern of a particular sexual cycle is to be found.

RATE oF REPRODUCTION

None of the yearhng hinds at Kanha appeared to be pregnant when
m August the adults were obviously so This suggests that the hinds
participate actively in their first rut when just over two years old
and have their first fawn at the age of about three years, a pattern
similar to that found in the red deer (Darling, 1937) and wapiti
(Murie, 1951). One fawn 1s born at a time, there are no records of
twins. The barasingha, unlike the chital, is monestrous (Asdell,
1946}, and one fawn per year 1s the rule.

MorTALYTY

The drastic declme in the barasingha population in Kanha Park is
probably due to both disease and predation. In an autopsy of a part
of one ammal, I found two species of trematode (Paramphistomum
gotoi Fukui, 1922, and Gastrothylax crumenifer Creplin, 1847) in the
rumen. Several ammals had reddish hairless patches near the neck
during the hot season (Plate 9), seemingly a skin infection, but these
disappeared with the molt. Mehta (n.d.} stated that a virulent epi-
demic of ninderpest occurred in the area mn 1925 and 1926, during
which many barasmngha died. Circumstantial evidence points to
the fact that the Kanha population 1s at present suffering from brucel-
losis, a bacterial infection caused by Brucella, or some similar dis-
ease causing spontaneous abortion of the fetus Brucellosis is com-
mon 1n the cattle of the area, according to the livestock officer at
Mandla. Studies jn North America have shown that white-tailed deer
and other wild hoofed animals are readily infected with the disease
(Hayes et al., 1960). I tallied a total of 31 barasingha hinds on July
23, and all except 8 yearlings were heavily pregnant. Yet of 22 adult
hinds seen the following March, only 4 were accompanied by fawns.
The fawn crop the previous year was similarly poor. This indicates
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a very high mortality prior to or soon after birth. Although preda-
tion undoubtedly accounts for a few of the fawns, the magnitude of
the loss suggests a disease like brucellosis, which affects the fetus
primarily in the later stages of its development. No blood samples
from barasingha were obtained to confirm the presence of the dis-
ease, and the other wild ungulates in the area showed no evidence
of it. However, if a population is small and relatively concentrated,
the infection of even one animal through contact with the expelled
fetal matter of a domestic cow, for example, is sufficient to transmit
the disease to the other members of the species. Transmission can
occur by simple contact through abrasions and inhalation, as well
as through milk from hind to fawn and during copulation from stag
to hind (Bang, pers. comm. ).

During 1964 the known number of barasingha in the park declined
from 82 to 55, a loss of 27 animals, or 33 percent of the population. Of
the 6 fawns present in 1964, all survived to become yearlings in
1965. Two out of 6 yearlng stags were killed by tigers, and one
other did not reappear in 1965. Of 4 yearling hinds alive on January
1, 1964, three were seen the following year, one presumably having
died. The yearling age class thus declined from 10 to 6 animals, or
40 percent, in one year. I cannot be certain that the same animals
were involved in the two censuses, but there is some evidence that
they were; for example, three of the fawns present in 1964 were
male and three were female, and in 1965 the yearling count showed
the same number and proportion of animals. The other deaths were
in the adult age class The remains of barasingha killed by predators
were collected throughout the study, and a total of 39 were found.
Some of these dated back to 1963 and a few had died in 1965, but
at least 16 were killed during 1964, the majority of them by tigers
A few barasingha were probably also shot and snared by villagers
when the animals left the vicinity of the Kanha meadow during the
latter part of the year, but it was not possible to determine the number
killed in this manner.

The decline of the barasingha population was due to low fawn
production, probably caused by the disease brucellosis, coupled with
heavy predation by man and tiger on the adult segment of the
population. The annual increment was only 7 percent for two con-
secutive years, which was clearly not enough to sustain the popu-
lation existing under natural predator pressure, much less under the
added pressure of poaching by man.
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92030 hours two of the stags were lying down again. They moved a
distance of 650 feet in the course of the day, and at 0725 hours the
following morning, they were still within 200 feet of where I had
seen them the previous evening. Cud-chewing occurred only be-
tween 1230 and 1545 hours. Two of the stags had two cud-chewing
sessions each, and one had three. The average number of chews per
bolus for one stag was 40 (range 36-47), and the average duration
that a bolus was retained in the mouth was 58 seconds (range 50—
65). For comparison, the averages for two hinds were 37 chews in
46 seconds and 35 chews in 39 seconds.

One herd of 16 barasingha was watched throughout the night in
an area about 600 X 900 feet in size. All animals grazed until 2230
hours, after which a few rested while others fed until 0300 hours.
Then all lay down until dawn at 0550 hours. However, two nights
later, a herd of 20 barasingha grazed throughout the night within
an area 600 X 500 feet, and only a few animals rested at any one
time,

The morning activity of the barasingha during the hot season
generally ceased by 0700 or 0800 hours, when the an’mals moved
to a shady coppice, and the evening feeding period began at about
1700 hours with a herd filing to a water hole to drink. The schedule
of grazing and resting at night remained similar to the one observed
during the cool season. With the onset of the rains, the animals
were active intermittently throughout the day, without any con-
spicuous morning and evening peaks of activity.

A prominent behavior pattern of the barasingha was ear-waving,
a trait which was displayed only during the hot season of the year.
When walking or standing, but particularly when resting in a com-
pact herd, the animals waved their large ears back and forth stead-
ily. There were no bothersome insects, and the behavior was not
seen at night. I first noted it in late February when the days grew
hot, and it ceased with the beginning of the monsoon. Ear-waving
is possibly a cooling mechanism, a fan, so to speak, which circulates
the air around the head of the animal.

Foop Hasrrs AND FEEDING AND DRINKING BEHAVIOR

The barasingha are almost exclusively grazers (Tables 10 and 11),
although they also eat the leaves of a few shrubs and trees. Many
of the grasses eaten by the animals are coarse and dry; in fact, they
grazed on dry stalks and leaves of Eragrostis gangetica, Saccharum
spontaneum, and Vetiveria zizanioides, among others, in early Jan-
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uary when young green shoots were also present. Dry grasses were
still bemng eaten regularly in February, although by then green for-
age formed the bulk of ther diet This suggests that the animals
were attracted to the Kanha meadow in December and January
not because green grass was becoming available there but because
they were congregating for the rut, as will be discussed below.

Stomach samples were collected from seven animals killed by
predators, one m January, four between June and August, and two
in September. Six of the seven samples contained 100 percent grass,
for the most part coarse blades and stems, with two also showing
traces of browsed leaves. One sample collected in September con-
sisted of 90 percent grass and 10 percent dry leaves of an unidenti-
fied species

The amimals in a moving herd graze eijther in a broad front or a
loose scattering, most facing in the same general direction (Plate 1).
If a herd 1s stationary, the animals fan out, each foraging with muz-
zle to the ground, mpping off blades of grass at the rate of about 40
to 50 bites per minute Frequently an animal grazes while wading in
a stream, and on one occasion six barasingha spent over an hour
in a small pond submerged to therr abdomens and occasionally to
their necks while eating a water weed (Naias).

Barasingha drink at least twice a day during the hot season, mak-
g obvious treks to a water hole soon after daylight and in the late

afternoon. Drinking at other seasons is not as regular and perhaps
not as frequent

RANGE AND MovEMENTS

The annual range of the barasingha could not be determined be-
cause most animals are widely scattered through the sal and mixed
forests from September to December Villagers five miles from Kan-
ha told me that barasmgha sometimes raid therr crops in November,
and I have several times seen animals about two miles from the
Kanha meadow The stags in particular roam widely and possibly
leave the park for some of the forest tracts to the east, on the other
hand, some hinds remam m the vicmity of the Kanha meadow
throughout the year,

The barasingha began to congregate on the meadow in Decem-
ber, amving smgly and in pairs, until by early February over three-
quarters of the deer in the population were there or had been there
but had wandered away again A few stragglers appeared for the
first tme in March. About 60 to 65 animals remained around the
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meadow from April to August. The difference between this figure
and the total population estimate of 82 was due mostly to the rest-
lessness of some stags which continued to roam and to the depreda-
tion of tigers.

For seven to eight months of the year the majority of the deer
frequented an area of about four square miles, of which only about
one and a half square miles were used during most of the hot season
and the peak of the rut. Herds often confined their meanderings
to areas of 100 to 200 acres for several days. In many instances, they
moved only 1,000 to 2,000 feet between dawn and dusk and then
grazed and rested throughout the night in one corner of the meadow.
The movements of the barasingha were not affected much by the
availability of green forage, and the animals remained on the mead-
ow during the hot season, eating the coarse grasses which remained
in the moist depressions and along ravines.

RESPONSE TO PREDATORS

The frequent peaceful interactions and other contacts between bara-
singha, blackbuck, and chital have already been described in con-
junction with the last species. The responses of the barasingha to
the alarm calls of birds, langurs, and the various ungulates are very
sinilar to those of the chital, as are the postures and gestures nsed
to communicate the existence of possible danger. An alert barasingha
holds its neck erect, ears cocked, and faces the disturbance, such
as approaching jackal or jungle cat, sometimes sniffing the air with
raised muzzle. This posture immediately alerts the other members
of the herd, in one instance requiring only five seconds between the
time a hind jerked to attention and the last of twenty-eight bara-
singha behaved similarly. The animal commonly emphasizes the alert
posture by raising its tail, which exposes the white rump area, and
by audibly stamping a foreleg on the ground. All members of a
herd jerked to attention when a stag stamped his foot once in re-
sponse to my approach. The alarm call of both hinds and stags is
a distinctive screaming and roaring bark, repeated many times and
interspersed with a few short yips If danger is imminent, as at the
sight of a tiger, the bark rises in pitch, becoming a scream Under
extreme duress, the barasingha emmt high-pitched yips This alarm
call was heard only once when a tiger captured a yearling stag,
which died after a series of moans. The barking may contmue as
long as the tiger remains m view. The vocalizations are particularl

prolonged if the deer seem to suspect but cannot see a hidden preda-
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tor. In one such instance several animals barked for forty-five min-
utes while facing a particular spot.

From late August to October, solitary hinds frequently gave one
bark followed by a series of two to ten loud grunts, a vocalization
which was not heard at other times of the year. It is possible that
the sounds alert newborn fawns to possible danger and stimulate
them to hide.

A fleeing deer trots or gallops away, flashing its white rump. If
surprised in high grass, it may give a series of high bounds and
thump its hindlegs loudly on the’ﬂg]round in unison before proceed-
ing at a more convertional gait. The two forelegs are also thumped
occasionally in this manner.

The sight or smell of a tiger appears to arouse the curiosity of
the barasingha just as it does the chital. On one occasion a tigress
with four cubs rested after a heavy meal in a thicket. Seven stags
passed by and scented the tigers, then milled around at the edge of
the thicket barking sporadically. One yearling stag entered the un-
dergrowth for a distance of about five feet, as if attempting to
obtain a better view in the high grass. On another occasion, thirty-
three barasingha barked and craned their necks as they slowly ad-
vanced in a compact unit toward the top of a slight rise on which a
tigress was hiding behind a boulder. The tigress, apparently feeling
herself discovered, walked into the open 120 feet from the deer.
Several animals wheeled and dashed 100 feet away, only to advance
again at a trot. After watching the cat walk away the herd resumed
its grazing. On a third occasion, one hind merely looked at a -
gress 100 feet away, while a stag trotted after the retreating preda-
tor for about 50 feet. The general tendency, of course, is for the
deer to circumvent situations that may lead to an encounter with a
tiger. For example, a stag that was walking slowly through the high
grass toward a road stopped when 30 feet from it and suddenly
bolted 60 feet down his former trail, then trotted off. A tiger had
walked down the road earlier that morning, and the stag had picked
up the scent.

The barasingha on the Kanha meadow were used to the presence
of man. When seeing a person, they rarely barked, and the flight dis-
tance of a herd, if approached casually and at an angle, was about
150-200 feet and oceasionally as little as 100 feet. In a car it was
sometimes possible to drive within 60 to 70 feet of a herd without
causing a disturbance among the grazing animals. In general, the
barasingha were not as excitable as the chital, and when the two
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species associated, a chital was usually the first to flee at the ap-
proach of danger.

Social Behavior

For about three months of the year at Kanha, from September to
December, the barasingha are essentially solitary, with hinds drop-
ping their fawns and with stags wandering around singly and in
pairs. However, with the beginning of the rut in December, until
the grass has once again grown high just before the retreat of the
monsoon, the animals congregate in herds of varying sizes. This sec-
tion discusses the structure of the herd and the interactions between
individuals, particularly as they relate to dominance and the rut.
The following types of herds were recognized: (1) mixed herds con-
taining at least one stag and one hind, (2) breeding herds con-
sisting of stags and hinds during the peak of the rut, (3) stag herds
of two or more males, and (4) hind herds with a variable number
of females and young.

Herp Size AND CoMPOSITION

The barasingha congregated on the Kanha meadow in December
and January and there formed herds of varying sizes. Between
January and August, mixed herds averaged 13 to 19 individuals
each, except in March just after the rut, when the average was 25
(Table 26). Large herds, numbering 45 and in one instance 61

TABLE 26

BarasincEA HERD S1ZE AND COMPOSITION AND FREQUENCY
OF SoLITARY INDIVIDUALS IN KANHA PARK

Mrxep Heros StAG HeRps Nuuser | NUMBER

R i P P mevsy e G B
IND TAG
Jumpes | st mmds | Jhmbe | Sgeal | smw | S
January, 1964 39 130 46 : 100 11 2.3 4 14
February 66 12.6 71 . 100 20 2.8 1 5
Max:ch 22 25.0 50 : 100 14 5.0 0 1
April 40 19.1 46 100 9 6.1 2 1
May 22 16.8 59 : 100 8 86 1 0
June 35 145 45 . 100 16 6.6 2 2
July . 18 182 36 - 100 13 9.3 0 0
August . 19 14.4 55 : 100 13 63 4 2
September, 5 58 2 30 9 3
October. 1 20 0 .0 7 4
November 1 2.0 G 0 6 1
December 24 32 4 20 10 17
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mdividuals, occurred during every month until August. The herds
broke up m September, and from then until the end of the year the
average size of mixed herds was fewer than 6 animals each (Table
96). Eleven mixed herds were tallied on the farm of A. Singh in
West Kheri, and these averaged 8 (range 2-26) individuals each
At nearby Ghola, however, one herd comprised at least 500 am-
mals. Eleven mixed herds in the Kaziranga Sanctuary also averaged
8 (range 8-13) animals each.

The majonty of the barasingha associate in mixed herds for the
first exght months of the year, with the ratio of hinds to stags being
about 2:1 (Table 26). The proportion of stags in the herds was
highest in February, at the end of the main rut. Although 2 or 3 sta§s
may be found together during any month of the yecar, in March,
after the rut, many stags leave the hinds and form their own herds,
which average 5 to 9 individuals each, with as many as 14 joining to-
gether on occasion (Plate 6). Although such stag herds sometimes
retain their composition for several days, in most instances males
join and depart at intervals, spending their time either alone or with
mixed herds. Small herds of hinds and fawns are common, but they
rarely persist long, for they either join a mixed herd or are joined by
a roaming stag. Solitary animals occur throughout the year. Lone
stags in particular become conspicuous during the rut in December
and January (Table 26). Some of these males were seen on the
Kanha meadow only at that time, apparently spending the other sea-
sons as solitary wanderers. Hinds, on the other hand, were observed
alone primarily from September to December, before, during, and
after the fawning period

The only stable social relationship in a herd is between a hind
and her fawn and sometimes between a hind and a yearling. All
other associations are casual and constantly changing ‘as members
of the herd depart and others join, rarely remaining together for as
long as one day. One yearling stag accompanied the same hind from
the time he was first seen on January 2 until July 10, when he was
killed by a tiger at 0100 hours. A sample of fourteen herds in which
he and the hind were members gives an indication of the changes
in composition that occur (Table 27).

LEADERSHIP

An adult hind characteristically leads mixed herds, which move in
a single file, with the stags tending to bring up the rear. Of 17
movements of large herds recorded in March, a hind was in the
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lead on 16 occasions and a stag once. Any hind may assume leader-
ship, and her position depends solely on having a number of follow-
ers. If no members of the herd join her, she either continues alone
or returns to the others. On one occasion, a herd of 35 animals walked
along in single file led by a hind, but when another hind, last in line,
turned around and retraced her steps, all the others did so too.
Herds frequently split, with animals following 2 or 3 different
leaders.

Leadership in stag herds appears to have no definite relation to
dominance, although when only two males travel together the one
of higher rank usually leads. In one herd of 3 stags observed several

TABLE 27

CoMPOSITION OF FOURTEEN BARASINGHA HERDS CONTAINING THE SAME YEARLING
STAG AXD HIND AT Vari0oUs TIMES OF THE YEAR

Date %(ti::;t chi‘;};“g Hird Fawn Total
January 2 0 1 1 0 2
January 11 2 2 5 0 9
January 20 . 5 2 15 1 23
January 31 10 3 25 2 40
February 9 1 2 8 0 11
February 23 4 1 7 0 12
March 3 3 2 6 1 12
March 25 7 2 23 3 35
Apnl 1 0 1 5 0 6
April 23 0 2 8 2 12
May 18 2 4 24 3 33
June 21 2 1 4 0 7
June 25 0 1 1 0 2
July 8 1 3 11 2 17

times over a period of three days, the smallest stag was consistently
in front and the largest one brought up the rear. Once, when all 3
stags were lying down, the largest one rose and threatened the medi-
um-sized one The latter scrambled to his feet, walked ten feet to
the smallest stag, and gave a head-up display. The small stag rose
and began to graze, whereupon the large stag threatened him with
his antlers, apparently to make him move on, for, as soon as he took
the lead, the other two fell behind in their usual positions. This gen-
eral sequence of events was observed on one other occasion in this

herd.
AcoNisTic BEHAVIOR AND DOMINANCE

Most aggressive interactions occur between stags during the rut and
the months following it until the antlers are shed. My observations
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are based primarily on 16 stags which remained around the Kanha
meadow in 1964 and on an equal number of animals the following
year. Although I recognized each sta% individually by his antlers in
1964 and in 1965, it was not possible to determine how many of
these animals were present both years because the configuration of
the tine pattern changes with each new set.

Overt aggressive interactions between stags are usually brief, con-
sisting in the order of increasing intensity of (1) walking directly
at the opponent, (2) jerking the head down and pointing the antler
tips at the other animal (3) lunging forward with lowered head and
sometimes slashing with a foreleg, and (4) chasing actively.

A head-up display, closely resembling that of the chital, is also ex-
hibited by the barasingha during agonistic encounters. One stag char-
acteristically approaches another with his neck raised, his muzzle
stretched skyward to reveal the whitish chin, his ears held erect or
laterally, the white insides facing the opponent, and his gait very
stiff (Plate 7). Sometimes the displaying stag just stands and faces
the other one or slowly circles him and then stands parallel, his
head slightly averted. The ear facing the opponent is often flashed
back and forth, Occasionally, the threatened stag, instead of turning
aside, displays similarly, and then each animal attempts to stretch
its muzzle higher than the other. It was my impression that the height
of the reach was one factor in determining dominance.

In contrast to the chital, barasingha rarely rub their antlers against
tree trunks during aggressive encounters. Stags were seen to scar
up trees with their antlers on only three occasions. However, they
frequently jab their antlers into the grass and afterwards walk
around with tufts of it draped from the tines. No attempt was made
to dislodge this adornment; on the contrary, the animals walked
with head more erect and steady than usual as if to prevent the
grass from falling off. Stags of all ages belabor grass, but the large
ones do so most frequently. For example, eighteen instances of this
behavior were observed between January 8 and 10 in one herd con-
taining at various times from 5 to 13 stags, with an average of 10.
The two largest stags accounted for 50 percent of these instances.
The behavior is elicited by a number of different situations. For
mstance, one small stag, after having lost two sparring matches in
succession, began to thrash a Phoenix bush. Another stag that
thrashed was sexually excited as he followed a hind. He jabbed his
antlers into a tuft of grass, attempted to mount the hind three times,
and, when she walked away from him, once again belabored the
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vegetation. Two stags sometimes stand near each other and at the
same time jab their antlers vigorously into the grass. The behavior
appears to %e a form of redirected aggression, which, as in the chital,
has acquired the secondary function of intimidation. The stags rarely
indulged in this activity after the cessation of the main rut in mid-
February.

As the stags poke their antlers into the vegetation, scent from the
preorbital glands is undoubtedly deposited. One stag rubbed his
neck up and down a sapling, then gently wiped first his antlers and
afterward both preorbital glands over the same area. On two occa-
sions stags wiped a preorbital gland up and down on a dry grass
stalk.

Wallowing may perhaps also feature directly and indirectly in
agonistic encounters, because the visual and olfactory presence of
the wallow itself may have an intimidatory effect on other stags.
However, since the wallow is primarily associated with the rut, it
will be discussed fully in that context.

Direct contact between stags is usually in the form of a sparring
match —a light pushing back and forth and a twisting of the head
sideways (Plate 9). Bouts are short, lasting a minute or less, al-
though I observed two longer ones of eight and eleven minutes. Of
309 matches recorded, only two were serious fights, with one causing
a shift in the existing rank order. None of the other encounters ob-
served resulted in a change in the status of the animal, even though
there was usually an obvious winner as one stag turned aside or
trotted off. Occasionally, one stag would touch the antlers of an-
other without eliciting a response. In one instance, a stag faced a
second stag at a distance of ten feet in a head-up display. He main-
tamed that position for fifteen seconds, then stretched his neck a little
higher. The other stag just stood, head slightly averted, seemingly
ignoring the gesture. The challenger stepped closer and lowered his
antlers. Finally, the threatened male responded first by locking ant-
lers, then by standing flaccidly, almost like an inanimate object,
while the other stag attempted to spar. Sixty-two percent of 63 spar-
ring matches were initiated by the animal that was ultimately judged
to be the winner, indicating that stags challenged an animal of higher
rank almost as readily as one of lower rank. The animals were spar-
ring, it seemed, not to determine rank, but either to reassert them-
selves or to test their strength against a superior opponent. Large
stags with long, many-tined antlers sparred rarely, only one-tenth
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as often as expected, whereas small stags, two to three years old,
fought frequently (Table 28).

The various responses of the animals to each other suggested
that a rank order existed among them. The existence of a hierarchy
in such captive herds of ungulates as domestic cattle (Schein and
Fohrman, 1955, Schloeth, 1961), American bison (McHugh, 1958),
and reindeer (Espmark, 1964¢) has been well documented, but de-
tailed data on the presence of one in free-living animals, although

TABLE 28

TrE EXPECTED VERSUS THE ACTUAL FREQUENCY OF SPARRING
1N TwWENTY ADULT BARASINGHA STAGS OF VARIOUS ANTLER-SIZE CLASSES

Antler-Size Total Number Expc{c%ed Number AC‘;’%‘ Number
2] arri O Arrin.
of Stag of Stags Intcr;:mtl;;‘r%s Intcrgcuong*
Large 4 70 7
Large~medium 3 52 23
Medium 7 123 130
Small 6 105 190
Total 20 350 350

* Based on 175 sparnng matches mvolving 350 amimals

deduced a number of times, as for example, in the wapiti (Altmann,
1956), are lacking. In the red deer, Darling (1937) observed:

When the horns have stopped growing, and even before the rags of velvet
are all off them, from late August to October, stags engage one another
with thewr homns, pushing and wrestling against each other, but often mn a
quite brief and formalized manner. It seems almost certain that before the
rut begmns in October a male hierarchy is well estabhshed. m fact 1t is quite
possible that the segregation of the sexes during the preceding months is
primanly an adaptation to facilitate this, without interference with or by
the females and colves As early as August it is easy after a few minutes’
observation to pick out which are the dommant stags m a herd

I recorded the outcome of interactions between a selected number
of barasingha stags durmg two periods, during the 1964 rut and dur-
ing the 1965 rut. Whenever a stag terminated a sparring match by
moving away or when he turned aside after being the recipient of
an aggressive display such as the head-up, he was recorded as being
subordinate to the other animal. Tables 29 and 30 show that the
stags that were in frequent contact with each other on the Kanha
meadow had a linear dominance hierarchy. This rank was to a large
extent correlated with body size and antler length, the larger ani-
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mals being dominant over smaller ones. It is possible that in addi-
tion to antler length the general complexity of the tine pattern con-
tributes to the effectiveness of the antlers as a status symbol. Of the
interactions recorded in Table 29, 6.7 percent were reversals, and in
Table 30 8.5 percent were reversals, but these outcomes did not im-
ply a change in status. Occasionally, the dommant animal turned
away because he was at a temporary disadvantage during a sparring
match or, seemingly, because he lost interest in the proceedings.
Yearling stags interacted infrequently with each other or with adult
stags. In a series of 182 sparring matches involving 364 animals, for

TABLE 29

DoMINANCE INTERACTIONS BETWEEN ADULT BARASINGHA STAGS
1N KaxEA PARK, FEBRUARY 3-18, 1964

. al

Is\gtelegf- D°§’J§§m Subordinate Buck N?xgber

Stag I II II IV V VI VI VIH IX X XI |of Inter-
actions

Large . I 7 3 8 6 4 8 4 1 2 4 47
Large II 1 3 5 1 1 1 1 5 18
Large-medium 11T 7 7 1 2 4 1 22
Large-medium v 16 1 1 2 20
Medium \'A 3 3 3 1 1 11
Medium VI 1 1 1 1 1 1 6
Medium VII 1 5 2 5 2 15
Medium VI 2 1 3 9 7 22
Small . X 1 4 7 12
Small X 1 1 3 12 17
Small X1 2 2
Total . 192

example, only 3 were spikes. Yearlings rank below the smallest adult,
but whether they have a hierarchy among themselves could not be
determined. A hind and a yearling stag were seen to interact aggres-
sively on two occasions: once the hind asserted her dominance by
assuming the head-up, and the other time she slashed the yearling
with her hooves.

The frequent changes in the composition of the herds keep the
hierarchy in a constant state of flux. As pointed out earlier, how-
ever, the barasingha at Kanha are part of a small locahzed popula-
tion, and most of the individuals meet each other frequently during
the course of the rut. The hierarchy is thus probably based on in-
dividual recognition, and when stags meet, each assumes the posi-
tion he took during previous encounters. Two condensed examples
from my field notes illustrate the behavior of stags when meeting.
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1) A herd consisting of 4 adult stags, 3 yearling stags, 12 hinds, and 1
fawn graze at 0650 hours. The 4 adults spar frequently with each other,
and the results indicate that they have a linear hierarchy. At 0730 hours
1 stag and 4 hinds appear at the forest's edge. While the hinds foin the
herd without overt interaction, the new stag grazes for 12 minutes at the
periphery before approaching the largest stag in the herd. The newcomer
ferks his head down, and both spar briefly. The new stag turns aside, but
when the winner gives a head-up display, he once again lowers his antlers
and spars. The two fight briefly with the same result, and when afterward
the newcomer gives the head-up, the other merely threatens with antlers

TABLE 30

DOMINANCE INTERACTIONS BETWEEN ADULT BARASINGHA STAGS
1N KaANHA PARK, JANUARY 2-10, 1985

Total

Antler-Size Dominant Subordinate Buck Number of

of Stag Buck I I II IV V VI VII VIIIX| Joter
Large. . . I 1 3 2 1 2 9
Large . 11 1 1 1 1 1 5
Large-medium. 111 1 2 38 1 v
Medium v 2 16 1 1 20
Medium Vv 5 7 5 17
Medium VI 3 7 8 22 40
Small VII 3 20 23
Small VIII 20 20
Small IX 2 9
Total 143

lowered. Further interactions with other stags show that the new stag has
assumed the number 3 position in the hierarchy,

0757, Three stags, including the one dominant over the whole meadow,
and 3 hinds approach the herd. A hind is in the lead, but the large male
passes her at a rapid walk and enters the herd first, He approaches the 5
stags there directly. They have been sparring but suddenly cease and graze
assiduously. As soon as the large stag has walked past them and turned his
back, so to speak, all look up.,

2) A large stag walks alone across the meadow toward a solitary hind.
Coming from the forest nearby is the dominant stag, trailed by a medium-
sized one at 100 feet, When 80 feet separates the two large stags, the domi-
nant one gives the head-up display and continues to advance. He stops
30 feet from the other, muzzle still raised. When he steps forward, the
other gives the head-up, too, but turns away, then challenges and spars
with the medium-sized stag, When the dominant stag steps toward them,
both desist; he suddenly turns and walks 400 feet to the hind. He displays
the head-up to her, drives her back to the other stags, and as he passes
them, gives a final head-up to each one.
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In these interactions, and numerous others of a similar nature,
the displays, sparring matches, and other behavior patterns were
used by the animal merely to reassert its position; no change in
the rank order resulted. It is significant that the only two serious
fights observed were between the two most dominant animals on
the meadow. In 1964 the dominant stag retained his position; in
1965 he lost it, as described below:

January 7. 0800, A herd of 10 stags, 10 hinds, and 3 fawns graze on the
meadow when the dominant stag appears alone from the forest. He rejoins
the herd, having left it the previous day, thrashes a Phoenix with his ant-
lers, and then approaches the number 2 stag in the hierarchy, who has
been with the herd for two days. The latter stag steps aside very slowly.
Both walk side by side to a wallow, and while the dominant stag watches,
the other digs his antlers into the sod and throws turf vigorously into the
air with upward jerks of his head. Then both toss turf, standing 20 feet
apart,

p0810. The dominant stag approaches the other in head-up, and they
begin to spar. Their antlers meet with a crash, the sod flies from under
their churning hooves, and their backs are humped with the effort of trying
to force each other backward. Six stags leave the herd 300 feet away at a
run, then stand and watch the fight. One stag dodges in twice and pokes
a combatant in the rump. The fighting stags, see-sawing back and forth,
cross a ravine, crash through a grove of saplings, and almost disappear in
some high grass, all with antlers locked. Suddenly at 0821 hours, the domi-
nant animal twists aside and trots 100 feet away, having lost the battle. The
other stag follows slowly in head-up. He bugles. The vanquished stag
walks 300 feet and stands there alone until 0855 hours. As he walks away,
a small stag from the herd follows him.

The winner retained his dominant position for the rest of the season.
On the day following the battle, the loser was back with the herd,
now second in rank,

It was impossible to determine if the hinds possessed a stable rank
order, for tlgey rarely interacted. Most aggressive contacts involved
a brief nip on the shoulders or rump. A threatening gesture, some-
what resembling the head-up, consisted of stretching the neck erect
while facing the opponent with head held horizontally and ears
laid back. One foreleg was sometimes raised, apparently to indicate
an intention to rear up and strike with the hooves as described in
wapiti by Altmann (1956). If the threatened hind did not retreat,
or if she assumed a similar posture, both occasionally stood up on
their hindlegs and slashed at each other with their forelegs for sev-
eral seconds. Stags were not seen to fight in this fashion, although
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the behavior probably occurred at times after they had lost their
antlers, as reported for the wapiti (Murie, 1951). Hinds also em-
ployed the head-up display, like the stags, with each animal at-
tempting to push 1ts muzzle higher into the air than her opponent
(Plate 10). Some displays of hinds appeared to be intermediate be-
tween the head-up and the threat gesture, as judged by the position
of the ears and head.

In most instances stags and hinds indicate their submission by
moving away, by averting their heads slightly, or by failing to re-
spond when threatened. Stags occasionally begin to graze, appar-
ently a displacement activity, as in the moose (Altmann, 1959),
which signals a lack of aggressive intent. A submissive posture, re-
sembling the one described for the chital, is occasionally seen in
hinds but rarely in stags. The animal walks away with neck held
low and parallel to the ground, muzzle pointing forward, and ears
laid back, a position apparently designed to make the animal look
inconspicuous, the opposite of the head-up display.

SExXUAL BEHAVIOR

At Kanha the stags begin to rut in early December when their
antlers are hard, their necks are swollen, their voices have deepened,
and they have molted into their dark winter coat. In contrast, it is
mteresting to note that the stags at Kaziranga begin to rut after they
have molted into their light summer coat, which lacks the long,
shaggy hairs on the neck and, in general, is not as impressive in
appearance as the winter one

Durmg the early part of the rut stags and hinds drift from the
forest singly and in small groups and congregate on the meadow.
Both sexes give the impression of being exceedmgly restless as herds
spht and join, and solitary individuals, particularly stags, roam
widely. All patterns of behavior characteristic of the rut— bugling,
wallowing, and various aspects of sexual behavior including copula-
tion —are evident, and increase in mtensity as more and more ani-
mals reach the meadow. Typical behavior of the barasingha during

th(:. early phase of the rut 1s described in the following field obser-
vation:

_ 0630 hours A large stag and a medwum-sized one walk along, the former
in the lead. At 0720 hours, having traveled 1,000 feet, they approach a herd
of 7 hinds and a yearling stag The large stag raises his muzzle briefly n
an ncipient head-up display when 70 feet from the hinds, then walks
rapudly into the herd with neck held low and parallel to the ground but
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head slightly raised, the low-stretch display that has been described for
the chital. He sniffs the anal area of one hind, another, and then a third.
After a brief flehmen, he sniffs a fourth hind, curls his lip once more, and
having apparently determined that the herd contains no receptive females,
leaves 6 minutes after his arrival. The second stag follows him at a distance
of 300 feet. At 0806, some 900 feet farther on, they approach a hind with
fawn. She watches as they draw nearer. The large stag sniffs her vulva,
follows her as she walks away, and then all 4 graze together and lie down
at 0815 hours.

As the rut progresses, the amount of roaming decreases, and the
deer establish a breeding herd. The amimals formed their breeding
herd in the same locality during both rutting seasons observed —a
relatively dry open slope with a number of wallowing places 1n the
form of seepage springs. Each morning shortly after dawn, the time
when rutting activity reached its daily peak, small herds appeared
at this site from all directions and joined. Sometimes most of the
animals remained together throughout the day and the following
might, reaching a second peak of rutting activity at dusk, but at other
times the herd disbanded by mid-morming. The majority of hinds
and fawns were part of this one breeding herd during the peak of
the rut, as were most or all of the 16 stags around the meadow (Plate
10). During the 1963-64 rut the breeding herd began to form on
about January 20 and started to disintegrate on February 3, the ani-
mals failing to meet each morning in their usual area. The size of
the breeding herd varied from day to day, ranging from 18 to 40
individuals with an average of about 30. Some animals joined the
breeding herd daily, whereas others showed up only intermittently.
Although the animals remained on the meadow and continued to
associate closely, indeed forming the largest herds of the year in
March after the rut, the amount of sexual activity and associated be-
havior decreased sharply and was rarely seen after mid-February.
During the 196465 rut, the breeding herd was formed on January 2,
over two weeks earlier than the previous year. On that date 11 ani-
mals congregated, and three days later 25 came together. Although
22 barasingha still actively rutted on January 10, the ammals failed
to meet the following day, and the breeding herd had not reformed
by the time the study was terminated a week later.

Two aspects of the formation and composition of the breeding
herd are of particular interest when compared with the behavior of
certain other members of the genus Cervus: (1) a stag makes no
effort to retain a number of hinds under his jurisdiction, and (2)
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a stag makes no attempt to drive away other stags from the vicinity
of the herd. Instead, a number of stags and hinds form a loosely
integrated breeding herd, with the males establishing a linear domi-
nance hierarchy, as discussed earlicr. The activity of the dominant
stag is thus directed not toward the maintenance of the breeding
herd but merely toward association with whatever hind is sexually
receptive, The highest ranking stag in the herd takes priority over
any hind in heat, tending to stay by her side until copulation has
been successfully comdpleted. Brander (1923) maintained that “mas-
ter stags collect a herd of does and fight for possession of their harem
in the same way as the European stag” and that large stags “will
not tolerate a youngster with them,” but these observations do not
agree with mine. With stags associating freely and competition for
hinds based on an established system of priority rights, the rut of
the barasingha takes a more peaceful course than that of such species
as the reindeer (Espmark, 1864a), red deer (Darling, 1937), and
wapiti (Altmann, 1856; Murie, 1851), In these species one male
tries to maintain a harem of females, a task which keeps him con-
stantly active as he tries to keep them together and other males
away, as described by Altmann (1958) in the wapiti:

The bull of the group circles the harem and often drives a particular cow.
While the cows, yearlings, and calves are grazing, the bull rarely takes time
to graze. Bugling, roaring and watching the harem keep him fully occupied.
A bugle made by a rival puts the bull into a rage and starts him on a wide-
spread search for the intruder. One bull, seen tramping and sniffing through
the underbrush, broke into a group of fir trees and, after discovering a
hiding bull, drove his rival away with sharp-sounding blows of his antlers.

The system evolved by the barasingha appears to be more efficient
than that of the wapiti in that less energy is expended by the stags
in obtaining females with which to mate. A barasingha stag feeds
regularly during the rut and at the end of it appears to be in as good
physical condition as before, whereas the wapiti has obviously lost
much weight (M-ie, 1851). However, efficiency can only be meas-
ured in terms of survival of the species, and this is partly dependent
on the genetic scjective advantage of having the prime stags do most
of the mating No data are available for the wapiti on this point,
but presumabiy the large males with harems have the opportunity
to mate more often than the others. I observed 8 copulations in the
barasingha, all by large-antlered stags. Stags of all size classes show
sexual behavior such as chasing and mounting in a breeding herd,
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but the dominant animal is more active than the others. Thirty-three
instances of sexual behavior were observed in the 1985 breeding
herd between January 8 and 10, and the dominant male on the mead-
ow was involved in 48 percent of these (Table 81). A total of 54
instances of sexual behavior were tallied between December 9, 1964,
and January 17, 1965, in the breeding herd and outside of it, and
large-antlered sta%i accounted for 54 percent of these. These data
suggest that the highest ranking stags do most of the mating, In
this respect the social organizations of the barasingha and the wap-

TABLE 31

FREQUENCY OF SEXUAL BEHAVIOR PATTERNS IN BARASINGHA STAGS
IN A BREEDING HERD, JANUARY 3~-10, 1965*

Iﬁ“tmb” °°ff Iﬁm”c‘; of Ili;xmber of{ Number off
Antler-Size ances tances o Instances o
Pt A oP Y ouning |  Copulstion Bogling

Large-antlered stag

(1st in rank) . . 10 5 1 21
Large-antlered stag

(2d in rank) 4 0 4] 2
Large-medium

antlered stags 6 0 0 0
Medium-antlered

stags . . . 3 1 0 0
Small-antlered

stags 2 0 0 0
Spike-antlered

stags 1 0 0 0

Total, . 26 6 1 23

* Herd contained 6 to 13 stags (average 10)

iti, though quite different during the rut, achieve similar results, but
adequate hypotheses to account for the evolutionary advantage of
one system over the other in the particular species are lacking.

My observations on the formation and social organization of the
barasingha breeding herd during the rut are based on a very small
population. The be}%avior of the animals when many hundreds and
even thousands occupy a limited area is unknown, but general com-
ments by Baker (1890), Champion (1933), and Lydekker (1893),
as well as statements of foresters and hunters with whom I talked,
indicate that the large herds break up into smaller units at the time
of rut. It is probable that in a place like Ghola many breeding
herds are distributed over the area, each in its specific locality, but
that there is a certain amount of movement of individuals between
herds. The size of these breeding herds is unknown, but they may
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well be on the order of the one formed at Kanha in 1964. It 1s sig-
nificant that both in 1964 and 1965 the number of stags that remained
on the meadow was 16, even though m the former year at least
30 stags had been present in the population. Possibly the optimum
number of stags m and around a breeding herd is about 15, and with
the number of surviving hinds apparently too few in number to
form two breeding herds, the excess males left the area With the
numbers of males to females in the populations almost equal (see
Table 23), hinds 1n a breeding herd probably number no more than
about 20 to 25 individuals. If the probable number of fawns is added,
the total hypothetical breeding herd will comprise about 40 to 60
animals There may be an optimum number below which mutual
stimulation sufficient to maintain the herd 1s inadequate The 1964
rut at Kanha was in every respect more vigorous and the breeding
herd of longer duration than mn 1965, when the number of am-
mals on the meadow m January had dwindled to only about 30
animals

A number of distinct behavior patterns are associated with the
rut, promment among them bughng, wallowing, and several display
postures during courtship.

The bugle of the barasingha consists of a series of distinct two-
toned notes —a rather mournful uu-aa, uu-aa, or rmg-hon, ring-hon
as written by Champion (1933) —repeated some 10 or 25 times with
the last notes dropping progressively in pitch until they are almost
maudible A peculiar resonant drone accompanies the bugle. The
number of two-toned notes in a series in 67 bugles averaged 19
(range 9-27) The duration of each note 1s about .8 seconds, about
16 seconds elapsing during a bugle of 20 notes. Although stags oc-
casionally call during the night, most bugles are heard after dawn
and before dusk Of 74 bugles recorded between dawn and noon,
43 percent were between 0700 and 0800 hours, of 87 bugles noted
between noon and dusk, 56 percent occurred between 1700 and 1800
hours. The call of one stag occasionally elicited an answer from one
or two others in the vicimity. Only large-antlered stags were seen to
bugle, and the dommant male m the area did so more frequently
than the others (Table 81). Occasionally, a stag was stimulated to
bugle after hearing the alarm bark of a member of his own species.
It 15 probable that the sound attracts stags and hinds to the rutting
area, but at the same time it may also serve to space out males by
mdicating that the locality is already occupied by a large stag The
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first bugle during the 1964-65 rut was heard on December 17, and
the last one of the 1963~64 season was noted on February 14 Bugling
durmg the 1963-64 rut occurred more or less regularly throughout the
season, but the following year 1t was sporadic until January 5, reach-
mng a high level on that date, which was mamtained until January 10,
when it ceased abruptly.

The stags wallowed at four places on the Kanha meadow where
water had seeped out of a slope and created a swampy area (Plate
11) The same sites were used during both the 1963-64 and 1964-65
rutting seasons. During the 1964-65 rut, a stag wallowed probably for
the first time on December 11, the previous season’s wallowing had
ceased by mid-February, when the sites dried up. The wallows were
made and used by the stags, although on two occasions I saw a
hind briefly lie down in one. Stags dig out the wallows by jabbing
either their brow tine or the tips of thewr antlers into the sod and
then jerking up their heads so vigorously that in some instances the
earth flies several feet mto the air. These actions, as well as churning
the sod with sharp hooves, create a muddy depression with a pool
of water in the middle, in which the stags he down and sometimes
contnue to dig with their antlers. Similar behavior has been de-
scribed for the wapiti by Murie (1951). Wallowing is particularly
prevalent when stags join or leave the breeding herd, and the ac-
tivity of one animal frequently stimulates others in the vicinity to
behave similarly. In one instance six stags tossed turf and wallowed
together. A typical wallowing sequence 1s described below:

0727 hours The dominant stag leaves the herd and walks 70 feet to a
wallow He digs his tines into the mud and sod a total of 44 times, throunng
pieces of it into the air with sudden upward jerks of the head. A yearling
stag approaches to within 20 feet When the adult jerks his head at ham,
he trots in a 50 foot circle but returns and watches. The stag lies down mn
the wallow for 30 seconds and digs his antlers mto the earth 4 times with
sideways and upward twists. He rises, goes 10 feet to another marshy spot,
throws sod 3 times, then returns to the wallow The yearling walks to the
spot just abandoned by the adult and hes down for 15 seconds but gallops
away when threatened by the adult He digs his antlers in another 33
t%es; now being closely watched by two yearling stags from a distance
of 6 feet

0740. One medwm-sized stag and two hinds join the herd. The dominant
stag leaves the wallow and stands parallel to and 10 feet from the new stag,
The latter walks 120 feet to the wallow where he throws sod 8 times, lies
down for 8 minutes, digging his antlers into the earth another 2 times,
and at 0745 hours rejoins the herd
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Such jabbing of antlers into the sod appears to be a form of re-
directed aggression resembling the thiashing of bushes, although the
action of the head 1s primarily up and down without the lateral
movements conspicuous in thrashing. Throwing sod may also occur
away from the wallow if the ground is soft. Wallowing itself is usually
brnef, 1a1ely lasting for more than two to three mmutes, and there
is no vigorous rolling of the body as, for example, has been de-
scribed for the American bison in dust wallows (McHugh, 1958)
It 15 likely that a wallowing stag mixes scent from his tarsal and
metataisal glands with the water and mud, an action which marks
both the area and the animal himself with odor in the manner de-
scribed for moose by Gest (1963).

When a hind is sexually 1eceptive, the stag displays various pat-
terns of behavior. He sniffs her vulva frequently or pokes it with his
muzzle, and when she urinates, he either places his nose into the
fluid or smells the moist ground. Flehmen with curled lip is common
afterward. If the hind moves away, he follows her, and if she runs,
he chases her, endeavoring to stay by her side. If she stands, he may
poke her rump with his muzzle, driving her on. Sometimes, instead
of following behind her, he moves parallel to her, 5 to 10 feet away,
adjusting his speed of movement to hers. At such times he displays
the head-up, emphasizing the posture by walking stiff-legged and
thumping a foreleg on the ground with each step. Sometimes he
walks ahead of her, tail raised, flashing his white 1ump. If she stops
moving, he may hick her rump and face, the only time licking is a
prominent social interaction between adults. When approaching a
hind rapidly, a stag occasionally assumes the low-stretch display
that has been descn%ed for the chital. Driving, chasing, hcking, and
perhaps a brief halt to thrash some bushes with the antlers may con-
tinue for several hours, with the stag formmg a so-called tendin
bond with the hind, as described for the wapit: by Altmann ( 1960%
and the caribou by Lent (1965). If another stag approaches, he may
be attacked. On one occasion a stag expended much effort in at-
tempting to drive away a yearling stag that persistently followed a
hind that was presumably its motier. The youngster remained with
the courting pair, however, and the stag later copulated successfully.
Usually the stag took the initiative in the sexual advances, but once
a hind playfully nipped a stag while he stood in a head-up display,
then bounded away 10 feet, returned to his side, and dashed away
again, bucking as she ran, this time followed by the stag. If the hind
stands stll, the stag may mount. Usually she walks out from under
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him, and in the course of a courtship, numerous mountings are at-
tempted. One stag mounted 27 times in 15 minutes. A fully receptive
hind stands with her back humped and her tail held limply horizon-
tal, The stag places his chin on her rump, mounts, thrusts violently
once or twice, rearing up on his hindlegs during orgasm, and then
leaves the hind without a postcoital display. The prolonged court-
ship probably helps to synchronize the two animals physiologically,
making the copulatory act itself very brief.

Two courtship sequences, the first one within a breeding herd, the
other outside it, describe mating behavior in detail:

1) February 2. 1530 hours. A total of 39 barasingha, including 8 adult
stags, graze. The dominant stag drives a hind, staymng 3 feet behind her. As
they pass through the center of the herd, he lunges at the stag second n
the rank order. While he is occupied with the other stag, a small stag
mounts the hind but jumps off quickly when the dominant stag returns.
After driving her briefly, he walks to a tree about 100 feet away and rubs
his antlers against it. Meanwhile two stags follow the hind. The larger of
the two jerks his antlers at the smaller one, then mounts her. The dominant
stag} returns, and both stags step aside rapidly when he lowers his antlers
at them.

1610 hours. The dominant stag leaves the hind and begins to browse.
A spike yearling mounts the hind, but flees when the other stag returns at
a trot. At 1613 hours, after driving the female briefly, he mounts her and
thrusts once violently, propelling her forward. He jerks his antlers at a
spike nearby, rubs his neck on a tree trunk, charges 40 feet at another stag,
and finally returns to the hind and stands beside her. He bugles, then licks
her rump. Five minutes later he charges at two stags that drift by. When
the hind lies down, he licks the top of her head before joining her.

1650 hours. He jumps up and lunges at 3 stags that approach to within
30 feet. He then thrashes grass until his tines become draped with it. The
hind rises, and he drives her and stays by her side until 1720, when observa-
tions are terminated.

February 3. 0805. A herd of 32 barasingha is in the same place as yester-
day. The dominant stag lies beside a hind 100 feet from the others. The
number 2 stag in the rank order licks the rump of another hind for about 5
minutes, After she rises, he drives her. When the dominant stag becomes
aware of them, he leaves his hind and runs 150 feet to the other one. The
stag steps aside while he mounts. She walks ahead but stands still when he
mounts a second time. He gives one vigorous thrust, then stands, licks his
lips, and curls his upper lip. The hind which the dominant stag had left
earlier walks toward the herd and is immediately joined by a small stag,
which, however, steps aside to a somewhat larger one. The dominant sta
stands nearby and belabors a tuft of grass before rejoining and driving this
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hind He briefly chases a stag aside and sniffs the anal area of two other
hinds in passing, gwing cach a light push with the muzzle. After lunging
at another stag, which immediately begins to graze, he drives his hind once
more briefly and licks her rump before tossing some grass with upward
sweeps of his antlers The whole herd then stands or hes.

0935 Meanwluile the dominant stag has drifted somewhat from the side
of the hind, and a spike yearhng mounts her but jumps aside when the
other returns When the male second in rank passes by, he runs 10 feet at
him and slashes out with a foreleg. He runs at another stag, bugles, jerks
his antlers at two stags, and chases a third one, while hus attention is oc-
cupied, the stag second in the rank order mounts The dominant stag rushes
up, but his attention is again diverted by another stag, and while he dis-
places that one, the other large stag mounts and thrusts once, completing
a successful copulation. The dominant stag returns and rests by the hind
until observations are terminated at 1100 hours.

2) 0810 hours A large stag, a medium stag, and one hind, all of which
were unsuccessfully stalked by a tigress 25 minutes earlier, move across
the meadow The large stag walks at first parallel to the hind in a head-up
display but then lags slightly behind her, followed at 120 feet by the
medwm-sized stag. The hind grazes. Suddenly, the stag assumes the low-
stretch display, takes several rapid steps, and mounts the hind. She walks
out from under him, and he gives the head-up once more; she turns, and he
turns with her, walking with thumping forefeet. When he stands still, she
swwels her rump toward him, but when he sniffs, she trots ahead. They
move 400 feet during the next 15 minutes As the hind veers off in one
direction, he lowers his antlers as if to block her way, but she trots around
him and stops after 40 feet The stag walks rapidly to her in the low-
stretch posture, sniffs, puts hus chin on her rump, mounts, sniffs again, and
mounts agan, but she walks ahead. An ejaculate drips from his unsheathed
penis. After 50 feet she stands again, and he mounts, giving one violent

thrust. While she walks slowly with tail horizontal, he begins to graze at
0840 hours.

The amount of sexual activity decreased rapidly after mid-Feb-
ruary. In 1964 a large stag was last seen to mount on February 22,
and one small stag attempted to do so on April 5; the following year
two such attempts were noted in March.

Hinds mounted hinds on four occasions, all in March and April.
One small stag mounted a fawn, and fawns tried to mount hinds on
five occasions. One fawn, six months old, attempted to mount a hind
three times in succession, then sniffed her leg and curled its lip;
finally it gave the head-up display to a yearling stag, which re-
sponded by merely flipping his head up quickly.
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FEMALE-YOUNG RELATIONSHIPS

The heavily pregnant hinds disappeared from the meadow by late
August, except for a few that remained hidden in the high grass,
either solitary or accompanied by a large fawn or yearling. In con-
trast to their usual placid disposition, the amimals became very shy,
and they barked vigorously on seeing a person on foot, something
they had rarely done earlier in the year. Some hinds remained for
several days near certain patches of brush, but even though we
searched such sites for fawns from late August to October, we never
discovered any.

Suckling was observed three times, all in February. The fawns
approached the hind either from the side or between the front legs
and suckled thirty to forty seconds. When a fawn became separated
from its mother, it emitted a plaintive bleat —eeaa or eeau —which
the hind either ignored, answered in similar fashion, or responded
to directly by approaching the source of the sound. Yearlings oc-
casionally bleated in similar circumstances. Once a hind was ac-
companied by two fawns, the second young apparently having lost
its mother at least temporarily. One of the fawns followed the hind
closely and the other tagged 30 feet behind. Whenever the latter at-
tempted to approach, the other fawn jumped at it and chased it off.
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Description

The sambar is larger than the barasingha, with stags standing 48
to 56 inches high at the shoulder (Blanford, 1888-91). The length
of the body is 6 to 7 feet, and the tail an additional 12 to 13 inches
(Jerdon, 1874). Published weights of stags shot in the wild include
562,682,707, 717,743, and 776 pounds (Cooch Behar, 1908; Brander,
1923; Morris, 1937b). But since these weights are from record ani-
mals, the average is probably closer to the 410 and 445 pounds ob-
tamed for two stags in the New York Zoological Garden (Crandall,
1964); one hind in the same zoo weighed 360 pounds.

The winter coat of the sambar is gray-brown to dark brown,
adult stags appearing almost black on occasion. Generally, the molt
into the summer coat is completed by May, but patches of the old
pelage persist in a few animals until early June. The color of the
summer coat is brown to chestnut brown. The molt into the winter
coat begins in October and is completed by early December. The
rump, the underside of the tail, and the inner side of the legs are
light to rusty brown. The tip of the tail is black, and the base of the
back of the ears is whitish. Both stags and hinds have a conspicuous
unkempt ruff of hair around the neck. The hairs on the swollen neck
and on the shoulders of rutting stags are several inches long and
tipped with grey. Small fawns have a chestnut brown coat without
spots.

The antlers of yearlings consist of simple spikes up to 10 inches
long, Adult antlers are massive and resemble those of the chital in
that they are three-tined, with a brow tine and a forked main beam.
Antlers are generally about 20 to 35 inches long; Ward (1922) lists
arecord pair measuring 50% inches long.

Population Dynamics

The sambar is distributed sparsely throughout Kanha Park in the
mixed forest of the hills as well as in the sal forest. Although most
animals leave the high ridges during the hot season and descend to
the base of the hills, a few of them stay on the slopes, obtaining
their water from seepage springs. There was no marked concentra-
tion of sambar around Kanha meadow from March to June, as there
was of gaur, chital, and barasingha. This, together with their ability
to remain inconspicuous, makes an accurate estimate of numbers dif-
ficult, a fact reflected by the fluctuating census figures (Table 2).
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PoruraTioNn Sz anD COMPOSITION

The forest department staff tallied 60 sambar in the central part of
the park in June, 1964, and 35 one year later. My estimate for the
study area, based on the frequency of my encounters with them,
was about 50 to 60 sambar. The population density appeared to be
similar in the valley to the southwest of Kanha and around Kisl,
but it was lower in the other parts of the park. The sambar popula-
tion 1 the entire park was probably between 200 and 300 animals.

A total of 363 sambar were classified in Kanha Park; in terms of
males and young per 100 females, the ratios were 29.7 males:100
females:33.7 young. The proportion of the various age and sex classes
in the population was 14.9 percent adult male, 3.5 percent yearling
male, 51.4 percent adult female, 9.8 percent yearling female, and 204
percent young. Hinds outnumbered the stags by a ratio of about
3.1, a disparity already apparent in the yearlings (one to two years
old). The reason for this great disproportion of the sexes is unknown,
but 1t may be due to selective predation on the males, both as fawns

and as adults (see Table 57), and perhaps also to an unequal sex
ratio at birth.

Tue Rurring Season

Published comments are almost unanimous in stating that the time
of rut in penmsular India runs from October to December, with
Forsyth (1889), Blanford (1888-91), Lydekker (1898), Russell
(1900), Comber (1904), and Stockley (1918) limiting it to October
and November and Prater (1934) and Brander (1923) to November
and December Comber (1904) and Blanford (1888-91) pointed
out further that in the Himalayas the sambar mate 1n the spring,
As m the other deer, the annual changes in antler development
give an mdication of the probable state of sexual activity in the ani-
mal Most authors (Stocll)dey, 1928, Russell, 1900, Baldwin, 1877,
Brander, 1923, Jerdon, 1874) noted that sambar shed their antlers
between late March and mid-May and are in velvet from May to
October or November, although in southern India some stags are
m hard antler durmg July and August (Fletcher, 1911) and m Cey-
lon sheddmng occurs irregularly throughout the year (Baker, 1890).
The picture has been further confused by the insistence of some ob-
servers, Iike Gilbert (1888), Baker (1890), Fletcher (1911), Forsyth
(1889), and Lydekker (1924), among others, that stags sometimes
retain the same set of antlers for two to four consecutive years.
Brander (1923), on the other hand, emphasized that antlers are shed
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yearly. None of the sambar in the New York Zoological Garden re-
tamed their antlers for more than one year (Crandall, 1964). A total
of 33 adults were seen at Kanha between November 19 and May
18, and all were in hard antler; of 12 stags encountered between
June 10 and November 7 all were in velvet, which indicates that
most shedding occurred in late May and June. One stag in the Cal-
cutta Zoological Garden lost his antlers on Apnl 8-9, 1964, and on
April 19-20, 1965.

The birth season can also be used to pinpoint the time of rut if
the station period 1s known. According to Prater (1934) and
Brander (1923), the young are born in late May and early June,
and according to Fletcher (1911) primarily in late June and early
July. With a gestation period of eight months (Sclater, 1863; Finn,
1929, Asdell, 1946), these fawns were conceived in October and
November. Both Fletcher (1911) and Brander (1923) noted, how-
ever, that some fawns are born during the hot weather, presumably
in April and May, having been conceived in August and September.
Age estimates of small fawns at Kanha revealed that births occurred
during every month from June to December and perhaps also rarely
in April and May.

My findings disagree with most published information in that the
rut of the sambar does not appear to be as discrete as has been sug-
gested but rather to be spread over a period of at least seven months
of the year. However, the peak of the rut does coincide with other
findings — November and December. That this peak may vary
somewhat from area to area 1s suggested by the fact that the sore
spot (see Sexual Behavior, p. 144), which 1s present n rutting sambar
at Kanha only from mid-November to mid-December, was seen in
three Kaziranga animals in early May.

Forty-one births in the New York Zoological Park were spread
over every month, except December and February, and antlers were
shed in all seasons (Crandall, 1964), conditions similar to those at
Wobum Abbey, England (Bedford and Marshall, 1942). Fawns in
the Trivandrum zoo, Kerala, were born 1 December and January
(Simon, 1943a).

RATE or REPRODUCTION

None of the yearling hinds at Kanha appeared to be pregnant, and
it is likely that hinds gave birth to their first fawn when about three
years old. Each adult female probably bears young once a year, not
once every three years as stated by Brander (1923). A single fawn
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is the rule, although Crandall (1964) recorded one set of twins in
forty-one births at the New York Zoological Park.

MORTALITY

The fact that 20 percent of the sambar population consisted of fawns
and 18 percent of yearlings points to a moderately high annual turn-
over, although a considerably lower one than in the chital, for ex-
ample, where the comparable figures are 29 percent and 24 percent,
respectively. If it is assumed that each adult has one young per
year, fawn mortality was apparently heavy, for 3 out of 5 hinds were
not accompanied by young. A few of these hinds were two to three
years old and therefore had not yet given birth to their first fawn,
but the figures nevertheless indicate that about 50 percent of the
young died before reaclung the age of one year. Since the number
of adults leaving a stable population roughly equals the number of
yearlings entering it, there was at least a 13 percent annual loss of
adults.

Predation was the only known cause of mortality during 1964. Out
of a total of 228 predator kills found, 25 percent were sambar, and
out of 335 tiger feces checked, 10 percent contained the remains of
sambar (see Tables 50 and 51), making this deer numerically the
second most important Jarge wild prey species in the park. Sambar
were also hunted by villagers; the remnants of one Freshly killed
animal were found in a poacher’s camp near the Kanha meadow.

General Behavior

The sambar is predommantly a forest animal, coming out into the
open occasionally at dusk and during the night but seeking the cover
of trees within an hour after dawn. Sambar ventured onto the Kanha
meadow infrequently, except during the hot season, when small
herds would approach the water holes cautiously, usually in the
evening, drink, and then retreat back into the forest. From about
0930 to 1600 or 1700 hours, the animals usually rested, often lying
on the slope of a hillock partially hidden by grass and quite invisible
until flushed A few deer, however, sometimes fed and moved at

mid-day, especially during the monsoon and the main rut in Novem-
ber and December.

Foop Hasrrs

The samba1 probably subsist on a wider variety of plants than any
other ungulate at Kanha, with the possible exception of the gaur.
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Although Tables 10 and 11 list only fifteen species as having been
eaten by sambar, this merely reflects the difficulty of observing un-
disturbed animals, not the limits of their diet. According to Brander
(1923), the fruits of Phyllanthus emblica and the bark of Adina
cordifolia are also taken. Young green grasses constitute the preferred
forage of sambar, and when available, particularly from June to Oc-
tober, the bulk of their diet undoubtedly consists of them. As the
grasses reach maturity and until the meadows and forests are burned,
the deer readily eat the coarse blades and stems. The green grasses
which appear after the burning of the sal forests i about April pro-
vide them with much of their food during this season, supplemented
most commonly with the new leaves of sal and Moghania. On May
5, for example, I watched four sambar for forty minutes as they
fed almost exclusively on Themeda shoots and sal leaves. Browse
becomes an important component of their diet whenever green grass
is scarce. I watched one stag on December 8 as he moved 150 feet
in ten minutes, nibbling on at least three different species of shrubs
and trees, one vine, and one grass. The seasonal changes in the food
habits are described well by Forsyth (1889):

“The short green grass that clothes the banks of pools and springs, and the
tender shoots of young trees and bushes, may be said to be at all times the
foundation of their fare. . . . Later on, in late autumn, the young wheat
and grain crops of neighboring clearances are made to pay heavy toll, and
with the commencement of the hot season comes a great variety of wild
fruits. . . . At one time (March and April) it is the luscious flower of the
Mhowa tree [Madhuca latifolia] which they share with the Gond and the
bear and most other animals and birds. The Tendu [Diospyros melanoxy-
lon], the Chironji [ Bachanania latifolia], the Aola [ Emblica officinalis], the
Bher [Zizyphus jujuba], and many other trees, also fruit plentifully in
spring; and a little later the pods of numerous species of acacia, chiefly
Babul (A. arabica), Reunja (A. leucophaea), Kheir (A. catechu), and of
the tamarinds which have overgrown many deserted village sites, and the
frust of several species of wild fig (F. indica, religiosa, guleria) amply sup-
port the sambar through the hot season.

The rumen contents from three sambar were analyzed. One sam-
ple, collected on January 24, contained 33 percent grass and 67 per-
cent twigs and leaves, some of the latter being Moghania; another
sample, obtained on February 24, consisted of 5 percent grass, 25
percent Emblica officinalis fruit, and 70 percent finely chewed bark
from an unidentified tree; a third sample, that of a fawn collected
on February 15, was wholly composed of sedge grass material,
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The readiness with which the sambar either grazes or browses
has undoubtedly been a major reason for the wide distribution of
the species. Whereas the chital and barasingha are largely confined
to forest types with a good understory of grasses, the sambar has not
been limited in this respect and has occupied the evergreen forests
and other primary forest types in which there is little grass but plen-
tiful browse.

RESPONSE TO PREDATORS

The sambar exhibit a number of signals which serve to alert other
members of the herd, as well as other ungulate species, to possible
danger. Visual and auditory cues appear to predominate, but ol-
factory ones probably contribute importantly as well. When a sam-
bar stands motionless, neck held stiffly upright, the ruff of hair
around the neck erect, and gazes steadily with cocked ears 1 a cer-
tamn direction, the position alerts the others in the herd, and all be-
have in simular fashion. The long tail is usually raised vertically and
may remain 1 that position for several minutes, a very conspicuous
gesture (Plate 12). The rump patch of the sambar is a light to rusty
brown, not as striking a visual signal as the white rump in the other
deer studied. While standing in an alert position, the animal may
thump a foreleg on the ground with a hollow thud, the noise carrymng
at least 300 feet at night. Startled sambar often bound away thump-
ing 1n unison first the forelegs, then somewhat louder the hindlegs,
before continuing at a more conventional gait. This stamping of the
feet appears to be an auditory signal, as in the chital, communi-
cating not only the existence of possible danger but also the durection
of flight taken by the animal. The alarm bark of the sambar is a loud,
ringing call, termed “pooking” or “belling” by hunters because of its
resonance, which is audible for at least a half mile in the forest.
The sambar respond to potential danger more readily than the
chital and barasingha, frequently raising their tails and even barking
after percewving something which the other species nearby have
either failed to detect or simply ignored. The sight or scent of a tiger
15 a common cause for alarm. Once, for example, a hind pooked
three times at 0545 hours when she smelled the spot where a tiger
had killed a chital at 1410 hours the previous day. She then walked
off with her tail raised, thumpmg her forelegs alternately on the
ground. On another occasion, three hinds and a fawn grazed in a
clearu}g overgrown with sal seedlings. Suddenly, one hind raised
her tail and pooked vigorously while looking at a ravine 80 feet away.
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The other sambar jerked to attention. A tigress left the ravine and
walked off, trailed at a distance of 150 feet by the three hinds. Only
the lead hind barked; the fawn remained standing. After following
the tigress about 100 feet, the sambar began to forage.

At the sight of a man on foot, sambar either flee immediately or
watch the approach alertly from a distance of about 200 to 300 feet
before moving away; barking in this context is rare Two additional
behavior patterns not noted m other deer, serve to make the sambar
inconspicuous and undoubtedly have contributed to their reputation
of being elusive and difficult to hunt. Instead of crashing away and
thus drawimng attention to itself, an amimal often stands motion-
less; its dark pelage blends so well into the surrounding dark foliage
that mn several instances I detected its presence only accidentally.
After perceiving danger, the deer were also observed to lower their
necks, holding them horizontally, and in a semicrouch trot silently
into a thicket. On two occasions when I had spotted sambar in the
distance, there was no sign of them when I reached the place where
they had been.

Social Behavior

The small size of the social groupings precluded a large number of
interactions, and except during the main period of rut, the animals
were usually encountered as they foraged in the forest, spread over
about 100 feet of terrain, or rested within 20 to 30 feet of each other,
chewing cud intermittently at the rate of about one chew per second.

Herp Size anp CoMPOSITION

The typical herd is small, numbering fewer than 6 individuals. Aver-
age group size is 4 to 5 according to Jerdon (1874) and Prater (1934),
3 to 5 according to Peacock (1933), and 10 to 15 according to For-
syth (1889) and Fletcher (1911). Brander (1923) never saw more
than 8 hinds together, and the largest herd observed by Stockley
(1928) consisted of 2 stags and 8 hinds. Dang told me of having
seen 13 sambar together, and V. Singh (pers. comm.) once counted
a herd of 18 in Shivpuri Park. Jerdon (1874) reported herds of up
to 20 animals. The largest herd seen at Kanha was composed of 1
stag, 5 hinds, and 3 fawns, a total of 9.

The characteristic social unit at Kanha was one hind and one fawn
(Plate 12) or one hind, one yearling, and one fawn, although 2 to 3
adult hinds were also seen together on occasion. Yearling stags usu-
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ally remamed with the hinds. The average size of 73 herds containin
2 or more individuals but not including an adult stag was 2.3. The
average size of 26 herds containing one or more adult stags was 3.8,
Solitary hinds were encountered 21 times. Adult stags, when not
with hinds, were either solitary or in groups of 2. Herd compositions
1n other areas were similar to those at Kanha (Table 32).

Small herds, consisting of a hind or two with their young, prob-
ably retained their composition for weeks and even months, occa-

TABLE 32
Co3rpoSITION OF SAMBAR HERDS IN SEVERAL LOCALITIES
Locality Asctl:;t Y‘g‘t‘;‘lg’g Hind Fawn Total

Keoladeo Ghana

Sanctuary 1 1 2
Keoladeo Ghana

Sanctuary 1 1 2
Keoladeo Ghana

Sanctuary 1 1 1 3
Keoladeo Ghana

Sanctuary 1 1 2 1 5
West Khern1 Forest 1 1 2
West Khen Forest 1 1 2
Vanbibar Sanctuary 1 5 1 7
Kaziranga Sanctuary 2 1 1 4

sionally joining with other herds at a water hole and being visited by
transient stags. One herd of 3 distinctive hinds and 1 fawn was seen
seven times between March and August in the same general lo-
cality, attesting to the animals’ fidelity to each other and to their
range.

LEADERSHIP

When walking along a trail or across a meadow, sambar progress in
smgle file with an adult hind charactenstically in the lead. On one
occasion, 2 stags, 8 hinds, and a fawn were at a salt lick. The larger
of the two stags walked 150 feet to the edge of the forest and stood
there for 20 minutes until the other members of the herd joined him.

He led the movement back into the forest, but soon a hind took
over his position.

Aconistic BEHAVIOR

Agonistic behavior was rarely observed. One hind nipped another

one n the rump In one herd, consisting of 2 adult stags, 3 lunds, and

afawn, the smaller of the two stags tended to remain at the periphery;
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but on one occasion he entered stiff-legged with muzzle raised in a
head-up display. When the other stag stepped toward him, he re-
treated and 40 minutes later left the herd. Hinds fight by rearing
up and slashing with their hooves (Brander, 1923), as do stags when
their antlers are in velvet (P. Singh, 1959) and hard (Thom, 1937).
Sparring is apparently common during the rut, but I failed to see it
Two published accounts describe the behavior:

The two stags, although in full view and well aware of each other’s pres-
ence, approach each other stealthily, having been brought together by re-
peated challenges. At this stage their heads are stretched out, and their
tails cocked up in the air and with all the hair along their back and their
mane bristling, they present a most formidable appearance. . . . When
close together the stags Jower their head[s] and close in: it then becomes a
shoving match [ Brander, 1923].

At this period the stags fight fiercely for the favour of the hinds. Many a
time I have sat and watched these contests which can best be described as
pushing matches, though often severe wounds are inflicted by the brow
antler. The combatants would push and strain for a few minutes, then sep-
arate, and frequently begin to graze. After an interval the fight would be
resumed by mutual consent, and these bouts would go on till one party
acknowledged defeat by retreating [Fletcher, 1911].

Sambar stags also direct their aggression at bushes and saplings,
which they thrash with their antlers until at times only tattered stalks
remain. This behavior was observed twice (see Sexual Behavior,
144), and each time the stag also pawed the soil with a foreleg.
Occasionally stags stand up on their hindlegs in an attitude called
“preaching” by hunters. Fletcher (1911), for example, had a captive
stag which “pawed up the ground, turning slowly round at the same
time, then stood straight up on his hind-legs like a goat.” And
Brander (1923) observed that stags, after issuing their rutting call,
frequently paw hollows at the base of a tree and “stand right up on
their hindlegs and remain preaching some time.” I saw preaching
twice, once after a stag had wallowed and on another occasion when
2 stags, 8 hinds, and a fawn were at a salt lick. In the latter instance,
the larger of the two stags approached a tree in the head-up display
twice within a period of two minutes, then stood on his hindlegs
about six seconds while wiping his face back and forth in a le
branch, It is likely that the sambar, like the chital, mark the over-
hanging leaves with scent from their prominent preorbital glands.
Further evidence for this activity was the churned and trampled
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areas beneath some trees. One such spot, found on January 26, was
5 X 8 feet n size.

“Sambar have regular ‘stampmg grounds’ In open grounds as
well as in the jungle, one often comes across these circular bare
patches, devoid of all vegetation, which have been stamped bare by
the hooves of sambar. These stamping grounds may be anything from
10 to 40 feet in dhameter” (Thom, 1937). Fletcher (1911) and Morris
(1938) reported stamping grounds in southern India, and I found
two of them on a ridge top at Kanha on March 4, both 25 feet in
diameter. When subsequently checked on July 11 and October 12,
neither spot was m use. Thom (1937) observed the behavior of 2
stags at a stampmg ground while 8 to 10 hinds and young stags
stood nearby.

The particular stamping ground was right out m the open on the top of
a watershed mn the Yomah hills at an elevation of about 4,200 feet. There
was no jungle anywhere within 200 yards. .. Two stags of the herd
were engaged pounding away at each other with their horns and hooves,
frequently standing upon their hind leg{s] as goats do when they fight The
clash of their horns as they met m mid air could be heard some way off.

The stampmg ground on which this encounter took place had a diameter
of 80 feet

The stamping grounds appear to complement the preaching trees
and wallows functionally, all bemng sign posts commumcating the
stags’ presence to other stags and to hinds.

SExuAL BEHAVIOR

During the first week of November, the sambar suddenly began to
wander widely, even at mid-day, becoming highly conspicuous m
sharp contrast to their usual elusiveness. Solitary stags, hinds, and
sometimes yearlings walked rapidly through the forest, appearing
nervous, as if lookmg for somethmg. Such wanderers were encoun-
tered throughout November but less commonly during December
Apparently, the behavior represented the first stage of the rut, 2
period when the old social groupings broke up and new ones were
formed.

01’,1’6 of the mamifestations of the early part of the rut is the “sore
neck” (T Bombay Nat Hist. Soc , 1921, Morris, 1938) or “sore spot ”
On the ventral surface of the neck 1s a Ime of hair, somewhat darker
an'd less sleek than the surrounding pelage, which runs down the
mid-lme from the throat to the lower part of the neck. At the begin-



THE SAMBAR 145

ning of the rut, the hair falls out at the terminus of this line, and the
skin seems to slough off, forming a circular area about one to two
mches in diameter which is bloody in appearance and exudes a
serous fluid, “a kind of whitish looking oily or watery substance”
(Thom, 1937). The area around the sore spot is sometimes swollen,
and Kemp (1914 [quoted in J. Bombay Nat. Hist. Soc., 1921]) ob-
served that hair is occasionally rubbed off over an area as large as
eight inches long and six inches wide. I noted the first sore spot on
November 15 and the last one on December 15. Many sore spots be-
gan to heal during the first half of December, and by January the
only evidence of them was an area of pinkish skin lightly overgrown
with hair. Sore spots were not seen at other times of the year at
Kanha, but in the Kaziranga Sanctuary two stags and a hind all had
them on May 3. In Mysore, Morris (1948) shot a stag with a sore spot
in May. Between mid-November and early December, every adult
and yearling sambar checked at Kanha had a sore spot; two large
fawns, about eleven to twelve months old, also had them, but five
others of similar age did not In Thailand, according to Kemp (1914
[quoted in J. Bombay Nat. Hist. Soc., 1921]), “animals of all ages
and both sexes suffered from this sore.”

Several suggestions have been advanced to explain the cause of the
sore spot. Thom (1937) thought that the wound resulted from irrita-
tion by plants and ticks, Evans (1912) felt that it was caused by an
infection, Kemp (1914 [quoted 1n J. Bombay Nat. Hist. Soc., 1921])
hypothesized that the mineral water which the deer drank in Thai-
land was the causative agent, and Davar (1938) suggested that the
sore was an “atavistic degeneracy,” the site of a former gill attach-
ment. The limited period of the year during which the sore appears
and its widespread occurrence among the animals suggest that it is
a gland; the fact that the sore becomes noticeable at the beginning
of the rut when the sambar wander widely and form new social
groupings suggests that the two phenomena are related. Morris
(1938) noted that “the cause [of the sore spot] is probably glandu-
lar”, and S. Rippon (quoted in Thom, 1937) thought that “the sore
might be some secretory gland which functions only at times of
sexual activity.”

. A possible function of the sore spot is one of scent marking, for it
is located at the base of the neck in such a way that a walking deer
automatically wipes the exuding liquid against the vegetation The
scent may help the sambar to track and find each other in their forest
environment. A histological examination of the sambar’s neck would
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disclose the nature of the sore spot, but I was unable to obtain a speci-
men for this purpose.

There were various other indications that the stags were rutting
in November. They appeared with greatly swollen necks, and sap-
lings with shredded bark surrounded by paw marks were found at
scattered locations in the forest. Brander (1923) and Lydekker
(1924), among others, stated that stags emit a loud “metallic bel-
low,” to which hinds reply with a grunting low, but I never heard
these calls.

Wallowing was a prominent activity of stags from November to
January (and also during February in Corbett Park), a time when
the animals often had coats heavily caked with mud. Although
Brander (1923) reported that sambar wallow at all times of t%e
year, the wallows at Kanha were dried up from February to the
break of the monsoon, and they were not in use during the rains. I
watched at a wallow in a small clearing on December 5. The wallow
was about 15 feet long and 8 feet wide, with a small pool of water at
one end, the rest of the area consisting of soft mud. At 1650 hours
a large stag approached alone, there being no sign of the three hinds
and one fawn with which he had associated in the same area seven
days earlier. He lay down in the muddy portion of the wallow, dug
the tip of his right antler into the soil, and jerked up his head, re-
peating this ten times in thirty seconds. He then rose and walked
slowly to the edge of the forest fifty feet away, where he thrashed a
Phoenix palm with his antlers and pawed with his left foreleg. When
this wallow and another one dried up within a month, a third wal-
low was made in a moist depression at the other end of the same
clearing On another occasion, a solitary stag approached a large
wallow, measuring about 30 X 12 feet, in a wet hollow surrounded
by tall grass. It was 0655 hours and quite cold, with frost on the
meadow and steam rising from the water. The stag reclined in the
wallow and repeatedly jabbed his antlers sideways and downward
into the earth. Four minutes later he walked toward the forest’s edge.
Thirty feet from the nearest sal tree he suddenly assumed the head-
up display and advanced with a stiff gait. He preached for eight
seconds, wiping his face in a leafy branch eight feet above ground.
He then belabored a tuft of grass wath his antlers for ten seconds,
shook himself, and disappeared among the trees.

Sexual behavior was rarely observed. A stag followed a hind
closely on November 15 and sniffed her vulva; another male licked
the vulva of a hind on December 4. A third stag assumed the low-
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stretch display, with neck held parallel to the ground and sub-
orbital glands everted, as he trotted after a hind on December 28.
Lydekker (1898) noted that “in the pairing-season the stags stalk
about with tail erected, the muzzle stretched out, and the eyepits

. . completely everted. . . .”

Large stags establish a territory during the rut, which they defend
against the intrusion of other stags (Prater, 1934). “Included with
the possession of the valley are the hinds which frequent it, and these
are attracted to the stag by his call and the powerful odour emitted
by his facial glands” (Brander, 1923). Forsyth (1889) appeared to
contradict the concept of a defended territory during the rut when
he wrote: “More than one herd and a few solitary stags will not usu-
ally be found in the same tract of country; but in the rutting season
they collect together in much larger numbers on the tops of the

TABLE 33

PERCENT OF SaMBAR HINDS ACCOMPANIED BY ADULT STAGS
AT VAarI0US TIMES OF THE YEAR

Month Number of Times One or More | Percent of Hinds Accompanied
Hinds Seen by One or More Adult gtgas

November~January 34 29.5

February-May 48 S3

June-July 15 370

August-October 7 0

high plateaux. . . .” The localized wallows, stamping grounds, and
preaching trees suggested that a stag confined himself for prolonged
periods to a limited area, but I was unable to determine if more
than one stag used these sites. However, a number of different adult
stags were seen in the same general locality near the Kanha meadow.
On one occasion two large stags were with a herd of three hinds,
but the smaller and clearly subordinate animal soon left the herd
and was encountered nearby with a yearling hind two weeks later.
It appears likely that, after roaming fairly widely during the initial
phases of the rut, most adult stags concentrate their activity in a
certain area which overlaps partly to wholly with that of other stags,
each of them delineating his range by marking it with scent and by
leaving visual signals such as wallows and trees stripped of bark in
it. The aggressive behavior of the stag and the accumulation of his
signals in a limited part of his range probably tend to space males
out in the forest, but I found no evidence of territorial exclusiveness.

The hinds seem to move widely, probably entering the ranges of
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and being joined by a number of different stags, before remaining
with one of them for several days and perhaps longer. One stag stayed
with the same herd of hinds for at least four days. The fact that
adult stags were solitary for much of the year, and consequently,
that only a small percentage of the hinds were accompanied by
stags at any one time, attested to the fluid social organization of the
animals (Table 83). The high frequency of stags with hinds from
November to January corresponds to the main period of rut, but I
have no explanation for the large percentage in June and July, the
early part of the monsoon, just after the stags shed their antlers. The
highly unequal sex ratio of adults which favored the females 3:1,
together with the fact that average herd size does not increase ap-
preciably during the rut, makes a loose social organization in which
stags are only transient members of herds almost nccessary if all hinds
are to be bred Although these comments fit the observed facts at
Kanha, my data are meager, and interpretation must remain specu-
lative until more detailed work on the sambar clarifies their social
structure in this and other areas.



CHAPTER 6

THEBLACKBUCK

The blackbuck is considered by many to be the most beautiful of all
antelopes because of the male’s striking black and white pelage and
his long spiral horns. The species once roamed in huge herds
throughout the open woodlands and cultivated tracts of India, mak-
ing it one of the most conspicuous and most hunted members of the
country’s fauna. These large herds are now gone, and the animal
clings to the last vestige of its former range in small scattered groups.
The behavior of captive blackbuck has been studied by Taibel
(1937), Etkan (1954), Walther (1958), and Backhaus (1958), but
few details are available concerning their habits 1n the wild. This
Ic?hapter describes primarily the behavior of a small herd in Kanha
ark.

The blackbuck (Antilope cervicapra) is the sole representative of
the genus Antilope and, together with the Indian gazelle, represents
the subfamily Antilopinae in the country. The other two antelopes of
peninsular India—the four-horned antelope and the milgai—are
placed into the subfamily Bovinae. Ellerman and Morrison-Scott
(1951) recognize four subspecies of blackbuck, of which A.c. cen-
tralis occurs in central India, A.c. rajputanae in Rajasthan and Pun-
Jab, A.c. rupricapra from Uttar Pradesh eastward, and A.c. cervicapra
in southern India.

Description

The blackbuck are medium-sized, slender antelopes. The bucks stand
gbout 29 to 38 inches high at the shoulder, and their total length
is 49 to 58 mches (Blanford, 1888-91). Twenty-one bucks shot by
Meinertzhagen (1939) in Rajasthan ranged from 74 to 94 pounds
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m weight, and two does weighed 71 and 85 pounds, respectively. It
was my impression that the animals in northern India were on the
average somewhat larger than those at Kanha Park. The blackbuck
is one of the few antelopes in which the coat color of bucks and does
differs strikingly. In adult bucks the back, sides, neck, part of the
face, and outside of the legs are black. The chest, abdomen, rump,
and inside of the legs, ears, and tail are white. A white ring sur-
rounds each eye, and there are patches of white on the nose and
chin. The nape is rusty. The horns are marked with rings and make
three to four complete spirals in adults. Record horn length is 283
mches (Ward, 1922). Young bucks are light brown in color, but by
about three years of age their pelage has turned quite black (Baker,
1890; Taibel, 1937, Prater, 1934). The does and fawns are light brown
in those parts of the body where adult bucks are black, and white
in the remaining portions (Plate 13).

Adult bucks undergo a conspicuous change of pelage color during
the molt, a fact noted by Lydekker (1913-16) and Pocock (1910)
but not confirmed by Crandall (1964) in the New York Zoological
Park. The sole black buck at Kanha began to lose his dark color in
January and had become quite brown by late March. By early July
his neck and shoulders had blackened, and in August he had his
full black pelage once more.

Distribution and Status

The blackbuck is typically Indian in distribution, having once oc-
curred from what is now West Pakistan along the foot of the Hima-
layas from Punjab through Uttar Pradesh and Nepal to West Bengal
and East Pakistan, as well as throughout peninsular India, but not
in Ceylon (Lydekker, 1924). It is an animal of open, flat to slightly
undulating terrain, reaching its greatest abundance in areas covered
with thorn and dry deciduous forests. With the destruction of the
ff)rest cover, the animals readily adapted to wastelands and cultiva-
tion. The species hag also penetrated the moist deciduous forests
in Orissa, Madhya Pradesh, and other states apparently by following
the slash-and-burn cultivators and occupying the ephemeral field and
village sites opened up by them. The blackbuck in Kacha Park
probably colonized the area in this fashion.

Although the blackbuck probably was once the most abundant
wild hoofed animal in India, its preference for open habitats made
it highly vulnerable to shooting. As it came into increasing conflict
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with agriculturalists, it was rapidly exterminated over much of its
range. At present no sanctuary harbors a large blackbuck popula-
tion, although a few animals are preserved to some extent in the
Keoladeo Ghana Sanctuary, the Kodiakadu Forest in Madras, and a
few other minor areas, including private enclosures maintained by
maharajas. It was impossible to conduct a detailed survey of the
status and distribution of the blackbuck in the time available be-
cause the small populations are widely scattered and are located for
the most part on private farmlands and wastelands. However, my
limited observations and comments by long-time residents, as well as
published sources, give a general idea of the precarious position of
the species.

The states of Assam, West Bengal, and Kerala contain no black-
buck. In Orissa the species is confined to about 75 square miles of
sand dunes on a spit of land that separates Chilka Lake from the
sea and to an area around Konarak, some 30 miles north of the lake.
De tallied 82 animals in these areas, and it is doubtful if more than
200 to 300 survive in the state as a whole. A population was once
found just west of Chilka Lake, but it was killed off by rinderpest
in the early 1940’s, according to M. Ahmedulla (pers. comm.). The
blackbuck in Bihar have “almost become extinct,” according to Shahi
(letter, May 5, 1965). In Madras the species is rare, apparently con-
fined to the Guindy Deer Park near Madras city, to the Kodiakadu
Forest in Tanjore District, and to a few other localities (letter from
M. Badshah, May 14, 1964).

Uttar Pradesh was once famous for the number of its blackbuck,
particularly in the western part of the state around the cities of Agra
and Aligarh and along the Yamuna and Ganges rivers. On a piece
of wasteland in the West Kheri Forest Division, I counted 5 bucks,
3 does, and 1 fawn, the only blackbuck seen in over 1,000 miles of
travel in the state. P. Jay, who in 1964 and 1965 drove about 10,000
miles through all parts of Uttar Pradesh while censusing rhesus mon-
keys, saw 1 blackbuck in Philibhit District in the northern part of
the state and a total of 5 bucks and 2 does in Chandraprabha Park
in the southern part. Dang (1964c) reported surviving herds near
Hastinapur, around Saharanpur, and in the vicinity of Lucknow.
These few sightings, together with reports from foresters and others,
ndicate that the species is on the verge of extinction in Uttar Pradesh.

In several states the blackbuck are said to occur over a fairly
wide area in a number of small populations. A wildlife map pub-
hshed in 1963 by Andhra Pradesh shows the animals as occurring in
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most districts of the state. In Mysore the species is found predomi-
nantly in the central and eastern part, from near the city of Bijapur
in the north to Bangalore in the south, but a local informant told
Spillett (pers. comm.) that in areas where herds of several hundred
were regularly seen in about 1960 only scattered groups now re-
main. The animals in Maharashtra are confined largely to the south-
ern and eastern areas of the state. Madhya Pradesh had a few black-
buck in Kanha Park and in Shivpuri Park, and I was told that a few
small herds occur near the towns of Sagor, Damoh, Seoni, and Gwa-
lior and also along the banks of the Narmada and Chambal rivers.
Indicative of the status of the blackbuck in this state is my failure
in 1965 to find any animals in areas where Brander (1953), on a
train trip from Bombay to Allahabad in the early years of this cen-

TABLL 34

TrE CoMPOSITION OF THE KANHA BLACKBUCK
PoruraTION IN 1964 AND 1965

Youne
Date MALE ApuULT [YEARLING TOTAL
Feuarr | TEMALE Male Female Unsexed
January 1, 1964 5 5 2 0 0 1 13
July 1, 1964 5 5 2 0 4 0 16
June 3, 1965 5 7 4 0 0 4 20

tury, reported he was almost continuously within sight of them. In
the Punjab and the adjoming Delhi area, where Jerdon (1874), Ly-
dekker (1893), and others once counted herds numbering several
thousand mdividuals, only a few survivors exist, primarily in the
southern half of the state (letter from G. Singh, May 19, 1964) and
also in the western part near Ferozepore (Dang, 1964c). Some of
these are locally protected by religious sentiment,%nut others continue
to be illegally hunted by the villagers as well as by European and
other residents from New Delhi. Blackbuck are found in various
parts of Gujarat, especially between the Gulf of Cambay and Gulf
of Kutch. Dharmakumarsinhji told me that in 1945 an estimated
25,000 to 30,000 animals roamed in his princely state of Bavnagar
but that now a few hundred at most survive there.

A main stronghold of the blackbuck in India appears to be in
western Rajasthan, where, according to X. Sankhala (pers. comm. )
and Prakash (1960), they are still found sporadically in the isolated
semldes.ert parts of the Jodhpur, Bikaner, Jaisalmer, Jhalore, and
other districts, especially where protected by maharajas or by local

!
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villagers. In the heavily populated eastern part of the state, the
species has been almost wiped out, with only a few small herds
surviving; the 70 animals in the Keoladeo Ghana Sanctuary may well
be the largest of these.

Population Dynamics

PoruraTIiON S1ZE AND COMPOSITION

The blackbuck population in Kanha Park has probably never ex-
ceeded 200 individuals. Brander (1953) after a visit to the area in
1928 reported “two good herds,” and a census in 1938 gave a count
of 168 animals. Since 1955, when 88 were tallied, the population
has declined quite steadily, with only 80 reported in June, 1963

TABLE 35

AGE AND SEX RATIOS OF BLACKBUCK IN SEVERAL LOCALITIES

Location Date Po%éfagfon Bucks ch?eg Fawns

Kanha National

Park July 1, 1964 16 71 100 57
Kanha National

Park June 3, 1965 20 45 100 36
Sikandra . February 11, 1965 126 84 100 33
Keoladeo Ghana

Sanctuary Mid-February, 1965 70+ 56 100 31
Chilka Lake November 8-15, 82+ 60 100 36

1964

(Table 2), all on the Kanha meadow. By January, 1964, the herd
had dwindled to 12 individuals, but from then on it increased, reach-
ng 20 or possibly 21 by June, 1965.

Table 34 presents the composition of the Kanha blackbuck popu-
lation in 1964 and 1965. On the 5 bucks present in January, 1964, 1
was fully adult with a black coat, 2 were in transition from brown
to black pelage (an estimated two and a half years old), and 2
were still brown (perhaps one and a half and two years old, re-
spectively ). No males were born 1n 1964, with the result that the ratio
of bucks to 100 does dropped from 71.100 to 45:100 when the fe-
male fawns became yearlings on January 1, 1965 (Table 35). An
uneven sex ratio favoring the females was also found in other lo-
calities studied, at Chilka Lake and at Keoladeo Ghana, but at Si-
kandra the captive herd showed a higher proportion of bucks (84:
100) than the free-living populations. The unequal sex ratio was al-
ready apparent in yearlings judged to be nine to thirteen months
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old. Yearling does in this age group comprised 13 percent of the pop-
ulation at Keoladeo Ghana and bucks 6 percent; at Sikandra the
figures were 14 and 11 percent, respectively. Counts to determine
the ratio of fawns to does (Table 35) should ideally be made twice
a year after the peak fawning seasons. The censuses at Sikandra and
Keoladeo Ghana were made just before the main birth peak and thus
fail to give an accurate idea of the number of young present some-
what later.

Tue RutTING SEASON

According to Lydekker (1924), Prater (1948), and Asdell (1946)
mating occurs primarily in February and March; Baldwin (1877)
noted that the rut begins in January and February; and Sterndale
(1884) found that though most mating is in the spring some young
are born throughout the year. Brander (1923) also emphasized that
fawns can be seen at all seasons, but he stated that the “chief rut is
about March, and most of the fawns are born shortly before the
rains,” This statement implies a gestation period of just three months,
when, in fact, it is about six months (Brown, 1936; Taibel, 1937;
Asdell, 1946).

No copulations were observed at Kanha, but behavior related to
sexual behavior, such as chasing and mounting, gave a good indica-
tion of the state of the rut, Although the bucks were sexually active
during every month of the year, they showed two definite peaks:
one in April and the other from mid-August to mid-October. The
April rut was less intense than the August-October one, and in this
connection it should be noted that the one male in the population
was quite brown during the April peak whereas he had molted into
his full black pelage in time for the second peak. The males at
Keoladeo Ghana were just entering a period of rut m the latter part
of February.

Of the fawns present at Kanha in December, 1963, 8 were bom
between February and Apnl and 1 1 about September. Four births
occurred in 1964, March 22-24, Apnil 4-5, May 7-9, and May 11-
14. Two fawns were born in late February, 1965, and three adult
does were heavily pregnant, due to give birth within the next month
or two. Thus out of a total of 13 young born or soon to be bom be-
tween 1963 and mid-1965, all but 1 were conceived between mid-
August and mid-November.

There were a total of 19 young aged six months or less at Sikandra
on February 11. Sixteen of these had been bomn between August
and October and hence conceived between February and April
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Three fawns had just been born, having been conceived in August,
and the numerous pregnant does indicated that a birth peak was ap-
proaching. The age distribution of the young at Keoladeo Ghana
also pointed to two birth peaks.

The data indicate that blackbuck rut throughout the year, with
peaks in March-April and August-October. During the first peak,
which is the only one recognized in the literature, a smaller propor-
tion of females conceive than during the second one. The 125 black-
buck born in the London zoo (Jarvis and Morris, 1962) and the 97
in the New York Zoological Park (Crandall, 1964) show no birth

eaks.
’ RATE OF REPRODUCTION

Brander (1923) and Lydekker (1924) stated that one to two fawns
are born at a time. I did not see any twins, nor did Crandall (1964)
report any in 97 births at the New York Zoological Garden.

The four does that gave birth at Kanha in 1964 did so again in
1965. One doe lost her small fawn in January, 1964, but did not con-
ceive until the October rut, bypassing the one in April. One fawn per
year appears to be the rule. Taibel (1937), however, found that one
captive doe gave birth to 6 single fawns between June, 1931, and
May, 1935, and another to 5 fawns between October, 1933, and Feb-
ruary, 1937, less than a year elapsing between some births.

Two yearling does, born early in 1983, failed to give birth in 1964
and were not obviously pregnant in March, 1965, when two years old,
which suggests that these females possibly did not bear their first
young until two and a half to three years old. Taibel (1937) stated
that captive does reach sexual maturity at six months of age; one
female born on March 28, 1933, had her first young on May 18, 1934,
when not quite fourteen months old

MorTALITY

One fawn, about four months old, disappeared from the Kanha herd
in January, 1964, apparently having been taken by a predator. From
then ntil March, 1965, a period of fourteen months, there were no
further deaths, perhaps indicating that the predators find it difficult
to stalk the animals successfully on the meadow. The steady decline
in the population prior to 1964 was probably due largely to poaching.

General Behavior

The blackbuck is adapted to life on the plains. Except when the
temperature in the shade passes the 90°F mark, the animals rarely
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feed until around 0730 hours, when they often withdraw into the
shade until late afternoon, spending much less time foraging during
daylight than in the previous season. During the monsoon, with its
abundant forage, the blackbuck stand around and walk a great deal
but seem to feed little. For example, almost 90 percent of the animals
grazed between 0600 and 0900 hours in the cool season, whereas
during the rains this figure dropped to 50 percent and there was no
afternoon peak of feeding.

Foop Hasrts AND FEEDING AND DRINKING BEHAVIOR

Blackbuck are almost exclusively grazers (Table 10), although they
also take the leaves of one shrub (Table 11). They generally are
found in areas with such low-growing grasses as Andropogon brevi-
folius and Echinochloa colona, avoiding Themeda and other tall

asses, but this is a reflection of their preference for an open habitat
rather than their choice of certain grasses as forage. After the burn-
ing of the meadow, the animals appeared to eat whatever green
shoots became available.

A herd forages either widely scattered or as a compact unit, each
animal moving along slowly at the rate of 400 to 600 feet per hour
or sometimes remaining for several hours in an area as small as 100
feet in diameter. In contrast to grazing deer, which commonly keep

TABLE 36

DURATION OF ALTERNATE GRAZING AND ALERT PERIODS
BY FORAGING BLACKBUCK

Animal Number of Consecutive ] Average Duration of Average Duration of
Observed Periods Tamed Grazing 1n Seconds Raised Head 1n Seconds
Buck 17 71 10
Buck 24 69 5
Doe 21 80 5

their muzzles lowered to the ground for ten or more minutes at a
time if undisturbed, the blackbuck usually raise their heads and look
around briefly for no apparent reason every minute or two (Table
36). This behavior appears to be an adaptation for spotting poten-
haﬂl}i dangerous situations on the open plains by sight rather than
smell.

I have never seen blackbuck drink, and even during the hottest
months of the year, the animals failed to make the obvious trek to
Water at dawn and dusk like the chital and barasingha. It is likely
that the animals persisted for days and even weeks without drinking.
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Blanford (1888-91) also noted that blackbuck rarely drink, and as
Lydekker (1924) pomted out, the antelope along the Orissa coast
have no fresh water available to them during the dry season (al-
though they do now, in the irrigation ditches of some casuarina plan-
tations ). Livingston et al. (1962) have shown that various species
of hoofed animals living in arid environments on forage of low food
value can recycle the nitrogen in their bodies rather than excrete
1t in the urine, This enables the animal to subsist on food with a
low protein content, and it is also an adaptation for conserving wa-
ter. Blackbuck may possibly have a similar mechanism.

RESPONSE TO PREDATORS

Blackbuck rely more on sight than sound in transmitting informa-
tion to other members of the herd in a potentially dangerous situa-
tion. The alert posture, which as in deer consists of standing erect
with the neck held almost vertically, is the most frequently em-
ployed visual signal in response to an alarm call of, for example, 2
chital or to the sight or a predator. A foreleg may be stamped and
the short, narrow tail raised. I have not heard blackbuck vocalize
when alarmed, but Brander (1923) noted that they hiss, and
Dharmakumarsinhji told me that he has heard them snort on seeing
a cheetah.

Approach by man or tiger causes the animals first to crowd to-
gether and then to flee. The flight distance varies; in response to
one person approaching slowly on foot, it is commonly between 150
and 200 feet. Several blackbuck at West Kheri, however, where they
are hunted, fled from the elephant on which I was riding at 450
feet and ran for over one mile before halting. Budden (1921) clocked
a running buc’k at thirty-three miles per hour. One herd watched a
jackal trot by «t 100 feet without fleeing, and another herd behaved
simlarly toward a tigress 250 feet away.

Blackbuck appear to have a good sense of smell. On one occasion
a herd passed me at a distance of 100 feet as I stood hidden by some
brush The lead doe suddenly stopped, sniffed the air, stamped a
foreleg as she faced in my direction, walked back over her trail, and
tested the air some more, finally all moved off.

Blackbuck m flight usually trot or gallop, but occasionally they
assume a means of progression which Brooks (1961) for the Thom-
son gazelle called stottmg or spronking, The animal bounds along
stiff-legged, hitting the ground with all four feet in unison, a gait
characteristic of gazelles (Walther, 1964) and nilgai, among other
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animals. Such behavior on the part of one animal usually elicits a
similar gait in the others, and all spronk along in single file. Spronk-
ing is also employed when moving through high grass. A herd was
several times observed to approach an isolated patch of tall grass at
a walk, spronk through it, and then continue in its former manner.
Fawns spronk in play when only a few days old, and one bright
moonlight night I watched several adults spronk around in a large
circle. Spronking has several possible functions: (1) the noise of
the thudding hooves may be an auditory signal to others nearby,
indicating danger, (2) the high leaps, which are accompanied by
white flashes from the abdomen and rump, make the animal visible at
a great distance, a visual signal like the jumps of the springbuck de-
seribed by Wynne-Edwards (1962); (3) the leaps may help the
animal keep the source of a disturbance in view and spot a lurking
enemy ahead in the high grass; and (4) scent may be deposited
from the interdigital glands present in all feet (Pocock, 1910), leav-
ing an olfactory signal for others passing by later.

Social Behavior

The social structure of the blackbuck population changes with the
seasons. For convenience, I refer to (1) mixed herds, consisting of
a loose aggregation of bucks and does, (2) breeding herds, consist-
ing of a buck and several does confined to a territory at the time of
rut, and (3) buck herds, consisting solely of bucks. Although there
were few blackbuck at Kanha, the social organization of these ani-
mals appeared to be typical of blackbuck in general, as judged by
the literature and from observations in the Keoladeo Ghana Sanc-
tuary.
SociAL ORGANIZATION

The 13 blackbuck at Kanha were divided as follows on December
20, 1963: buck IV (the number denotes his position in the domi-
nance hierarchy) and 4 does were in the northem part of the mead-
0w, 3 does and 1 fawn ranged over the rice fields by the village, and
the remaining 4 bucks wandered around together. The last group
jomed buck IV with his does on December 26, and all remained
together until January 1, 1964, when the females separated from
the bucks and moved to the other end of the meadow, followed one
day later by 8 of the bucks. Buck V went off alone, and buck I
sta).red in the area until January 9, when he, too, joined the does at
their new site. Earlier, on January 3, all females and young had come



160 THE HOOFED ANIMALS

together, and on January 13, the 13 blackbuck were in one mixed
herd for the first and only time during the study. Four of the bucks
left the herd the following day but rejoined it at irregular intervals
singly or together. On January 14, buck I and two does moved back
to the other side of the meadow, where, by January 24, 3 more does
had jomed them. One fawn disappeared between 0950 and 1315
hours on January 19, presumably taken by a predator. December
and January appeared to be a time of general reorganization of the
population, with mixed herds splitting up into breeding herds. In
the resulting groups, buck I acquired 5 does, buck II acquired 2
does, and 3 bucks remained bachelors. This population structure re-
mained basically unchanged throughout the year, and to my knowl-
edge bucks I and II had no contact with each other for over twelve
months even though only about a mile of terrain separated their re-
spective termtories.

Buck I and Ins 5 does remained in a limited area without change
in herd composition through April, except for 2 does which became
peripheral to the herd while they fawned. A third doe left to fawn on
May 8 and was jomed by buck III, the two staying together until
May 14. The breeding herd lost some of its cohesiveness in early
June as the buck sometimes dnfted off by himself for several hours.
On June 21 he joined 2 other bucks nearby, and then all 3 came back
to the herd, on June 25, he abandoned the herd with 8 other bucks
for two days, the first time he had left the does unattended for a
prolonged period since January. One doe had departed from the
breeding herd with her fawn the previous day and joined buck II,
but she was back with her former herd 4 days later. The compo-
sition then remained constant until md-October. The bachelor bucks,
singly or together, were frequently around the periphery during this
penod. Although the breeding herd retained its basic structure from
late October to mid-January, 1965, it was often split as its members
roamed more widely than during the previous months. From Octo-
ber 27 to 29, for example, buck I1I was with 8 does and 2 fawns
nearly half a mile from buck I and the rest of his herd, from No-
vember 12 to 15, buck III was accompanied by 8 does and 3 fawns,
and on December 4 and 5, buck I was alone in his territory, his herd
rejoining him there the next day. At this time of year the attachment
of the animals seemed to be more to the territory than to each other,
with buck I not making an effort to keep either the does m the ter-
ntory or the other bucks out of it. When Kanha was revisited in
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of the Keoladeo Ghana Sanctuary

PLATE 14.~A mlga bull in the thorn forest
(February 14, 1965).
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March, 1965, the herd was still in 1ts usual place, it had retained its
composition except for the birth of 2 fawns.

The 3 bachelor bucks remained in the vicinity of and sometimes
with buck II and his 2 does—an adult and a yearling — from mid-
January to mid-March. Once the herd split for two days, the yearling
doe gomg off with buck III. The herd remained stable from April to
mid-June except for one birth A doe with fawn from the herd of
buck I joined it briefly on June 24. On August 23, the 2 does and
fawn left the buck alone in his territory and moved half a mile away,
rejoining him four days later. From then until mid-January, 1965,
no further changes in composition occurred, and, in contrast to the
other breeding herd, the animals retained their cohesiveness. Twice
in December the whole herd moved for a day or two to the rice
fields near the village over half a mile away, the only times buck
I abandoned his territory that year. The same 4 animals were still
together 1n March, 1965.

In contrast to the breeding herds, which largely confined their
movements to a limited territory, the 3 bachelor bucks roamed widely
over the whole meadow. The bucks were singly or together at or
near the periphery of one of the breeding herds for much of the
year; only in April and May were they rarely seen with them. The
composition of the buck herd changed from day to day, the animals
being alone as often as in groups of 2 or 3.

The sacial organization of the blackbuck appears to undergo two
major changes in the course of the year. From about February to
November the population is divided into small breeding herds, con-
sisting of one or more bucks and a variable number of does and
fawns, which largely limit their activity to restricted areas or ter-
ntories. The breeding herds break up during December and Janu-
ary, the social structure disintegrating as the animals congregate
into mixed herds of varying sizes. Then in about February, new
br‘§8ding herds are again formed. A number of excess bucks, which
neither establish territories nor acquire does, occur throughout the
year either in buck herds or peripherally to breeding herds.

Breedmg herd sizes and compositions in other areas were similar
to those at Kanha. Brander (1923) found that average herd size was
10 to 20 animals, with as many as 40 on occasion, Lydekker (1924)
gave a figure of 10 to 30 and up to 50 does with one adult buck;
Prater (3934) and Baker (1890) placed herd size at 20 to 30. In

ysore " an average herd of antelope consists of from 10 to 15 ani-
mals, including, as a rule, only one black buck and one or two young
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deer and antelope moved from India to the temperate zones do not
adapt to the new conditions. Chital, which have now ranged freely
at Woburn Abbey in England for half a century, still fawn through-
out the year and especially in February and March, just as they do
in India. The published birth records of barasingha, sambar, nilgai,
hog deer, and blackbuck from the London zoo and New York Zoolog-
ical Park (Crandall, 1964, Jarvis and Morris, 1962; Zuckerman, 1953)
all indicate that these species have failed to adapt their sexual cycle
to local climatic conditions. The principal change in the cycle of zoo
animals appears to be a partial to complete disappearance of the
ruttng and fawning peaks found in the wild.

Although the reproductive cycle of wild ungulates in India ap-
pears to be dependent on an inherent endocrine cycle little influ-
enced by obvious environmental conditions, it 1s surprising to note
the striking differences in the rutting and fawning times within
the same species from area to area. As discussed earlier, such dif-
ferences were noted 1 the chital, to some extent in the sambar and
hog deer, and particularly in the barasingha The sexual cycle is
presumably adapted to local circumstances, which implies that the
endocrine system retains the potential to respond to the environment
to a limited degree.

Social Behavior

Although a society has many functions, one of the most important
of these in ungulates is to organize the members of a species 1n such
a way that most mating is accomplished by the prime adult males.
The males establish a system of land tenure or a hierarchial pattern
that partly or wholly excludes a certain percentage of their sex from
active participation m the rut The means by which this is accom-
phished varies from species to species.

SociaL SysTEMS

Every kind of ungulate at Kanha has two basic social systems, al-
though the distinction between them 1s sometimes not sharply de-
fined: one at the peak of mating and the other during the rest of
the year. When little or no mating occurs, the ungulates are broadly
dwvisible into solitary species, such as hog deer, barking deer, and
fgur-horned antelope, and herd-living species. Herd size varies con-
siderably between species and appears to be dependent at least in
part on the habitat. In general, ungulates living in open environ-
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ments tend to form larger herds than those m dense forests. Black-
buck and barasingha were once found in herds of thousands. Chutal,
which are deer of the forest edge, average 5 to 10 amimals per herd,
although sometimes as many as 200 or more individuals came to-
gether. The forest-dwelling gaur forms temporary aggregations rare-
ly exceeding 40 animals, and the average is around 8 to 10. The
sambar has a still smaller social unit, as many as 10 deer mfre-

uently remaming together. The composition of these herds is fluid,
with individuals joining and parting at intervals. The only stable
social relationship is between a female and her young and some-
times also a yearhng. Adult males tend to become solitary or form
herds of their own. The significance of this widespread type of herd
structure is obscure. “There is no existing and generally-accepted
theory regarding the purpose of the herding habit in mammals,”
and it may simply be the alternative to a solitary life (Wynne-Ed-
wards, 1962).

During the peak of the rut, on the other hand, the social structure
of the ungulates shows some striking differences between species:
(1) In the chital and gaur the adult males roam widely, entering
and leaving many herds, apparently in search of estrous females. The
male associates with any female in heat and defends her individually
from other males until copulation has been completed. There 15 no
attempt to prevent males from entering the herd, and no territory is
established. (2) Most adult sambar males appear to confine them-
selves sigly to a hmited range, in which they join or are joined by
females for varying lengths of time. (3) The barasingha form breed-
ing herds, numbering 80 to 50 individuals each, composed of a num-
ber of adult males, females, and young. Males establish a dominance
hierarchy, with the h:ghest ranking male taking priority to any
estrous female. The composition of the herd changes somewhat from
day to day, but the same animals tend to associate for a week or
more. (4) As many as 20 to 30 hog deer males and females aggre-
gate loosely in certain localities at Kaziranga. Each male seemingly
attempts to acquire one estrous female and, when he has done so,
leaves the area with her, the two animals presumably remaining to-
gether only until they have mated (5) Blackbuck and nilgai males
establish territories which they defend against other males. Attempts
are made to retain whatever females enter the territory, and ulti-
mately, a typical breeding herd consists of an adult male and sev-
eral. females and young, often with a few subordinate males at the
periphery of the terntory. These breeding herds may remain con-



ECOLOGICAL AND BEHAVIORAL COMPARISONS 211

stant in composition and confined to one locahty for prolonged pe-
r10ds.

According to the concepts developed by Wynne-Edwards (1962),
social orgamization, particularly during the rut, 1s a means of pro-
viding competition among the membess, the degree of competition
mamtaining the proper balance between population size and food
supply In addition, competition helps to determme the dommant
individuals, which then take prionty to estrous females. The genetic
selective advantage of having the largest and most vigorous males
domg most of the matmg is readily apparent, although the en-
vironmental and social conditions which foster one system rather
than another are not at all clear Blackbuck and milgai, for exam-
ple, which frequent open habitats with good wisibility, establish a
more cohesive social system than the chital, gaur, and, to a lesser
degree, sambar, which are forest-dwellers. It is also possible that dif-
ferences 1n social systems serve to lessen the chances that mdividuals
of two related species, such as the sambar and barasingha, will in-
terbreed.

DOMINANCE

Males in a small herd tend to establish a rank order. The existence
of a hierarchy was apparent m blackbuck and gaur thuoughout the
year, but in the male deer, with thewr deciduous antlers, there was
considerable seasonal vamation m the degree of dominance dis-
played. A difference between relative and absolute dommance was
pomted out by Leyhausen (19650) In the former type, the ani-
mal is dommant only in 1ts own territory and not outside of it No
evidence for relative dominance was found m the ungulates studied
In an absolute luerarchy the rank of individuals remains constant un-
der all circumstances. “The main prerequisite of its proper func-
tonmg 15, of course, that all members of a commumty know each
other mdividually” (Leyhausen, 1965b). This type of hierarchy was
evident in the blackbuck, among which 1t persisted unchanged
throughout the period of study. The barasingha males on the Kanha
meadow, which probably also recognized each other mdividually,
displayed an absolute hierarchy until they shed their antlers. The
ammals lost therr rank with the loss of their antlers, and no hierarchy
seemed to be actively maintained until the new set was free of velvet.

.In addition to the absolute hierarchy based on mndividual recog-
nition, another absolute type needs to be considered —that based
solely on a rapid mutual appraisal of physical characters. The popu-
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lations of gaur and chital are large, and herds change constantly in
composition, makm%x it highly improbable that all males know each
other. Yet a hierarchy becomes established, often without overt in-
teraction, whenever several males come together. The antler length
m the chital appears to be one of the main factors determining the
status of the individual, the longest antlers conferring dommance.
In the gaur, general size and the prominence of the dorsal ridge
and dewlaps seem to be symbols of rank. A system of dominance
based primarily on a visual assessment of certain characters rather
than on repeated contacts would seem to be a distinct advantage to
species with a fluid social organization since it would lessen the
amount of strife and make the establishment of rank almost in-
stantaneous when two individuals met. Although this form of abso-
lute hierarchy rarely persists for more than a few hours as males join
and part from the herd, its manner of assertion and effectiveness do
not differ from the one based on individual recognition.

All males m this study, and also female gaur, have horns or ant-
lers which are formidable weapons, symbols of the animal’s power
to attack and hurt an opponent. Although the potential to do damage
1s always implied, actual fights are rare. Only 2 out of 309 (.06 per-
cent) barasingha and one out of 284 (.03 percent) chital sparnng
bouts that were observed were actual fights in the sense of one am-
mal seemingly attempting to subdue another. Most sparring among
chital, barasingha, gaur, and blackbuck was proportionally far more
frequent mn young males than in fully adult ones, with the animals
apparently attempting either to reassert their position or to test their
strength. Dominance is largely determmed by a number of conven-
tions, to use Wynne-Edward’s (1962) term. All species threaten with
their antlers or horns by pointing them at the opponent, and several
displays, such as the head-up, head-down, and lateral displays, are
used to intimidate, as are various forms of redirected aggression
(Table 45). Added to these conventions are several olfactory and
auditory signals, all of which help to establish the male’s position
1 the hierarchy.

The social competition between males and the resulting hierarchy
confef one obvious advantage on the high-ranking individuals: they
are given priority to estrous females, as pointed out earlier The se-
lective force, which enhances the effectiveness of the stiuctures such
as antlers that have enabled the animal to achieve a high rank mn
the first place, is therefore strong. In polygynous ungulate social sys-
tems, where only a small percentage of high-ranking males do most
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TABLE 45

COMPARISONS OF SOME MALE AGGRESSIVE AND SEXUAL BEHAVIOR PATTERNS
IN SEVERAL INDIAN UNGULATES

Behawior Pattern Chital |Barasmgha | Sambar | Hog Deer | Blackbuck| Niiga: Gaur

Preorbital gland
marhing + + + + + ?
Thrashing bushes
with horns + + + + + ? +
Rubbing bark off
tree trunks with
horns
Preaching
Pawing with
foreleg + +
Defecating on
dung piles + +
Wallowing
Stamping ground
Head-up display + +
Head-down
display
Lateral display
Hornizontal-neck
display
Low-stretch
display
Sparring
Loud rutting call
Flehmen

++
+
O S
-+ ~

+

-

+

++
"
+ v
4+
+
~+

44
4+ o+
++++

+ 4

+ v+
+++

of the mating, a large number of seemingly excess males are present.
The function of these males possibly “lies in mamtaining the high
level of competition” (Wynne-Edwards, 1962).

DisprAY PATTERNS

The males exhibit a number of different behavior patterns which
tend to make them look conspicuous and impressive, at least to the
human observer, by emphasizing their size, movements, special
markings (such as a white throat patch), and special structures
(such as antlers). An impressive appearance 1s presumably of im-
portance to the animal in the presence of an opponent and when
courting a female, and it 1s in these two situations that most displays
are seen. The head-up display, in which the muzzle is raised, making
the animal appear large and exposing the white throat patch in chi-
tal, barasingha, and nilgai, is used by all species studied (Table 45).
The lateral display, with two animals standing parallel to each other,
15 often used in conjunction with the head-up. However, the em-
phass placed on each of these displays differs somewhat with the
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spectes. The head-up in the gaur is infrequent and appears to be far
less important as a communicatory signal in the daily life of the ani-
mal than the lateral display. In the deer and blackbuck the reverse
is true in that the head-up is more commonly employed and the
lateral display is less ritualized than in the gaur. In this contest,
it is significant to note that the gaur has structures—the dorsal
ndge and dewlaps —which emphasize its appearance only in pro-
file, whereas the other species Jack such attributes. These two dis-
plays are exhibited during aggressive encounters as well as during
courtship, functiomng apparently by intimidating males, on the one
hand, and by impressing estrous females, on the other. In contrast,
the head-down display, and also the horizontal-neck display of the
nilgai, seems to occur only during aggressive encounters, functioning
primarnly in intimidation.

The majority of animal displays are thought to be derived from in-
tention movements, displacement activities, and redirected aggres-
sion (Moymihan, 1955). The head-up display is perhaps based on
an mtention movement to rear up and strike the opponent with the
forelegs, a method of fighting in deer but not m the gaur, The lateral
display may possibly be the outcome of a balance between the op-
posing tendencies to attack and to flee, with the animal neither
advancing nor retreating. The head-down display may have a similar
dervation, except that the Jowered neck and averted head are ges-
tures of submission and indicate that a direct challenge is not in-
tended. The low-stretch display, seen only in sexual situations, ap-
pears to contain both an aggressive component, the raised head, and
a submissive one, the lowered neck; or it may be derived from an in-
tention movement to lick the vulva. Several forms of redirected ag-
gression, which mvolve attacking an inanimate object rather than
an opponent, are also exhibited by males. Prominent among these
are pawing the ground and thrashing bushes and trees with homs
and antlers (Table 45). Three other types of behavior, all perhaps
containing elements of redirected aggression, occur but are not wide-
§pread among the ungulates, and the significance of their presence
in some species and not in others is unknown. Preaching, with the
fmlmal standing on 1ts hindlegs and wiping its face in a leafy branch,
is confined to the chital and sambar; wallowing during the rut oc-
curs mn the sambar and barasingha; and establishing stamping grounds
has been observed only for the sambar (Table 45). These forms of
behavior may serve to intimidate an opponent either directly or in-
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directly by marking the environment with visual signals and with
scent from the preorbital and other glands.

Males sometimes mnterrupt their courtship to thrash vegetation and
to paw, actions indicating that the female releases both aggressive
and sexual behavior. Each display probably contains aggressive,
submissive, and sexually mediated components, with the final em-
phasis depending on the circumstances. It is, therefore, not surpris-
ing that similar displays may be elicited 1 dissimilar situations and
that the function of the gesture vanes with the situation. In the chital,
for example, the vertically raised tail and the exposed white rump

atch are evident in four different circumstances. (1) in conjunc-
tion with the head-up display to another male, the gesture is an ag-
gressive action, tending to cause submission or evasion, (2) to a fe-
male m estrus, it is a part of courtship, presumably attracting her,
(8) in flight, it becomes a danger signal to which the other animals
respond similarly; and (4) in play by the young, it elicits no obvious
response other than occasional alertness.

RANGE AND TERRITORY

All ungulates occupy a range in which they spend their hves and
which they share with other members of their species. This range
may be relatively small, like the two to three square miles frequented
by a blackbuck, or it may be large like the thirty square miles used
by a gaur. In addition, the males of some species lay claim to a small
piece of ground within their range at certain times of the year—a
territory — from which other males are excluded but within which
females are permitted to remain. Of the species studied, only the
blackbuck and nilgai showed this territorial behavior.

Rutting males of all species mark their range with a number of
auditory, visual, and olfactory cues, apparently serving to draw at-
tention exther to the animal itself or to its recent presence in the area.
T.he rutting call of the chital, barasingha, gaur, and others is a long-
distance auditory signal, lacking in the territonal nilgai and black-
buck. The thrashing of vegetation with homs, as practiced widely
among the ungulates, leaves a visual signal of tattered branches, often
enhanced by an olfactory signal of the scent from the preorbital
glands. Other visual and olfactory signals include wallows, pawing
marks, scoured tree trunks, and preaching trees Pocock (1910)
noted that the metatarsal gland of deer secretes an oily substance,
which may serve to mark the resting spots used by the animals. It is
perhaps significant that the sambar, the most complete forest-dweller
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and least social of the deer studied, exhibits the most complex sig-
naling system. Such signals have sometimes been taken as evidence
of territorial behavior, but it is obvious that non-territorial species
use the same means to mark their environment as territorial spe-
cies, with the exception of defecation at locahized sites (Table 45).
The markings in a territory differ from those in a range only in their
concentration in a small area and in their being largely the work of
one male.

It may be inferred that the signals, whether in a territory or scat-
tered over the range, combine two opposite qualities: attracting and

TABLE 46

COMPARISONS OF SOME BEHAVIOR PATTERNS OF SEVERAL INDIAN UNGULATES
IN RESPONSE TO A POTENTIALLY DANGEROUS SITUATION

Behavior Pattern Chital |Barasingha{ Sambar | Hog Deer | Blackbuek}] Nilgm Gaur

Alert posture with
nech and ears
erect

Rasing taa}
vertically

Exposing rump
patch

Stamping
forefoot

Alarm call

Thumping forefeet
In unison

Thumping hind-

s feet 1\m unison

pronhing

Standing + +
motionless

Sneaking away in
semi-crouch

++ + + +
+ 4+ o+ + o+
+ 4+ 4+ A+ o+
4+ o+ o+ +
++ o+ o+ +
++ + o+ +

+
+

drawing individuals together and subsequently spacing them out as
a result of mtraspecific nvalry. The territory is in itself a spacing
mechanism which prevents overcrowding in a particular locahty.
The density of males in non-territorial species is controlled by more
subtle means, perhaps by causing scattering and emigration when
the number of sign posts in an environment exceeds an optimum
level. Some evidence for this was found in the barasingha. There is
another possible result of a too high concentration of signals: the
degree of mutual sexual stimulation may decrease rather than m-
crease, with some males becoming sexually inactive. The relatively
small number of vigorously rutting chital males at the peak rutting
season lends some support to this conjecture,
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LEADERSHIP

Herds tend to move in single file, a trait common in many social
mammals including man. Such a mode of progression has several
advantages over other patterns of movement: it prevents the ani-
mals from becoming separated, it provides each member with the
best possible route, often a well-worn trail, and it lessens the prob-
ability of encountering a hidden predator. The animal leading the
herd usually behaves more alertly than its followers.

Adult females characteristically lead herds, although males also
do so on occasion. Any animal may be a herd leader as long as it
elicits following m others. The reason for the predominance of fe-
male leaders may be related to the instability of the males as herd
members and to the tendency of the young to follow only their moth-
ers until well over a year old, behavior which possibly becomes gen-
eralized later in life to include all adult females.

Communication of Danger

Each species has evolved a number of visual, auditory, and olfactory
signals which communicate the existence of potential danger to
other members of the herd (Table 46). Some of these signals, like
the raised tail, alert only animals in the immediate vicinity, but
others, Iike the alarm call, may transmit mformation over long dis-
tances. The gaur appears to have the least complex signal system of
the species studied, its repertoire consisting predominantly of raising
the head, snorting, and thumping the forefeet. The deer and ante-
lope also raise their tails, exposing the rump patch, which in all
species except the sambar is highly conspicuous. It is likely that the
interdigital glands of fleeing deer deposit scent, olfaction thus adding
another dimension to the communicatory system Since the visual,
auditory, and possibly olfactory signals of danger used by one species
are readily understood and responded to by other species, there is
an interconnecting system of responses to predators such as tiger

and man involving the whole ungulate population in a particular
area,






PART 11l

THE PREDATORS

Although a number of different kinds of large carnivores occur in
Kanha National Park, the tiger is by far the most important as a
predator on the populations of hoofed animals. An attempt was
therefore made to obtain as much information as possible on the
behavior of this cat and its role in the ecology of the area. The bulk
of the data in this part of the report is devoted to the tiger at Kanha,
supplemented with observations from the literature when pertinent.
The leopard, potentially an important predator on the deer and ante-
lope, was uncommon in the study area, and I obtained very little
information on its behavior. The jackal, jungle cat, and sloth bear
are capable of preying on young ungulates, and with this in mind I
investigated their food habits. The other large predators —wild dog,
hyena, fox, and python —were so rare that their effect on the wild-
life was negligible.






CHAPTER 9

THE TIGER

Few living mammals have become creatures of myth in the minds
of man to as great an extent as has the tiger. Its large size, nocturnal
habits, solitary nature, and elusiveness, coupled with its reputation
as the “embodiment of devilish cruelty, of hate and savagery m-
carnate,” as Inglis (1892) put it, have endowed the animal with an
aura of mystery and fear, a feeling which has been intensified by
the cat’s occasional predilection for preymg on humans. Even the
earliest historical record of the tiger m the Indian region, a seal about
five thousand years old found at Mohenjo-Daro in the Indus valley,
depicts a man sitting in a tree angrily addressing a tiger waiting for
him below (Burton, 1933). Yet although the tiger has been feared
for some of its attributes, 1t has been admired for such others as the
stealth, speed, power, and ruthlessness of attack and the lithe beauty
of its appearance. For the Koreans, for example, the tiger is the king
of beasts, the symbol of physical beauty, strength, and fighting force
(M. Taylor, 1956), as it is also for the numerous sporting teams,
military units, and other organizations which have named themselves
after it. Therefore, it is not surprising that the tiger has been re-
lepﬂessly pursued by hunters, who derive status from killing so for-
midable a beast, whether it is done sportingly with bow and arrow
from horseback, as it was formerly in Korea, or otherwise with a
rifie from the safety of a tree platform or even the inside of a car,
as 1s usually the case in India today.

Although the literature on the tiger is voluminous, most of 1t is
devoted' to a discussion of how to shoot the animal, to arguments
concerning 1its size and power to scent, and to interminable anec-
d_otes about dangerous encounters with 1t. The natural history of the
tiger has been studied predominantly along the sights of a rifle, and

221
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even authors like Champion (1927, 1933) and Ber{; (1936), who
specialized in obtaming admirable photographs rather than skuns,
contributed httle new mformation about the cat. Several maharajas,
such as those of Gwalior and Dholpur, frequently fed tigers at
certam sites for the amusement of visitors (Gee, 1964, P. Singh,
1959) and thus had remarkable opportunities for making observa-
tions, but no detailed records were kept. Some hunters, however,
have wntten informative regional accounts, notably Baikov (1925)
for Manchuria, Bazé (1957) for Indochma, Locke (1954) for Ma-
laya, and Burton (1933) for India. Perry (1964) has presented a
good, though uncritical, compilation of the hiterature concerning the
tiger, but the over-all effect of the book 1s to emphasize the lack of
knowledge about the habits of this specics

The purpose of this chapter is to present information about the
behavior of tigers in Kanha Park. Factual material from the litera-
ture has been included to supplement the data, but no attempt has
been made to summarize all the available information about the an:-
mal throughout its vast range, this having already been done to 2
large extent by Perry (1964).

My conclusions regarding some aspects of the tiger’s behavior may
not be apphcable to other parts of its range, for it is an eminently
adaptable animal readily changing its habits to conform with the pre-
vailling conditions The tigers in central Kanha Park have not been
actvely pursued there since about 1952, and it may be comjectured
that their behavior accurately reflects their natural inclnations in
particular situations, whereas the tigers in most of India give the
responses of constantly harried animals. The Kanha tigers, for ex-
ample, return to their kill even after having been disturbed 1epeat-
edly by man, but m other localhties they are said to abandon the
carcass with very little provocation

Ellerman and Morrison-Scott (1951) recognize six subspecies of
tiger of which Panthera tigris tigris occurs throughout India and In-
dochina, P. ¢, virgita around the Caspian and Aral seas, P. ¢. longipilis
n Manchuria, P . coreensis in northern Korea and adjacent parts
of Chma, P. ¢ amoyensis in south China, and P. ¢. lecogi in Chimese
Turkestan. In addition, some authors (see, for example, Jarvis, 1965)
retamn subspecific names for the Sumatran, Javan, and Balinese ti-
gers (P t. sumatrae, sondaica, balica) The physical differences be-
tween SUbfPeCIGS, which have been described by Pocock ( 1929),
are shght “While the tigers of the frigid north are large, long-coated,
and pale n color, there is a gradual reduction in size and length of
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coat as well as a deepening of color toward the south, so that the
island races are noticeably small, dark, and short-haned” (Crandall,
1964). In their general habits the tigers appear to be essentially simi-
lar throughout their range, judging by the published mformation,
but unless stated otherwise, all data in this report pertain to Indian
ammals.

Description

The tiger is the largest existing member of the Felidae and, like most
others in the family, adapted for stalking its prey rather than running
it down. It has a lithe, elongated body, a short neck, and a compact
head with a relatively short muzzle that contains a formidable set of
canine teeth. The legs are stout and of moderate length, the fore-
limbs bemg more muscular than the hindlimbs, and the broad paws
are armed with retractile claws (Plate 20). “A well-fed tiger is by
no means a slim figure, but on the contrary it is exceedingly bulky,
broad in the shoulders, back, and loins, with an extraordmary girth
of himbs, especially in the fore-arm and wrist” (Baker, 1890).

Males are considerably longer and heavier than females The aver-
age total length, mcluding the tail, of an unspecified number of males
measured by Brander (1923) was 8 feet 9 inches to 10 feet 3 inches
and that of 39 females 7 feet 10 inches to 9 feet 1 inch. In general,
the body of a male is about 6 feet long and the tail 3 feet long, with
females 6 to 12 inches shorter in body (Finn, 1929). Numerous
weights of tigers, shot in the wild, have been published. Brander
(1923) found that the average weight of the males recorded by
him was 420 pounds (range 353-515). Cooch Behar (1908) weighed
26 males and obtained an average of 482 pounds, the heaviest ani-
mal scaling 546 pounds, but ns records are biased because only
very large animals were recorded. Twenty weights of males taken
from Hewett (1988), Inverarity (1888), Baker (1890), Burton
(1933, 1948), Homaday (1885), Meinertzhagen (1939), and San-
derson (1912) gave an average of 422 pounds, with a range of 349
to 590 pounds. Exceptionally heavy animals include one of 645
pounds (Ward, 1922) and one of 705 pounds (Smythies, 1942)
The average weight of 39 females was 290 pounds, the heaviest being
343 pounds (Brander, 1923). The heaviest female among a total of
365 tigers shot by Cooch Behar (1908) weighed 360 pounds.

The color of the tiger's pelage varies from orange-red to tawny
yellow, broken with a series of transverse black stripes of varying
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length and width. The checks, throat, abdomen, and the insides of
the ears and legs are white. The back of the ears is black, with
a conspicuous white spot in the center. The stripe pattern varies
considerably among tigers. The black markings in the patch of white
hair above each eye were found o be so distinctive that individuals
could readily be distinguished by them (compare, for example, Plates
29 and 26), and I used this means of recognition to determine the
number of different tigers that frequented the study area. The sole
male tiger n the center of the park had a thick ruff of hair around his
neck from about October to March but not at other times of the

year.
Distribution and Status

The geographical distribution of the tiger once spanned some six
thousand mles of Asia from Mount Ararat in castern Turkey and
the Caspian Sea to the Sea of Okhotsk in Russian Manchuria, In
the western part of their range the animals (P. {. virgita) occurred
in northern Afghanistan and Iran and into the U.S.S.R., their north-
emn boundary being Lake Balkhash and the Aral and Caspian seas.
Ognev (1962) documented the former distribution and recent ex-
tirpation of the Russian populations in detail. Except for an esti-
mated 80 to 100 tigers in the Mazanderan and Bujnurd districts
of northern Iran near the southeastern shore of the Caspian Sea
(Perry, 1964) and for stragglers in southern Turkmenia {Novikov,
1962), this subspecies appears 1o be eatinct,

Tigers were formerly found throughout China from the Altai
Mountams and the borders of Mongoha eastward to the South and
East China seas, ncluding Hong Kong, and northward into Chinese
Manchuria, bt hunting and deforestation have almost climinated
the species 11 that country. The tiger in Chinese Turkestan (P 1.
lecoqz) has become eatinet within the past few years, the Korean sub-
species exists primanly along the North Korea-China border and in
the northern Yenpien area and the northeastern part of the Kirin
Province of China; the last strongholds of P. t amoycnsis are along
the Yangtze River, where scattered populations occur in the prov-
inces of Hupei, An-hui, and Kiangsu, and also in Fukien Province
opposite Taiwan (Xirk, 1966). Populations of P. t. figris are found
in the southern part of Yunnan Province where China, Burma, and
Laos meet and along the North Vietnam-China border. The Man-
churian tiger exists m small numbers in the Kirin Hills of eastern
Manchuria. Although tigers were once common in neighboring
Russian Manchuria from the vicinity of Lake Baikal and the Yablo-
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Prate 24,7 large tiger cub, one year old, snarling (November 16, 1964).
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tigress (standing on the left) watches; another one of her cubs looks on
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novy Mountains to the Sea of Japan and the Island of Sakhalin m
the Sea of Okhotsk, only an estimated 80 to 90 animals still survive
in several isolated areas (Abramov, 1962; Anon., 19652), primarily
along some of the eastern tributaries of the Ussuri River and in the
Sikhote-Alin chain of hills (Novikov, 1962).

The tiger is widely distributed throughout northem Vietnam, Laos,
Thaland, Cambodia, and Burma. Locke (1954) estimated that
8,000 tigers exist in Malaya, and he noted that tracks were seen in
Simgapore as recently as 1950. The species failed to colonize Borneo,
but 1t penetrated the Indonesian chain of islands as far east as Bali.
Tigers remain quite common in parts of Sumatra (Anon., 1964a),
but only about 9 animals survive m Java, all in the Udjong Kulon
Sanctuary on the western tip of the island; and possibly 3 or 4 tigers
still occur in Bali (Anon., 1964b).

The tiger is found in many parts of India, from Assam westward
through Bhutan and Nepal to Himachal Pradesh and from Uttar
Pradesh and Rajasthan southward over the whole peninsula, but
not including the island of Ceylon. At one time the species also oc-
curred in the Indus valley of West Pakistan, but the last animal in
that region was shot in 1886 (Burton, 1952).

The wide geographical distribution of the tiger imphes a great
adaptability to different environmental conditions, and indeed the
only requisites for its survival appear to be some form of vegetative
cover, a water supply, and sufficient prey. In the western part of
the range, it inhabited the marshes and reed beds of the lowlands
upward through the cork and tamarisk forests to an altitude of 8,000
feet (Ognev, 1962). In Chma it occupied grass thickets and oak
and poplar forests. Farther north in its range “pine and fir trees pre-
domnate throughout the whole taiga, but on the Manchurian side
the increased number of deciduous trees is noticeable, particularly
of oak trees The slopes of hills are well-wooded with scrub-oak,
birch, walnut trees, and a thick, tangled undergrowth” (Baikov,
1986). According to Ognev (1962) the cedar woods and rocky slopes
at altitudes of 2,000 to 4,500 feet are particularly favored by tigers
The climate during the winter is severe in Manchuria, with snow
lymg several feet deep on the ground and temperatures falling as
I?W as —30°F. In Indochina, Burma, and Indonesia the habitat con-
Sists predominantly of hot and humid rain forests but also, in Cam-
bodia and Thailand, of grass thickets and, in northern Sumatra, of
mangrove swamps.

The tiger is found in all major forest types of India— thom, dry
and moist deciduous, semi-evergreen, and evergreen. It also occurs
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in the mangrove swamps of the Sunderbans in West Bengal and
East Pakistan, where it swims from island to island (Pocock, 1939).
The animal appears to be equally at home among the tall grasses of
the Kaziranga Sanctuary, a type of habitat which has now largely
disappeared in India. In the Western Ghats tigers ascend to an
altitude of 7,000 to 8,000 {cet, where they inhabit a grassland-scrub
forest mosaic (Dang, 1962). The pine and oak forests in the foot-
hills of the Himalayas, however, arc rarely visited, most tigers re-
maining below an altitude of 4,000 feet. On the other hand, Tumer
(1959), Baldwin (1877), and Hewett (1938) reported stray tigers
at altitudes of 6,000 to 10,000 fect. Kinloch (1892) noted that ani-
mals may be found as high as 12,000 fect, and Gupta (1959) noted
that they cross a mountain pass at 11,000 feet between Sikkim and
Nepal, with a few ascending as high as 13,000 feet.

An idea of the former abundance of tigers in India and Nepal can
be gained from the number of animals shot by certain individuals.
Gordon-Cumming (1872) shot 78 tigers in one district along the Nar-
mada River in 1863 and 1864, and he once shot 10 tigers in 5 days
along the Tapti River; Forsyth (1911) shot 21 tigers in 31 days in
Uttar Pradesh; George V and his party shot 39 tigers n 11 days
in Nepal in 1911-12 (Smythies, 1942); Rice (1857) shot or wounded
158 tigers, including 81 cubs, in Rajasthan between 1850 and 1854;
the Maharaja of Nepal and his guests shot 433 tigers, as well as 53
Indian rhinoceros, between 1933 and 1940 (Smythics, 1942); Colo-
nel Nightingale shot over 300 tigers in the former Hyderabad State
(Perry, 1964), the Maharaja of Udaipur shot at least 1,000 tigers
during Ins lifetime (K. Singh, 1959); the Maharajkumar of Vija-
yanagaram, who is still actively hunting, has shot 823 tigers to date
(letter, April 5, 1965); and the Maharaja of Surguja wrote to me
in a letter dated April 6, 1965: “My total bag of Tagers is 1150 (one
thousand one hundred and fifty only.)”

Although the range of the tiger has shrunk considerably with the
expansion of the human population and the concomitant deforesta-
tion, the animal still occurs sparsely in most large forest tracts of
India, except in the states of Gujarat, Punjab, and Kashmir. In re-
cent years a decline in the number of tigers has been apparent in
Assam (Stracey, 1961), where as late as 1940 rewards were paid for
their destruction (Prater, 1940), and in peninsular India, according
to most foresters and hunters with whom I talked. The forest-clad
fooMs of the Himalayas, for example, made famous by the tiger-
hunting exploits of Corbett (1957), now contain only widely scat-
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tered animals. I found far less evidence of tigers in the form of
tracks, droppings, and other spoor in Corbett Park and in the Kheri
forest divisions, considered to be among the best localities for tigers
in the state, than at Kanha. A total of 1,074 tigers were shot on license
in government forests of the state between 1929 and 1939 (Prater,
1940), and if the number of animals shot on private lands and il-
legally without license were added to this figure, the actual kill would
probably be twice as high. In one of the most remote areas of penin-
sular India, the West Bastar District of Madhya Pradesh, thirty-four
hours of walking along transect lines through a three hundred square
mile tract of forest revealed only two fresh sets of tracks. The tiger
is also becoming scarce in the dry woodlands of eastern Rajasthan,
largely because the villagers find and kill many small cubs in the
heavily exploited forests (Sankhala, pers. comm.). In the Arawalli
Hills, between Ajmer and Idar, the tiger population is said to have
been reduced from more than 150 to perhaps 10 in recent years
(Singh, 1963). As recently as May, 1964, however, a maharaja was
able to shoot 6 tigers in two weeks in that state. In Kerala and Ma-
dras the tiger has become quite rare, so much so that the latter state
has given protection to it. In Mysore, where tigers were once abun-
dant and treated as vermin, with a bounty of 50 rupees paid for
each amimal killed (Russell, 1800), the decline in the past few years
has been drastic, partly as a result of poisoning by villagers, who
place msecticide into cow carcasses (Anon., 19655).

Corbett estimated that only 2,000 tigers survived in India in the
md-1940°s (Stracey, 1961). Gee (1964) recently placed their num-
ber at 4,000, a figure which, even if it were underestimated by 100
percent, indicates the need for strong conservation measures if the
species is to survive in the country. Legal and illegal killing has been
the major cause in the decline of tigers throughout the forested
areas. Males, females, and young are destroyed indiscriminately,
although many states now have regulations which prohibit the shoot-
g of tigresses when accompanied by cubs. However, the shooting
season is opened for the convenience of the hunters during the hot
weather when the females are more likely to be pregnant or have
small young hidden somewhere than at other tunes of the year.

Population Dynamics

Atlﬂ_mugl} there were more tigers at Kanha than in any other area of
Smilar size that was visited, the population was too small to pro-
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vide much data on its dynamics during the year of study. However,
information from the literature and from zoos, as well as from my
own notes, provides a general picture of some of the factors in-
fluencing tiger populations.

PoruratioNn Size aAxp COMPOSITION

The forest department estimates the number of tigers in Kanha Park
each year by measuring the size of pug marks around water holes
on a certain day in early June. The census technique is based on the
assumptions that tigers drink once a day and that the pug marks of
every mndividual are distinctive. The figures obtained by this method
hetween 1958 and 1965 varied from 7 to 25. The pug marks of tigers
are often so similar in size that the cursory measurement of one set
of prints cannot be used to distinguish between animals, especially
since no consideration is given to the facts that the configuration of
the print varies somewhat with the substratum and that the forepaws
of a tiger are larger than the hind ones. Small tiger prints can also
be confused with those of leopard unless care is taken. The unre-
liability of this type of census was illustrated in 1964 when the tally
in my study area revealed a total of 16 adult tigers and leopards when
in fact it 1s doubtful if even half that number were there at the time.

Kanha Park lies within a forest block exceeding five hundred
square miles in size. Since some tigers undoubtedly range partly in
the park and partly outside of it, and since others may visit the area
only as transients, 1t was very difficult to make a precise estimate
of the number of tigers using the park. A total of 11 different tigers,
excluding cubs dependent on their mothers, were seen in the study
area in 1964, but of these only 4 were residents that frequented
the central part of the park repeatedly. The prevalence of droppings,
tracks, and other spoor indicated that more tigers used the study
area than the surrounding forests, which suggested in turn that the
123 square miles of the park supported about 10 to 15 adult tigers
all or part of the time. This estimate does not include an unknown
number of casual visitors, dependent cubs, and animals whose range
only touches the periphery of the park. Sanderson (1912) reported
a total of 8 tigers — 6 males, 1 female, and 1 large cub—in an area
of 200 square miles in Mysore, and Forsyth (1911) shot 21 tigers
within a month in an area of similar size along the Nepal border.
Locke (1954) estimated a population of 32 tigers in an area of 824
square miles in Malaya.

Of the 10 adults identified individually in the study area, 8 were
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females and 2 were males, a sex ratio of 4:1. Adult tigers were en-
countered on 121 occasions, and of these, 102 were females and 19
were males, a ratio of about 5:1. Both methods of computation re-
veal a great disproportion in the sexes. Although social interactions
may well skew the sex ratio in a small area (see Ranges, p. 236), a
preponderance of females appears to be typical of the population as
a whole. Similarly, Forsyth (1889), Sanderson (1912), and Lydek-
ker (1924) noted that tigresses are more common than male tigers,
and Locke (1954), in Malaya, reported a ratio of 55 females to 45
males. Rice (1857) estimated a ratio of 2:1 in favor of females, even
though he apparently encountered more male tigers than tigresses
while hunting. During the fiscal year 1961-62, a total of 56 tigers
were legally shot in Uttar Pradesh, of which only 16 were females
(Hmgorani, 1962), in 1962-63 a total of 79 were shot, of which 30
were females (D. Misra, pers. comm.). Prater (1940), who col-
lected data on the number and sex of tigers shot by license holders
m government forests throughout India in the late 1930’s, found that
of 575 tigers whose sex was reported to him 884 were males and only
191 were females, a ratio of 2:1. However, kill records probably do
not reflect the composition of the population accurately because
males wander more widely and are said to approach baits more
boldly than tigresses. Of 1,791 North American pumas killed by
bounty hunters, 911 were males and 880 were females, an almost
equal sex ratio (Young and Goldman, 1946).

The disproportionate sex ratio of adult tigers 1s not apparent in
the young, Rice (1857), Burton (1933), Richardson (1890), and
Toogood (1936) determined the sex of a total of 25 fetuses in ti-
gresses shot by them and found 12 males and 13 females. Of the 5
large cubs in the study area, 2 were males and 3 were females. The
sex ratio of 196 cubs at birth in various zoological gardens was 100
males to 100 females (Table 47). Robinette et al. (1961) reported
a sex ratio of 96 males to 100 females in 229 puma young

Of the 8 tigresses identified during 1964, only 2 (25 percent) were
known to have cubs. In addition, the tracks of another tigress with 2
small cubs were seen in December of that year. Rice (1857) and
Gordon-Cumming (1872) shot a reported total of 71 tigresses, of
which about one-third appeared to have been accompanied by cubs.
Some litters were probably overlooked by them, but their method of
h‘l}ltlng by using a large number of shouting villagers to drive the
animals from their restricted cover assured a reasonably accurate
tally. These figures indicate that a large percentage of adult tigresses
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do not have cubs. Similarly, only 41 percent of 299 mature female
puma had young at the time of capture ( Robinette et al., 1961).

REPRODUCTION

Little has been published regarding the age at which tigers reach
sexual maturity. One tigress in the New York zoo reached the
menarche at 3 years 8 months (Crandall, 1964). One female at the
Whipsnade zoo is said to have produced a litter at 2 years of age
(Pocock, 1939). A tigress at the Animals Training Center produced
her first litter at the age of 4 years 5 months (Baudy, pers. comm.);
and another at the Basel zoo had her first Iitter at the age of 4 years
6 months (Lang, pers. comm. ). Blanford (1888-91) gives the age of
sexual maturity as 8 years, and Abramov (1962) and Novikov (1962)
as 4 years, Copulation in captivity, however, sometimes begins when
the animals are only 2% years old (Baudy, pers. comm.). In cap-
tivity, female lions become cyclic at 36 months of age, according to
Crandall (1964), but as early as 24 to 28 months, according to Cooper

(1942). Maturity in wild lions is reached at the age of 4 years (Gug-
gisberg, 1961); the lioness raised by Adamson (1961) in a semi-
wild state conceived at the age of about 3 years 8 months.

The Felidae appear to be seasonally polyestrous in the temperate
regions and completely polyestrous in the tropics (Asdell, 1964,
Crandall, 1964). For precise data on the length of the estrous cycle
in tigers I am indebted to E. Lang. Estrus in one tigress at the Basel
z0o was observed 21 times with an average interval of 51.9 days
(range 2084 days); in another tigress it was recorded 18 times with
an average interval of 54.2 days (range 27-83 days). The imterval
between the mid-points of 8 consecutive estrus periods in one ti-
gress varied from 45 to 55 days, and the average length of receptivity
during 14 estrus periods was 7.1 days (Sadleir, 1966). Crandall
(1964) and Baudy (letter, January 21, 1966) reported that receptiv-
ity lasts about 5 days on the average.

_According to Inverarity (1888), Brander (1923), and others, the
tiger in India has no definite mating and birth seasons. Sanderson
(1912), for example, found newborn young in March, May, Octo-
ber, and November, and Burton (1933) in March, April, and De-
cember. Brander (1923) noted, however, that most young are born
in November and April, and Rice (1857) stated that the small young
aré most prevalent in late June. Mating in Indochina, as well as in
southern India (Morris, 1937a), is said to be most common mn No-
vember and April (Bazé, 1957), whereas in Malaya most mating oc-
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curs between November and March (Locke, 1954 ). The Manchurian
tigers mate only from December to February (Baikov, 1936, Ognev,
1962). At Kanha certain aspects of the tiger’s behavior indicated
that the peak of sexual activity was from November to about Febru-
ary (see Vocahzations, p. 256), with some mating probably occur-
ring throughout the year. One litter of cubs was estimated to have
been born in November, the other in February. The gestation period
of tigers has been variously given as 98 to 109 days (Eckstein and
Zuckerman, 1956), 100 to 108 days (Crandall, 1864), and 95 to 107
days (Abramov, 1962). The two litters were, therefore, conceived n
about early August and early November, respectively.

The size of litters varies from 1 to 7 (Brander, 1923). Richardson
(1890) and Inverarity (1888) both found 6 embryos in a tigress,
and Hewett (1938) heard of one containing 7. However, Burton
(1933), Fletcher (1911), Abramov (1962), and others noted that a
tigress is rarely accompanied by more than 2 to 8 cubs. Forsyth
(1889) never saw more than 3 cubs with a tigress. Locke (1954)
mentioned 4 tigresses each with 1 cub and 1 tigress with 2 cubs. Mor-
ris (1927) reported that one tigress was accompanied by 5 cubs,
an excephional instance. Two tigresses at Kanha had 4 cubs each and
one had 2 cubs The number of young seen with a female is of course
not an accurate measure of litter size at birth. In the puma, for ex-
ample, Robinette ef al. (1961) found that the average number of
young in 66 prenatal litters was 3.4 but that in 258 postnatal litters it
had dropped to 2.9. The average size of 79 tiger litters born in zoos
was about 2.8 (Table 47) The average of 64 lion litters in captivity
was 2.5 (Cooper, 1942).

Tagers have a high reproductive potential. In zoos, where the cubs
are usually removed from the mother at birth, one litter per year is
common. One tigress at the New York Zoological Park, for example,
had 11 litters between 1948 and 1959 (W. Conway, pers. comm.).
A tigress at the London zoo had 8 pregnancies between 1961 and
1964 She gave birth to 2 cubs on January 16, 1962, to 8 cubs on
August 11, 1962, and to 2 dead cubs on December 16, 1962 —3 ht-
ters m one year. In seven instances, from 16 to 56 days (mean 28)
elapsed between the removal of her young and the return of estrus
(Sadleir, 1966). A free-living tigress that loses her cubs in some mis-
hap 15 thus potentially able to have a new litter within about 5
months.

Estrus is in most instances held in abeyance while the tigress has
her cubs. “Silver Hackle” (1929), Inglis (1892), Burton (1933), and
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Brander (1923) all state that cubs are largely dependent on the fe-
male for about two years in the wild, and this was confirmed in one
instance during the present study, as will be discussed fully below.
It seems probable that, if the young survive, each tigress has a litter
at most every two to two and a half years. If from each litter an
average of two cubs reach independence, a reasonable assumption
if conditions are favorable, the average number of young raised per
adult tigress per year is about one. Tigresses may on rare occasions
be accompanied by cubs of different ages (Brander, 1923). Stewart
(1928) shot a pregnant tigress which was followed by a cub about
ten months old, and Hewett (1938) heard of a tigress with unborn
cubs “which had at her heels cubs of about a year old.” Captive
lions have been known to go into estrus while nursing young
(Cooper, 1942).

The maximum longevity of tigers under zoo conditions is about
20 years, an age which is probably not exceeded in the wild. Flower
(1931) and Crandall (1964) reported no tiger as having lived longer
than 19 years, but recently two of them reached the age of 20 years
{Anon., 1965¢). If a tigress in the wild produces her first litter at
the age of 4 years and raises on the average one cub per year until
she dies at the age of 18, her total lifetime production is on the order
of fourteen animals. This potential can, of course, be realized only
under optimum circumstances, and under the conditions existing in
India today, a tigress that raises even half that number before her
death is doing better than average.

MoRTALITY

Most tigresses at Kanha seemed to lack cubs, and only one inde-
pendent young was observed in the area. This low percentage of
litters in the population in spite of the high reproductive potential
of females is perhaps attributable both to a failure to conceive and
to high prenatal and postnatal mortality. Of 239 lion “breedings”
recorded by Cooper (1942) in captivity, only 38 percent resulted in
births; but the fact that males and females were permitted to remain
together for only a short period may have influenced the results.
In the house cat, and most likely also in the tiger, ovulation is not
Spontaneous but is induced by copulation (Asdell, 1946). If for
some reason no fertilization occurs, the animal may become pseudo-
Pregnant; that is, it may behave as if actually pregnant, its abdomen
and nipples even enlarging after ninety days, until past the expected
parturition time. Such pseudopregnancies have been reported in the
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lion (Cooper, 1942) and tiger (Reed, pers. comm.); they may mn
some instances be due to a sterile male or to a lack of synchroniza-
tion between the behaviorally receptive stage of the female and the
physiological readiness of the ovum.

One tigress in the London zoo aborted two out of eight litters
during the latter part of pregnancy, and two further litters were born
dead (Sadleir, 1966). Guggisberg (1961) wrote of one lioness in
the wild: “After having parted from her grown-up family in June
1957, she had cubs twice within 12 months, but on both occasions
left them to perish.” Captive lionesses occasionally eat their young
while consuming the afterbirth (Cooper, 1942). Tigresses probably
behave smnilarly at times.

Although tigresses give birth to 4 cubs quite commonly, they
rarely are accompanied by more than 2 large ones. One tigress at
Kanha raised 4 cubs successfully to an age of sixteen months, but
another female lost 3 of her 4 young between the ages of one and a
half and two and a half months, a 38 percent mortality in this small
sample of 8 cubs during the first year of life. The cause of death of
these and other cubs is in most instances unknown. One of the
young when seen on April 11 was obviously weak and sickly and was
barely able to keep up with its siblings. Inglis (1892) reported that
a herd of domestic buffalo trampled one small cub to death. Pos-
stbly jackals and hyenas prey on newborn young when the tigress is
away hunting. In times of food shortage, the weakest members of a
litter probably die of starvation. And numerous young cubs undoubt-
edly succumb when their mother is shot.

Many authors (Rice, 1857; Forsyth, 1889; Finn, 1929; Powell,
1957; Anderson, 1961; Ognev, 1962) are of the opinion that the male
tiger kills cubs whenever he encounters them, especially when they
are small. Inglis (1892) heard of an instance in which a mauled cub
was found at the site of a fight between a male and female, and
Smeeton (1961) reported a similar fight in which two cubs were
killed. Brander (1993) related that on two occasions a young male
was killed by a large male at a carcass.

A difficult time in the life of cubs is the transition period from
partial to complete mdependence, when they are abandoned for
varymg periods by their mother before they have learned to hunt
and kill efficiently. Male cubs appear to become independent at an
earlier age than female cubs and because of their inexperience are
probably killed at times when attacking such prey as wild boar and
gaur or when harassing livestock in the vicinity of villages. Accord-
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ing to Sanderson (1912), a tigress with two large cubs attacked a
gaur, but one young was gored in the process. The unequal sex ratio
in adults favoring females can no doubt be attributed in part to dif-
ferential mortality among large cubs. In the Kruger National Park,
only about 50 percent of the lion cubs survive to the age of two years,
according to Stevenson-Hamilton (1954), and the death rate of tiger
young is probably of similar magnitude.

More adult tigers undoubtedly die as a result of having been shot,
speared, spared, or poisoned by man than through any other cause.
Occasionally a wild pig and a tiger fight and seriously wound each
other (Inglis, 1892; Turner, 1959). Anderson (1961) found a boar
and a tigress sixty yards apart, both dead after a fight; and Baldwin
(1877), Shakespear (1860), and K. Singh (1959% related similar
instances. Accidents in dealing with porcupines can lead to severe
injury and death. Anderson (1954) came upon a dead tiger whose
forelegs were badly infected and filled with long, sharp quills, and
Corbett (1957) related numerous instances of tigers having been
almost incapacitated by quills in their paws and faces. Locke (1954)
noted that crocodiles may attack tigers.

The Indian wild dog, a canid weighing about forty-five pounds,
has been known to fight with tigers and even to kill them (Burton,
1940). Connell (1944) reported an instance in which a pack of wild
dogs attacked and ate a tiger, although not until the cat had man-
aged to kill twelve of the dogs. According to Strachan (1933) a pack
drove a tiger from its sambar kill. Khajuria (1963) heard a tiger
and several wild dogs fighting in Kanha Park in February, 1963;
later examination of the site showed that the dispute may have arisen
over a dead chital doe. Anderson (1954) witnessed an encounter
between a tigress and a pack of dogs:

The dogs had spread themselves around the tigress, who was growling
feraciously. Every now and again one would dash in from behind to bite
her. She would then turn to attempt to rend asunder this puny aggressor,
When a couple of others would rush in from another direction. In this way
she was kept going continually, and I could see she was fast becoming
Spent. . . . T heard the whistling cry of the main pack, galloping to the
assistance of their advance party. The tigress must have also heard the
sound, for in a sudden renewed fury, she charged two of the dogs, one of
Whld} she caut%\ht a tremendous blow on its back with her paw, cracking
;ts Spine with the sharp report of a broken twig. . . . The tigress then fol-
f0wed up her momentary advantage by bounding away, to be immediately
ollowed by the five remaining dogs. They were just out of sight when the
main pack streamed by, in which I counted twenty-three dogs. . . .
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The dogs corneied the tigress five miles away, where she was found
partially eaten the following day. Five dead dogs, some of them
partly devoured, were also at the site,

Disease does not appear to be a promment cause of death 1n tigers.
Burton (1950) reported two cases of rabies, both animals having
Negri bodies in the brain. The tick Hyalomma kumari Sharif, 1928,
has been reported from a tiger in Assam (Kaiser and Hoogstraal,
1964), and Gee (1937) noted a tigiess who was heavily nfested with
ticks. Two species of cestode were found in feces at Kanha — Taenia
pisiformis Bloch, 1780, and Diphyllobothrium erinacei Rud., 1819;
the tiger had probably become infected with the latter species by
eating frogs (Belding, 1952). In addition, one specimen of Moniczia
benedeni Moniez, 1879, a parsite of cows, was collected from a
dropping beside a cow kill; the worm had apparently passed through
the digestive tract of the tiger. Eleven fresh droppings were col-
lected and checked for ova by G. Schad, the various kinds occurring
with the following frequencies: Diphyllobothrium, 82 percent;
Paragonimus (probably westermani), 55 percent; Taenia, 36 per-
cent; and T'oaocara (an ascarid) 36 percent. The oriental lung fluke,
Paragonimus westermani, was discovered in 1877 in a tiger at the
Amsterdam zoo. Man is an important definitive host of this fluke, as
are cat, dog, goat, pig, opossum, and muskrat. The first intermediate
host of thus fluke is a snail and the second intermediate host a fresh-
water crab or crayfish (Belding, 1952). The tigers at Kanha prob-
ably ate infected crabs which occur in the streams there. Although
no ciab remains weie found in the feces, Burton (1936) and Perry
(1964) listed crabs as being part of the cat’s diet.

Ranges

To trace the movements of a tiger in its dense forest environment
is a difficult task, and most data were obtained by plotting sight
records of known individuals on a map and by following tracks un-
til they were lost. Tigers were identified individually 91 times be-
tween January 1, 1964, and January 17, 1965, on 33 other occasions
d}mng this period tigers were seen but could not be recognized
either because of darkness or because 1t was not possible to scrutinize
their faces closely enough to distinguish the individual markings.
The tracks of one male tiger weie so distinctive that his movements
could be traced by them alone. Of eleven large tigers recognized in-
drvidually, only two were seen with any regularity, two were en-
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countered occasionally, and the others were noted one to three
times each (Fig. 13). Thus, four of the tigers were residents, using
the study area wholly or in part, and seven were transients, remain-
ing from a few days to perhaps a month or two and then dis-
appearing.

The two regular residents, a male and a female, ranged over al-
most completely overlapping areas in the Kanha valley and across a
ridge into the valley to the southwest. The total range encompassed
by the travels of the tigress during the year of observation was about

TABLE 48

SizE oF HoMe RaANGES OF TIGERS

Approximate Size
m Square Miles

Source

Comments

1,500

600 .

250 !
100

315

“Not more than 150”

Corbett, 1057
Anderson, 1954
Anderson, 1954
Anderson, 1954
Hewett, 1938

Locke, 1954

Man-eater, India
Man-eater, India
Man-eater, India
Man-eater, India
Man-eater for eight
months, India
Man-eater for eleven
months, Malaya

9+ . Gilbert, 1889 Man-eater, spent most
of time 1n area, India

200 Sanderson, 1912 Tigers in general,

- south India

187-250 Nowvikov, 1962 General winter range,
Manchuria

115 Abramov, 1962 Tigress with two large
cubs, Manchuria

80 Baker, 1890 Cattle-eater, India

25+ This study Tigress with four cubs,
India

25-30 This study Male tiger, India

25 square miles; that of the male appeared to be somewhat larger,
perhaps as much as 30 square miles. A number of range sizes
have been reported 1n the literature (Table 48). Most of the esti-
mates appear to be based only on rough impressions, but they ind:-
cate the general size of ranges. Over half of the records pertain to
man-eating tigers because such animals tend to draw attention to
themselves. A number of factors, mcluding the sex of the animal, 1ts
reproductive state, and the availability of food, undoubtedly influ-
eénce range size. For comparison, a pride of lions consisting of one
female with three cubs used 8 square mules in the Nairobi National
Park, Kenya; another pride containing two lionesses and eight cubs
in the same sanctuary frequented 13 square mmles, and two males
there ranged over 54 square miles of terrain (Guggisberg, 1961)
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The number of different tigers that frequented the study area
either as residents or transients indicated that ranges were not ex-
clusively occupied by one individual. Three adults were together on
one occasion, and two adults of the same or opposite sex were en-
countered a number of times (see Table 49). In addition, two
tigers sometimes called near each other, and tracks showed that the
animals used the same area at night. The ranges appeared at first
glance to be communal, with no effort made on the part of one ani-

TABLE 49
TrE CorMPOSITION OF LARGE TIGER GrOUPS
Male Female Young Total Source Comment
1 1 2 4 Aramilev, 1959 | Manchuna, on deer carcass
1 1 2 4 Bazé, 1957 Indochina
2 2 4 Bazé, 1957 Indochina
2 2 3 7 Bazé, 1957 Indochina, in adjoining
caves
1 1 4 6 Smythies, 1942 N(;lpal, driven out during
unt
1 1 2 4 Smythies, 1942 | Nepal, driven out during
hunt
1 2 3 6 Brander, 1923 India, on deer carcass
5 1 6 Powell, 1957 India; driven out during
hunt
1 1 2 4 Anderson, 1961 | India
2 2 3 7 N. Negi India, seen several times
(pers. comm.) on buffale Lill, Corbett
Park, 1963
2 3 4 9 Journal of the India, together 1n same
Bombay Nat- ravine (count perhaps
ural History one too many)
Society, 1948
1 2 4 7 Thus study Seen once around kill
1 1 4 6 This study Seen three times on kill
2 4 6 This study Seen three times on kill, once
while walking together

mal to prevent another from hunting there. Of the ten adult tigers
identified, however, only two were males, one of them a transient
seen only once in company with the resident male. No other adult
males were seen in the study area. On the other hand, three tigresses
used the same range, and five others passed through as transients.
An unequal sex ratio favoring females probably cannot explain the
fact that only one male frequented the whole central part of Kanha
Park; instead, it is likely that his range was a selectively defended
territory, shared freely with females but not with other males. Locke
(1954) noted that a male tiger resists “any attempt on the part of
another tiger to poach upon his reserve,” and according to Berg
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(1936), a male drives another male from his territory but tolerates
transients.

The territories of some mammals are so large that they cannot be
surveyed readily by the owner, as Leyhausen (1965a) has pointed
out, and this seems to be particularly true in the case of the tiger.
Strangers cannot, therefore, be prevented from entering the area,
because a defense of all boundaries is impossible except by such in-
direct means as marking with scent. As a result, the presumed ter-
ritorial system of male tigers appears to be less rigid than that, for
example, of many antelopes and birds. Two adult males have often
been reported to frequent the same general range and even to as-
sociate amicably at a kill. Brander (1923) once saw three males to-
gether, and Bazé (1957) shot two males on a small niver island. Two
males accompanied by one or more females have been reported on
several occasions (see Table 49). It is possible that territorial be-
havior may be modified under certain environmental conditions, such
as a shortage of water or cover. Thakur told me of encountering
three males and one female in an area of six square miles of grass
and brush surrounded by an extensive burn. In the heavily popu-
lated parts of Indochina, the tigers retreat to the isolated rocky hills,
where a number of anmmals may occupy adjoining caves (Bazé,
1957). When several males are found in a limited area, some are
undoubtedly transients which remain only for brief periods; others
perhaps share the same range after establishing a rank order. Such
shanng of ranges appears to be prevalent in the lion (Guggisberg,
1961) In the house cat, Leyhausen (1965a) found that males are
very tolerant {oward trespassers into their range. When meeting for
the first time, they may fight fiercely until a rank order is estabhshed,
but thereafter they avoid fights exther by displays or by keeping out
of each other’s way.

A female in estrus travels widely and is sometimes followed by
several males. Powell (1957) once found five males and one female
n the same area, and Ognev (1962) reported as many as six males
together. Such aggregations probably include a resident male, tran-
sient males, and a number of males from adjoining ranges through
which the tigress has passed. Similar behavior has %)een reported in
the puma, among which as many as four to five males may follow a
female in heat (Young and Goldman, 1946), and in the jaguar,
among which “during the love season the males congregate, eig%ttl or

:Slcggze)times more together” (Azara, 1838, quoted in Wynne-Edwards,
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There was no evidence of territorial behavior in tigresses at Kanha,
and they readily shared their range with each other and with the
male. Some self-limiting trend, however, appeared to be operating
in the tiger population on a local level, perhaps based on intra-
specific intolerance when meeting or sharing a kill and, more subtly,
on various visual and olfactory signals left in the environment. Dur-
ing the hot season, when the wild ungulates concentrated around
the water holes, leaving the hills almost deserted, the number of
resident tigers in the study area did not increase (Fig. 13). As many
different tigers were seen in December, when the wildlife was scat-
tered, as during May, when it was concentrated. Most transient
tigresses moved through the study area during the cool and hot
seasons (activity which appeared to be in part correlated with es-
trus), but in spite of an abundant food supply, they failed to remain
there. Tigers moved little during the monsoon.

The land tenure system of the tiger appears to be in some respects
similar to that of the lion, as described by Guggisberg (1961): “For
the lioness, the territory means simply a hunting ground, while for
the hon it is a region containing a certain number of lionesses which
from time to time are ready to mate with him. The territory of a lion
can therefore encompass the hunting grounds of various family and
single lionesses. . . .”

The male tiger at Kanha retained the same range for at least twelve
months, and the evidence from the literature indicates that some ani-
males may stay in a particular locality for several years. “When a
tiger becomes old and fat he usually settles down in some locality
where beef and water are plentiful, and here he lives on amicable
terms with the villagers, killing a cow or bullock about once in four
or five days” (Sanderson, 1912). Berg (1936) photographed a male
and a female in the same area one year apart, and Smythies (1942)
reported a tiger and a tigress that had supposedly lived together for
Seven years. Baker (1890) noted that a male stayed for fourteen
years in a particular locality, killing five hundred cattle in that time;
Brander (1923) stated that one tiger remained fifteen years near
some villages; and Sanderson (1912) claimed that one tiger was a
cattle-killer for twenty years. Although these lengths of time may
well be highly exaggerated, the reports attest to a probable long oc-
cupancy in one locality.

One tigress with four cubs at Kanha inhabited the study area from
March, 1864, to at least March, 1965, a period of thirteen months.
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Since I did not see her until March, even though she was a highly
distinctive animal, it is likely that she either moved into the area at
that time or switched the center of her activity to a part of her range
not used extensively before.

In addition to the resident tigers, there is a segment of the popula-
tion that seems to lack established ranges. Berg (1936), Blanford
(1888-91), and others have commented on the fact that if a tiger is
shot in a certain locality another tiger may soon occupy it. Wanderers
are sometimes encountered far from their usual haunts. One animal
traveled fifty to sixty miles over cultivation (Burton, 1933) and a
tigress appeared two hundred miles from the nearest known habitat
(Perry, 1964). Some of the unestablished animals are probably young
adults which, having reached maturity, are moving away from the
area of their birth into unoccupied terrain. Others may be adults un-
able to establish a range in the limited habitat available to them. And
still others are tigresses in heat which probably have left an es-
tablished range somewhere to roam widely. Several of the transients
at Kanha fell into the last category, the shyness of some of them in-
dicating that they probably came from outside of the park. Thus
lgers exhibit a wide variety of land tenure patterns — from exclusive
use of an area that seems to be defended against others, to peace-
ful sharing of ranges, to lack of established ranges —depending on
the sex, physiological condition, and perhaps individual inclination
of the animals involved.

A tiger appears to have a center of activity within its range where
it spends much of its time. One tigress with cubs concentrated her
activity in about seven to eight square miles around the Kanha
meadow. The male tiger favored a mosaic of forest, ravines, and small
meadows about two miles northeast of the Kanha meadow. The
two other resident tigresses apparently centered their activity out-
side of the main study area. Corbett (1957) described the life of
one tiger which had his home base in a hollow tree, and Bazé (1957)
found that the tiger “is very strongly attached to his permanent quar-
ters and uses them as his base for his foraging expeditions.” Jerdon
(1874) noted that the tiger returns to the same lair at dawn. These
and other observations indicate that in some areas a tiger appears
to have a more or less permanent abode to which it returns each day.
In forests with scanty undergrowth, localized water supplies, and
heavy disturbance by man and livestock, it seems probable that the
tiger retreats daily into one of several pieces of preferred cover.
At Kanha, however, where shade, water, and other requirements
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are widespread, the tigers have no predilection for certain lairs, a
finding which is similar to that of Locke (1954) in Malaya.

Social Organization and Interactions between Adults

The tiger is usually pictured as an unsociable beast living a solitary
life in 1ts jungle realm. The well-known Chinese proverb “one hll
cannot shelter two tigers” appears to have been taken literally. Inglis
(1892), for example, wrote: “In their habits they are very unsoci-
able, and are only seen together during the amatory season. When
that is over the male betakes himself again to his solitary predatory
life. . . . Pairs have often been shot in the same jungle, but seldom
in close proximity, and it accords with all experience that they be-
tray an aversion to each other’s society. . . .” In Malaya, Locke
(1954) noted “that a male does not appear to resent the presence of
a tigress in his area, especially if she has young with her, but they
do not consort or share kills. . . .” Scattered throughout the litera-
ture, however, are observations which contradict the idea that the
tiger 1s always unsociable. Forsyth (1889) stated that “I have twice
known five, and once, seven, tigers to be driven out of one cover.”
A male and two females have often been seen together (Brander,
1523), and Sanderson (1912) once observed two females and a male
on a kill brought down by the latter animal. Hewett (1938) noted
that “a family will be met of father, mother and two or three cubs,
sometimes nearly as large as the mother before they leave her.” Ac-
cording to Berg (1986), “One often meets tiger and tigress in com-
pany, they kill and eat an animal together and camp a few days
near each other. But they soon part again.”

The social interactions of adult tigers can best be understood
when considered separately in the contexts of hunting, mating, and
feeding at 2 lall. In'82 encounters with tigers either hunting or just
walking along, two adults were together in only two instances; the
others were solitary ammals or tigresses accompanied by one or
more young, On one of these occasions two tigresses, one of them
with cubs, crossed the Kanha meadow, and on the other the resident
male and a transient male strode along at the rate of about 3.5 miles
per hour parallel to each other, the mtruder emitting a series of rasp-
Ing grunts, Hunting in tigers is essentially a solitary activity —in
;Onﬁast to the communal hunting and stalking sometimes practiced
oy ons (Guggisberg, 1961). Brander (1923) maintained that he

et saw two adults hunting in company; Bazé (1957) watched a
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male tiger and a tigress stalk deer in Indochina; and Baikov (1936)
implied that in Manchuria two tigers frequently hunt together. Two
or more tigers are also said to stalk pigs communally (Ognev, 1962).
But the evidence for this type of hunting is meager.

Since several tigers may hunt through the same general range,
meetings between mdividuals are probably quite common. Baikov
(1936), for example, watched a male and a female arrive from dif-
ferent directions at a river bed, join, and then move away together.
Most such meetings are undoubtedly brief and casual, with the ani-
mals soon drifting apart to continue their solitary hunts.

Tigers associate, of course, when mating. Blanford (1888-91) and
Fletcher (1911), among others, maintained that the tiger is monoga-
mous, but this conclusion is contradicted not only by the frequency
with which one male and two females are seen together (Table 49)
but also by the land tenure system in which several females may
occupy the same range as a male. The male undoubtedly mates
with whatever estrous females, resident or transient, are found with-
in his range. Sometimes several males are attracted by the calls and
scent trails of an estrous tigress (see Communication, p. 251); fight-
ing between the males on such occasions is the frequent outcome.
“T have spent many nights in the taiga alone with my fellow hunters,
siting by the fire and listening to tigers challenging their rivals—
resounding through the frost-bound forests; but though the battle
ground is invariably drenched with blood, such encounters never
end in death” (Baikov, 1925). Forsyth (1889) reported similar be-
havior, and Hanley (1961) gave an eye witness account of a fight
ltaieivyeen three males over a female which has the ring of authen-

city.

. Tigers appear to socialize more at kills than on any other occa-
sion. It is significant that most of the large groups reported in the
literature and observed during the study were at kills. I spent a total
of 11 nights in observing tigers at a kill in 1964, and more than one
adult was present on 7 of these; on the other hand, in March, 1965,
when eleven head of livestock were fed to tigers in one locahty over
a period of two weeks, only one tigress with four large cubs was

seen. Strachan (1933) has published a detailed description of the
behavior of two adults at a kill:

Now he. turned and walked slowly in the direction of the tigress . - -
She was still lying in the same position, and at first took no notice of hus ap-
proach, but as he drew nearer she turned to face him, then crouched as if
to spring. The male strode slowly as if in studied idifference to her
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presence, while the body of his spouse seemed to sink gradually into the
ground as she flattened herself as a cat does on the near approach of its

Tey.
g \{fxth blazing eyes, ears laid back, and twitching tail, her attitude for the
moment was anything but that of the loving wife. Waiting tll the tiger
was within a few paces, she sprang towards him as if bent on his annihila-
tion, lifted a fore-paw, and gently patted hum on the side of his face. Then
she raised her head and obviously kissed him.,

To these symptoms of affection the male at first seemed rather indiffer-
ent, but when she rubbed herself against his legs and playfully bit them,
he condescendingly lay down, and a mock battle ensued between the two
beautiful animals This was conducted in absolute silence, save for the
occasional soft “click” of teeth meeting when the widely opened jaws came
in contact with each other.

Sometimes locked in a close embrace, playfully kicking each other with
their lund-feet, sometunes daintily sparring with their fore-paws, they
rolled about thus for nearly a quarter of an hour. . . .

Then the male was shot.
I observed the interactions between adults at a kill on six occa-
sions, and three of these are described below as examples:

1) At 0350 hours on December 7 our servant wakened me, saying that a
tiger was in our shed behuind the house. We found that a tigress had clawed
a hole 22213 inches in size through the woven bamboo wall, killed a buf-
falo, and, unable to haul it away, had taken a sheep and disappeared. We
dragged the buffalo 900 feet away and ted it to a tree at 0630 hours.
Langurs and chital barked intermittently all day indicating that the tigress
was in the vicinity.

At 1810 hours the tigress— the mother of 4 large cubs—suddenly ap-
pears and begins to eat ot the rump. Five seconds later the male cub
epproaches, but he walks away without feeding when his mother growls
After devouring meat steadily for 65 munutes, she leaves the kill and, as she
meanders nearby from 1920 to 2035 hours, roars a total of 266 times, some-
bmes loudly, at other times softly. At 2040 hours 4 tigers advance down
ﬂ.ze road toward the kill —the 3 female cubs trotting ahead, and the
tigress walking behind. While the 3 cubs eat, the tigress disappears from
sight. They feed intensively for 15 minutes, the only interactions being a
sharp cough by one cub, which causes the threatened animal to jerk back,
and o snarl by another cub when crowded too closely by a sibling. The
male cub returns at 9055 hours, as does the female. All cubs eat steadily
until 2150 hours, when 2 of them Le down and rest. The tigress then be-
&ns 1o eat but stops 5 mnutes later. Between 2200 and 2250 hours at least
;mle cub is at the kull. The others rest, wander around, and lick them-

éi0es, one cub reaches up on a tree trunk and rakes the claws of its left
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forepaw about 6 inches down the bark, then does the same with the right
paw. The tigress feeds between 2305 and 2325 hours; when she stops the
kil is unattended for the first time since 2040 hours. Five minutes later,
however, she and one cub return to the carcass. The cub rubs its head
against hers and then paws the ground 4 times with its left foreleg. Inter-
mittent feeding continues until 2400 hours. One cub coughs, then growls at
another cub, but otherwise the animals are silent for 2 hours. I think the
tigress left the vicinity of the kill.

At 0210 hours another tigress —the mother of one large cub — appears
alone by the kill. She growls loudly as she approaches and slaps at the male
cub with a forepaw as he appears from the grass. One female cub feeds
with her for about 5 minutes, but after that she remains alone at the carcass
until 0300 hours. After she moves from sight, a cub snacks occasionally.
She returns at 0430 hours and eats alone until 0520 hours, growling loudly
several times. Suddenly she emits deep, rolling growls as the mother of the
4 cubs comes into sight and then rushes for 30 feet toward her. The tigresses
face each other at 10 feet, growling harshly and swiping a forepaw in the
air. The wtruding female retreats even though she is the larger of the two
and, at 0535, roars twice as she departs, leaving the female with the 4 cubs
in possession of the kill.

The cubs then feed intermittently. One rips off a foreleg and carries it
into the high grass of a shallow ravine nearby. The female scratches dirt
over the kill, making a total of 19 sweeps with a paw. All cubs approach
her, and two of them rub themselves against her at the same time. When
she squats to urinate, a cub sits down beside her and places the top of its
head against her chin. At 0625 hours all but one cub loll around. The fe-
male returns to the carcass, pulls off a scapula and, after gnawing on that
for awhile, tears off a piece of meat. At 0720 hours she jerks the head loose
and carries it into the high grass, followed closely by her cubs. She drops
it, returns to the kill site, and chews briefly on 2 leg bones. Two cubs lie in
the sun; they touch noses, then disappear in the grass. All are out of sight
at 0745 hours.

The remaining edible portions of the buffalo were eaten during the night.
The tigers lingered in the high grass nearby during the day %ut moved
away the following evening.

2)1 tied a buffalo to a stump at 1630 hours and waited in a blind 80 feet
away. At 1940 hours a tigress attacked the animal, which died 8 minutes
later, as described in detail below (see Killing techniques, p. 289).

The tigress pulls on the rump of the carcass for 5 minutes in an attempt
to drag it away. Finally she lies down and cuts the skin and meat on the
hindquarters with her carnassial teeth, pulling pieces of it loose on oc-
casion. At 2020 hours she leaves, apparently to fetch her 4 cubs.

Barasingha and chital bark vigorously in the distance at 2155 hours, and
15 minutes later I first hear, then see, the large cubs, which are 9 months
old, rushing down the slope to pounce on the kill. The largest of the cubs,
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tigress subsequently pulls out a lung and, after trying to cover the kill with
4 swipes of a paw, returns mto the high grass at 0535 hours.

The tigress returns to the kill at 0535 hours with 3 cubs She paws dirt on
it 10 tumes, then pulls at the meat, thereby undoing whatever progress she
has made wn covering the remans, she paws 8 times more, goes to the other
side and paws a final 5 times. A cub stands parallel to her and also takes a
sweep with its paw. Rain pours down at 0550 hours. At 0755 hours the
tigress 1ips a piece of rib cage off and carries it into the hugh grass where
her cubs stand waiting.

No tigers feed between 0800 and 1825 hours.,

At 1825 hours the tigress returns to the remains, consisting now solely
of the head, some vertebrae, and a piece of skin, the other bones having
been scattered the previous night. She tears off a piece of skin and leaves.
A cub walks by and picks up a prece of bone and at 1910 hours another
piece; at 1925 hours a cub chews on the head. The male jerks on the re-
mains at 2010 hours and, when the rope with which the head is tied sud-
denly snaps, tumbles backward and flees, leaving the head behind Five
minutes later the tigress picks 1t up. The tigers are occasionally visible
during the night as they wander around At 0520 hours the tigress and one
cub check the kill site for any remarung scraps. As one cub enters the
undergrowth, another pounces playfully toward it, the first cub jumping
aside with a growl Ten minutes later several soft grunts are audible in the
distance. Apparently the male tiger 1s leaving the site alone. The tigress
and her cubs remain nearby until about 1845 hours, when the tigress leaves
alone

3) At about 1730 hours on April 26, a tigress killed a domestic bull in a
ravine. When a villager approached the site, having heard the bellows of
the dying animal, the tigress charged at him in bluff. Tourists watched the
kill from a car until about midnight. After their departure, the tigress ap-
parently brought her 4 cubs to eat I began observations the following
mormng, sitting hidden in the branches of a solitary tree along the bank
of the ravine 120 feet from the kill.

The female walks back and forth among the reeds at 0510 hours. She
paws the vegetation 5 times with a foreleg, then urinates. After walking 60
feet to the carcass of the bull, which lies partly submerged 1n the creek, the
five-month-old cubs join her. They lie around, then at 0540 hours file up a
slope and disappear in a patch of high grass. A few minutes later, 5 tourists
casually approach the kil on foot, but when the tigress steps out of the
reeds and heads slowly in the direction taken by the cubs, they flee. The
tigress stops, looks after the retreating forms, circles around mn the grass
near her cubs as if undecided about her course of action, and finally moves
off at 0615 hours without taking her young. Although numerous vultures
are at the kill site all day, the tigress does not return.

Between 2000 and 2020 hours chital barked at 3 different localities on
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the meadow, and examination of tracks on the roads the following morning
suggested that 2 tigresses and a male tiger arrived at the kil from different
directions From the small amount of the carcass eaten, 1t is likely that only
the tigress and her cubs were present the previous night. The other tigers
may have been attracted to the site by the behavior of the vultures

At 2025 hours a igress walks into the stream, another tigress at her heels.
One emits a series of soft grunts. The first tigress picks the bull up by the
neck and drags the carcass out of sight into some high reeds. The second
tigress watches Both feed until 2110 hours without a sound except for the
cutting of meat and the crunch of bones. One tigress then walks steadily
away, roaring a total of 49 times until the call is barely discernible in the
distance. I fail to note the time of arrival of the male, but at 2200 hours he
and the tigress circle the kill. She angles up the slope, stands still, and calls
softly bru-u-u-u, before turning abruptly and descending to the carcass.
Two minutes later her 4 cubs follow in single file, the tigress call appar-
ently having been the signal to whach they responded.

At 2230 hours stinging ants invade the tree in which I am sitting, forcing
my retreat.

All igers are resting when I return at 0455 hours. At 0530 hours a tigress
with 4 cubs leaves. Last in line is another tigress, probably the same one
that was seen the previous evening. There is no sign of the male tiger.
While the tigress with the 4 cubs moves from sight, the other female lags
behind, stops, walks a few steps, stops agan, and then turns and trots back
toward the kill now covered with vultures and crows. Suddenly she charges
ahead and with a roaring “woo” rushes among the flushing birds. Finally
she leaves the area at a fast walk in the direction taken by the others.

These observations, as well as two instances described below
(see Behavior of Female and Young, p. 264), indicate that the re-
sponses between individuals vary. Only three different adults—a
male and two females —were known to have been involved in the
encounters. The meetings between the tigress with four cubs and
the male tiger were friendly, with no growlng, coughing, or other
overt aggressiveness. On the other hand, the meetings between
the two tigresses were often marked by various forms of agonistic
behavior, and the whole demeanor of the animals attested to the
fact that they were tense in each other’s presence.

. A rank order based on size would place the male at the top, the
tigress with one cub in the middle, and the tigress with four cubs at
Fhe bOttOII.I. On one occasion, the smaller female rolled on her back
in a submissive gresture when attacked by the larger one, an action
which would seem to verify her subordmate position. However, at a
10113 the larger and hence stronger of two adult tigers did not neces-
sarily appropriate the best feeding spot or, if the meat supply was
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limited, the carcass as a whole. Once the male tiger waited two and
a half hours at a kill until the tigress and cubs had eaten before he
proceeded to feed; on another occasion the male did not feed at
all when he met the same tigress and her cubs at a kill although
he had obviously not eaten much the previous night. Bazé (1957)
saw a female eat on a freshly killed deer while the male sat nearby
“awaiting his turn.” In every instance observed, the female with
four cubs ate more and stayed with the remains longer than the fe-
male with one cub, even though the latter was larger. During two
nights, for example, the two tigresses ate for the following number
of minutes on a buffalo carcass: during the first night, the female
with four cubs ate 180 minutes and the female with one cub 55,
during the second night, the former ate 191 minutes and the latter
90. It is significant that whenever two or more adults were observed
at a carcass, the small tigress with four cubs had actually done the
killing. This suggests that a tiger had priority rights to its own meat
supply even in the presence of a larger and stronger animal.

Large social groupings may also occur for no apparent reason. A
group of 9 tigers was reported by the editors of the Journal of the
Bombay Natural History Society (1948) in Madras (see Table 49),
and when 3 of these were shot, the others partially ate 2 of them
One hunter shot 5 tigers within one hour in Assam “and estimated
that perhaps ten more were collected in the same place” (Perry,
1964), the largest aggregation on record. In the house cat “males
and females come to a meeting place adjacent to or situated within
the fringe of their termitories and just sit around,” according to Ley-
hausen (1965a). Possibly tigers behave similarly on occasion.

The main point that should emerge from this description of the
tiger’s social organization is that, although the cat is essentially soli-
tary, it is not unsociable. Adults readily join for brief periods, par-
ticularly at a plentiful food supply, but their association rarely per-
sists long. Solitary mammals, as Leyhausen (1965a) has stressed,
have a communal organization, just as those that normally live in
groups. The resident tigers at Kanha shared a range with its as-
sociated network of trails, and they probably knew each other in-
dividually by sound and smell in addition to sight. They lived a
solitary existence, but they seemed to be quite aware of each other’s
doings, as suggested by the frequency with which they suddenly
appeared to share a k]l{’

The basically solitary habits of the tiger are shared by most mem-
bers of the Felidae, one conspicuous exception being the lion.
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Groups of lions may number up to 30 animals (Wright, 1960). For
example, three large groups tallied by Adamson (1964) in the Ser-
engeti Plains of Tanzania were composed of 2 males, 5 females,
and 16 young, a total of 23; 1 male, 5 females, and 15 young, a total
of 21; and 3 males, 6 females, and 10 young, a total of 18.

It may be conjectured that the solitary habits of the tiger are an
adaptation to the average size and availability of its prey. Much
of the tiger’s food consists of relatively small mammals such as
pigs and deer, which, if shared with several other adults, would not
provide enough meat for them all. The prey is usually scattered and
time-consuming to find and stalk in the forests. Under such condi-
tions, a solitary search for prey is probably more efficient than a
communal hunt. Once the tiger has killed, it can readily hide any
remains in the undergrowth and rest in the vicinity, for several days
if necessary, until all the meat has been devoured. The lion, on the
other hand, inhabits relatively open habitats for the most part,
where prey tends to be concentrated in herds and easily visible.
Zebra, wildebeest, and other large mammals constitute a substantial
percentage of the lion’s prey in East Africa (Wright, 1960; Talbot
and Talbot, 1963). Scavengers are numerous, and the open ter-
rain may make it difficult to hide and protect excess meat from them.
“In general, it can be said that on the open veld prides tend to be
considerably larger than in dense bush. The largest prides are nat-
u.rall))r found in regions where game is plentiful” (Guggisberg,
1961).

Communication

Tigers use a number of different sounds, postures, and gestures to
communicate with each other when they are together. In addition,
because of their nocturnal and solitary habits, they require other
means of communication which will enable them to find and keep
in contact with each other as they roam across their large communal
range. Most of this section is devoted to long-distance signaling. Fa-
cial expressions and other gestures have been treated extensively
by Leyhausen (1960) in his monograph on the behavior of captive
cats, and his work provides many details lacking in my observations

on free-living animals,
SCENT AND VisUuAL SIGNALS

Male and female tigers mark their range primarily b i
: y by spraying scent,
as pointed out by Locke (1954), and by making their feces con
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spicuous. As a tiger walks along, it pauses at intervals, swivels its
hindquarters around to face some object like a tree or bush, and,
with slightly elevated rump and almost vertically raised tail, squirts
a single jet of fluid (Plate 21). This liquid shoots upward at an angle
of about thirty degrees, hitting the vegetation three to four feet
above ground. Tigresses eject a rather wide spray, male tigers a
narrow stream On two occasions a tiger stopped and sniffed the
scent, grimacing afterward with nose wrinkled and tongue hanging
out (Plate 22), a gesture described as flehmen by Leyhausen (1950)
It was twice possible to examine the fluid closely after a tigress had
sprayed some leaves. Much of it consisted of a clear, pale yellow
liquid, apparently urine. Several clumps of a granular, whitish pre-
cipitate were in it Observations of a scent-marking male showed
that the fluid was ejected caudally from the penis. Tiger urine by
itself, however, did not have a particularly strong odor, whereas
this fluid smelled very musky, 1eadily discernible to the human
nose at a distance of ten to fifteen feet. The white precipitate was
apparently a secretion from the anal glands, which are also found
in the house cat. The scent adhered to the vegetation for a long
tume. One tuft of grass still smelled pungent to me after one week,
on tree trunks the scent persisted for three to four weeks, except
when it ramed heavily; and in one instance I detected the odor on
the bark of a sal tree for three months.

Tigers squirted scent at all times of the year. Sometimes a cat
walked along for half a mile without scent-marking, but at other
times it would do so repeatedly, particularly at points where it
changed its direction of travel. One tigress, for example, walked
down a forest road for 600 feet and sprayed a tree once, leaving a
wet spot six inches in diameter; when she turned off the road nto
the forest, she squirted another tree and 200 feet farther on a third
one Another tigress sprayed scent on one post and three tufts of
grass as she ambled .4 mile along a road. In yet another instance a
tigress squirted once, then kicked each hindpaw backward as if
scraping soil; after 50 feet she sprayed again, then squatted to
urinate. Scent-marking followed by urinating was also seen on two
other occasions.

One tigress, apparently in estrus when encountered on February
6, sprayed scent along her route of travel repeatedly. Several bara-
singha barked at 1620 hours and watched her cross the meadow.
She walked slowly, stopped to look at the deer, then emitted a
muffled roar. She meandered among some trees, roaring — almost
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groaning —several times. After passing my car at a distance of 70
feet, she sniffed the trunk of a tree, looked up the bole of another
tree, and then continued on. Her eyes were glazed, she seemed to
be “in a kind of dazed ecstatic trance,” as Allen (1960) termed it.
Twice within 100 feet she squirted scent against trees. She entered
a patch of grass, and I moved to where I expected her to reap-
pear. She stepped into the open 50 feet from the car, rubbed her
body with a sinuous movement along a bush, and deposited scent
on the leaves. She sniffed it, grimaced, and at 1700 hours walked
from sight, moaning once.

Male and female house cats also mark their range with scent (Ley-
hausen, 1965a), as do lions, according to the description for a tame
lioness by Adamson (1960): “Elsa was now eighteen months old
and I noticed, for the first time, that she had, temporarily as it proved,
developed a strong smell. She had two glands, known as the anal
glands, under the root of her tail; these exuded a strong-smelling
secretion which she ejected with her urine against certain trees, and
although it was her own smell she always pulled up her nose in
disgust at it.”

The scent serves a number of possible functions: (1) it could
enable tigers to follow each other in the forest, using the odor as
trail markers; (2) it could delineate the extent of the range, indi-
cating to others that the terrain is occupied, which may attract or
repel the visitor according to the circumstances; (3) and it could
communicate specific information to others using the range, such
as the identity of the individual, the amount of time that has elapsed
since it passed, and, in the case of a tigress, whether or not she is in
heat. Leyhausen and Wolff (1959) suggested that olfactory markings
also help to prevent encounters, functioning somewhat like railway
signals: “Fresh mark == section closed, going on implies the danger
of a hostile encounter. Less fresh mark = proceed with caution. Old
mark = go ahead. The individual, before passing such a mark, reg-
ularly covers it with its own thus ‘closing the section.””

The tiger makes no attempt to cover its feces, in contrast to the
house cat, and the compact pieces of hair, bone splinters, and other
items remain clearly visible. Although a tiger may defecate any-
where, 1t has a distinct preference for the central grassy strip of
the forest roads or the grass immediately bordering them, the hard-
packed bare soil of the road is rarely used.

During the first half of the year, when the soil was hard and dry,
I noted that there were occasional claw marks around the feces, but
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I paid these scant attention. With the onset of the monsoon, when
the ground became soft, the scratch marks were suddenly conspicu-
ous. The grass was often torn away, leaving a bare spot consisting
of two parallel grooves 12 to 18 inches long, each as wide or slightly
wider than a tiger’s paw (Plate 23). Frequently the animal urinated
rather than defecated on the scratch marks, and occasionally it did
neither. One tigress, for example, made five scrapes in three miles
of travel without depositin% anything on them. When making a
scrape, the tiger scratches the soil some two to twenty times with
the unsheathed claws of its hindpaws, moving its legs alternately
backward, and then either walks away or squats to defecate or
urinate. The amount of feces on a scrape is often quite small when
compared with the size of a normal bowel movement, giving the
impression that the animal has squeezed out a small token to mark
the site.

Concentrations of scrapes occurred in certain parts of the range
in contrast to others that were not heavily used. One forest road,
frequented by at least three adults, was a favored site, as was the
top of a ridge where the road dropped into the valley to the south.
Watershed divides are also preferred by the puma for depositing
its feces, according to Young and Goldman (1946). The feces are
covered with soil, making mounds three to five inches high. The
?umber of mounds in a small area may total a dozen in eight square

eet.

Scrapes are associated with feces primarily during the damp or
wet time of the year, and their frequency declnes as the ground
dries: between June 21 and October 31, 89 feces were found (100
percent with scrape); between November 1 and 30, 40 feces (85
percent with scrape); and between December 1 and 81, 70 feces
(63 percent with scrape). Dung beetles remove the feces or cover
them with soil within a few hours after deposit during the mon-
soon, but the scrape remains as a conspicuous signal on the wet
ground. During the dry season, on the other hand, when the beetles
are not active, the feces remain visible for several months, and
the scrapes, if any, are barely discernible in the dry soil. The feces and
scrapes both appear to have communicatory functions, the former
providing visual and olfactory cues to other tigers and the latter
only visual ones. But the two systems of marking complement rather
than duplicate each other, the prominence of each depending on
the season.

Scraping and spraying with scent are sometimes used in conjunc-
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tion, each pattern supplementing and reinforcing the other. For ex-
ample, a male tiger walked one mile down a road in thirty min-
utes, ignoring the car which followed him at a distance of 150 to
300 feet, and repeatedly marked the edge of the forest track:

Time Behavior
1630 hours Returns to road after having been discovered by us hiding
beneath a clump of bamboo.

1632 Squirts scent.

1635 Scratches with his hindpaws 14 times, then urinates,

1636 Sniffs the ground and grimaces with tongue hanging out.

164142 Walks slowly as he watches 2 gaur standing 250 feet away in
the forest.

1645 Squurts scent.

1647 Squirts scent.

1648 Squurts scent, then scratches ground once with each hindpaw.

1649 Squurts scent.

1651 Squurts scent, then scratches twice with each hindpaw.

1652 Scratches about 12 times, then defecates a small amount of
soil and a number of tapeworm segments.

1653 Squirts scent.

1654 Leaves the road and, as he passes through a thicket, apparent-
ly squirts scent once.

1655 Squirts scent.

1657 Squirts scent.

1658 Squirts scent.

1700 Turns off the road, squirts scents once, and disappears.

The rale of olfaction in the communication between tigers pro-
vides an interesting sidelight on a hotly debated issue among
hunters. The tiger’s sense of smell is usually said to be either poor
(Smythies, 1942; Brander, 1923; Champion, 1933; Baikov, 1936) or
practically absent (Anderson, 1961; Powell, 1957). Contradicting
these authors are Baker (1890), Peacock (1933), and Corbett
(1957), who maintained that the tiger has a fine sense of smell.
The fact that the tiger uses scent as a means of signaling certainly
indicates that its powers of olfaction are good.

Claw marks on trees are another visual signal of possible commu-
nicatory value. Tigers were on two occasions seen to rake their
claws down a tree trunk, leaving scars in the bark. This action sharp-
ens the claws by peeling off “any thin strips or laminae from the sur-
face that have become loosened or desquamated and are ready to
flake off, either on the top of the claw or along the sides and thick-
ened margins” (Wynne-Edwards, 1962). Darwin (1845, quoted
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in Wynne-Edwards, 1962) noted this behavior m jaguars: “One
day, when hunting on the banks of the Uruguay, I was shown cer-
tam trees, to which these animals constantly recur for the purpose,
as it is said, of sharpening their claws. I saw three well-known trees;
in front the bark was worn smooth, as if by the breast of the animal,
and on each side there were scratches, or rather grooves, extendin
in an oblique line nearly a yard in length. The scars were of different
ages.” Although Champion (1933) and others have also reported
seeing trees that had been repeatedly lacerated by tigers, none were
found at Kanha, and this method of marking was not an important
means of signaling there.

VOCALIZATIONS

Tigers vocalize infrequently. A number of different calls, probably
comprising most sounds in the animals’ vocal repertoire, were noted
at Kanha, but some, such as the “cat yowl” of a shot animal (Bur-
ton, 1948) and the discordant concert of courting cats described
by Forsyth (1889), were not heard.

Purring. According to Leyhausen (1956) and Denis (1964),
the Pantherinae are unable to purr. On one occasion I watched a
tigress as she lay on her back while her cubs climbed playfully all
over her. She emitted a purring sound repeatedly. Powell (1957)
heard purring m a similar situation.

Prusten. When tigers approach each other in a friendly fashion,
they often utter “a gentle puffing sound by expelling air in rapidly
repeated jets through the nostrils” (Pocock, 1939). Leyhausen
(1956) termed this sound prusten Brander (1923) heard it in
the wild, and Burton (1948) and Morris (1953) described noises
which are probably the same vocalization. I heard a soft, grunting
sound on several occasions when two adults or an adult and a cub
came together, and this may have been prusten. A tigress mn the
London zoo made a similar sound as she approached the keeper—
appearing to blow air out between slightly parted lips as well as
through the nostrils —then emitted a moaning miaow and rubbed
her head and body against the bars. Another tigress, which I ob-
served in a private enclosure near London, behaved in similar
fashion except that she failed to vocalize. Prusten appears to be
analagous to the purring of house cats in that both are used to indi-
cate friendliness when two animals approach each other. Prusten
does not occur in the lion, jaguar, and leopard (Leyhausen, 1950).

Pooking Perhaps no sound of the tiger has puzzled hunters more
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than pooking because of the remarkable resemblance of this vocal-
jzation to the alarm call of the sambar. It is a loud, clear “pok,” some-
what flatter in tone and lacking the resonance of the deer call;
it 1s given once or several times in succession. Burton (1933), An-
derson (1954), Peacock (1933), and others hypothesized that a
pooking tiger mimics the alarm note of the sambar in order to at-
tract and capture the deer, but Brander (1923) and Champion
(1927) thought it a sex call. The vocalization has been reported
in a number of specific circumstances:

By a captive while ejeching urine (Boswell, 1957).

“Just after a tiger had reheved nature” (Champion, 1927).

While walking near kill (Powell, 1957).

Just before approaching kill (Anderson, 1954).

. When disturbed at kill by man (Brander, 1923).

. On seeing a man sitting in a tree (Perry, 1964).

. By a male, accompanied by a female, when noting a person chmb a
tree 1n the distance (Lewis, 1940).

. When shot at or disturbed on the kill (Pollock, 1896).

When approaching a kill already occupied by another tiger (this

study ).

10. By g male (?) tiger 1n response to roar of a tigress at a kill about a

quarter-mile away (this study).
11. By a male tiger when approached by a cub as he lay 20 feet from kill
(this study).

N YU 00 1

© 0o

In these eleven instances, the vocalization is most commonly
elicited near a kill, with the animal appearing to draw attention to
itself by pooking as it becomes aware that it is approaching, or
being approached by, a tiger or a man. This suggests that the sound
serves to advertise the animal’s presence and prevent sudden en-
counters The fact that pooking has also been reported in conjunc-
ton with scent-marking and “relieving nature,” both advertisement
devices, lends support to this contention.

Grunting. A tigress with small cubs at heel often emits a numbes
of soft to rasping grunts — growly ur-ur-ur or bru-bru-bru—appar-
ently a sound which stimulates the young to follow her. Once, when
a tigress grunted as she left a kill, her four cubs immediately fell
into line behind her. On another occasion, as a tigress rested by a
kill, one of her cubs drifted away through the high grass. She raised
herself, grunted once, and the cub abruptly reversed its direction
and came to her. One cub followed a male tiger briefly in response
to his grunting. A tigress was heard to grunt when approaching a
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male tiger, but the sound may have been elicited by her cubs which
were also 1 the vicinity.

Miaowing. One cub, about six weeks old, miaowed softly when
its mother and siblings moved from sight, the call apparently indi-
cating distress. Another cub, four months old, uttered one plaintive
miaow while facing its sitting mother. On another occasion, a year-
old cub sat by a kill, wrinkled up 1ts nose, and gave several loud
meaa with open mouth, sounding much ke a house cat although the
tone was flatter. No tiger responded directly to the calls, and their
significance in the last two mstances was unknown. Ognev (1962)
stated that males miaow when courting, as do females (Leyhausen,
1960).

Woofing. A startled tiger emits a “woof,” according to Pocock
(1939) and Powell (1957). I heard a sound which fits this descrip-
tion once when one cub suddenly slapped another at a kill.

Moaning and roaring. Moans and roars are lJumped into one cate-
gory because the sounds represent varations in intensity of the
same basic vocalization. A muffled moaning and groaning — a-a-a-
m-m, u-u-u-u—is produced if the tiger fails to open its mouth when
calling or does so only partially. This vocalization of low intensity
15 audible for only a few hundred feet to about a quarter mile. The
roar is a resonant and rolling a-a-u-u-u or a-0-o-o-nh, produced
by expelling the air through the open mouth while progressively
closing it. The volume of this two-toned sound is quite startling and
mmpressive when heard at close range, carrying a great distance in
the stillness of the night, as far as two miles according to Powell
(1957). Captive tigers usually walk while they roar (Leyhausen,
1950), and this is also true for the most part in the wild. On two
occasions, however, I saw a tigress stand while vocalizing. Often a
number of successive moans and roars of varying intensity are given.

Tigers moaned in a variety of circumstances, and the calls
sounded similar to me regardless of the situation eliciting them.
One tigress moaned when I chased her from a kill. Three to four
successive moans grading into muffled roars were given by tigers
on three occasions after an unsuccessful stalk, just after having been
discovered by the deer. Tigresses judged to be in heat frequently
moaned and roared in a subdued fashion at urregular intervals as
they walked along. This made them conspicuous, and I located
them and anticipated their movements several times on the basis
of these calls Powell (1957) noted that tigers moan when sus-
picious, and Champion (1927) maintained that they moan to keep
m contact when hunting together. In all these circumstances, ex-
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cept perhaps the last (the tigers may not necessarily have been
hunting ), the animal is in some ways excited, and the moan appears
to represent a release of tension by vocal means.

Roars are, on the whole, heard rarely, a fact also commented on
by Baldwm (1877) and Brander (1923). Two examples illustrate
typical situations which elicit roaring and the response of other
animals to it. On one occasion, after feeding on a kill for one hour,
a tigress walked about a quarter mile away and called a total of
966 times 1n 75 minutes. She then returned to the kill, now with her
cubs, which had jomed her. On another occasion, a tigress rested
with two of her four cubs beside a kill. Her other cubs were in a
thicket on the far bank of a small stream. When a downpour trans-
formed the stream into a torrent, the cubs seemed afraid to cross
it. The animals remamed separated all afternoon, but at 1900 hours
the tigress splashed across the stream, then roared 37 times quite
softly and 8 times loudly. Her roars were not answered by the cubs,
instead an adult responded in the distance. She led the cubs back
to the kill at 2040 hours, having detoured across a bridge. At 2210
hours another tigress suddenly appeared at the kill, having been
attracted by the roars.

Roaring is quite prevalent when tigers have killed a large ani-
mal such as a buffalo, as noted by Champion (1927). In such situa-
tions the tiger gives the impression of trymg to draw attention to
1ts ample food supply.

In Manchuria roaring is very prominent during the winter mating
period and uncommon at other times of the year (Baikov, 1936;
Ognev, 1962). The frequency of calling varied at Kanha with the
seasons, being low from March to September, mcreasmg suddenly
durmg the last week of October, and reaching a peak m February.
To obtan some measure of the amount of moaning and roarin
heard while working in the field during the mornmg (0500-0900
hours) and afternoon (1500-~1900 hours) all instances of it were
noted down (see Fig. 14); observations at a kill were not included.
The results indicate a peak vocal period during the cool season,
which correlates with the time of the year when much of the mating
is said to occur.

Forsyth (1889) described the mixture of moaning, roaring, and
other sounds of tigers when meeting and apparently mating:

I histened one mght to the most remarkable serenade of tigers I ever
heard A pecuhar, long wail. hike the drawn-out mew of a huge cat, first
rose from a niver course a few hundred yards below my tent. Presently from
a mule or o higher up the river came a deep, tremendous roar, which had
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scarcely died away ere it was answered from behind the camp by another,
pitched yet deeper in tone, startling us from its suddenness and proximity.
All three were repeated at short intervals as the three tigers approachcd
each other along the bottom of the decp, dry watercourses, between and
above which the camp had been pitched. As they drew together the noiscs
ceased for about a quarter of an hour; and I was dozing off to sleep again,
when suddenly arose the most fearful din near to where the tigress had
first sounded the love-note to her nival lovers, a din like the caterwauling
of midnight cats magnificd a hundredfold. Intervals of silence, broken by
outbursts of this infernal shricking and moaning, disturbed our rest for
the next hour, dying away gradually as the tigers retired along the bed of
the river. In the morning I found all the incidents of a three-volume novel
of feline hfe imprinted on the sand; and marks of blood showed how
genune the combat part of the performance had been.

_ Tigers also roar during the act of mating, as described by Man-
terifel (1927, quoted in Ognev, 1962) for a pair at the Moscow z00:
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On gradually becoming accustomed to the male, the tigress touches his
long, stiff vibrissae with hers, and if she hears an equine snort [prusten] mn
reply she rapidly relaxes a good deal of her caution. In a few minutes she
lies down on her back and begins to wave her paws. The male tiger gazes
at her 1n a surly manner. During mating the female holds her back upward,
and the tiger, with a roar Like thunder, sexzes her neck without piercing
the skin with his teeth. . . . Such “love scenes” are repeated many dozen
times a day for 5 to 7 days

Smmilarly, Baudy (letter, January 21, 1966) wrote about his captive
tigers:

The number of daily matings is ngh. We recorded 17 of them in one
single day between one male and one female Bengal. Copulation is short,
does not Jast over 15 to 20 seconds, at the most, with the male letting out a
tremendous roar as it reaches climax. Almost at the same time, the male has
to get quickly out of the way, as females turn around 1n a flash to take a
swipe at the male.

The evidence indicates that the roar is mainly a long-distance
communicatory signal. Cubs respond to the roar of their mother by
gong to her, which suggests that they recognize her call The roar
may also attract other adults, as when given at a kill or by a female
in heat; it may ehcit no response; and it may possibly repel. But
in every instance the sound draws attention to the animal, making
other tigers aware of its presence and location. A tiger sometimes
answers a roar, and the repeated calling back and forth, as described
by Batkov (1936) and Forsyth (1889), helps the animals to find
each other. Occasionally tigers were seen to ignore a distant roar or
merely to look in the direction of the sound, but Corbett (1957) and
Powell (1957), who used imitation calls to lure tigers to within
shooting distance, have shown that the cats sometimes approach
silently and investigate the sound. It is possible that the tigers hiving
n a certain area recognize each other’s call and respond selectively,
depending on the individual giving it.

Growling, snarling, and hissing. Tigers growl, snarl, hiss, and spit
when threatening each other as well as when reacting to man.
These vocalizations, all apparently expressions of annoyance, may
be given interchangeably in a given situation, depending on the
intensity of the response. Growlmg consists of a steady, rollm
tone, somewhat resembling a distant motor, and is rarely audible
for more than 150 to 200 feet. At a higher level of intensity, the
tiger opens its mouth while growling to produce a snarling sound
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which can be either quite soft or harsh. Such a snarl may be drawn
out, becoming a hiss, or it may end in an abrupt, explosive “tcho.”
When tigers threaten each other, however, usually in disputes over
particular feeding sites, the sounds change in intensity so frequently
and grade into one another so readily that categorizin% is difficult.
An excerpt from my field notes illustrates a situation which elicited
much vocalizing:

1825 hours. Two tigresses and 2 cubs feed on a buffalo kill, the former
at the rump The females growl and grumble almost continuously, erupting
occasionally into loud snarls as they face each other with open mouth,

1845 hours. The tigresses crouch by the rump, their noses one foot apart,
ears folded back, mouths wide open. Each emits a series of harsh, rolling
growls; then, as one returns to her meal, the other lies there with exposed
cannes and continues to growl softly.

1900 hours. One tigress rears up and with a sudden snarl strikes at a cub
that has crowded her.

Coughing roar. Attacking tigers emit a short, Joud, coughing roar
(Pocock, 1939; Locke, 1954; Powell, 1957), often only once but oc-
casionally several times in succession, apparently an indication of
anger. After considerable growling and snarling, a tiger sometimes
coughed once at another animal in a dispute at a kill. The coughing
roar was also directed at vultures and crows; on one occasion, for
example, a large male cub rushed twice from some high grass with
canmes bared and ears laid back, emitting one violent cough as he
charged toward some vultures on his kill. A similar sound is used
when attacking man, For instance, a tigress which had sat silently
with partially open mouth in a patch of dense brush and watched
my approach, lunged forward when one hundred twenty feet sepa-
rated us, coughed twice, and then retreated.

When shot or when fighting with each other, tigers are said to
roar “with rage” (Inglis, 1892; Powell, 1957), from all accounts a
sound of greater intensity and duration than the coughing roar.

PosTURES AND GESTURES

The most commonly observed interactions between tigers consist
of greetings and of minor disputes at kills. Descriptive examples of
these and other types of behavior have been given in various con-
texts, and the purpose here is to comment briefly on a few of these
patterns.

The tiger, like the house cat, expresses friendliness by rubbing
its face, neck, and occasionally the whole side of its body against
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the head, neck, and shoulder of another tiger. Sometimes the inter-
action 1s brief, a mere touch of cheeks, but at other times the animal
moves its body gently and sinuously against the other, its tail
raised vertically or almost so. Sexually receptive cats present in a
similar fashion, and the greeting ceremony appears to be derived
from this sexual pattern (Leyhausen, 1956). Cubs frequently rubbed
themselves against their mother, especially when she returned after
a brief absence or when they approached her at a kill. They also
greeted the male tiger and each other in this fashion. The bebawvior
was seen only once between adults, probably because courtship
and sexual behavior were not seen in the wild. In the one instance,
two tigresses and four cubs walked along, one female emitting a
low-pitched “ur-ur” call repeatedly. When they stopped, one cub left
its mother and walked beneath the other female, rubbing its back
on her belly. This tigress then approached the other adult and with
a smooth motion ghded past her chest, barely touching it.

Tigers behave aggressively in a number of distinct ways, and their
gestures are frequently accompanied by vocalizations. In a threat-
ening gesture of low intensity, the animal wrinkles its nose and fore-
head, alternately bares and covers its canine teeth (Plate 24), and
lays the ears back somewhat. The backward movement of the ears
is often the first indication that an aggressive action 1s imminent.
An expression of moderate to high mtensity includes a partially to
wholly open mouth with canines exposed, flattened ears, and much
growling and snarling as the cat faces its opponent. Overt attack in
the form of slapping with a forepaw or rearing up and swiping
with both paws may be included. The movement of the tail also
expresses the emotion of the animal, varying from a slight twitching
at the tip during a tense situation to violent lashing up and down
Wh]:gn highly excited. Serious fights were not observed during the
study.

Leyhausen (1960) distinguished between aggressive threat and
defensive threat m the facial expressions and body postures of vari-
Ous cats, presenting excellent diagrams of the two types and the gra-
dations in expression between them. In an aggressive threat the
mouth 1s closed, or partially so, the ears are erect and twisted in
such a way that the backs almost face forward, displaying the con-
Spicuous spot which many cats have there, and the pupils are small.
In an attitude of defensive threat, on the other hand, the canines
may be exposed, the corners of the open mouth pulled back, the
ears flattened, and the pupils large. Intermediate expressions con-
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tam components of both types. No facial expression corresponding
to the aggressive threat was observed in free-living tigers, the fea-
tures of the defense threat being prevalent even when the animal
was attacking,

Leyhausen (1960) suggested that the ear spots mn the tiger and
some other cats function in intimidation since they are prominent
during the attack threat. The conspicuous spots may also have signal
value when tigers follow each other through dense vegetation. Ex-
cept for the white spot on the back of each ear, the pelage of the
tiger blends almost completely mto its surroundings. In fact, on two
occasions I first became aware of a tiger in the grass by noting these
markings, and it is possible that they also help tigers, especially cubs,
to keep in contact with each other and their mother. In this con-
text, 1t is interesting to note that in the jungle-dwelling Temminck
cat, which lacks prominent ear spots, the underside of the distal
third of the tail is a stnking white. If the Temminck cat raises its
tail to lead its young as the female house cat does, it seems likely
that the white tail tip may have signal functions similar to the ear
spots of the tiger (Leyhausen, pers. comm. ).

A threatened tiger usually steps or jumps aside without assuming
a definite submissive posture. On one occasion, however, a tigress
rolled partially onto her back when attacked by another female, ex-
posing her abdomen, one paw held limply in the air. One cub also
behaved n this fashion when threatened by another cub. The gesture
appears to be one of submission.

Behavior of Female and Young

Most observations were made of a tigress with four cubs between
March 20, 1964, and March 31, 1965. During this period the cubs
grew from the size of setter dogs still fully dependent on their
mother, at the age of four months, to semi-independent adolescents
nearly as large as the tigress, at the age of sixteen months.

The tigress secretes her newborn cubs in a den, usually a cave or
rock overhang (Anderson, 1961; Baikov, 1936), a hollow tree (Bazé,
1957), among dense reeds and bushes (Novikov, 1962), or in some
other protected site The birth weights of three cubs 1n one litter
at the New York Zoological Park were 2 pounds 8 ounces, 2 pounds
9 ounces, and 2 pounds 11 ounces, respectively (Crandall, 1964),
three cubs at the National Zoological Park weighed 3 pounds 6
ounces, 3 pounds 8% ounces, and 4 pounds 1% ounces, respectwely
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(] Eisenberg, pers. comm.). One cub in the first litter opened its
eyes on the ninth day after birth, the second on the eleventh day,
and the third not until the seventeenth day. On the other hand,
“five of our Bengal cubs were born with eyes cracked open, two
with eyes fully open and clear without the usual bluish tinge of baby
eyes” (Baudy and Baudy, n.d.). The cubs remain in the den for four
weeks according to Novikov (1962), for six weeks according to San-
derson (1912), and for eight weeks according to Brander (1923) and
Ognev (1962). One tigress at Kanha was followed by four small cubs,
each weighing about 10 pounds, estimated to be six to seven weeks
old. The tigress provides the young with meat, taking food to the
den. Anderson (1961) stated that small cubs are fed on regurgitated
meat, behavior which has also been noted in the lion (Adamson,
1960). Baudy (letter, January 21, 1966) noted that his P. ¢ tigris cubs
became interested in eating meat at six weeks of age, whereas his
P t. longipilis cubs did not reach this stage until ten weeks of age
The cubs leave the den and follow the female to the kill as soon as
they are sufficiently mobile. From that time on, the young lack a
permanent abode and lead a nomadic life as they move from feeding
site to feeding site. Cubs are fully weaned at the age of five to six
months (Locke, 1954; Ognev, 1962)

The cubs are wholly dependent on the female until they are about
six months old. While she is hunting, they lie quietly hidden in a
thicket, a patch of high grass, or an overgrown ravine, waiting for
her return. If the tigress has captured some large prey, she leaves it
at or near the kill site and leads her cubs to it. Unless disturbed, they
remain with the carcass until all meat has been devoured. They
often eat up everything in one night, as the following observations

made on April 1, when the cubs were about four and a half months
old, show.

The tigress stands panting with open mouth on the meadow at 1530
hours, a freshly killed small gaur calf between her spread forelegs. Two
hundred feet away at the edge of the forest a gaur cow walks irresolutely
back and forth for 5 munutes before disappearing from view. The tigress
picks up the calf by the neck and drags it between her forelegs about 300
feet out of sight into a ravine bordered by high grass. She reappears at
1619 hours without her prey and hes down panting. After licking her fore-
paws, she rears up on a termite mound and looks in several directions be-
fore disappearing in the ravine until 1645 hours Then she strides off
through the forest.

I check the kill, The calf lies in the bottom of the ravine, no effort having

een made to cover it. There are several deep claw marks on its rump, the
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neck appears broken, and the nape and base of the skull are scverely
mauled. It weighs 95 pounds, including about one pound of meat which
the tigress has eaten from one thigh.

Soon after dark, at 1905 hours, the tigress arrives with her 4 cubs. They
feed intermuttently out of sight i the ravine during the night, and the
following morning at 0625 hours the tigress and her cubs abandon the
site and enter a boulder-strewn thicket near a waterhole about a half mile
away. An examination of the feeding area shows that all meat and viscera
have been eaten and that only 9% pounds of bones remain. The tigers leave
the thicket at 0948 hours. One cub, apparently startled by our presence,
runs off alone in the direction opposite to the one taken by the others. The
tigress, followed by 3 cubs, walks 200 feet, stops for about 3 seconds while
looking back over her shoulder at her straying cub 500 feet away, and con-
tinues on. The cub then runs after its family, all moving from sight at
0955 hours.

A large prey animal may provide food for several days, and the
amimals camp, so to speak, by the carcass until the last scrap has
been devoured. A typical instance of this is condensed from my
field notes:

During the mght of March 16-17 a tigress killed an adult gaur bull in a
ravine. I happened to be walking near the site at 0600 hours on March 17,
but when a tigress growled at me, 1 detoured around the area and thus
failed to find the kill. The carcass was discovered on March 19. By then
the whole hindquarters had been eaten, but the front half of the amimal
was wntact, a government official cut the head off as a trophy. I tied the
remamns to a clump of bamboo and watched them from the cover of a tree
trunk 120 feet away. When by 1820 hours the tigers had not appeared, I
left the site, returning the followng morning.

At 0630 hours the tigress stands by the kill and tears off pieces of flesh
with lateral jerks of the head or with vigorous pulls. At times she crouches
or lies down and cuts the meat and skin with her carnassial teeth before
tearng pieces off and bolting them down. The 4 cubs lie in the grass 60
feet away, they are about 4 months old and weigh some 50 pounds each.
At 0657 hours they jown the female. While one cub grabs a piece of skin
and jerks 1t vigorously back and forth in an attempt to tear it off, the tigress
paws the soil first with one and then with the other forepaw as if to cover
the remains.

Suddenly the female turns and walks steadily up the ravine, emitting one
soft grunt as she does so. The cubs scamper after her in single file. She
lies down in the grass 110 feet from the kill while the cubs play alone or
together near her. Some wander around exploring their environment,
smffing at grass stalks and peering over the edge of the creek bank, and
others stalk carefully through the undergrowth as if sensing some prey.
One reaches up the trunk of a small tree and rakes its claws down the bark;
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it then tries to climb up and, with much scrambling, reaches a height of 2
feet before sliding down. Another cub creeps through the grass, ielly to
the ground, carefully lifting a foot at a time, and leaps into the air to land
on its forepaws, perhaps having stalked an insect. Occasionally 2 or 3 cubs
race in single file up and down a path that leads into the ravine. One cub
crouches low, and when another bumbles by it leaps out of hiding and
grabs the rump of its victim with unsheathed claws. Once 2 cubs rear up
on their hindlegs and grapple with their forepaws while mock-biting each
other in the shoulder.

The female rises at 0710 hours and walks toward the cubs. One of them
rushes up to her and places its paws on her neck. At 0730 hours she lies
down beside the kill but 20 minutes later returns to her cubs, which in the
meantime have ceased to play. All move out of sight around a bend in the
ravine at 0753 hours and rest there all day.

The tigers are still inactive at 1745 hours. One cub is barely visible in
the grass, sleeping on its side with its legs stretched out, only the twitching
of s ears revealing its presence. It looks up at 1815 hours, licks its back
briefly, yawns, rests its chin on one paw, and then reclines At 2015 hours
the tigress goes to the kill alone. She jerks at the carcass violently, her fore-
legs stiffly braced, in an attempt to move it to another site; she breaks wind
once. For 2 minutes she licks the rib cage, apparently eating the maggots
that swarm on the meat. After crunching into the ribs and breaking one off,
she holds the bone between her forepaws and gnaws on it. She coughs once,
sompthing apparently having lodged in her throat. At 2045 hours she leaves
the kill and roars 4 times, followed by about 20 grunts and moans and a
final loud roar.

A solitary gaur bull snuffles nearby at 2050 hours, but he senses the
tigers and bolts. The female returns to the carcass with her cubs at 2130
hours, and one or more feed until 2320 hours, All rest for half an hour, and
then the tigress eats alone for 45 more minutes. After another silent spell,
the animals feed off and on from 0230 to 0415 hours. The female growls
harshly several times, and there is much breaking wind.

Atiger roars once in the distance at 0330 hours. At 0430 hours the tigress
roars twice and is answered by a roar and 15 pooks. Between 0430 and
0620, the tigers rest by the kill. The female then rises, first attempts to drag
the carcass away, and finally feeds with the cubs. Several times she emits
rolling growls, tunce culminating in a harsh “aaarrs” as she jerks her head
with exposed canines at a cub beside her. She walks 50 feet from the kill at
0635 hours and sniffs the ground there. One cub rubs its body from
shoulder to rump against her foreleg. Back at the kill, she gives an explosive
snarly “tcho” at a cub which crowds her. All feeding stops at 0655 hours,
and the animals rest beside the kill until 0710 hours, when the cubs go in
single file 150 feet up the ravine. They he down there at 0735 hours and
are joined by their mother at 0755 hours

The male tiger appears suddenly along the bank of the ravine. He passes
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the remains of the gaur and approaches the tigress and cubs. They rise and
watch lum The female steps toward him, and they meet behind a clump
of bamboo, only thewr hindquarters visible to me. They face each other for
3 minutes before the male ambles off without looking back. She follows him
50 feet, squirts scent once, and then returns to her cubs.

The female goes to the kill at 0835 hours and gnaws on a gaur leg. The
cubs cluster around her, one climbing over her back. After a brief snack,
she rises abruptly and lies down in the shade 30 feet away, where she is
joined by the cubs. At 0850 hours she charges 20 feet at several crows which
sit in the branches above the carcass. The young move out of sight at 09500
hours, but the tigress 1s restless, finally settling down at 1030 hours. At 1655
she is still reclining, her landquarters in a pool. Every so often she swishes
her tail up, showering herself with water. She rises at 1712 hours and looks
at the gaur bones and the few scraps of skin, she glances to the right, then
to the left, checks a few bones 50 feet away, and apparently having de-
cided that nothing edible 1s left, walks steadily into the forest, leaving her
cubs behind

A prolonged period of play among the cubs, as described above,
was seen on only one other occasion, in the evening of May 31:

The tigress rests with her 4 cubs 1 a shallow ravine near the remams of
a chital buck at 1835 hours, The cubs are 110 feet from her, and when she
approaches them, all bound up and crowd around her. One places its fore-
paws on her neck, but she bares her teeth, shakes her head, and emits
several deep growls. She lies down, first on her side and then on her back
with all 4 feet in the air. A cub lies by her, a second cub chews on the ear
of the first one, and a third cub rolls onto 1ts side and claws at the grass, the
fourth cub, a male, worms itself close to the female, reaches out with one
paw, and strokes her head; he then holds her head between both paws and
licks it. One cub rises and rubs the top of its head against the tigress’ chin.
Another young comes up, flops on its side, and strokes the head of the fe-
male unth a forepaw When she turns on her side, a cub drapes 1iself over
her neck She purrs with open mouth Two cubs wrestle, one mock-biting
the other’s head The female rests once more on her back, now with a cub
lymg across her face gnawing on an ear

It is dusky at 1915 hours Two cubs lie near the tigress. One steps over
her body When another one follows, she cuffs 1 lightly with a downward
swing of her paw A third cub crouches in the grass and suddenly rushes
at another cub 15 feet away, they wrestle Two cubs face each other, rear
up on thew hindlegs, and swat with thewr paws, then 3 of them wrestle
m§orously. One bumps nto the tigress, receiving several light cuffs
return

A sloth bear bumbles by 300 feet away at 1935 hours without noticing
the tigers, which look up dlerfly When the bear moves from sight, the
cubs continue to play. I leave at 1945 hours because of darkness
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When disturbed by man, a tigress and her cubs sometimes flee to-
gether, but at other times they scatter, with the female seemingly
not very solicitous of them. One tigress trailed by four six-week-old
cubs fled with the arrival of a busload of shouting tourists. Three
cubs kept up with her, but the fourth one lagged behind, lost sight
of the others, and three minutes later still wandered around looking
for its family. On another occasion several tourists stood on the
bank of a ravine overlooking a patch of grass 200 feet away, where
a tigress with her six-and-a-half-month-old cubs lay hidden by a
buffalo kill. The tigress ran out of the grass, stopped conspicuously
on the open slope, and then slowly walked away. Two minutes later
a cub broke cover, and then the others emerged singly, each fleeing
in a different direction. The behavior of the tigress suggested that
she had attempted to draw attention to herself and away from the
cubs Another instance showed this more clearly. On October 27,
when the cubs were eleven months old, the tigress killed a calf in
a patch of shrubby trees adjacent to the Kanha village. Some fifty
men entered the thicket with much shouting and other noise in order
to drive the cats away. The tigress fled with one cub, two others
apparently crept away, and the fourth one hid itself in some under-
growth, We followed the tigress and her cub on the back of an ele-
phant across a neck of the meadow into the forest. Both entered a
small thicket. The cub sneaked away in a crouched position when
the elephant was sixty feet away, but the tigress remained untl
we advanced to within thirty feet. Then she walked slowly into the
open, her face in a soundless snarl; she left at a leisurely pace in a
direction ninety degrees away from the one taken by the cub. Her
speed did not increase when a villager on foot threw an axe at her
from a distance of sixty feet, and we followed her slowly. When we
were temporarily out of sight behind a low hill, she evidently broke
nto a run, and on topping the rise, we saw her just disappearing in
the distance.

The cubs showed their first signs of independence when they were
sixand a half months old. The male cub of the litter was seen alone
on May 28 as he stalked around a grassy swale, and he was still in
the same locahty thirteen hours later; however, on May 31 he was
back with his family. On June 26, at 0730 hours, the tigress and one
cub rested in a grove of trees while the other 3 cubs traced the edge
of a ravine for a quarter mile in single file until they came to the
remains of a barasingha hind, their kill of the previous night. Find-
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ing nothing left to eat, they rejomed their mother. At 0830 hours
the tigers were seen one mile away as they moved into the forest.
In mid-October, when the cubs were eleven months old, the male
of the hitter, who then weighed about two hundred pounds and
was considerably larger than his female siblings, became semi-inde-
endent and occasionally began to hunt on his own. At 1040 hours
on October 17, for example, he snatched a pig one hundred ten feet
from the nearest village hut, carrying his victim off by the back of
the neck. The female cubs, on the other hand, still seemed to be
wholly dependent on the tigress for food. This partial break-up of
the family unit appeared to be correlated with the tigress” difficulty
n securig enough prey to satisfy her four large young. Because
of the relative ease of killing livestock, she frequently hovered around
the village. The cubs accompanied her on some of the nightly forays
for cattle, to my knowledge the first times that they hunted with
their mother. The depredation on the hivestock was so frequent and
persistent during the latter part of October that the villagers re-
moved most of the cattle from the area for several months.
Sanderson (1912) found that “two cubs born near Morley in
November 1875, first began to hunt for themselves in the followng
June. . . . They stll, however, remamed with the tigress They
had considerable difficulty at this age in killmg even old cattle single-
handed, and they scratched them greatly m their attempts Nor did
they attack loose cattle — only such as we picketed for them.” When
one of the cubs, a female, was shot on July 29, 1t weighed 118 pounds
Smythies (1942) noted that the male cub leaves the family at the
age of twelve months. One male cub observed by Corbett (1957)
was supposedly abandoned by his mother at the age of twelve months
and he survived by lkilling peafowl, pigs, barking deer, and chital
Burton (1933) stated that cubs begin to hunt at seventeen months
of age. These observations agree in general with my data from Kanha.
In order to observe the behavior of the cubs when twelve
months old, three successive buffalo were tethered out between No-
vember 13 and 17. The tigress killed one buffalo on the morning of
November 14 (see Attacking and Killing, p. 289), but she broke the
rope with which the animal was tied and dragged the carcass mto 2
thicket By the following morning the three female cubs had jomed
her, but the male cub failed to appear not only on that day but
a.lso on the following days, attesting to his independent life. Another
tigress with a nine month old cub, a male, joined the otheis at the
site, making a total of two tigresses and four cubs around the carcass
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A second buffalo was tied to a stump at the edge of a thicket near
a small ravine at 1655 hours on November 15. To describe the details
of interaction between the two tiger families as well as other aspects
of behavior, particularly the killing techniques employed by the rela-
tively inexperienced young, my field notes are presented in con-
densed form:

The buffalo is lying down but he suddenly jumps up at 1800 hours and
looks toward the high grass 15 feet away. A cub sits there, and 30 feet
farther back 1s another cub Four minutes later the buffalo reclines again
and chews his cud. At 1807 hours one cub walks to within 6 feet of the
buffalo, which gets to its feet. As the cub circles toward the rump, a second
cub rushes in from the buffalo’s right side, bites it in the abdominal wall,
and pulls. The other cub lunges 1 at the same time and grabs the buffalo
by the left hindleg just above the hock The combined attack causes the
buffalo to topple. As it falls onto its nght side, the tigress steps swiftly from
the grass, reaches over the animal’s neck, and grasps the throat, giving a
sharp pull. She lies down holding the throat until 1810 hours; she then rises,
jerks at the neck, and lies again. The cubs merely circle the downed animal.
One cub touches the nose of the tigress with its nose, but she jerks her head
back. At 1817 hours, 3 minutes after the death of the buffalo, the tigress
releases her hold and sits up.

The second tigress steps from the grass, and the one which has just killed
the buffalo lies down and strokes the air with a forepaw, her face in a snarl.
She then rises and. attempts to haul the buffalo away At 1825 hours both
, females begin to eat at the rump. They growl and snarl almost continuously,
at 1920 hours the second tigress suddenly rises and disappears in the grass.
There is a noticeable lessening of tension This tigress 1s not seen again that
night, but her male cub remains.

The 3 female cubs feed while the tigress sits and licks her chest and legs
The male cub appears for the first time but returns to the high grass when
the tigress growls at him He comes up again 5 mnutes later, however, and
eats, mingling freely with the cubs of the other litter.

One or 2 cubs feed at a time until 2015 hours; then all rest. The female
rises, and a cub rubs its face against hers. She tries to pull the kil away
before eating once more. One cub stands 10 feet from the carcass and paws
earth toward it 10 times. The tigress ceases to eat at 2150 hours and growls
softly when the male cub walks up Not deterred, the cub feeds until 2210
hours and then scrapes dirt a total of 22 times, as if attempting to cover up
the carcass

Most animals lie around, some on the side, others on the back. Occasion-
ally a cub ambles around One eats from 2350 to 2420 hours. After that, the
Mll lies deserted until 0420 hours At that time another cub feeds, and then
1"}8 tigress snacks briefly. A cub flops on 1ts side by the kil with an audible
sigh, but 5 minutes later it eats some more. At 0505 hours the 3 female cubs



272 THE PREDATORS

congregate by the kill, but the male cub has left, probably to join his
mother nearby The female and the cubs snack a little, rest, meander into
the ravine apparently to drink, stretch out in the morning sun, lick their
paws, and feed same more, rarely staying 1 one spot or doing the same
thing for more than a few minutes. One cub rubs s face aganst that of
the female; she then licks its rump, and the two touch noses again.

As the sun grows warmer, the cats become less and less active The
tigress rests on her side breathing heavily, her tail and ears twitching
occasionally At 1315 hours the female and one cub eat for 13 minutes,
rubbing faces together beforehand and afterward. At 1530 hours a cub
picks up a piece of skin but does not eat it, a cub snacks briefly at 1542
hours, a second one at 1650 hours. Otherwise the tigers remain inactwe
I leave the blind at 1715 hours. Only the head and neck of the buffalo re-
main uneaten, and the edible parts are finished up that night.

A thard buffalo is tied out at the site at 0700 hours. Within a few minutes
a cub appears 15 feet from the bait and crouches down, the distal part of
its tarl faicking The buffalo stares at the tiger with lowered head and, when
the cub approaches to within 10 feet, charges. The cub jumps back. Three
cubs have assembled by 0828 hours, and the buffalo snorts and charges
each time one of them ventures to within 10 feet. At 0914 hours the tigress
strides in the direction of the ravine At 0924 hours, while the buffalo is
facing a cub, the tigress advances m a crouching run, lunges in, and grabs
one hindleg with her teeth just above the hockjoint, twisting her head
sharply to the side. At the same time she swats the other leg with a pow
The combined twist and slap tumble the buffalo onto its side. Still holding
the anmal by the leg, she drags it backward while two cubs rush in beside
her and claw and bite seemingly at random. The female releases her grip
and steps back The buffalo struggles to its feet as one cub rakes the top
of its rump with the claws, wheels around, and charges at the tigress She
circles hum briefly with the 2 cubs but suddenly departs The cubs lie down
nearby The buffalo has only superficial wounds; he feeds and rests the
remainder of the morning paying no obuvious attention to the tigers in the
vicinity.

' Three cubs approach the buffalo again at 1325 hours, one of them jump-
ing back with a snarl when charged The tigress sits nearby, and the young
join her At 1410 hours a cub darts in, attempting to grab a hindleg of the
buffalo, but retreats rapidly when he spins around with a lowered horns.
The tigress stands warting m a semicrouch as the cubs encircle the buffalo
and jump n and dodge back one at a time Twice she steps closer but re-
treats again Finally after 5 minutes she lunges m and bites the animal in
the right hindleg, using the same technique to throw 1t down as earlier. She
switches her grip to the upper thigh and drags the buffalo backward. Then
she crouches m an attempt to hold ham down while the cubs swarm all over
him, biting and clawng the hindquarters, belly, and back One cub
straddles the back and repeatedly bites into the hump The buffalo tries to
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rise, but the tigress merely places both of her paws on its rump and pulls
him back down. At 1421 hours she releases her hold, watches briefly (Plates
25 and 29), and then walks away. The buffalo struggles up, and the cubs
fall off. One cub rears and claws the side, then vaults up on the back while
the others pull and tear at the hindquarters. The buffalo collapses. Five
minutes later the tigress returns, jerks the animal by a hindleg so vigorously
that the stump to which it is tethered breaks off, and drags it 20 feet. Three
cubs begin to eat at the rump; one cub grabs the buffalo’s nose and is almost
ored.

€ The second tigress has been watching the proceedings for 10 minutes
without taking part, but her cub has participated in the final phases of the
attack. She moves from sight, but the other tigress remains and licks the
bleeding wounds of the buffalo. One cub coughs and swats another one.
At 1500 hours the female drags the buffalo almost out of sight into some
high grass.

The tigers are still satiated from the meal of the previous night, and only
a tigress still feeds at 1525 hours. When the second tigress returns to the
kill, a female cub greets her with a face rub. She inadvertently steps on a
reclining cub, which rears up with a snarl and swats at her Two cubs lie
beside the kill and stroke each other’s skoulders with a paw, then nuzzle
noses. At 1615 hours, the kill has been pulled from sight. I leave the blind.
The carcass is dragged 500 feet away the following night and abandoned
on November 19, all meat having by then been devoured.

The behavior of the tigress when attacking the third buffalo was
of note. In contrast to her usual efficient method of pulling livestock
down and strangling the animals by grabbing their throats (see
Attacking and Killing, p. 289), she merely threw the buffalo off its
feet and then retreated, permitting the cubs to attack on their own.
She made no attempt to kill in either attack. This suggests that the
tigress provided the cubs with the opportunity to practice the tech-
niques of killing, The cubs, although twelve months old, obviously
had little or no previous experience in dispatching such a large ani-
mal. They were reasonably adept in pulling it down, but they failed
to kill efficiently, largely confining their attack to biting and clawing
around the rump, back, and belly rather than grasping the throat.

The killing efficiency of the cubs had not increased appreciably

by late December, as a series of ohservations at a kill illustrates.

_Ab ait is t1ed out at 1700 hours At 1745 hours a langur calls persistently,
!lgdtcatmg the proximity of a predator, but no tiger appears. Finally at
7 .52 hours the tigress approaches 1n a crouching run, grabs the bull by a
tll:n leg, and with a violent backward jerk, topples it. Her 4 cubs, including
¢ Iarge male cub, attack immediately. The tigress releases her hold on the

leg and departs for the mght. Two cubs bite the ammal in the back of
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the neck, and two tear at the hindquarters. One young reaches between the
horns 1 an attempt to bite the neck. The male cub begins to feed alone at
the rump of the still live animal, the other cubs tear at the forequarters.
When one of his sisters approaches him, the male cub growls and raises a
paw; at 2035 hours another cub tries to feed on the rump with him, but he
growls and the truding cub returns to its feeding site at the neck. The
male cub is temporarily satiated at 2055 hours and lies down 10 feet from
the kill. Another cub immediately takes his place at the rump

One cub is still eating at 2350 hours. A free-ranging domestic elephant
walks to within 30 feet of the kill before the cub backs into the grass. The
elephant jerks forward as if to charge when the tiger approaches the carcass
again. After venturing to within 15 feet, the elephant retreats and stands by
a tree 40 feet from the kill The cub resumes its meal, while the elephant
breaks numerous branches from a tree. It holds the broken end of each
branch in its mouth, wraps its trunk around the leafy portion, and rips the
foliage off, dropping everything on a pile as if covering something, The
elephant continues stripping branches for 15 minutes, afterward remaining
in the vicinity until 0100 hours.

At 2403 hours the male cub reclines beside the kill, and at 2435 hours he
growls once and takes his former place at the rump; the cub that was in his
spot retreats, its face in a snarl., When at 0145 hours the male cub leaves the
carcass, another cub takes his place. At 0337 hours the Kill lies unused for
the first tume that might. One cub cats again at 0445 hours, but soon after-
ward all retreat into dense cover, where they stay apparently without
their mother the whole day and the following night.

These and other observations indicated that the four cubs had a
rank order, dominance being primarily asserted when claiming a
certain position at the kll. The rump was the most favored feeding
site, a spot usually taken by the tigress. But when she was not pres-
ent, or when she was not actively feeding, the male cub tended to
appropriate this location. Rank appeared to be largely based on
size, with the result that the smallest of the young was occasionally
not able to eat until one of its larger siblings vacated a place. When
the meat supply is ample, rank is of little consequence to the anr-
mal, but if the prey 1s small, as is often the case, only the dominant
individual may obtain a substantial meal. In March, 1965, for ex-
ample, a pig weighmg about fifty pounds was tied out as bait. The
male cub killed the pig and ate while the three female cubs waited
beside the carcass without being permitted to take a bite. Twice
a cub attempted to eat, but the male coughed and growled. After
having eaten steadily for 100 minutes, the male allowed a sister to
join him; when he was satiated 10 minutes later and departed, only
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scraps remained for the others. A rank order has also been reported m
litters of house cats (Leyhausen, 1960).

Aggressive interactions between the tigress and her cubs and be-
tween the cubs were relatively infrequent, if the crowded condi-
tions when feeding are taken into consideration. For mstance, the ti-
gress coughed only once and growled six tumes at a cub during a
whole mght at a kill when the young were four months old. Twelve
months later, in a similar situation, only two coughs on the part of
the female were heard. During one night when the cubs were
thirteen months old and the tigress was not with them the only audi-
ble aggressive mteractions consisted of one cough and four growls.
Three months later only one cough was heard under similar cir-
cumstances.

When in March, 1965, the cubs were sixteen months old, their
relations with the tigress had grown quite tenuous The male cub
was now nearly as large as his mother, and his sisters were onl
somewhat smaller than he. The composition of the tiger family
changed constantly as either the male cub or the tigress left to lead
a solitary existence, as shown by the following observations of the
members of the family that participated m the killing and eatmng of
several baits that were tied out at the same spot.

March 13-14. The whole family devoured a buffalo.

March 17-18. The male cub attacked a sick buffalo alone in the evening,
pulling 1t down by the rump and starting to eat without
attemptmg to kill it. At 0715 hours the tigress arrived at the
kil site, perhaps attracted by the crching vultures. She
chased the vultures off but departed without feeding.

March 18-19, The 4 cubs ate a pig

March 20-21. The male cub ate alone on a buffalo dead from disease.

March 21-22.  All four cubs attacked a buffalo at 1845 hours They pulled
1t down and began to feed without killing it. They ate
sporadically until 0830 hours, then remamed around the
kil all day, some partially submerged m a muddy pool
nearby. The male cub ate from 1445 to 1515 hours The 4
cubs devoured the rest of the buffalo the following mght
and were still in the area on March 24.

- March 27-28  The male cub attacked the buffalo alone at 1915 hours The
tigress arrived at 2006 hours with the 3 female cubs. She
left alone during the mght.

March 28-29  The male cub kalled a buffalo efficiently (see Attacking and
Kilhng, p- 289) and was joined immedately afterward by
his sisters. The hgress checked m briefly during the mght
and departed agamn.
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March 29-30. The male cub dispatched another buffalo and fed on it with
the other cubs. The young were still together on March
31, when the male cub killed another buffalo.

At the age of sixteen months the male cub was capable of killing
a buffalo almost as expertly as the tigress. He had been hunting on
his own then for about five months. The female cubs, on the other
hand, were quite inefficient, apparently because they still depended
on the tigress to provide them with food, and had had little experi-
ence in klling prey alone. But even when the female cubs had the
opportunity to attack tethered baits, they did not always do so.
On four occasions, the male cub dispatched an animal alone while
his siblings watched, taking no part in the killing although they read-
ily joined in the eating. Leyhausen (1960) has noted that a rank
order in sibling cats may prevent a subordinate animal from killing
effectively or even attempting to attack while the dominant one 1s
present. Three lion cubs about two years old were observed while
having considerable difficulty in killing a wildebeest (Anon., 1963).
While a female cub grabbed the antelope by the nose, a male and
another female attacked the rump, finally toppling the animal after
ten minutes.

Although the social bond between the tigress and her cubs was
growing progressively looser, their association undoubtedly con-
tinued for several months after the study was terminated on the last
day of March, 1965. The male cub probably became fully independ-
ent by about eighteen to twenty months of age, whereas the female
cubs most likely remained attached to the tigress for an additional
three to four months. The weakening of the social bond was ap-
parently not caused by an increased level of aggression between
the tigress and her cubs but rather by a seeming inclination on the
part of each animal to lead a solitary life as soon as it was able to
do s0. A shortage of food appeared to have initiated the break-up,
with the male cub becoming semi-independent first. The observa-
tions in March, however, showed that the male cub and parﬁculafly
the tigress were often alone in spite of an abundant and readily
available supply of meat, indicating that the search for food was not
the only basis for their soltary existence.

Food Habits and Hunting, Killing, and Feeding Behavior

The quest for food occupies a large part of the tiger’s life Whether
it is actively hunting, feeding, or resting satiated beside the remains
of its kill, much of its daily activity revolves around its food supply-
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Foop HAsBITS

The tiger preys on whatever animals it can catch, including birds,
reptiles, amphibians, fish, and even some invertebrates, but mam-
mals —m particular hoofed ones—make up the bulk of its diet.
In India the most common wild prey consists of chital, sambar,
barasingha, hog deer, barking deer, nilgai, pig, and gaur. Rhinoc-
erous calves and wild buffalo are taken in the Kaziranga Sanctuary
(C. Chakravarty, pers. comm.). Pig, Manchurian wapiti, moose,
musk deer, roe deer, and sika deer are preyed on in the Soviet Far
East (Abramov, 1962), and pigs appear to be the tiger’s chief source
of food in central Asia (Novikov, 1962; Ognev, 1962).

Livestock has assumed an important role in providing the cat with
prey in many areas. Horses (M. Taylor, 1956), donkeys, camels
(Novikov, 1962), goats (Anderson, 1954), and even elephants (San-
derson, 1912; Bazé, 1957) are killed and eaten. At Kanha a tiger
broke into our shed and removed a sheep, and the local domestic
pigs suffered frequent losses. With the drastic decline of India’s
wildlife, the tigers in most forests subsist at present partly to wholly
on cattle and buffalo, in fact, it is likely that these two domestic
animals are the chief source of food of the country’s tiger population.

Tigers that prey on cattle are generally perfectly well known to the cow-
herds and others who resort to their neighbourhood. They seldom molest
men, and are often driven away from therr prey, after killing 1t, by the un-
armed herds. Frequently they are known by particular names, and they
really seem 1n many cases to live among the villagers and their herds much
Iike a semi-domesticated animal, though, from a mutual consent to avoid
direct mterviews as much as possible, they are chiefly known by their

fllglgg)s m the river beds and by their depredations on the cattle (Forsyth,

Tigers prey readily on carnivores, including each other on occa-
sion. Sloth bear, black bear, and brown bear sometimes become vic-
ums (Baldwin, 1877; Burton, 1936, Littledale, 1889, Campbell,
1894, Abramov, 1962). In Manchuria, tigers seem to be partial to
dogs and wolves (Novikov, 1962), as well as to lynx and badger
(Abramov, 1962). Tigers and leopards appear to avoid each other;
at least Anderson (1961) and Smythies (1942) noted that leopards
tend to be abundant where tigers are scarce and vice versa, an ob-
servation which agrees with my limited experience at Kanha. Allen
(1960) and Biscoe (1895) found a leopard which had been killed
by a tiger, and Anderson (1954) discovered the partially devoured
femams of a leopard which had died in a similar encounter On
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the other hand, Khan (1936) related an interesting episode in which
a male leopard and a tigress 1emained together for several days
and fed on three different baits, the male killing two of them and
the female one, until both were shot. Cannibalism, with one tiger
killing and eating another, has been reported by Sanderson (1912)
and Brander (1923); two recently shot tigers were partly eaten by
several others (J. Bombay Nat. Hist. Soc., 1948).

Tigers seem to catch rodents infrequently, with the exception of
porcupines, which by all accounts are favored prey. On one occa-
sion at Kanha a tigress sat in some tall grass with neck craned and
ears cocked, watc%;ring or listening intently. Suddenly she leaped
four feet mto the air and pounced on something, presumably a rat
or mouse, without catching it. In China tigers eat pangolins (Cald-
well, 1925).

At Kanha, langur monkeys are commonly captured by tigers. One
of these cats passed the village carrying a Tangur but dropped it and
fled when several persons shouted. The monlg::zy was a female with
a small infant clin%ing unhurt to her chest. Tewary told me of seeing
a tiger feed on a rhesus monkey in another part of the state.

Although man is the most easily obtainable source of food through-
out the tiger’s range, he is for unknown reasons rarely eaten. Those
tigers that have turned to man for part or all of their nourishment
probably picked up the habit for one of several reasons: (1) they
were unable to catch their usual prey because of some disability,
such as a gunshot wound or porcupine quills in the paws and face
(Corbett, 1957; Powell, 1957); (2) they lacked other food in the
area (Turner, 1959); (3) they acquired the habit from their mother
(Anderson, 1954); (4) they killed a man inadvertently, tasted the
meat, and apparently found it to their liking (Corbett, 1957); and
(5) they first scavenged on unburied human corpses, later trans-
ferring their attention to living prey (M. Taylor, 1956).

Although man-eating tigers %ave occurred throughout the species’
geographic range, they are rare in most areas, with, for instance,
none having been reported from the Soviet Far East since 1917
(Abramov, 1962). Corbett (1957) and Anderson (1954), among
others, made the man-eaters of India famous, and at one time appar-
ently more of them thrived there than in any other country. In the
year 1902 a total of 1,046 persons were listed by the government as
having been killed by tigers (as well as 23,166 by snakes), accord-
ing to Berg (1936). Man-eaters were uncommon in some parts, like
southern India (Sanderson, 1912; O’Brien, 1944), but fairly preva-
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lent in others, the Kumaon hills of Uttar Pradesh, the Chanda Dis-
trict of Maharashtra, the Sunderbans, and the Mandla District of
Madhya Pradesh, the last being particularly well known for this
dietary habit of the tiger. Today the cats are shot before their depre-
dation on man becomes extensive. The swamp forest of the Sunder-
bans is one of the very few remaining places in India where tigers
frequently kill people for food. “The toll of human Iife by the man-
eating tigers of the Sunderbans has been heavy during the year —
the figure being twenty. . . . The victims of man-eaters are mostly
honey-collectors who go about in search of honey combs m very
small parties” (Rao, 1961).

“Man-eaters have always been numerous in Mandla,” commented
Forsyth (1889) about the district in which Kanha Park lies. “Over
large areas in Bengal the villagers had to surround their habitations
with high stockades for their protection. As late as 1856 this practice
was not uncommon in some of the more wild parts of the Central
Provinces. At that period an average of 200 to 300 willagers were
killed every year by tigers in the one district of Mandla in the Cen-
tral Provinces” (Hewett, 1938). “A few years ago there was a well-
known tiger in the Mandla district which took possession of the
road, and actually stopped the traffic. . . . It was a merciless high-
wayman, which infested a well-known portion of the road, and levied
toll upon the drivers of the native carts, not by an attack upon their
bullocks, but by seizing the driver himself . . .” (Baker, 1890).
Man-eaters have become rare in the district in recent years. Only
two deaths by tigers have been reported within the present confines
of the park since 1935. In 1937 a girl was killed, and in 1946 a night
watchman at Kisli was taken (Mehta, n.d.). During the time of the
study, one man was bitten in the shoulder as he slept in front of a
cattle shed in the village of Bhilwani at the park boundary, the tiger
then entered the shed and killed four cows.

Birds form an insignificant part of the tiger’s diet. Hazel hens
(Abramov, 1962), owls (Ognev, 1962), and peafow] (Allen, 1960)
aré mentioned in the literature as having been eaten. The peafowl
at Kanha were not greatly alarmed by the proximity of a tiger. One
cock walked past a tigress at a distance of thirty-five feet; on an-
other occasion, when a tigress suddenly stood up in the grass thirty
feet from a cock, the bird merely looked up, then continued to forage.
01_1ce a tigress took three long leaps, covering a distance of about

ity feet, and landed on her forepaws in a thicket from which five
red jungle fowl males flushed, cackling. Another time, a tigress I had
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been following left a jungle fowl cock freshly killed in her tracks.
Its abdomen was split open, apparently from the impact of the
pounce, and feathers had been plucked from the chest, but no part
of the bird had been eaten. The male tiger cub clawed his way into
our chicken coop on January 1, 1965, and ate all four chickens be-
fore he was discovered at 0300 hours. Eggshells, probably from a
peafowl, were found in one dropping.

Other tiger food items include lizards (Perry, 1964), snakes (Bur-
ton, 1936), turtles (Ognev, 1962; Novikov, 1962), crocodiles (Inglis,
1892), frogs (Caldwell, 1925), and fish (Aramilev, 1959; Ognev,
1962). Among the invertebrates, crabs (Burton, 1936) and locusts
(Pocock, 1939) are eaten; and I found winged termite remains in
one dropping.

Tigers rarely eat carrion, according to Baldwin (1877) and Cham-
pion (1933), but all observations in this study, as well as numerous
sources in the literature, indicate that they readily do so. Several
cattle and buffalo succumbed from disease at Kanha, and others
died from infection several days to several weeks after having been
bitten or scratched during unsuccessful attacks by tigers. All such
animals were placed out on the meadow and usually discovered
and eaten within two to three days by tigers. One cow that had
been attacked on October 16 died on November 4 and was buried in
a hole five feet deep by villagers. The carcass was covered with about
four inches of soil and a mass of thorny branches. A tigress located
the body three nights later, perhaps by scent, dug it up, and with
her four cubs devoured it.

The tiger is said to eat the spiny durian fruit in southeast Asia
(Fmnn, 1929) and cedar nuts in the Far East (Ognev, 1962) One
dropping at Kanha contained Zizyphus berries

In the words of a proverb from south India: “If a tiger is hungry
he will at last eat grass” (Perry, 1964). Some grass, bamboo leaves,
and other bits of vegetation weie found in the majority of tiger drop-
pings, but they had probably been ingested inadvertently, having
adhered to the meat. However, a few droppings consisted almost
entirely of grass blades. Murie (1944) found that several wolf drop-
pmgs contamed both grass and round worms, and he suggested that
the vegetation may act as a scour. One such tiger dropping had
tapeworm in it,

Thirteen droppings at Kanha consisted wholly of fine black,
micaceous soil. These were found only between October 29 and De-



cember 23. 1954 suggesting a seasonal fneldence of carthecating.
Powell (1957) also noted th;t tigers Ingest soil.
Quantitative data on the feed habits of the tger i Kanha Tal
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were obtained by collecting and analvzing the conteuts of 3%
droppings in the study area during 1964, Most foves contatuad the
remains of only one prev species, but a few contained two dilferent
items. with, for example, porcupine and chital cccnving together
once. Soil and grass were tallied only if 50 or more pervent of the
droppings consisted of these foods. The results fn Table S0 show

TABLE 50

FrEQUENCY OF OCCURRENCE OF FooD ITrus 1N 385 Trovw Froers
COLLECTED INX THE STUDY AREA, KANHA PARK, ¥ 1061

FrRrouryM or (Oceurwl Ner
Foop ITEM e
Number of Feces Percent
Chital . 175 LAY
Sambar 35 10.4
Barasingha 29 8
Gaur . 28 8|4
Langur 21 0.2
Domestic cow 20 Hho
Sl . 13 HR
Porcupine 0 20
Grass 8 e
Domestic buffalo ] 1.7
Domestic and wild pig 3 H
Frog . . 1 ¥
Eggshell 1 "
Termite . 1 -
Zs3y plus fruit 1 o

that about 79 percent of the droppings contained chital (52 pereent),
sambar (10 percent), barasingha (9 percent), and ganr (8 percent)
remains Livestock, principally cattle, was noted in ahont 8 percent
of the droppings, and langur monkeys in 6 percent, the rest Lefng
miscellaneous items none of which exceeded a frequency of 4 piere
cent. Several such prey species as barking deer, nilgai, monge deey
(Locke, 1954), and jungle fow], which are known to e prrsued,
Were not evident in the droppings, indicating that they were rarely
€aten in the study area. Circumstantial evidence, based on the or
currence of Taenia pisiformis in the feces of tigers, sngryrests that
the cats also eat hares, for (he intormediate host of this parncite fr
often a lagomorph (Belding, 1915%), or compartoon, of 18 dropplng
collected in Corbett Nationul Pk, b poreant contafned chital, 17

Pereent domestic buffaly, 17. e deor, and 11 pereraot
sambar,
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To determine if the percentages of prey in the droppings accu-
rately reflect the relative number of animals killed, the figures can in
several instances be compared with the known mortality of several
species. It is likely that on the average each pile of droppings rep-
resents one prey animal, for even though a tiger may defecate re-
peatedly after having eaten a large mammal, the chances of col-
lecting more than one or two of these for analysis are slight, and
duplications are to some extent offset by the droppings that are not
found. For example, an estimated 27 barasingha died in 1964, and
29 tiger droppmgs and 1 leopard dropping were found with the re-
mains of this deer. A total of 14 domestic cattle were taken in the
study area during the year, and their hair appeared in 20 feces; 5
buffalo fell prey, and their remains were noted in 6 feces. The figures
for these three species show a fairly close correlation between the
actual magnitude of the kill and the frequency of occurrence in the
droppings.

It must be emphasized that the results in Table 50 apply only to
my small study area, not to the park as a whole. Conditions in the
central part of the park were unusual, as has been stressed before,
in that a fairly large wildlife population provided the tigers with
most of their food and livestock was limited to one small herd of
cattle and a few pigs. The range of the resident tigers apparently did
not regularly encompass the periphery of the park with its great herds
of livestock, for the droppings would probably have provided evi-
dence of this.

A further attempt was made to determine the food habits quanti-
tatively by collecting the lower jaws from kills. A total of 228 were
found, 100 of these by De and myself and 128 by villagers. The pred-
ator that killed the animal was in most instances unknown, but since
wild dogs were very rare and leopards uncommon, and since poach-
ers characteristically removed all the remains of their prey, the great
majority of these kills were undoubtedly made by tigers, and the
data are treated according to this assumption. None of the prey
animals autopsied were heavily parasitized, and there was no evi-
dence that disease, starvation, or old age caused death. The kills
found by us in the study area are analyzed separately from those
brought in by the villagers from all parts of the park because the
uneven distribution of the prey species significantly influences the
food habits of the tigers (Table 51). For example, the high per-
centage of barasingha remains from the study area reflects the con-
centration of these deer on the Kanha meadow; in addition, bara-
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singha kills are more easily found than those of the forest-dwellin

sambar. The results in Table 51 are roughly comparable with the
ones in Table 50, but direct comparisons except in very general
terms are not possible. Table 51 does not include livestock be-
cause animals that died from disease and old age could not be
separated from those that were killed by predators. Moreover, the
bones of some species are more readily found than others; chital

TABLE 51

NunmBER AND KINDS OF PREDATOR KirLs Founp 1N KANHA PARK

CoLrLECTED BY DE COLLECTED BY
AND SCHALLER IN VILLAGERS TEROUGHOQUT Torar
SpECIES STUDY AREA Park
Number Percent Number Percent Number Percent
Chital 38 380 60 46.9 98 430
Barasingha 26 26 0 13 102 39 171
Sambar 18 180 33 297 56 24 6
Barking deer 1 7 1 4
Gaur 11 11.0 3 23 14 61
Blaclbuck 2 20 2 9
Wild pig 1 10 9 70 10 44
Langur 4 40 2 16 6 26
Porcupine 2 1.6 2 9
Total 100 1000 128 1000 228 1000

fawns are so completely eaten that the remains are rarely discovered,
whereas the skeletons of adult gaur are quite conspicuous.

The tgers outside the study area subsist chiefly on cattle and buf-
falo, with wildlife taking a secondary position. To determine the size
of the hivestock population and the number of animals killed by
tigers during the year, a house-to-house census was conducted in
four villages during late December, 1964, three of them inside the
park but near the periphery (Raunda, Sonph, Kisli) and one at
the outside border (Bamni Dadar). A total of 929 head of cattle
and buffalo were present in the four villages. Tigers were said to
have killed 74 adult cattle, 37 calves, 19 adult buffalo, and 3 buf-

al9 calves, a total of 133 animals during the year. The cattle popu-
lation at Kanha village varied from 20 to 60, as animals were moved
I and out of the area, Of these, 7 adults and 4 calves were killed.
'ljhe magnitude of the kill suggests that about 10 percent of the
livestock population falls prey to tigers each year. On the basis of
& mortality figure of similar magnitude in the other villages and
an estimate of 2,500 as the total number of animals that frequent the
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park, 1t may be concluded that at least 250 head are killed annually
by tigers.

uantitative data on the food habits of the tiger in Russian Man-
churia published by Abramov (1962) are presented in Table 52 for
comparison with the material from Kanha.

HUNTING AND STALKING

Tigers hunt primanly at night, between dusk and dawn, a time when
the wild hoofed animals are most active, too. They usually rest be-
tween mid-morning and mid-afternoon, although an animal some-
times hunts throughout the day after what appears to have been an

TABLE 52

“Foop CoMPONENTS” OF THE TIGER IN THE SOVIET FARr EAsT
(AFTER ABRAMOV, 1962)

SIKuOTA-ALIN RESERVE PrIigonrsk AREA
CouMuON NAME
Number of Cases Percent Number of Cases Percent

Wild pig 21 35.7 12 30.0
Manchunan wapitt 13 22.1 20 500
Moose 6 10.1 1 25
Brown bear 5 8.4 2 50
Musk deer 8 13.6 1 25
Hazel hen 3 5.1

Roe deer 2 3.4 1 2.5
Lynx 1 1.7

Sika deer 2 50
Badger 1 25

unsuccessful mght. Tigers were seen hunting or moving a total of
79 times between dawn and dusk, all but 21 percent of the instances
being before 0800 hours and after 1600 hours.

A tiger’s usual method of hunting is to walk through its range in
search of prey (Plate 20). The forest roads at Kanha were particu-
larly favored as routes, progress along them being easy, silent, and
rapid as compared with stalking mn the high grass or dry leaf litter
of the forest. The bottoms of the numerous dry stream beds were
also much used for traveling, probably because the banks provided
the cat with cover and there was a good chance of encountering some
victim at an isolated water hole.

A tiger m search of prey moves over a considerable amount of
terrain 1 the course of one might. One tiger walked 23 miles in ten
hours along a road (Sanderson, 1912), and another was tracked by
Locke (1954) for 12 miles. According to Baldwin (1877), tigers fre-
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quently travel 10 to 12 miles in a day. On several occasions I fol-
lowed tracks for 3 to 4 miles before losing them in the forest. To
obtain some measure of the tiger’s traveling speed, I timed several
animals over known distances. One tigress walked .6 mile along a
road in eleven minutes, moving at not quite 3 miles per hour; an-
other tigress covered a similar distance at the rate of 2.5 miles per
hour. These two speeds closely approximated a tiger’s average rate of
movement, indicating that when walking steadily a cat can travel
at least 30 miles in a twelve-hour might. Ognev (1962) maintained
that tigers may travel 50 to 62 miles in a day, a distance which,
though possible, is probably of rare occurrence because various forms
of activity tend to slow the cat down. One male tiger, for example,
marked bushes with scent and attempted to stalk gaur as he walked
8 mile along a road in 41 minutes, a speed of only 1.2 miles per
hour. Three other travel speeds of hunting tigers were 1.2, 1.3, and
1.8 miles per hour, respectively. Thus, the average distance covered
by a tiger during an unsuccessful night of active hunting is probably
10 to 20 miles.

Hunters have noted that tigers tend to use certain routes more than
others. “Like policemen, tigers stick to certain beats . . . ,” accord-
ing to Inglis (1892). Allen (1960) found that one tiger covered his
beat about once every ten days, and Anderson (1954) noted that
rounds were made once every third to fourth month. Although the
Kanha tigers preferred certain routes, particularly some forest roads,
almost to the exclusion of others, they were consistent neither in
their direction of travel nor in their time schedule. The ranges of
the resident tigers were so small that some routes near the Kanha
meadow were used several times in one week by the same animal,
sometimes on consecutive nights.

Five examples from my field notes illustrate the behavior of a tiger
‘Vh}le h\mting and stalking its prey (see Leyhausen [19601], for de-
seriptions of stalking in other species of cats):

.1) At 1757 hours a male tiger strides out of the forest, crosses a road,
Sk":ts @ coppice, and angles over a stretch of meadow into a tree-fringed
ravine. A langur barks in alarm. The tiger advances up the ravine about

feet, enters a patch of adjoining forest where a langur and a chital

afk, and moves to the edge of a piece of grassland on which about 60
chital and barasingha graze. From 1812 to 1820 hours he stalks up a shallow
8rass-covered depression that winds partly across the meadow. Suddenly
Z'clutz.zl barks and so does a barasingha, and both crane their necks in the

rection of the swale, having sensec% the tiger. A barasingha stag advances
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casually but startles back, barks hoarsely, and together with the whole
herd, wheels and runs 100 feet. While at least 20 chital and barasingha bark
at him, the male tiger appears 150 feet from the deer, roars softly 3 or 4
times and moves out of sight at 1835 hours.

2) The male tiger sits on a foiest road at 0544 hours, then walks along
it slowly. He stops 5 times to sniff at a bush or a tuft of grass before spray-
ing the site with scent. At 0605 hours he reaches a slight rise and, n the
valley 400 feet ahead, spots about 10 gaur grazing by the banks of a bam-
boo-bordered ravine. He stands motionless with raised head for 2 minutes
staring at the animals. Suddenly he turns off the road and into a bamboo
thicket, moving in a semicrouch apparently with the intention of reaching
the gaur by stalking up the bottom of the ravine. One gaur standing apart
from the others senses the cat, however, snorts loudly, and bolts, followed
by the rest of the herd. The tiger jerks erect and the tip of his tail quivers.
He then descends briefly into the ravine, cuts back to the road, and moves
from sight at 0625 hours.

3) A tigress pads along the meadow’s edge just inside the forest at 0745
hours. Six hundred feet ahead of her are 3 barasingha grazing by some tall
grass. These suddenly bark in alarm at 0755 hours, facing the forest while
doing so. The deer flee when the tigress walks into the open, 80 fect from
them. She roars softly twice. On the meadow 600 feet away arc 7 other
barasingha. On hearing the barking, two does, a fawn, and a stag, i that
order, walk in the general direction of the sound, seemingly out of curiosity
but obviously alert as they advance with necks stretched forward and ears
erect When 20 feet separates them from a belt of tall grass, the lead doc
barks once, and the head of the tigress pops from the vegetation 40 feet
away. As the deer wheel and scatter, the stag and fawn dashing one way
and the 2 hinds another, the tigress bounds out and rushes after onc of the
hinds, suiping at the air several times with a forepaw. The deer veers
sharply, and the tigress terminates her pursuit abruptly and walks off. The
2 hands trot after the cat immediately and approach to within 60 feet of her.
The other barasingha join the hinds, and the herd then mills around on the
trail taken by the tigress. She moves steadily away, disappearing from
sight at 0807 hours.

4) A tigress walks along the forest’s edge at 0827 hours and stops when
she sees a herd of 9 blackbuck grazing 500 feet away on the meadow. She
approaches the antelopes in a semicrouch but with head held high as she
looks over the top of the grass. Three hundred feet from the blackbuck the
tall-grass species give way to a short type which provides no cover. The
tigiess looks at the deer with forequarters raised but hindquarters lowered,
then crouches fully down for 10 seconds, but abruptly changes her mind
and rises, apparently having decided that a further stalk 1s futile The
gé%cgk;auck crowd together when they see her, She moves from sight at

ours

5) About 150 feet from our bungalow 1s a shallow ravine denscly over-
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grown with grass and shrubs. At 1410 hours a chital barks in alarm, and a
doe with a fawn, about 3 months old, bound from the undergrowth into the
open sal forest. The doe trots to one side, but the fawn moves 1 the op-

osite direction. About 30 seconds later a tigress appears from the ravine.
She looks at the doe, then the fawn, and at a fast walk turns in the direction
of the latter. The fawn bolts toward the doe past the tigress, Covering 100
feet at an estimated speed of 35 miles per hour, the tigress bounds in pur-
suit and just out of my sight in a depression pounces on the fawn, which
bleats twice. The doe looks on silently for about 5 seconds from a distance
of about 60 feet, then joins 4 other chital nearby. All move off feeding in-
termittently.

These and several other observations indicate that the tiger spots
its prey primarily by sight and at night, probably also by hearing.
I obtained no evidence to suggest that tigers use scent as a means
of locating live prey. A stalking cat orients itself primarily by sight,
sometimes exposing itself in order to determine its position in rela-
tion to its intended victim. Corbett (1957) stated that stalks are usu-
ally made upwind, but in my experience the conformation of the
terrain and the availability of suitable cover determined the di-
rection of advance. The tiger has to approach to within about thirty
to eighty feet of a fleet-footed prey before a final rush can bring it
mto contact with the surprised animal. But if the prey is already
alert, as in the example involving barasingha (8) described above,
even an attack from a distance of 40 feet may be too far to msure
success. Animals on a short-grass meadow, which offers little con-
cealment, are relatively secure from tiger predation, whereas many
are caught along creek beds and in ravines. For example, of 10 lall-
g sites of free-ranging cattle and buffalo, 6 were in creek beds, 3
m sal forest, and one on a meadow; of 19 fresh killing sites of bara-
singha, chital, and gaur located on and around the Kanha meadow,
11 were along creek beds, 3 in forest, and 5 on the open meadow
In one of the second group of kllings, the tracks clearly showed the
progress of the tigress as she stalked through grass two and a half
feet high to within thirty feet of a barasingha hind, unco-ordinated
hoof marks and blood marked the site where the deer was attacked
and pulled to the ground. On another occasion a barasingha stag
was rushed and killed by the male tiger from a distance of about
fWell.ty feet, the cat having crept up a small gulley almost to within
stuking distance Once a tigress apparently surprised a chital buck

at night after stalking through grass six inches high to within 50
feet or less of him,
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Although tigers usually search actively for their prey, they also
hunt by secreting themselves along game trails or near water holes,
where they wait for an unsuspecting animal, this hunting method is
apparently used mostly during the hot season. On one occasion a
tigress crouched at 1800 hours in a patch of grass bordering a trail
down which gaur traveled almost nightly. She still lay concealed
there an hour later when 3 gaur emerged from the forest 250 feet
away, having used another route that evening. Tigers also secreted
themselves in the grass surrounding pools at the bottom of ravines,
and I saw them emerge several times from such a Jocation after
having been discovered by deer looking down from the bank.

There are no records of tigers pursuing monkeys and other prey
by ascending trees, although they are able to climb. One tigress in
the Mandla district clambered cighteen feet up a sal trec and

srabbed the leg of a hunter (Hewett, 1938); and Shakespear

1860), Fletcher (1911), Pocock (1939), and others reported secing
tigers in the branches of trees as high as thirty feet above ground in
attempts to escape from flood waters, wild dogs, or hunters.

The tiger usually makes no attempt to chase its prey over long
distances, Once I observed a tigress as she bounded at full speed
after a jackal for nearly a quarter mle but was easily outdistanced.
Locke (1954) observed a boar followed by a tiger, {)oth seemingly
tired after a long chase. It is unlikely, however, that a tiger is capable
of catching most species in this fashion, and the fact that deer ap-
proach a visible cat to within a hundred feet on occasion suggests
t}.u%t they are able to assess their degree of danger with some pre-
cision.

Little effort is wasted by the tiger in pursuit of prey which has de-
tected it or which is too difficult to stalk successfully, such as black-
buck grazing on the open meadow. The alarm bark of a deer di-
rected at a hidden tiger is apparently a sufficient indication to the cat
that further stalking is futile, for 1t then commonly rises from its
place of concealment and walks away, as illustrated in two of the
examples cited above.

Chfimp10n (1933), Hewett (1938), and others have given the im-
pression that the tiger’s method of hunting and stalking is so cfficient
that it can obtain prey with little difficulty. This is perhaps true of
tigers which subsist on livestock, but those at Kanha appeared to
expend considerable effort in securing a wild animal. Tracks, feces,
and other signs indicated that at least one tiger traversed the Kanha
meadow daily. The frequent intense barking by herds of deer fur-
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ther attested to their numerous encounters with tigers. Yet even when
the wildife was concentrated on the meadow —about seven hun-
dred head of hoofed animals in a three-square-mile area in July —
relatively few kills were found. Of twelve complete stalks observed,
only one was successful. It was common to see tigers in the mornng
with their bellies very lean, showing that they had not eaten a sub-
stantial meal the previous two or three mghts The majority of stalks
ended in failure, the cat having been detected primarily by the acute
senses of smell and hearing of its prey. Probably at least twenty un-
successful attempts were made for each animal captured. Similarly,
a pack of wolves observed by Mech (1964) made 77 attacks on
moose on Isle Royale over a three-year period, but only six animals
were killed; in one day the wolf pack chased moose fifteen times
without securing a single one.

After an unproductive night of hunting, the tiger rests m some
secluded place, preferably near water. One tigress, for example,
crossed the meadow at 0750 hours, entered a patch of shady forest,
and 1eclined on her side in some tall grass. She moved sixty feet to the
base of another tree three minutes later and remained there until
1630 hours, when she moved off in the direction of a water hole five
hundred feet away.

ArrackiNne AND KiLrLING

Hunters have rarely witnessed and still more rarely described the
tiger's technique of killing wild prey, and I was able to witness only
one successful stalk during the study One freshly killed chital doe
had a lacerated throat, tooth punctures on the lower back (one
canine having penetrated a kidney), and claw marks on the chest. A
barasingha stag was bitten in the back of the neck as well as the
throat, and there were claw marks on both shoulders A gaur calf
was bitten through the nape and base of the skull, and it had claw
marks on the rump. These wounds generally reflect the killng tech-
ique described by Corbett (1957). He saw about twenty attacks,
Sf which only one, that on a chital doe, involved a head-on charge:
The attacks in the other cases witnessed were made by the killers
comng up from behind, or at an angle, and with a smgle spring or
short rush getting hold of their victims with their claws, and then
witha hghtning fast movement seizing them by the throat and bring-
Ing them to the ground.” Hearsey (1932) watched a tiger seize a

arqsingha and hold it down for about fifteen mimnutes before re-
leasing jts hold,
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One adult sambar stag at Kanha was apparently stiaddled by a
tiger and severely lacerated before managing to escape. The wounds
healed, leaving large scars on the shoulders, sides, and rump, some of
them 12 to 15 inches long and 2 inches wide. There were eleven
such scars on his right side and nine on the left. His movements
were stiff and slow.

Sanderson (1912) and A. Singh (pers. comm.) found a freshly
killed boar bitten through the back of the neck. Butt (1963) ob-
served a tiger as it grabbed the neck of a pig and dragged it from a
bamboo thicket. Inglis (1892) watched a tiger as it “alighted clean
on the boar’s back, mserting his teeth above the shoulders, tearing
with his claws and biting out great mouthfuls of flesh.” One do-
mestic pig, weighing about fifty pounds and closely resembling a
wild one in size and appearance, was tethered out as bait. The male
tiger cub approached it to within five feet, took two swipes at 1ts
head with a forepaw, and suddenly lunged in, grabbing the pig by
the nape and holding it for two minutes until it died Boars, which
may weigh well over two hundied pounds, aie dangerous antago-
nists, and the tiger may have considerable tiouble in killing one as
this account by Turner (1959) illustrates:

The tiger walked down the bank on to the soft sand, and circled the boar
who wheeled to face him. The circling and wheeling continued three or
four times until suddenly the tiger charged the boar, striking him with all
his might, and, with the greatest agihty leaping aside after his blow. The
boar met the onslaught by turning dexterously and taking 1t on the side of
the shoulder. In this manner the tiger delivered blow after blow. . . . His
blows told thewr tale, for the boar was dripping with blood from his
shoulders downwards Whenever the boar showed the least tendency to
charge, the tiger would step backwards. . .  The tiger, in striking and en-
deavouring to jump away from the boar, either lost his balance and
landed awkwardly, or skidded i the soft sand. Seemg his opportunity,
and astomshingly quick to grasp it, the boar charged straight into him, and,
burymng his razor-edged tushes in the tiger’s belly, ripped and ripped
agam, remforcing his thrusts to the fullest by his stupendous might and
enourmous weight.

With the greatest dufficulty the tiger succeeded in extricating himself
and stood apart. . . . He was disembowelled, with much of s entrails
danglmg low and heavily from lus belly. Slinking towards the bank, with

dragging intestines, he ascended it and disappeared in the thorny scrub
bordering it . . .

where he was found dead the following morning.
One tigress at Kanha apparently jumped on the back of an adult
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bull gaur from a stream bank, bit him in the back of the neck, bear-
ing him to the ground, and then grasped his throat, a reconstruction
based on the tracks at the site and the tooth marks on the dead
animal One adult female gaur was found shortly after she had died,
probably from wounds inflicted by a tiger a few days earlier.
The cause of death seemed to be a large septic wound on the dorsal
ridge. She had, in addition, a deep tooth puncture on the right side
of her throat and on the left side of her chest. There were claw marks
on both sides of her rump and on the neck. The evidence suggests
that a tiger attacked her persistently and was able to clamber onto
her back once before being thrown off. Berg (1936) shows a photo-
graph of a banteng with a healed wound on the hump, probably
the result of a tiger’s attack. Tigers are also said to hamstring gaur
(Brander, 1923; Bazé, 1957, Butt, 1963).

Baikov (1925) reported that Manchurian tigers attack bears from
above, by lying in wait on cliffs, and kill them by biting through the
neck vertebrae.

The tiger's method of attacking domestic cattle and buffalo is
frequently commented upon in the hiterature, but the accounts are
usually mcomplete, as, for example, in Burton (1929), or contra-
dictory because the observer was also attempting to shoot the cat
at the same time or made only a cursory examimation of the dead
animal. Baldwin (1877) and Forsyth (1889) stated that animals
are usually seized by the nape and pulled to the ground with a
wrench that dislocates the neck On the other hand, Sanderson
(1912) and Fletcher (1911) found that cattle are almost mvariably
grabbed by the throat. According to Inglis (1892), after “delivering
the numbing blow with his mighty fore paw, he fastens on the
throat of the animal he has felled, and invanably tries to tear open
the jugular vein.” Brander (1923) and Fmn (1929) also mentioned
that livestock may be knocked down with the blow of the paw An-
derson (1954) described the method of killing as follows:

In fact, when attacking, the tiger rises up beside its victim, generally
Places a paw over its shoulder and seizes the beast by the back of the neck
or throat, according to its size, pressing the head to the ground. The paw
s then used as a lever to cause the victm to topple over 1tself, while the
biger continues to hold the head down Thus the weight of the animal’s
own body 15 the factor that breaks the neck. . . .

_ Brander (1923) provided an account of an attack on a free-rang-

'ng animal and a general description of the technique used in kill-
ng tethered hait.
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The tiger sprang up and in three short bounds had seized the neck. The
animal had started into motion, but the shock of the tiger’s rush immediate-
ly rolled them over, and the tiger, hanging on to the neck, twisted the same
in the opposite direction to which the body of the animal was revolving,
The weight of the revolving body opposed by the twist on the neck in the
opposite direction resulted 1n instant dislocation. . . .

The tiger advances stalking within 20 yards or so of the bait. . . . Two
or three long rapid strides are then taken, and dipping its head like
lightning under the buffalo’s chin, the throat is seized and immediately
pulled to the ground. The tiger remains thus pinning the beast’s head and
neck to the ground. When in this position, the tiger is down on its elbows
but the hindquarters remain up. The buffalo struggles to remain standing
but presently falls over and in so doing sometimes breaks its own neck,
which of course is pinned firmly to the ground all the time. On the other
hand, this frequently does not happen, and the two animals simply remam
as they are until the buffalo is dead from strangulation and suffocation.

The same tigress at Kanha was observed to kill a tethered buffalo
alone on three occasions, and a large male cub was seen to do soon
four occasions. Each of the baits was tied by a foreleg or by the
neck to a stump or tree to prevent its escape. The killing techniques
employed in four of these instances are described in detail below.
Attacks by more than one tiger at the same time have already been
discussed in the section on female-young behavior.

1) A tigress pads along a forest path at 0712 hours and suddenly sees the
buffalo 100 feet away in the high grass. Without breaking her stride, she
continues for another 100 feet while looking intently at the animal. She
then stands motionless for 3 minutes, her igzeacl raised above the grass,
watching. Finally she retraces her steps and enters the grass walking very
slowly. She approaches the buffalo to within 50 feet, stands, and looks, her
body hidden in the grass but her head visible above it. When the buffalo
inadvertently faces in her direction, she crouches down, but as soon s it
turns aside, she advances, carefully lifting and placing each paw separately.

The buffalo raises its nose and sniffs at 0717 hours, apparenily having
scented the tigress It faces in her direction for 43 minutes, and the tigress
remains hidden the whole time. She peers briefly above the grass at 0803
hours, only the top of her head showing, then crouches down, actions she
repeats several times during the next 10 minutes.

At 0814 hours she suddenly raises her head completely above the grass
and bounds forward as the buffalo turns to flee In 3 leaps she reaches 1t and
places her right paw on its back while biting into the left side just behind
the f"On.t leg. The combined pull of the paw and the teeth topples the
buffalo in the direction of the tigress, and even as it falls, she releases her
hold, dodges around its head, and grabs it by the throat. The buffalo then
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the ground, reaches over the back of the neck and bites into the throat. The
buffalo struggles, but the tiger retains his hold, either standing, sitting, or
half-crouching while doing so. Once the buffalo manages to ratse its fore-
quarters briefly while the tiger, now facing it, with one forepaw hooked
mto ach shoulder in a seeming attempt to pull it down, continues to grip
the throat with his teeth. Finally the tiger just sits, holding the throat up
off the ground, the buffalo’s nose pomting skyward, until it dies at 1837

hours.

Although the buffaloes were tied, the methods of attack and killing
probably approximated those used on free-1anging animals quite
closely. Of nine untethered cows and buffalos examined after they
had been killed, all had lacerated throats, and two had also been
bitten in the nape. Two, and possibly three, seemed to have broken
necks. One large domestic bull, which survived after the attacking
tigress was driven off by villagers, had been bitten in the right hind-
leg, the left front leg, and the abdomen, as well as clawed on the
shoulders. The following methods of attack were used by the same
tlgresl,)s, which entered a cattle shed repeatedly at night in late
October.

October 16-17 Bit cow above the hock joint and clawed right side of neck
before being chased away by villagers.

October 18-19 Carried away one calf, disemboweling it 300 feet from
shed and taking the rest of the carcass with her.

October 20-21 Clawed hindleg of a calf, bit 1t in the back of the neck,
but was disturbed by villagers before bemng able to kll it.

October 25-26 Bit a cow in the back of the neck, bit a calf through the
back of the neck, killing 1t, but was chased away by the
villagers The following morning, at 1030 hours, when the
cattle were being driven out to feed, the tigress killed an-
other calf with a bite through the nape and clawed both
of its shoulders.

The four examples illustrate not only that several different techniques
are used by the tiger in killing large mammals but also that di-
verse methods are employed %y the same tiger in dispatching
its prey under very similar conditions. In general, the killing con-
sists of two steps, which, however, may be combined on occasion:
(1) the attack, during which the animal is thrown off its feet, and
(2) the actual klling, usually by biting into the throat or the back
of the neck. During the mitial assault, the tiger attempts to approach
from the side or behind, avoidng the front where many hoofed ani-
mals carry weapons in the form of antlers or homns. The force of



THE TIGER 295

the contact may be sufficient to bowl the prey over, but if it is not,
the cat bites at the legs, ramp, back, ncck, or abdomen, depending
on the circumstances, while using its weight and the power of its
forelegs to cause the animal to topple. If the prey attempts to escape,
the tiger uses its hooked claws and teeth to grasp and bite at any
convenient part of the body, often the legs and rump. The hindlegs
of the tiger lend to remain on the ground dunng the attack while
the forelegs and jaws do the lacerating; no tiger was seen to make a
flying leap at its prey, although the cats are able to jump as far as
twenty feet (Brander, 1923; Bazé, 1957).

Many authors (Fenton, 1905; Brander, 1923, Corbett, 1957; Bazé,
1957; K. Singh, 1959) maintained that tigers commonly hamstring
large prey like cattle and gaur, an action which is said to facilitate
the killing. I saw no evidence of hamstringing or definite attempts
to do so. Although tigers frequently bit a buffalo in the hindleg, n
apparent attempts to pull it off its feet or to prevent its escape, the
wounds never incapacitated the animal, and it retained the full use
of its leg. In fact, it is possible that many of the so-called hamstrung
animals reported in the literature did not have severed tendons in
their hindlegs but merely wounds incurred when the tiger attacked
them in the manner that has already been described.

Adult tigers give the impression of being very cautious, attacking
only when the danger of being injured is minimal. Even domestic
buffalo can be dangerous opponents since they have been known
to charge tigers and drive them away (Baker, 1890, Allen, 1960),
in Madhya Pradesh, for example, a herd of buffalo is sometimes used
to drive a wounded tiger from dense cover (Butt, 1963). The re-
sponse of a tigress to a gaur at Kanha illustrates this caution:

A tigress saw an adult gaur bull 200 feet away. She stopped, looked, ad-
vanced 30 feet, and watched alertly while the bull moved along slowly. She
then walked 70 feet at an angle toward the bull, which had not yet sensed
her, but she suddenly retreated; she lowered herself into a semicrouch as if
beginning to stalk, stepped several feet in one direction, then in another,

seemingly undecided about her course of action. Findlly she left, heading
away from the gaur.

_ After the prey has been thrown off its feet, the tiger characteris-
t10a}1y lunges for and grasps the throat, if it has not done so earlier
during the attack, the throat being the most vulnerable part of a large
animal’s body. The hold is retained until the prey dies and usually
for.sev_eral minutes afterward. Death appeared to be due to strangu-
lation in most of the instances observed. The throat hold confers the
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following additional advantages on a tiger: (1) horns and antlers can-
not be used effectively by the prey; (2) the thrashing hooves cannot
reach the tiger as long as it remains near the head; and (3) by
holding the neck of the prey to the ground, the cat can with rela-
tive ease prevent it from righting itself and gaining its feet, an im-
portant advantage when handling a gaur, which may weigh seven
times as much as the tiger.

Adult cattle, buffalo, and gaur are apparently only rarely killed
by a bite through the back of the neck, probably because of the thick
bones, the long spmal processes on the cervical vertebrae, and the
heavy padding of muscle. Out of a total of 22 large cattle and buf-
falo checked during or after an attack, none were killed by a bite
through the back of the neck. Other prey, however, such as bara-
singha, chital, pigs, gaur calves, and cattle calves may be success-
fully attacked in this fashion Cats, in general, tend to kill by biting
their victims through the nape, as described in great detail by
Leyhausen (1960, 1965¢), and the throat hold as used by the tiger
may be a special adaptation for dealing with large prey.

The fact that animals killed by tigers sometimes have broken
necks has been noted repeatedly in the literature. In the two in-
stances quoted above (Anderson, 1954; Brander, 1923), the neck
appears to have been broken accidentally as the animal fell awk-
wardly under the impetus of the attack. One buffalo at Kanha pitched
forward and apparently dislocated its neck when the male cub
vaulted onto its back. However, the broken neck is probably not
accidental in all instances, as my one observation in which a tigress
twisted the throat backward until the vertebrae snapped suggests.

Occasionally a tiger kills several animals during a prolonged at-
tack “Silver Hackle” (1929) reported that six chital were struck
down by one or two tigers. Sanderson (1912) several times noted
four to five, and once fourteen, cattle on the ground after an attack,
and one tiger is said to have killed eight cattle at mid-day (Morris,
1946). Forsyth (1889) attributed such behavior to the exuberance
of young tigers. It seems hkely that in some cases the tiger merely
bites and claws at any animal in its vicinity while attempting to
catch one in the confusion of a milling herd, as described by
Strachan (1933): “A tiger once rushed right through a herd, claw-
ing and biting right and left, but without succeeding in pulling
down any beast that had been allowed to feed too near its haunts.
Despite the shouts of the man in charge at the time, five were badly
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mijured, three of them eventually dying. . ..” Some livestock is
perhaps killed simply because of the ease with which it can be
stalked and attacked. Locke (1954) reported a tiger which killed
twenty-three cattle over a period of seven weeks without eating
them.

BeHAVIOR AT THE KILL

After the prey has been killed, the tiger usually drags or carries it to
a secluded place, preferably into a thicket near water. Since much
of the prey at Kanha was attacked along ravines with cover readily
available, most animals were not taken far from the kill site. Car-
casses were rarely moved more than 600 feet before the tiger com-
menced 1ts meal, but on one occasion a tigress dragged a chital for
1,800 feet before eating, the longest distance noted. A tiger is ex-
ceedingly strong, and large kills, such as a 400-500 pound buffalo,
which three men find difficult to move, are readily pulled for sev-
eral hundred feet by the cat. One tiger jumped 15 feet up the bank
of a stream while carrying a 150 pound carcass (Smythies, 1942),
and another tiger carried a 400 pound bullock for 900 feet (Sander-
son, 1912). The cat usually grasps the prey by the neck and drags
the carcass between its forelegs or along the side of its body. Ander-
son (1961) reported that a tiger carried a domestic bull “slung
across his back with one hoof trailing along the wet ground. . . .”
Small pieces of meat are lifted off the ground and carried in the
mouth. One tigress carried the 142 pound forequarters of a cow
600 feet along a stream bed and 100 feet up into a mass of boulders
without leaving a drag mark.

The tiger begins to feed, regardless of the time of day, as soon as
it has moved the carcass to a suitable locality. On three occasions
a tigress first ate for several minutes on her fresh kill and then de-
parted to fetch her cubs. When the kill was a domestic cow or buf-
falo, the tiger began to eat at the rump in all of the instances ob-
served, although 1t sometimes started at the neck if another tiger
had already occupied the preferred place at the hindquarters. One
tigress began to eat the head of a pig rather than the rump. The
tiger’s carnassial teeth are highly efficient cutting tools, parting the
skin of its victim like scissors; with a combination of cutting, pulling,
and tearing, the cat rapidly bolts down the meat, skin, and viscera.
A feeding tiger exther lies, crouches, stands (Plate 26), sits, or rests
on its elbows with the rump elevated. The forepaws are little used
when eating large prey, although small pieces of meat may be held
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down with a paw while the cat tears at them. Bones are sometimes
gnawed on while propped between the pads of the forepaws.

A tiger eats steadily but rarely for more than one hour before
stopping and resting awhile. The longest unmnterrupted feeding
periods lasted 70, 75, 95, 110, and 145 minutes, respectively, the
last instance being that of a tigress which ate, then departed, leav-
mng her large cubs at the kill. After a few minutes to several hours of
resting, wandering around, drinking, grooming, and other activities,
the tiger returns to the kill and eats some more. The number of
major feeding periods, not including brief snacks, of one tigress
between the time of killing in the evening and the beginning of
the daytime rest period was 1, 8, 3, 4, and 5, respectively; a male
cub once ate in one uninterrupted session when the meat supply
was hmited (a pig) and once in two sessions (Fig. 15). A tiger visit-
ing a kill made by another tiger appears to eat less often than the
owner, as shown in Figure 15; for example, m the instances where
both female H and the male fed on the kills of female G. The total
time spent in actual feeding in the course of a night vaned. One
tigress (female G) ate for a total of 70, 130, 145, 181, and 191 min-
utes, respectively, not mcluding cursory gnawing on bone scraps,
another tigress (female H) ate for 55 and 90 minutes on the two
occasions observed; the male tiger once ate for 35 minutes; and the
male cub once ate for 110 mmutes and another time for 135 min-
utes. Thus a tiger seems to require about 1% to 2% hours of feeding
to become satiated.

A hungry tiger can consume a prodigious amount of food, reacily
eating the hindquarters of a cow weighing 350—400 pounds during
the first night, much of the forequarters during the second night,
and the remaining meat during the third and fourth nights. Locke
(1954) estimated that a tiger can eat 40 pounds of meat in one
meal, Brehm (1918) placed the figure at 66 pounds, Sanderson
(1912) at 70 pounds, and Ognev (1962) at 66 to 110 pounds. It
was difficult to determine the exact weight of the food consumed
by one tiger at Kanha because several animals usually shared a
lall. Two tigresses ate 89 pounds from a cow in one night, a tigress
with four small cubs devoured 85 pounds from a gaur calf; and a
tigress with one small cub ate 40 pounds from a chital. In each of
these instances all edible parts of the carcass were eaten, and the
tigers could presumably have taken more. When the male tiger
killed a barasmgha estimated to have weighed 250 pounds, he re-
quired three nights to eat the animal, consuming approximately 160



THE TIGER 299

to 175 pounds of meat, or 53 to 58 pounds per day. Only 53 pounds
of bones and 65 pounds of rumen contents remained of a buffalo
weighing about 320 pounds after two tigresses and four one-year-old
cubs ate one night, mdicating that about 200 pounds, or 33 pounds
per animal, had been devoured. These four cubs ingested about
150 pounds (37 pounds per cub) of a cow the first night and 70
pounds (17.5 pounds per cub) the second night (the kill was
weighed after the first night), they gnawed only on bones the third
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night, failing to eat 72 pounds of rumen contents and 46 pounds of
bones. During the mght of March 27-28, 1965, the tigress and her
four cubs ate two buffalo, each weighing about 300 pounds, leaving
only scraps of meat and lude as well as the bones and contents
of the intestinal tract. At least 50 pounds per animal were eaten.
Between November 14 and 19, 1964, two tigresses and four cubs de-
voured three buffalo, each tiger averaging about 25 pounds of meat
per day, between March 13 and 30, 1965, the tigress and four cubs
ate numerous baits, averaging 22 pounds of meat per day. These
figures indicate that an adult tiger can readily consume 40 to 60
pounds of meat during a night, and probably more in the case of a
large male. The amount of food eaten may total as much as one-
fifth of the tiger’s body weight.

The tiger usually eats up its prey so completely that almost nothing
remains for the scavengers. The skin, except on the head and lower
part of the legs, 1s ingested together with the meat. The viscera
are also devoured, although Locke (1954) mamtained that they are
never eaten i Malaya. Occasionally a tiger disembowled a carcass,
leaving the digestive tract uneaten near the kill site, but in most in-
stances the stomach and intestines, although not their vegetal con-
tents, were consumed Bones are also swallowed, particularly the soft
ones of young animals. The only remnants of a full-term barasingha
fetus were several slivers of long bones and one hoof. The remains
of a chital fawn, three months old, were a piece of cranium, three
pieces of long bone, one metatarsus, and four bone splinters.
The hard, large bones of adult animals are not eaten, although rela-
tively thin parts such as the edge of the scapula, the ends of the
ribs, the tip of the sternum, and the nasal bones are commonly bitten
off. The horny covering of the hooves is also swallowed.

Instances of the tiger's daily schedule of activity at the kill have
been given in the section on female-young behavior. Most feeding
takes place at night, but brief snacks may be had at any time of the
day. For example, tigers returned to their kill for a full session
of feeding at 1825, 1828, 1915, 1930, 2015, and 2025 hours, respec-
tively, at or soon after darkness, and then spent the night in alter-
nately eating and resting (Fig. 15). With the approach of morning,
the cat usually tries to drag the carcass into cover. The remains of
free-ranging prey are frequently carried to another site, sometimes
a considerable distance away. As a result, the bones from the hind-
quarters of a kill may be in one place and those of the forequarters
in another. For instance, one tigress killed a cow in a ravine; after
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draggmng the carcass three hundred feet, she ate the hindquarters,
Jeaving the rumen contents and the bones of the hindlegs and
pelvis at the feeding site. The rest of the cow was dragged a half
mile over two ridges to the banks of another ravine and concealed
there beneath some grass. The tigress reclined partially submerged
in a pool two hundred feet away.

Jungle cows and white-backed vultures rapidly strip the meat
from any unattended carcass. Since the tiger usually rests near the
kill, 1ts presence keeps all but a few crows from descending. If the
scavenging birds attempt to feed, the tiger may rush at them to chase
them away. One tigress killed a domestic bull and left him in a
ravine. When a number of vultures began to feed, the cat stalked to
within a hundred feet of them, according to De, who witnessed the
event, and with a coughing roar rushed forward. She grabbed an
airborne vulture by the neck with her forepaws, dropped it, and
then swatted 1t once, leaving it dead. Half an hour later she attacked
the vultures once more, killing one with a sweep of the paw.
Strachan (1933) observed similar behavior.

Tigers frequently hide their kill or cover it with debris, especially
if they leave its vicinity. The remains of one cow were wedged
among some boulders, and those of another cow were almost com-
pletely hidden in a narrow erosion gulley overgrown with grass.
The tiger may also cover the carcass with leaves, grass, and other
material, as noted by Brander (1923) and Powell (1957). When
attempting to cover the kill, the tiger faces away from it and
scratches vegetation and earth over it with backward strokes of a
forepaw (Plate 27). Pocock (1939) and Brander (1923) reported
that tigers bite off grass and cover the kil with it. Only one instance
of this was noted at Kanha— the forequarters of one buffalo were
quite well concealed by grass that apparently had been bitten off.
'{‘51:6 1))uma also hides its kills beneath leaves (Young and Goldman,

The tiger is relatively inactive during the daylight hours, usually
resting on its side, belly, or back in a shady spot or even partially
submerged in a pool when it is hot. The animal is often quite rest-
less until mid-morning as it meanders around the kill with seeming
aimlessness. Occasionally it may lick its chest and forepaws, yawn,
rise and stretch by extending its hindlegs and arching its tail, and
then recline and roll over; several minutes later it may inspect the
kill, tentatively picking up and dropping a bone, and finally rest
once more (Plate 28). After being quite torpid during the hot
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noon hows, the animal becomes active again toward dusk, often

omng to a water hole to drnk at that time. One tigress went to the
banks of a stream at 1710 hours and drank steadily for 132 seconds
m a crouched position.

When the last edible scraps of a kill have been devoured, the
tiger usually leaves the site and either begins to hunt again or rests
in another locality. On one occasion a large cub revisited a kill site
two days after its family had abandoned the remams. Small-sized
prey, such as chital, may be eaten up and remnants left behind
in one might, but a laige prey, like a gaur, may last for five or more
days.

’)l:he bones of an abandoned kill are sometimes concentrated in a
relatively small area, but at other times they are scattered over sev-
eral hundred feet of terram, as illustrated in Figures 16 and 17,
both of which are based on kills of barasingha hinds that were eaten
up in one mght by the same tigress and four cubs.

Response to Man

The tiger’s reputation for savagery appears to be largely based on
its potential to do harm and on the fact that under certain circum-
stances, such as when shot and only wounded, it may attack and
kill the careless hunter. The fear inspired by the few individuals
which turn to man-eating has also contributed to the belief that tigers
attack without provocation. Exaggerated accounts by hunters have
added to the widespread misconception about the cat’s response to
man Shakespear (1860), for example, wrote: “You will on no ac-
count whatever move in a jungle infested with tigers without your
rifle in your hand and both barrels at full-cock.” And one hundred
years later Scott (1960) related his experience with a distant tiger

We were in a lost position, almost a hundred yards from the tree and the
safety of the machan, In a few quick bounds the tiger could be among us,
sweeping his great paws. It would have to be one shot, and it would have
to kill him —dead. Or else we would be. Now, suddenly the three of us
had nifles at our shoulders, It was a long shot, at least three hundred yards.
I had no scope on the 458, and all I could see clearly was his great head.

Now we knew how death 1n the jungle arrived, silently deadly, with-
out warning. We had been coldly close to it in those few minutes.

On the other hand, persons familiar with tigers all agree that the
animals are generally so shy and avoid man so assidiously that they
are rarely seen (Champion, 1933; Allen, 1960). A person “is safe



THE TIGER 303

anywhere with a walking stick” (Fletcher, 1911). Forsyth (1889),
who hunted tigers in Madhya Pradesh when they were still abun-
dant, expressed himself well on this point-

At the outset of one’s experience in forest life 1t 15 impossible to avoid
the belief that the tiger of story is about to show himself at every step one
takes n the jungle, and it 1s not till every effort to meet with him has been
used 1n vain that one reahzes how very httle danger from tigers attends a
mere rambler in the jungles. Durmg ten years of pretty constant roaming
about on foot in the most tigerish localities of the Central Provinces, I have
only once come across a tiger when I was not out shooting, and only twice
more when I was not actually searchung for tigers to shoot. In truth, ex-
cepting in the very haunts of a known man-eater, there 1s no danger what-
ever in traversing any part of the jungles of this, or I beheve any other part
of India.

In Kanha Park, where tigers are not shot from cars, their usual
response to a slowly approaching vehicle is either to walk or trot
away or to crouch m an apparent attempt to hide. One tigress, for
example, crouched for ten minutes in the grass, watching the car
300 feet away, before rising and walking off into some dense under-

rowth. On another occasion a tigress saw the car 150 feet away
at 0715 hours. She hid in the grass until 0743 hours, then sat up
and looked around briefly; she crouched again but, apparently
changing her mind, suddenly walked away. When the car followed
her slowly, she sought cover 80 feet from it and waited fifteen
minutes before reappearing and departing. On several occasions, the
tiger merely stepped into the high grass bordering the road and
pressed itself to the ground when the car drew near, and the ani-
mal’s tawny, black-striped coat blended so well into the surround-
mgs that it was invisible from a distance of fifteen feet. Even a thinly
leafed shrub or the low stubble of a burned meadow sometimes
broke the outline of the cat’s body sufficiently that a casual glance
failed to reveal it (Plate 30). Some tigresses, which were pre-
sumably in heat, seemed to ignore the car even when it approached
to within 40 feet of them

A person on foot rarely sees a tiger because the animal apparently
perceives him first and avoids an encounter by hiding or sneaking
away. If surprised by a silent approach, the tiger’s usual response is
to flee. One tigress bolted when I stepped aiound the bend of a
stream bed and found her resting in the sun 70 feet away. Another
tigress growled at me, her ears back and her face in a snarl, from
the bank of a ravine at a distance of 80 feet. She then trotted away



Fic 16.—Sketch map showing location of the bones of a barasingha hind after
a tigress with four cubs killed and ate her dunng the night o% June 28-29.
The deer was captured 1n a small ravine and eaten 1n the tall grass surrounding
1t, leaving the grass trampled down in spots (white areas). (1) kil site, (2)
rumen contents, (3) hindleg, (4) front leg, (5) hindleg, (6) scapula, (7)
skull, (8) four cervical vertebrae, (9) rib cage and some loose nbs, (10)
pelvis with some articulated lumbar and sacra% vertebrae, (11) several tho-
racic and lumbar vertebrae, (12) front leg, and (13) scapula. All leg bones
were articulated.
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and hid in a thicket nearby. The tiger’s disinclimation to attack a
person was further demonstrated on two occasions. One evening I
sat with my back to a rock at the top of a ndge, watching the re-
mains of a cow in the valley 200 feet below. When one fallen leaf
rustled, I cautiously raised myself and looked over the rock. A
tigress stood with craned neck 10 feet away; but she merely turned
and departed at a fast walk. Another time I silently approached a
large, slanting boulder in 2 bamboo grove without noting the large
female tiger cub, fourteen months old, asleep on it. When the
tiger looked over the edge of the rock, our faces were 3 to 4 feet
apart. It emitted a growling roar, and I leaped aside, then backed
away hurriedly and quietly for 100 feet. It jumped off the rock and
bounded toward me apparently out of curiosity, and I ascended a
tree to a height of 15 feet and sat down. The tiger reclined 75 feet
away, watching. Ten minutes later, a large male cub arrived and
rested 60 feet away without sensing me. His mouth was partially
open, and the tip of the tongue moved in and out as he panted mn
the heat. After a few minutes I said in a conversational tone “Hello
there.” The male cub looked slowly around. When his eyes focused
on me, he growled once and fled. The female cub remained, how-
ever, and she was jomed by her two sisters, all of which then watched
me After half an hour in the tree, I shouted once at the tigers, and
they scampered off.

A tiger on a kill usually retreats silently or with a low growl or
snarl when a person is still 100 to 150 feet away, but sometimes it
does so with some hesitation and show of aggression. Once I in-
advertently surprised a tigress on a kill. She spotted me at 80 feet,
backed away snarling loudly, and then in a semicrouch ran 60
feet into a thicket, from where she watched me partially hidden
behind a screen of branches. On another occasion I followed the
drag mark of a cow kill for 800 feet through the forest to a patch of
tall grass where about 25 crows fed on the remains, usually an in-
dication that the tiger has departed. Feeling uneasy, I waited 60
feet from the kill. Three minutes later a tigress coughed once
withm 10 feet of the carcass, then departed with a growl.

The most vigorous response of a tiger to my presence was shown
by a female with one small cub. After following the drag mark of
her kall 1,000 feet over a ridge and through a dry stream bed, I sat
down on a boulder at the edge of a patch of tall grass surrounded
by bamboo, a site where I suspected the tiger to be. Within one
minute a Jow, continuous growling commenced in the grass. The
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tigress rose 120 feet away and pulled the corneis of her mouth back
in a snarl several times. Suddenly she bounded 50 feet toward me,
emittng two coughing roars. She then retreated 70 feet and for 20
minutes crouched, only part of her face showing, finally she de-
parted with her cub.

Except for an occasional glance or a snarl in response to a sudden
noise, the three resident adults and the five cubs tended to ignore
flashhights and various mechanical sounds in a blind near their kill
as long as it was dark. However, the amimals were obviously more
nervous durmg the day, approachimng the kill cautiously and retreat-
ing with little provocation. Blinds were used at six different localities
and varied in construction from permanent park structures of wood
and cement, to flmsy ones of grass and foliage, to movable ones
(that is, a car); yet the responses of the tigers were not noticeably
different. One tigress and four cubs grew so used to the presence
of persons around the kill after having been fed five head of live-
stock that they merely retreated about 100 feet in the grass wiile
I walked back and forth to the blhind, either alone or accompanied
by another person, and they readily attacked baits and fed from the
kill during the day. The tigress in particular became very bold and
in one instance returned to her kill and dragged it away as I stood
45 feet from it. These tigers had probably never been shot at or
otherwise harmed, a fact which undoubtedly accounted for the
readiness with which they adapted to man’s presence.

In general, my findings agree closely with those of Corbett (1957),
who wrote: “Tigers, except when wounded or when man-eaters, are
on the whole very good-tempered. . . . Occaswonally a tiger will
object to too close an approach to its cubs or to a kill that it 15 guard-
ing. The objection invariably takes the form of growhng, and if
this does not prove effective it is followed by short rushes accom-
panied by terrifying roars. If these wamings are disregarded, the
blame for any injury inflicted rests entirely with the mtruder”



CHAPTER 10

OTHER PREDATORS

A few notes on several rare to uncommon carnivores in the park are
included in this section. Observations on these species have not
been expanded with published information, since it is readily avail-
able m any of the standard woiks on Indian mammals.

Leopard

Theire weie no resident leopards in the study area. With the excep-
tion of prolonged observations on one animal in July, I saw them
there only four times, but tracks and kills indicated that the Kanha
meadow was visited by transients sporadically throughout the year.
A measure of the scarcity of the leopard around the Kanha meadow
was the fact that during the monsoon months from June to August,
when spoor can easily %)e seen in the soft earth, I found only five
fiesh sets of tracks whereas those of tigers were noted daiy. Ac-
cording to the local forest iangers, leopards are fairly common
around the numeious villages at the peniphery and outside the park,
where they prey extensively on livestock.

Two observations on the leopard illustrate certain aspects of be-
havior:

1) During the night of July 9-10, a leopard entered our shed
and carried off a Jamb weighing about 80 pounds, leaving a goat
untouched. In hopes of observing the behavior of the leopard at
a kill, I tied the goat to a tree the following evening about 35 feet
from the porch on which I slept. At 2355 hours I heard a choked
bleat and a thump. The beam of my flashlight revealed the goat on
its side and a medium-sized male leopard, weighmng an estimated
100 pounds, sitting in a hunched position with his canines clamped
into the animal’s throat. The goat kicked and arched 1ts body sporad-
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ically. The leopard crouched down on three occasions and with a
quick snap readjusted his grip, then sat up again. The goat died
after 5 minutes, but the leopard retained his hold for 5 additional
minutes. During the following 20 minutes he pulled at the body of
the goat, attempting to drag it away, but finally, he licked the
bloody throat twice and began to feed. Leopards characteristically
start to eat at the abdomen between the rib cage and pelvis (Baker,
1890; Butt, 1963; Inglis, 1892), differing in this respect from the
tiger, which usually begins at the rump. The leopard cut through
the body wall with his carnassial teeth, alternately biting and tear-
mg off pieces of muscle. After a sizable hole had been made, he
pulled out and devoured a piece of the liver. The stomach and in-
testines were dragged 5 feet from the carcass but not eaten. At 0100
hours the leopard lay down 25 feet from the kill and rested until
almost 0200 hours. Then, after feeding for 15 minutes, he disap-
peared until 0350 hours when he returned for another 10 minutes
of snacking. At 0400 hours he left, having devoured the testes,
kidneys, liver, one lung, all meat on the inside of the femurs and
pelvis, and also all skin and muscle between pelvis and rib cage. I
covered up the remains at dawn.,

The following evening, shortly after 1900 hours, the leopard re-
turned and attempted to drag the body away without success.
He left and did not return until 2400 hours. At that time he ate for
30 minutes, he then interrupted his meal for 10 minutes before feed-
ing a httle more, primarily on the hindlegs, rib cage, and heart. He
moved from sight at 1250 hours and remained away until 0420
hours. He was nervous after his return, growling several times, ap-
parently because a male tiger was on a barasingha kill about a quar-
ter mile away.

On the third night, the leopard arrived at 2140 hours and ate until
2210 hours with interruptions to circle briefly around the kill He
then rested nearby until about 0100, when he fed some more. From
the alarm calls of chutal, 1t appeared that he spent the rest of the
mght prowling around 1n the vicinity, although between 0440 hours
and 0505 he visited the kill twice more, He was obviously nervous,
as he growled and looked over his shoulder several times toward
the meadow. All meat, except the head and one foreleg, was now
devoured.

During the fourth night, 2 adult jackals with 2 full-grown young
came to the remains, but less than 10 minutes later, at 2030 hours,
one jackal emitted several loud piercing yips, and three of them
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fled. The leopard had crept up to a young male weighing 12 pounds,
grabbed it with his paws, three of his claws slicing through the
body wall on each side, and bitten it through the back of the head,
as a later autopsy showed. Ignoring the dead jackal, the leopard
ate for a few minutes on the goat and departed.

Initially the goat weighed 72 pounds, of which the leopard ate 39
pounds, or 54 percent of the total, the rest beng intestinal tract
(16 pounds), bones and head (16 pounds), and a few miscellane-

TABLE 53
AxmoUuNT oF TiME SPENT IN EATING AND TOTAL NUMBER

or Pounps CONSUMED BY A LEOPARD DURING FoURr
Consecutive NIGHTS, JULy 9-13, 1964, AT A GoaT KiLp

1 60 17.0
2 40 9.5
3 65 105
4 20 20

Total 185+ 310

ous scraps. The amount consumed each night and the time spent
at the kill are summarized in Table 53.

2) On May 14, at 0840 hours, I followed a herd of about 15
foraging chital through a fairly dense patch of forest. The animals
were 120 feet ahead of me when 3 of them suddenly bolted off to
one side and the others rushed ahead. No alarm calls were given,
but one emitted a drawn-out, high-pitched bleat. I waited one min-
ute, then advanced cautiously. A leopard left its kill—a chital
fawn weighing 56 pounds. The cat had apparently crouched by a
log and pounced on the fawn, biting it through the back of the
neck, one canine severing a jugular vein. The leopard failed to re-
turn to its kill during the daylight hours, and that night a tigress
appropriated the carcass.

Chital and langur monkeys appeared to be the main prey species
of the leopard in the study area. De discovered the site where a
leopard had dragged a partially eaten adult chital 100 feet to a tree
and then hauled the remains up into the branches 25 feet above
ground. Direct evidence for predation on langurs was difficult to find,
because almost the whole animal was eaten. Once I came across
the stomach of a freshly killed langur, the cat apparently having
removed the rest of the carcass to another site; on another occasion
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all that remained of a langur was the stomach, some hair, and part
of the cranium. Twenty-two leopard droppings collected in the study
area contained the following prey items, expressed as percent of
occurrence: chital, 59 percent, langur, 27 percent; porcupine, 9 per-
cent, sambar, 9 percent; and barasingha, 4.5 percent. The proglot-
tids of a tapeworm (Taenia pisiformis, [Bloch, 1780]) were found
n one dropping. Three droppings were checked for ova of para-
sites, and Diphyllobothrium sp. was noted in one, Taenia sp. in an-
other, and Paragonimus, sp. in all three.

Man is eaten occasionally, but on the whole does not contribute
significantly to the leopard’s diet. Three persons were killed in 1961
by leopards, one at Sonph in the park, and two at Khatiya bordering
the park. No further deaths were reported from the area until Au-
gust 2, 1964, when a leopard entered a hut at Khatiya at night and
carried off a child. During the night of August 4-5 presumably the
same leopard attacked a sleeping boy in a house at Sonph, over
five miles from Khatiya, lacerating his scalp and pulling one eye
from the socket. Chased off, the cat apparently returned to Khatiya,
for a man was killed there during the night of August 5-6. In Jan-
uary, 1965, a man was killed at Bhilwani at the periphery of the park,
and in late February another child was taken in Khatiya. During
the night of March 10-11, a man sleeping in the doorway of his
hut in Kisli was severely mauled in the face. A week later a leopard
killed a cow in the same village; a visiting hunter waited by the
carcass and shot the cat at 2030 hours on March 19, when it returned
to its kill. It was a male, 6 feet 9 inches long and weighed 97 pounds.
Twenty-eight ticks, Haemaphysalis leachii, were found in his pel-
age. His right lower canine was missing, his mandible showed evi-
dence of having been infected, and there was a small hole in his
frontal bone, which, together with several bare spots on his skin,
indicated that he had once received a shotgun charge in his face,
This animal was presumed responsible for the attacks in the area
during the preceding eight months. On August 27, 1965, however,
another leopard mauled a man at Khatiya and was killed with
axes by the villagers.

Jungle Cat

Jungle cats, which are the size of house cats, are potential predators
on chital fawns Although fairly common in the park, they were in-
frequently seen except during the cool season, when they con-
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gregated on the meadow apparently while mating. All of the 27
droppings collected contained the hair and bones of rats and mice
and m two instances also the remains of a lizard.

Sloth Bear

The sloth bear is a medium-sized bear, weighing about 200 pounds,
with a long, shaggy, black coat and a white crescent of hair on
the chest The animal was uncommon in the park, and I encoun-
tered solitary individuals on only seven occasions. Remaining
in the hills for most of the year, the bears came down into the val-
leys primarily during the hot season when several kinds of fruit
ripened there. They were almost wholly nocturnal, and the usual
sign of their presence in the area was a crater in the road bed some
thirty inches deep that had been excavated by a bear to expose and
eat the subterranean termites.

A total of 92 droppings were collected during the year, except
from August to October, when there was no sign of the bears around
the Kanha meadow. Thirty-six (38 percent) of the droppings con-
sisted wholly of the exoskeletons of termites and some ants together
with a great deal of earth The other droppings were composed of
fruit remnants such as seeds and peelings, the kinds varying
with the seasons. Figs (Ficus) were important as a food from March
to May, with 16 percent of the droppings containing seeds of this
fruit, and Cordia myxa was noted in 26 percent of the droppings,
mostly during May and June. Other fruits in season included
Zizyphus jujuba in December and January, wild mango in May
and June, Syzygium cumini in June and July, and dried seeds of
Cassia fistula in April, July, and December. Although fruit is an
important part of the bear’s diet from April to June, termites are its
staple food for much of the year. Champion (1933) and Sanderson
(1912) noted that sloth bears may scavenge on tiger and other kills,
but no evidence for this was found at Kanha.

Striped Hyena

There were no resident hyenas in the study area, and I found only
three sets of their tracks on the Kanha meadow during the year. A
few hyenas frequented the vicinity of the villages at the periphery
of the paik, where for fifty minutes I observed one feeding on a
cow killed by a tiger.
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Wild Dog

Wild dogs were once so common in Kanha Park that in 1947 the
forest department placed a bounty on them because they were sus-
pected of killing too many deer. Khajuria (1963), Gee (1964), and
others described encounters with this species in the park. For un-
explained reasons, however, the wild dog population had declined
drastically before the beginning of my study, and I neither saw the
animals nor found any sign of their presence. About eight dogs pur-
sued a chital fawn into Kisli village on August 28, the only definite
record for the park during 1964.

Bengal Fox

A fox chased a chital doe in the park according to Gee (1964). Only
one fox was seen in the area during the study.

Jackal

The two pairs of jackals that inhabited the Kanha meadow rarely left
the vicinity of the village to venture into the forest. One female gave
birth in about February and raised four pups, the second female had
young in April or May and also reared four young. One pup was killed
by a leopard and another by village dog The adult jackals were
usually seen singly or in pairs, sometimes accompanied by their
young, as they trotted along the meadow roads.

Jackal feces were collected and analyzed throughout the year. Of
138 droppings examined, two-thirds contained the hair and bones
of rats and mice (Table 54). Expressed as percent of volume eaten,
the contribution of rodents to the jackal’s diet was perhaps as much
as 80 percent. No attempt was made to identify the rodent remains,
but the following species are found in the park: Rattus blanfordi
(Thomas), Rattus rattus narbadai (Hinton), Rattus rattus rufescens
(Gray), Golunda ellioti ellioti (]. Gray), Mus booduga booduga (J.
Gray), Mus musculus homoorus (Hodgson), and Vandelenria ol-
eracea oleracea (Bennett). Jackals caught hares occasionally, al-
though they were uncommon in 1964. There are other small mam-
mals in the area, such as musk shrew, palm squirrel, mouse deer,
and Madras tree shrew, but these species were not found in the drop-
pings. Qur domestic chickens were favorite prey of the jackals, and
they also appear to catch such wild birds as jungle bush quail Min-
now-like fish are common in the creeks, and these were either caught
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or scavenged, as indicated by scales in the droppings, but the total
amount of food from this source was small. The remains of reptiles,
most frequently lizards, were surprisingly prevalent in the feces. The
most common lizards at Kanha are Calotes versicolor, Mabuya dis-
similis, Mabuya macularia, Mabuya carinata, Lygosoma maculatum,
and Riopa albopunctata. One dropping contained a small piece of
unidentified snake, perhaps Natrix stolata or Elaphe helena.

One jackal was observed as it chased a chital fawn, and a free-
ranging domestic lamb was discovered that had been severely lacer-

TABLE 54

FREQUENCY OF OCCURRENCE OF Foop ITEMS 1N 138 JACKAL FECES
FROM THE KANHA MEADOW

Type of Food Number of Occurrence Percent of Occurrence
Rat and mouse 94 68.1
Reptile 16 116
Bird 13 9.4
Fish 11 80
Hare 3 22
Chatal 3 22
Domestic cattle 2 1.4
Insect (grasshopper, ant) 2 14
Langur 1 9
Zigyphus frait 24 17 4
Garbage (rice, maize, etc.) 9 65
Grass and grass seeds 4 29
Unidentified seeds 1 9

ated by the animals. However, the remams of ungulates, both do-
mestic and wild, were present in only about 4 percent of the feces,
a figure which probably represents scavenged food rather than prey
killed by the jackals themselves. Jackals ate from tiger kills less fre-
quently than anticipated. During March, 1965, for example, when
a total of eleven head of livestock were fed to tigers at the same lo-
cality over a period of two weeks, no jackal was seen to visit the
carcasses. On one occasion five jackals spotted a number of crows
low in the bushes 150 feet away, an obvious sign that a fresh kill
was nearby. The jackals milled around briefly, then left the area. At
Kanha, where tigers usually rest in the vicinity of their kill, the jackals
may have learned to avoid such potentially dangerous sites. Strachan
(1938) reported that a tiger killed a jackal at a carcass, and I saw a
tigress chase one. Jackals approached a kill closely on five occa-

sions, but they were so nervous that twice they ate nothing be-
fore fleeing,
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One jackal, killed by a leopard while it was scavenging on a
goat, had some goat meat, maize kernels, and the fruit of Syzygium
cumini in its stomach.

Vegetable matter in substantial amounts was found m over 25
percent of the feces, principally Zizyphus fruit and village garbage
(Table 54).

Python

A few Python molurus are said to occur in the park, but I failed to
see any. Corbett (1957) encountered pythons which had swallowed
chital and barking deer.



CHAPTER 11

THE EFFECT OF PREDATION
ONTHEPREYPOPULATIONS

IN KANHA PARK

Although several kinds of predators occur in Kanha Park, the tiger
is the only one which exerts a considerable influence on the popula-
tions of hoofed amimals But to what extent does the tiger prey not
only on the various species but also on the age and sex classes
within those species® How often does the tiger kill? What is the
size of its daily food intake? What is the total effect of predation
on the populations of prey? In short, what is the interrelationship
of the tiger and its prey in Kanha Park? Although answers to these
and other questions cannot be given after a study of only one year,
even tentative conclusions are valuable as a basis for further work
and as a means of placing the local predator-prey relations into
perspective. Such information is particularly needed for Kanha Park,
where in recent years the government has shown its concern over
the apparent increase of tigers and the concomitant decrease m
the number of deer. A direct cause and effect has been assumed by
some members of the forest department. Added to this are the
complamts of some local inhabitants who for economic and other
reasons resent the depredation by tigers of their herds of livestock.
As a result a reduction in the number of tigers has been contem-
plated. Kanha Park is one of the few legally protected areas in
India that harbors a fair number of both tigers and wild hoofed ani-
mals, and m view of the virtual extirpation of the wildhfe over much
of the sub-continent, the park is assuming increasing importance as
an area large enough and remote enough to assure the perpetuation
of a sample of the country’s fauna. The problem, then, is to deter-
mme how many tigers the park can adequately support.
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Predation is frequently said to be selective. Errington (1946), for
instance, stated that “the large-sized wild ungulates suffer from sub-
human predation chiefly when immature, aged, crippled, starved,
sick, or isolated from their fellows.” Studies on wolves in North
America have tended to support this contention, although the re-
sults have by no means been consistent. Murie (1944) found that
wolves in Mount McKinley National Park, Alaska, preyed mainly on
the young, old, and diseased Dall sheep. “Because of the limited
survival of lambs during some winters, it appears that the predation
on lambs is the most important limiting factor in stabilizing sheep
numbers. Furthermore, it was found that the sheep preyed upon,
other than lambs, were generally old or diseased and therefore al-
ready doomed to an early death.” In a study of wolves preying on
moose on Isle Royale, Allen and Mech (1963) noted that 20 of 68
winter kills involved animals less than one year old and that all others,
with one exception, were over six years old. Furthermore, 45 per-
cent of the moose killed as adults had one or more disabilities,
such as a bone infection or heavy parasitism. Similarly, Olson (1938)
found that the majority of deer and moose killed by wolves in Min-
nesota were old and diseased, and Crisler (1956) observed that
wolves in Alaska found it difficult to catch healthy adult caribou
Borg (1962) noted that of 156 roe deer killed in Sweden by such
predators as dog and lynx, 54.5 percent were diseased. On the other
hand, Stenlund (1955), working on wolf predation in Minnesota,
stated that, of the adult deer killed, “only two, or 7 percent, were
considered old, all others were in the prime of life.” Burkholder
(1959) examined 14 adult caribou killed by wolves in Alaska, and
all appeared to be in prime condition; of 7 moose kills, one was a
yearling and the others were calves.

The wolves’ method of hunting, as described by Murie (1944),
Crisler (1956), Burkholder (1959), and others, consists largely of
running the prey down, a technique contrasting sharply with the
stalking and rushing practiced by most cats. Very little quantitative
information on pregation by the big cats has been published. Hib-
ben (1987) examined eleven deer killed by puma and found all of
them crippled, diseased, or otherwise in poor condition. Wnght

(1960) collected the remains of one hundred fifty lion kills in Kenya
and Tanzania:

The main food supply of the lion in the region studied was wildebeeste,
zebra, and Thomson’s gazelle. These three made up 74 percent of all lion
kills. Adult wildebeeste in the prime of life and in old age were the age
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classes taken, and most of them were in good condition. This was different
in the zebra, where immatures and old animals were the age classes found
in the kil sample Thomson’s gazelles were mamnly adult animals, with a
distinct preponderance of males. The age classes of all prey killed by hons
showed that immature and young prime animals were to prime and past
prime animals as 24:76.

In order to determine whether tiger predation is selective or
whether it affects all animals equally, the kalls of hoofed animals
were aged by means of the eruption and wear of the premolar and

TABLE 55

AcE Crasses or WiLp Uncurares KILLED BY PREDATORS AT KANHA PAREK,
BASED ON THL ERUPTION AND WEAR OF THC PREMOLAR AND MOLAR TELTH
IN THE LOWELR Jaw

Age Class Characteristics

I. Milk premolars erupting to fully erupted First molar partially to
almost wholly erupted Second molar sometimes starting to erupt
through gum

11 Tirst molar fully erupted Second molar erupting to almost wholly
erupted Third molar sometimes barely wvisible to partially
erupted

111 Milk premolars replaced by permanent premolars toward latter part

of age class First and second molars fully erupted and third
molar erupting to erupted except for the posterior cusp

v All permanent teeth fully grown Lingual crest of molars sharp,
wear on posterior cusp of third molar shght
\Y Lingual crest of first molar blunt and dentine of crest as wide as or

wider than the bordering enamel Posterior cusp of third molar
concave on the occlusal surface

Vi Wear moderate to heavy on second and third premolars Lingual
crests worn down on first molar and partly off second molar
Dentine of lingual crest of all molars broader than the enamel

VII Wear heavy on second and third premolars Infundibulum on first
molar fine line or chevron or barely worn away
VIIX Infundibulum worn away on first molar and heavily worn on second

molar. The first molar sometimes worn toward the gum line on
the buccal side.

IX Infundibulum absent from all molars except for occasional remnant
on third molar Molars often worn close to or down to gum line
on the buccal side

molar teeth in the lower jaw. In the absence of animals of known
age, nine different classes based on relative age were established
(Table 55). The criteria used in distinguishing the nine classes are
based on the work of Dahlberg and Guettinger (1956), Robinette
et al. (1957), and Thompson (1958) on Odocoileus deer. These
arbitrary age classes can be used to compare the percentage of ani-
mals kalled in each class within a species but not necessarily be-
tween species, for the time of tooth eruption varies, for example,
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between chital and gaur, and the rate of tooth wear may well be
affected by the food habits. A major bias in usmg kills as a means of
determining the extent of predation is that the remains of young ani-
mals, particularly those in age class I, are rarely found, since they are
usually almost wholly eaten.

The pattern of tooth eruption in the chital appears to correspond
more closely to the mule deer than to the white-tailed deer, as sum-
marized by Mosby (1963 ). For example, in one spike buck in velvet,
estimated to be 15 months old, the second molar was half erupted
but the third molar was not yet visible; in another spike buck,
judged to be 17 months old, the third molar was just erupting. This
suggests that the chital in class I are less than 10 months old, in class
11 a%out 10 to 18 months old, and in class III about 18 to 26 months
old. Thus, class I comprises fawns, and classes II and III mostly
yearhngs. The majority of animals in class IV are young adults
around 2% years old. Classes V, VI, and VII are prime adults; class
VIII consists of animals perhaps somewhat past their prime, and
class IX, aged deer. The high turnover in the population suggests
that few chital live longer than 10 years in the wild, although cap-
tives have been known to survive for 20 to 22 years (Crandall,
1964; Simon, 19435).

Chital fawns are poorly represented among the kills (Table 56),
but it was estimated that about 48 percent of them fall prey during
the first year of life (see Chital, Population Dynamics, p 40). Mor-
tality 15, therefore, greater in class I than at any other age. Yearling
bucks comprise about 35 percent of the yearling and adult buck
population (see Table 19), and the percent of yearling does is
probably of similar magnitude. Of 94 yearling and adult kills found,
only about 19 percent were yearlings { classes II and III), or slightly
more than half as many as the expected 35 percent. Classes IV to
VI, the young and prime adults, comprise 54 percent of the 94
yearling and adult kills found, with a marked peak (22 percent) in
the last class; and 27 percent of the kills fall into the two oldest
classes. The data indicate that chital of every age are taken by tigers
and other predators, including prime animals not suffering from dis-
ease, starvation, or other disabilities, but that predation is heaviest
on the fawns and probably lowest on yearlings and adults in the
younger classes. Of the 10 kills Negi and I found in Corbett Park,
2 belonged to class II, 8 to class VI, 2 to class VII, and one each to
classes 111, V, and VIIL.

The pattern of tooth eruption in the barasingha and sambar ap-
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pears to be 1oughly similar to the one deseribed for the wapiti by
Quimby and Gaab (1957). One barasmgha spibe, edtimated to be
16 months old, had his second wolar half eropted, but the third
mola was not yet wisible (class 11); another yearhng, about 22 to
23 months old, had s second molu fully erupted and the third
molar barely erupted (class JIT) Classes TV to VIT comprise, as in
the chital, young to prime adults. Class VIT corresponds to an cight-
year-old wapiti pictured by Quimby and Gaab (1957), and class
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VIII to a nme-vear-old animal It is likely that the barasingha and
sambar have a longer average hfe span than the chital. Baraungha
have survived 23 years i captivity, and sambar 24 years (Crandall,
1961). Muric (1951) reported that a tagyued frecranging wapiti was
25 years old when shot by a hunter. Predation on the barasingha
appears to affect all classes equally (Table 36), with voung and
prime adults being taken as readilv’as the older animals, The small
size of the population and the poor annual merement of fawns prob-
ably caused by disease (see Barasingha, Population Dynamics, p
101) have undoubtedly affected these results. '

The sambar revealed a pattern of mortality similar to the one
shown by chital {Table 56). Mortahty was estimated to be about 30
percent in the fawn population {see Sambar, Population Dynamics,
p- 185), but kills of young were rarely found, half of the kills be-
longed to classes VII and VIIIL. '

In the domestic o\, the first molar 1 erupted by the age of 6
months; the average age of eruption of the sccond molar is 1 to 1%
years and of the third molar 2 to 2% years (Sisson 1930). Since the



THE EFFECT OF PREDATION ON THE PREY POPULATIONS 321

gaur probably show a roughly comparable development, class I com-
prises calves up to one year of age, and classes IT and III yearlings,
with a few adults up to an age of 2% years. Of 14 gaur kills found,
43 percent belonged to class I, most of these less than about 4 months
old, and the others were scattered fairly evenly among the remain-
mg classes (Table 56). Thus the gaur is similar to the three species
of deer in that a large percentage of young fall prey, but it differs
strikingly in that the adult members of the population are killed in-
frequently.

Of 10 wild pig jaws obtained, all were adults belonging to classes
IV to VIL

These data show that predation is not confined to the young, old,
sick, and surplus animals, but that prime ones are also reacily taken
However, the largest proportion of deaths occur among the young,
which can probably be traced in part to their inexperience in de-
tecting and avoiding predators. The extent of mortality among year-
lings and adults depends largely on the species, with, for example,
adult gaur being such formidable opponents that tigers attack them
infrequently; adult deer, on the other hand, are commonly
taken. Fewer adults in the younger age classes of chital and sambar
appear to fall prey than in the older classes (VII and VIII), but
whether this is actually the case or whether the statistic merely
reflects a different time interval between each of the relative age
classes could not be determined. It must also be emphasized that
even those animals that were classified on the basis of tooth wear
as somewhat aged (VII and VIII) were most likely in good physi-
cal condition at the time of death, fully able to reproduce, having
presumably reached only about half of their physiological life span
as determined by the longevity of the species in zoos. Only a few
animals in class IX showed such heavy wear on their molars that
they could be classified as very aged. No dental malformations,
necrosis, or other kinds of bone disease were noted at Kanha in con-
trast to their frequent occurrence in North American ungulates
(Murie, 1944; Murie, 1951).

Selection operates on somewhat different levels depending on the
predator involved. In eluding a wolf, which often pursues its victim
over a fairly long distance, speed, strength, and endurance are im-
portant attributes for survival. But to escape from a tiger, which
usually stalks its prey in dense cover and attacks from close
range, good senses of hearing and particularly of smell, coupled with
speed of reaction and agility, appear to be the main attributes for
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success. Since the acuity of the senses and the rapidity of response
probably do not diminish appreciably in deer and other prey until
advanced age, unless the animals are physically in poor condition,
various other factors may contribute importantly to their vulnera-
bility. For instance, the preferred habitat of a species as well as
the seasonal change in the density of the cover affects the degree
of predation. The blackbuck, which tended to remain on the short-
grass meadow where the big cats found it difficult to approach un-
detected, lost only one fawn in over fifteen months. The precise
date of death of ten barasingha killed by tigers was determined in
1964. Only three of these deaths occurred between January and
June, when the animals spent much time on the burned parts of the
meadow, but seven were caught in the three months between July and
September, when the grass had grown high again. The fact that the
hinds were in advanced stages of pregnancy also contributed to the
high death rate during these months because the animals seemed
to have lost some of their agility. Four out of the five hinds fell prey
at that time, and all were in their prime. This stresses the fact that
although tiger predation undoubtedly culls the less fit animals from
the population, Ieavin% the vigorous ones to propagate, a consider-
able percentage of healthy, prime animals are also killed, having in-
creased their vulnerability by frequenting certain habitats, by being
pregnant, and perhaps by other means.

The possibility of selective predation on the sexes is also of im-
portance in the dynamics of the prey populations. Klein and Olson
(1960) analyzed the data from 63 white-tailed deer killed by wolves,
as presented by Stenlund (1955), and found that the ratio of adult
bucks to adult does was 125:100. Female deer probably predomi-
nated in the population, indicating that proportionally more males
than females were killed. Wright (1960) sexed 49 animals killed by
lions, noting that 29 were male and 20 were female, but since neither
the species of prey nor the composition of the prey population is
given, the data have little significance. A total of 46 yearling and
adult chital, barasingha, and sambar kills were sexed at Kanha More
females than males were killed among chital and barasingha (Table
57). Since females also outnumbered the males in the population,
males did not fall prey more readily than females, as they did in the
study quoted by Klein and Olson (1960). In fact the reverse may be
true, since slightly more females were taken than would have been
expected from the population ratio Although this conclusion is
based on a small sample of kills, the figures are corroborated to some
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extent by information collected by the forest department. A total of
96 chital kills were reported by villagers to the local foresters be-
tween 1960 and 1963. Of these 30 were bucks and 66 were does, a
ratio of 45:100. In my experience the villagers sometimes made mis-
takes in identifying the sex and even the species of kills found, but
the results are probably indicative. Of 9 chital kills sexed in Corbett
Park, 6 were male and 3 were female. Predation must be responsible
to alarge extent for the unbalanced adult sex ratios in the living popu-

TABLE 57

SEx OF YEARLING AND ApULT DEER K1L1s FouNp 1N KANHA PARK

Numb Mal 100 F 1 Mal 100 F
Species S‘::?ede ‘ aes Killed emales 8.:;15 Populagonemales
Chital 18 50 100 71 100
Barasingha 17 70 100 90 100
Sambar 11 120 100 30 100
Total 46

lations, since it is the chief form of mortality, but the kills found do
not account for the low proportion of males. The kill sample of the
barasingha is probably biased because some solitary stags roam
widely and their remains are less likely to be located than those
which die around the Kanha meadow. The disproportionate sex
ratio of adult chital is perhaps due to a higher death rate of male
fawns than female fawns, if it is assumed that the kill sample is not
biased and the sex ratio is equal at birth.

More male than female sambar kills were found in spite of the
fact that hinds outnumbered stags 3:1 in the population (Table 57).
Of 20 sambar kills reported by the villagers, the ratio of males to
females was 100:100. These data suggest that the highly dispropor-
tionate sex ratio of adult sambar may be due to selective predation
on adult males and possibly also on male fawns.

To determine the effect of tiger predation on the prey popula-
tions as a whole, a number of other points need to be discussed,
especially the amount of food required by a tiger in the course of a
year. Various authors have estimated the frequency of killing by ti-
gers. Bardley-Wilmot (1910) reported that a tiger kills one sizable
animal like a cow once a week, but Forsyth (1889) placed the figure
at once every 5 days, Baker (1890) at 4 days, Brander (1923) at
410 5 days, and Baldwin (1877) and Anderson (1954) at 3 to 4
days. The range of variation of these estimates is from 52 to 122 ani-
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mals per year. It was not possible to determine the frequency with
which tigers captured fiee-rangmmg prey at Kanha, because con-
secutive kills by the same ammal were rarcly found. On one occa-
sion, a tigress with four cubs killed a yearling chital buck during the
night of May 30-31. No prey was secured the following mght, but
at 2000 hours on June 1, the same tigiess attacked a buffalo which
had strayed from the village. The tigers consumed this animal by
the morning of June 3, having killed twice in 4 days. The same ti-
gress and cubs caught and ate one barasingha hind during the
mght of June 28-29 and a barasingha stag during the night of June
30-July 1, two kills in 3 nights, The fiequency of killing obviously
depends on the size and species of the prey, on the number of tigers
eating from the remains, and on other factors, making estimates of
food consumption based solely on the number of animals killed of
shght value.

The amount of meat eaten by a tiger in the course of a night or
even over a period of days may be prodigious (see Tiger, Behavior
at the Kill, p. 297), but the number of pounds ingested in a short
time give little indication of the animal’s need on a long-term basis.
The tiger can adapt to a feast or famine regime. For example, San-
derson (1912) noted that a trapped tiger showed no discomfort
after a fast of ten days The bobcat is able to maintain its physical
condition on widely varymg quantities of food intake, and its use
of the consumed energy 1s probably relatively constant (Golley
et al., 1965), facts undoubtedly also true for the tiger. Wright (1960)
calculated that the average annual kill per lion consists of 36.5 prey
animals and that a lion weighing 350 pounds kills 45 pounds of food
per day, about twice as much as requued. Data from zoos provide
an indication of the amount of meat needed to keep a tiger in healthy
condition. Two adult males, each weighing about 500 pounds, re-
ceived an average of 11 pounds of horse meat per day; two tigresses
recewved 75 and 9 pounds, respectively, the differing amounts be-
ing determined by their size (Crandall, 1964). According to E. Lang
(pers. comm. ), a 300 pound tiger in the Basel zoo is fed about 9 to
11 pounds of meat per day. In the National Zoological Park adult
males receive an average of 15 to 17 pounds of meat per day and
adult females 10 pounds (J. Eisenberg, pers. comm.). Albritton
(1954) presented average figures of 10 pounds of meat per day for
a female and 14 pounds for a male. Although free-living tigers are
on the whole more aclive than captives, they also spend a great
deal of time in resting and feeding, periods when their energy out-
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put is not appreciably higher than in zoos. The food requirement of
the average adult tiger at Kanha, where prey is plentiful and
ranges relatively small, is probably on the order of 12 to 15 pounds

er day, somewhat lower than the 15 to 20 pounds estimated earlier
(Schaller, 1965). At this rate of consumption, a tiger uses 4,380
to 5,475 pounds of meat per year.

However, parts of each kill are inedible, primarily the rumen con-
tents and the bones, and the tiger has to kill more in terms of weight
than the amount actually eaten. For example, the remains of one
chital buck, which initially weighed about 130 pounds, consisted
of 14 pounds of rumen contents, 18 pounds of bones, and 3 pounds
of other scraps, or 27 percent of the total weight of the deer. The
inedible parts of a domestic animal weigh, relative to size, more
than those of a wild one, comprising an estimated 30 to 40 percent
in a cow or buffalo. Most of the tiger’s food in the study area con-
sisted of wild prey, and an average of 70 percent of the total weight
of each animal was probably consumed. Thus, an adult tiger has
to kill about 6,257 to 7,821 pounds of prey per year. Novikov (1962)
estimated that a tiger needs 30 animals, each weighing 100 kilo-
grams per year, or 6,600 pounds, a figure which agrees closely with
mine. The amount represents, of course, a minimum and presumes
that the tiger devours all edible parts of the carcass, which is some-
times not the case. If the tiger is disturbed by man and forced to
leave its kill, vultures consume the remains; and in areas where the
cats are commonly shot at while feeding, they often fail to return for
a second meal. It is likely that tigers in some localities kill twice as
much as they need, especially if their prey consists of livestock near
villages. At Kanha, where they are relatively undisturbed except
by villagers scavenging kills, the figures of about 6,300 to 7,800
pounds per year probably reflect fairly accurately the amount killed.

In order to compute the total poundage of prey taken in the study
area during 1964, an estimate of the number of tigers is necessary
One male tiger and one tigress were full-time residents. An addi-
tional two tigresses used the area sporadically, as did a number
of transients (and an occasional leopard), for varying lengths of
time; the amount of prey killed by these animals probably equalled
about that taken by two to two and a half resident ones. There were
also five cubs which were small at the beginning of the year but large
at the end of it. Each cub needed perhaps, on the average, half as
much meat as an adult. Based on these estimates, the study area
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supported the equivalent of six and a half to seven adult tigers,
which required a total of 40,670 to 54,747 pounds of prey in 1964.

A rough estimate of the amount of prey actually killed can be
computed for each S}i)‘ecies from the known population size, the per-
cent of annual mortality, and the weight of the animals, as presented
in earlier chapters (Table 58). The chital and gaur apparently in-
creased shightly in number, and the adult mortality figures of 24 and
10 percent, respectively, which are based on a presumed stable popu-
lation, are too high. An estimated 20 and 5 percent mortality, as used
in Table 58, are believed to be more accurate. The livestock was
killed aiound the village or tied out by me as bait. Many of these
animals were small, averaging less in weight than the figures used in
Table 43. The results in Table 58 show that the predators killed an
estimated 43,825 pounds of wild prey of four species and 6,800
pounds of cattle and buffalo, for a total of 50,625 pounds. These
animals provided the bulk of the tiger’s diet, and such occasional
items as langur, porcupine, pig, and barking deer contributed at
most a few hundred pounds to the yearly total. The poundage of
animal life killed by the predators is roughly similar to the estimated
food requirements of the tigers. It should be kept in mind that preda-
tion by man is included in the computations, and although the amount
of poaching in the study area during 1964 was not great, the total
number of animals taken by this method probably amounted to a few
thousand pounds.

What was the actual effect of the predation on the wildlife popula-
tions in the study areaP As already pointed out, the chital and gaur
were thought to have increased sriightly, the sambar were pre-
sumed to have remained stable, and the barasingha declined
drastically as a result of predation on a small localized population
with poor annual recruitment. All evidence indicates that the tiger
was the main factor limiting the growth of the populations of these
species. Tigers also killed about 6,800 pounds of livestock. In the
absence of cattle or buffalo, predation pressure on the wild prey
would either have increased somewhat, removing a larger percentage
of the annual mcrement, or the number of tigers in the area would
have decreased. Between December 20, 1963, and March 31, 1965,
for example, a total of 16 cattle, 14 buffalo, and 8 pigs were cap-
tured by tigers near the village or tied out as bait. Of these a tigress
with four cubs killed or participated in the eating of at least 12 cat-
tle, 13 buffalo, and 2 pigs, enough food to support one tiger for a
year. This livestock undoubtedly contributed to the female’s suc-
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cess in 1aisimng fow cubs; in the absence of this easily available prey
one or more cubs would probably have succumbed (see Tiger,
Population Dynamics, p. 227), decreasmg the predator pressure in
the area The data emphasize two important points: (1) that during
1964 the predator and wild prey populations in the study arca were
almost in balance, and (2) that livestock constitutes important
buffer species. Each point needs elaboration.

The populations of all species except the barasingha remained
stable or mcreased slightly, indicating that in spite of the heavy pred-
ator pressuie a small annual surplus survived. Most predation was
by tigers, with man probably removing only a small proportion
of the estimated 44,000 pounds of wildlife. An increase in preda-
tion of perhaps as little as 15 percent might have been sufficient to
wipe out this surplus, preventing an increase or even causing a
decrease in the size of the populations. During 1963 and in earlier
years, most species in the park declined (Table 2) even though
livestock was available as prey and there appeared to be fewer
tigers. All evidence mdicates that the general decline in the years
prior to 1964 was predominantly due to poaching, the prey popula-
tions being unable to maintain themselves under the combined heavy
predation by man and tiger. How many tigers can the study area
support? This, of course, depends to a large extent on the size of
the prey populations. Under conditions existing in 1964, there ap-
peared to be as many tigers as the wild prey could adequately sup-
port and still show a slight annual increase. The elimination of
poaching would speed up the rate of increase, and this in tumn
would ultimately enable more tigers to inhabit the area.

The tigers in the study area subsisted for the most part on wild-
life; only about one-seventh of the total amount killed was livestock.
But even this small percentage served to deflect some of the tiger
predation from the wild prey and also to compensate to some ex-
tent for the deer lost to poachers. In other areas of the park, where
the wildlife has been drastically reduced by excessive hunting, the
livestock is largely responsible for supporting the tigers. It was esti-
mated that about 250 head of cattle and buffalo fall prey within
the park each year, enough to maintain ten tigers. From the stand-
point of tiger conservation, it makes no difference whether the prey
consists of cattle or wildlife, and the careless way in which live-
stock is tended shows the lack of concern on the part of most local
people that their animals may be killed. On the other hand, from
the standpoint of habitat conservation and the maintenance of the
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park as a sanctuary devoted to the perpetuation of wildlife, the live-
stock should ideally be eliminated and the wild hoofed animals be

ermitted to increase until they once again become the tiger’s prin-
cipal food throughout the area. However, the sudden eviction of all
livestock would pose a management problem because the cattle and
buffalo are buffer species, maintaining the tigers at an artificially
ligh population level. “As prey increase the predators follow and in
some cases consume enough prey to cause a decline of prey. Then
predators decline till they no longer can hold the prey in check and
the prey again increase. . . . But if a buffer is present the preda-
tors can turn to it when the prey become scarce and thus the
predators remain and are ready when the prey begins to increase.
The buffer thus may keep the predators on hand to check the in-
crease of the prey and thereby the predators may hold down the
prey population” (Davis, 1957). Thus, a sudden removal of all
livestock from the park would probably increase the predator
pressure on the wildlife, possibly preventing its increase, and it
might also cause a partial shift of the tiger population into the for-
ests swrrounding the park. A gradual reduction, culminating in com-
plete withdrawal of the livestock, coupled with strict enforcement
against poaching, would circumvent this problem.

Although the tiger has a strong depressive influence on the num-
ber of wild hoofed animals, another point needs consideration. Popu-
lations of animals, both predator and prey, are largely self-limited in
that if individuals fail to die from one cause they frequently succumb
to another. “A great deal of predation is without truly depressive
influence,” wrote Errington (1946):

In the sense that victims of one agency sunply miss becoming victims of
another, many types of loss — including loss from predation —are at least
partly mtercompensatory 1n net population effect, Regardless of the count-
less individuals or the large percentages of population that may annually
belalled by predators, predation looks ineffective as a himiting factor to the
extent that intraspecific self-limiting mechamsms basically determine popu-
lation levels maintained by the prey.

Wynne-Edwards (1962) elaborated on this concept when he wrote:

Predation is not in 1ts own right a density-dependent process, independent-
ly capable of controlling a prey population from outside. the “cooperation”
of the Prey population, in insurmng that 1its surplus members are specially
erable to predators through the operation of the social machine, 1s
aimost sure to be the mdispensable condition underlying whatever density-
¢pendent, homeostatic mfluence predation may be found to have.
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These comments are only partially applicable to Kanha in that they
concern only natural predation, excluding that of man, on large,
healthy prey populations. But they do emphasize the concept that
predation by carnivores on hoofed animals is usually not sufficient to
keep them 1 check and that their ultimate population level is often
determined by such other means as disease and habitat conditions

The tiger population also appears to be self-limited, with per-
haps a social spacing mechamsm keeping the number of animals
in a particular area relatively constant regardless of the abundance
of prey. This was evident at Kanha when the wild prey concen-
trated during the hot season but there was no increase in the number
of tigers; on the other hand, the presence of livestock as a buffer at
the periphery of the park may have affected the behavior of the
tigers. However, it seems likely that there is a density level based
on intraspecific intolerance which maintains the tiger population at
or near an optimum both in relation to the food resources and in-
dependent of them. When the population density exceeds the
optimum, reproduction may decline or stop, as was probably the
case with the wolves on Isle Royale (Mech, 1964), females may
abandon their cubs, litters may be smaller, and fewer young may
survive to adulthood, as reported for the lion (Guggisberg, 1961).
It is possible that serious strife between individuals at kills and the
occasional propensity of males to devour cubs are extreme mani-
festations of intolerance when the local population is too high, and
such behavior therefore may represent a social means of controlling
the abundance of the species.

India’s wildlife has reached a critical stage in its survival, and the
country is fortunate in possessing a sanctuary like Kanha Park, where
a remnant of the peninsular fauna still exists in fair number. The
park is Iar%e enough and ecologically varied enough to support a
considerable wildlife population on a permanent basis, especially
since the forests surrounding it provide a buffer zone between the
park and the heavily cultivated parts of the district. As a potential
tournst attraction the tiger has few equals among animals. And the
park as a whole can provide future generations with a view of how
their country once looked before the forests were overexploited for
timber and overgrazed by livestock and before much of the wildlife
fell to the poacher’s gun. The park can also become a study area
unaffected by man’s influence where the interrelationships between
species and many other ecological problems can be investigated. A
national park represents a specialized form of land use in which,
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ideally, the native flora and fauna are permitted to exist undis-
turbed by man. This in particular should apply to the predators,
which have aroused the antipathy of man for centuries and have as a
result been needlessly persecuted on the slightest pretext. Certain
management practices in a park are sometimes necessary, and these
should of course be based on a thorough study of the situation and
be directed at the principal and not the superficial cause of a problem.
The evidence presented in this report, for example, indicates that
poaching and not tiger predation has been the general cause of the
decline of the wildlife in the park. The most effective means of
managing the tiger is obviously to manage the prey, which in turn
means (1) curtailing the activity of poachers, and (2) limiting
and gradually eliminating all livestock from within the boundaries
of the park. Only after these two tasks have been accomplished, and
all forms of wildlife have been substantially increased, will the park
be able to fulfill its unique potential as a living museum and natural
laboratory. Above all, Kanha Park is part of India’s cultural her-
tage, a heritage in many ways more important than the Taj Mahal
and the temples of Khajuraho, because, unhke these structures
ftirmec;l by the hands of man, once destroyed it can never be re-
placed.
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Common and scientific names of wild mammals and birds mentioned in

the text.

Mammals

Order Marsupialia
Virgima opossum

Order Insectivora
Musk shrew

Order Chiroptera
Flying fox

Order Primata
Madras tree shrew

Rhesus monkey
Common langur

Order Phohidota
Pangolin

Order Lagomorpha
Indian hare

Order Rodentia
Palm squirrel

Indian porcupine
Muskrat P

Order Carnivora
Wolf
Asiatic jackal
Indian wald dog
Bengal fox
Black bear
Brown bear
Sloth bear

Didelphis virginiana
Suncus murinus
Pteropus giganteus

Anathana elliot:
Macaca mulatta
Presbytis entellus

Marus sp.
Lepus mgricollis

Funambulus palmarum
Huystrix indica
Ondatra zibethica

Canis lupus

Canis aureus

Cuon alpinus

Vulpes bengalensis
Selenarctos thibetanus
Ursus arctos

Melursus ursinus
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Striped hyena
Badger

Grey mongoose
Temmnck cat
Jungle cat
Bobcat

L

Cheetah
Puma

Snow leopard
Jaguar

Lion

Tiger
Leopard

Order Proboscidea

Indian elephant

Order Penssodactyla

Zebra
Great Indian rhinoceros

Order Artiodactyla

Wild pig

Vicuna

Mouse deer
Musk deer
Barking deer

Roe deer

Chital

Hog deer
Canbou
Reimndeer
White-tailed deer
Black-tailed deer
Mule deer

Moose

Sambar
Barasmgha
Wapiti

Red deer
Kashmir stag
Manchurian wapit
Nilga:
Four-horned antelope

American bison
Yak

Hyaena hyaena
Meles meles
Herpestes edwardsi
Profelis aurata
Felis chaus
Lynx rufus

Lynx lynx
Acinonyx jubatus
Felis concolor
Panthera uncia
Panthera onca
Panthera leo
Panthera tigris
Panthera pardus

Elephas maximus

Equus burchelli
Rhinoceros unicornis

Sus scrofa

Vicugna vicugna

Tragulus meminna
Moschus moschiferus
Muntiacus muntjak
Capreolus capreolus

Axis axis

Axis porcinus

Rangifer arcticus

Rangifer tarandus
Odocoileus virginianus
Odocoileus hemionus columbianus
Odocoileus hemionus hemionus
Alces alces

Cervus unicolor

Cervus duvauceli

Cervus canadensis

Cervus elaphus

Cervus elaphus hanglu
Cervus elaphus xanthopygus
Boselaphus tragocamelus
Tetracerus quadricornis
Bison bison

Bos grunniens



Kouprey
Banteng

Gaur

Water buffalo
Uganda kob
Wildebeest
Waterbuck
Thomson gazelle
Grant gazelle
Indian gazelle
Blackbuck
Impala
Springbuck
Chamois
Mountain goat
Serow

Takin
Markhor

Thex

Tahr

Bharal

Urial

Stone’s sheep
Dall sheep

Birds

King vulture

White-backed vulture
Red-wattled lapwing

Jungle fowl
Jungle bush quail
Peafowl

Hazel hen

Ring dove

Green barbet
Brainfever bird
Common mynah
Black drongo
Jungle babbler
Jungle crow
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Bos sauveli

Bos banteng

Bos gaurus

Bubalus bubalis
Adenota kob

Gorgon taurinus
Kobus defassa and K. ellipsiprimnus
Gazella thomsoni
Gazella granti

Gazella gazella
Antilope cervicapra
Aepyceros melampus
Antidorcas marsupialis
Rupicapra rupicapra
Oreamnos americanus
Capricornis sumatraensis
Budorcas taxicolor
Capra falconeri

Capra ibex
Hemitragus jemlahicus
Pseudois nayaur

Ovis orientalis

Ous dalli stonei

Ovis dalli dalli

Torgos calvus

Gyps bengalensis
Vanellus indicus
Gallus gallus

Perdicula asiatica
Pavo cristatus
Tetrastes bonasia
Streptopelia decaocto
Megalaima zeylanica
Cuculus varius
Acridotheres tristis
Dicrurus adsimilis
Turdoides striatus
Corvus macrohynchos
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chital, 67-69
gaur, 187
hog deer, 91
nilgas, 171, 172
sambar, 141
Himachal Pradesh, 225
Himalayas, 8, 4, 6, 12, 19, 39, 40, 50, 95,
184, 136, 150, 177, 178, 226
Hippoboscid fly, 17, 56
Hog deer, 3, 4, 14, 37, 89-92, 202, 209,
210, 2183, 2717, 281
description, 89
distibution, 90
response to predators, 92
Homs
function of, 172, 212
length of. blackbuck, 150, gaur, 175,
mlgai, 170
Horse, 277
House cat, 236, 240, 250, 252, 253, 258,
9282, 275, 276
Humdity, 20, 23, 24, 28, 81, 82
Hunting behavior, of tiger, 243, 251, 284~
89, 292
Hunting efficiency, of tiger, 288-89

Impala, 51
Indian Board for Wildhfe, 6
Indian gazelle, 3, 4, 18, 149, 164
Indian rhinoceros, 8, 4, 5, 6, 8, 95, 226,
217
Indo-China, 174, 175, 222, 225, 231, 239,
240, 244
Indus Ruver, 19, 90, 95, 221, 225
Injunes
chital, 55
gaur, 181
sambar, 290
tiger, 235, 278, 280
Intention movement, 1283, 214
Interaction between ungulate species, 64—
67, 113, 140, 217
Interdigital gland, 75, 159, 217
Tran, 224

Jackal, 5, 18, 19, 65, 118, 158, 219, 234,
288, 309, 810, 313-15

Jaguar, 240, 258

aldapara Sanctuary, 98, 178

Jaulasal Sanctuary, 98, 104

Java, 134, 174, 222, 295

Jungle babbler, 64

Jungle bush quail, 313

Jungle cat, 13,19, 113, 219, 811

INDEX 365

Jungle crow, 18, 64, 262, 268, 301, 314
Jungle fowl, 64, 279-80, 281

Kanha National Park, 12-13
description of, 24-33
Kashmir, 226
Kashmir stag, 4, 8
Kaziranga Sanctuary, 5, 6, 14, 15, 16, 90,
91, 94, 97, 100, 101, 105, 1086, 107,
116, 124, 137, 142, 145, 210, 226,
277
Kenya, 317
Keoladeo Ghana Sanctuary, 14, 16, 39, 42,
43, 45, 49, 62, 69, 70, 142, 151, 153,
154, 155, 159, 162, 163, 164, 170,
171, 202
Kerala, 20, 89, 137, 151, 177, 227
Khen Forest Division, 12, 14, 15, 17, 43,
49, 50, 69, 90, 91, 95, 97, 98, 101,
104, 105, 108, 107, 116, 142, 151,
158, 226
Kill sites, of tigers, 287
Killing techmques
learning of, 273, 274
of leopard, 808, 310
of tiger, 265-66, 271, 272-73, 274, 275,
289-97
Kills, by tigers
covenng of, 246, 247, 248, 301
frequency of, 323-24
transport of, 297
Kish willage, 25, 32, 41, 42, 311, 313
Kodiakadu Forest, 151
Korea, 221, 222, 224
Kouprey, 174

Lake Baikal, 224
Lake Balkhash, 224
Langur, 13, 18, 62, 64, 65, 113, 245, 278,
281, 2883, 285, 310, 311, 314, 326
Laos, 224, 225
Leadership, 217
barasingha, 116-17
blackbuck, 168
chatal, 84, 70-71
gaur, 190
sambar, 142
Leopard, 8, 18, 16, 17, 18, 19, 56, 219,
298, 256, 277, 282, 308-11, 325
Lice, 17
Licking
blackbuck, 170
chutal, 87
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Lacking (cont.)
gaur, 197-98
tiger, 245, 247, 265, 271, 272, 301
Lincoln Park Zoo, 230
Laon, 3, 4, 5, 231, 232, 233, 234, 235, 240,
241, 248, 250, 251, 253, 256, 265,
276, 317, 322, 324, 330
Latter size, see Young, number of
Lizard, 280, 512, 314
London zoo, 52, 90, 105, 155, 171, 209,
230, 232, 234, 256
Longewy
barasingha, 320
chital, 819
gaur, 182
sambar, 320
tiger, 233
Lucknow, 151
Lucknow zoo, 52
Lung fluke, 236, 311
Lymy, 284, 317

Madhya Pradesh, 5, 8, 10, 12, 14, 20, 23,
24, 87, 89, 95, 97, 100, 150, 152, 177,
227, 205, 303

Madras (state), 20, 89, 51, 67, 151, 170,
177, 227, 250

Madras {(city), 151

Mahabharat Range, 39

Mahadeo Hills, 20, 177

Mahanadi Ruver, 22

Maharashtra, 20, 39, 95, 152, 177, 279

Maikal Range, 20, 24, 177

Malaya, 134, 174, 175, 180, 187, 222, 225,
228, 228, 232, 238, 243, 300

Manas Sanctuary, 100

Manchuna, 222, 224, 225, 232, 238, 239,
244, 259, 277, 284, 201

Mandla, 24, 95, 108, 279

Mampur, 20, 178

Markhor, 8

Mass-killing, by tiger, 296-97

Mating season, see Rutting season

Metatarsal gland, 215

Menico, 107, 205

Maute, 17, 83

Mogul emperors, 8, 4

Molt

barasingha, 94

blackbuck, 150, 154

chital, 38

sambar, 135

tiger, 224
Mongoose, 13

Moose, 78, 172, 208, 277, 234, 289, 317
Mortality
barasingha, 109, 327
blackbuck, 155
chutal, 54, 55, 56, 326, 327
gaur, 181, 182, 326, 327
sambar, 138, 328, 327
tiger, 233-36
Maoscow zoo, 260
Mosquto, 33
Mount Ararat, 224
Mountain goat, 83
Mounting
barasingha, 180, 181, 132
blackbuck, 167, 168
cltal, 64, 82, 84, 85
gaur, 197
Mouse deer, 13, 85, 281, 813
Movements
barasingha, 112
blackbuck, 161
chatal, 63
gaur, 184-85
relation of, to food habits, 60-61, 240
sambar, 142
tiger, 228, 236-483, 282, 285
fidehty of, to range, 241
Mudumalas Sanctuary, 51, 177
Mule deer, 44, 83, 106, 319
Musk deer, 3, 277, 284
Musk shrew, 318
Muskrat, 236
Mutiny of 1857, 4, 162
Mymah bird, 64, 89
Mysore, 19, 39, 51, 145, 152, 161, 177,
227, 2928
Myxovirus-paranfluenza-3, 55

Nagalang, 20

Narmada Rner, 4, 20, 95, 152, 226

National Bison Range, 202

National Zoological Park, 180, 230, 324

Nematode, 56, 181

Nepal, 4, 37, 39, 96, 97, 98, 101, 134, 150,
174, 175, 178, 225, 226, 22§, 239

New York Zoological Park, 52, 8§0, 105,
187, 188§, 155, 209, 230, 232

New Zealand, 208

Nilgai, 8, 4, 18, 14, 85, 149, 158, 164,
170-73, 201, 202, 209, 210, 211, 218,
2185, 977, 281

Nilgin Hills, 20

Nilgins Game Association, 5

North Vietnam, 224, 225



Opossum, 236

Obssa, 14, 20, 23, 89, 100, 18, 151, 158,
177

owl, 279

Palm squurrel, 313
Pangolm, 278
Parasites, 7, 17, 33, 55, 56, 108, 109, 151,
178, 181, 236, 255, 280, 281, 311, 317
Partunihon, in chital, 86, 87
Pawmg, 213, 214, 215, 216
barasingha, 129
chital, 73, 74, 75
gaur, 191
nilgai, 172
sambar, 143, 146
Peafowl, 80, 64, 270, 279, 280
Pentastomids, 56
Penyar Lake, 177
Pig (domestic and wild), 8, 4, 18, 18, 35,
201, 202, 234, 235, 236, 244, 270,
974, 275, 277, 281, 282, 283, 284,
288, 290, 296, 321, 326
Play
blackbuck, 159
chital, 89
tiger, 248, 266-67, 268
Poachmng, 6, 56, 101, 109, 188, 155, 178,
182, 227, 326, 328, 330, 331
Pookmng, 256-57
Population density
of hivestock, 7
of man, 7, 22
self-lmiting trend in, 216, 241, 829,
330
of wildbfe, 42, 201
Population dynamucs
barasmngha, 101-9
blackbuck, 153-55
chital, 40-56
gaur, 178-82
hog deer, 90
milgay, 170-71
sambar, 135-38
tiger, 227-36
gorcuplne, 4,18, 18, 235, 281, 283, 311
Preaching,” 74, 75, 148, 146, 147, 213,
214, 218
Precipitation, 20, 23, 28, 31, 32, 40, 50
Predation, 9, 15, 17, 56, 89, 108, 109, 138,
155, 287
effect of, 316-31
natural selection 1n, 321-22

INDEX 367
selectivity of, on age classes, 817-18,
819, 320, 321
selectivity of, on sexes, 322-23
Preorbital gland, 75, 119, 143, 147, 165,
166, 218, 214, 216
Prusten, 256-57
Pseudopregnancy, 233
Puma, 229, 281, 232, 240, 254, 301, 317
Punjab, 4, 6, 19, 23, 39, 150, 152, 170, 226
Python, 219, 315

Rajasthan, 3, 10, 12, 14, 23, 39, 44, 134,
152, 163, 170, 225, 226, 227
Ramganga River, 50, 90
Range, size of, 215-16
barasingha, 113
blackbuck, 161, 164
chital, 63
gaur, 184-85
mlgay, 171
tiger, 238
and center of actwity, 242
Raph valley, 98
Red deer, 70, 78, 106, 108, 120, 126, 208
Red-wattled lapwing, 64
Redirected aggression, 119, 130, 165, 191,
214
Rewndeer, 75, 77, 78, 120, 126
Reproduction, rate of, 13
barasingha, 108
blackbuck, 155
chital, 52-53
gaur, 181
hog deer, 90
niga, 171
sambar, 187-38
tiger, 229
Reproductive potential, of tiger, 232, 233
Reproductive season, general, 204-9, sez
also Rutting season
Rhesus monkey, 8, 151, 287
Rhodesia, 202
Rinderpest, 7, 55, 108, 151, 178, 181
Ring dove, 30
Rodents, 278, 312, 3183, 314
Roe deer, 277, 284, 317
Rubbing of antlers or horns agamst trees,
213, 214, 215, 216
barasingha, 118, 119
blackbuck, 165
chatal, 78, 74
gaur, 191
sambar, 143, 146, 147
Rumen samples, 17, 18
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Rumen samples (cont.)
barasingha, 112
chital, 60-61
gaur, 183
sambar, 139
Rutting behavior
barasingha, 103, 104, 105, 119, 124--32
blackbuck, 154, 168
chital, 82~-83
gaur, 180, 189-90, 195-97
hog deer, 91-92
sambar, 143
tiger, 244, 259, 260-61
Rutting call
barasingha, 1034, 124, 128-29
chital, 4849, 50, 68, 82
gaur, 180, 195~196
sambar, 143
Rutting season, 207, 208
barasingha, 103-8
blackbuck, 154-55
chatal, 45-52
gaur, 180
hog deer, 90-91
mlga, 171
sambar, 136-37
tiger, 259

Sal, 28, 24, 25, 26-27, 81, 32, 39, 59, 97,
135, 183
Salt licks, 61, 184
Sambar, 8, 4, 9, 13, 15, 18, 35, 64, 71,
134-48, 184, 201, 202, 203, 204, 205,
206, 207, 208, 209, 210, 211, 212,
213, 214, 215, 235, 257, 277, 281,
283, 291, 811, 319, 320, 321, 322,
323, 826, 327
description, 185
distribution, 184
habitat preferences, 134, 203, 204
response to man, 141
response to higer, 140-41
Sarda Ruver, 93, 95, 97, 98, 101
Sanska Sanctuary, 39
Satpura Range, 20, 24
Scent-marking, 215
barasingha, 119
blackbuck, 164, 165
chital, 74, 75
hog deer, 92
sambar, 143, 147
tiger, 224, 251, 252, 253, 255, 285, 286
Scrapes, of tiger, 253-56
Sea of Okhotsk, 224, 225

Seasons, mn India, 15, 28-33
Sclf-hmiting trend 1n populations, 216,
241, 329, 330
Senses
blackbuck, 158
chital, 64
gaur, 185
sambar, 141
tiger, 255
Sentinel behavior, 184
Serenget: Plams, 251
Serow, 3
Sex ratios
barasingha, 103
blackbuck, 153
chital, 42-45
gaur, 179, 180
hog deer, 90
nilgai, 170
sambar, 135
tiger, 229, 230
Scxual activity
and relation to environmental factors,
50-51, 106-7
synchronization of, 75, 76, 84, 197, 208
Sewual behavior, 213
barasingha, 103, 104, 105, 124~32
blackbuck, 168
chital, 81~-86
gaur, 195-97
hog deer, 91-92
sambar, 144~-48
tiger, 259-61
Sexual maturity, in tigers, 231
Sheep (domestic), 277, 308, 314
Shivpur: National Park, 12, 40, 141, 152
Sika deer, 284
Sikandra, 14, 153, 154, 162
Sihkim, 39, 226
Siwalik Inils, 19, 28, 39
Sloth bear, 3, 13, 19, 219, 268, 277, 312
Snake, 280, 314
Snow leopard, 8
Social behawvior, 209-17
function of, 209
systems of, 209-11
Social interactions, between adult tigers,
9244-50, 268, 270, 271
Sonph village, 25, 811
Sore neck, see Sore spot
Sore spot, 187, 144-45
Sparring, 212, 213
barasingha, 119, 122, 123
blackbucl, 166-67



chital, 72, 73, 76-78

gaur, 191-92, 197

hog deer, 92

nilgas, 178

sambar, 143
Speed, of tiger, 243, 284-85, 287
Spnngbuck, 159
Spronking, 158-59
Stamping ground, 144, 147, 213, 214
Stone sheep, 69
Strength, of tiger, 297
Striped hyena, 13, 219, 234, 312
Submussive behavior

barasingha, 124

chital, 79, 83

gaur, 191

hger, 249, 264
Suchling

barasingha, 133

blackbuck, 170

chital, 87-88

gaur, 198-99
Sumatra, 134, 222, 225
Sunderbans, 3, 12, 22, 89, 40, 60, 95,

96, 226, 279

Swamp deer, see Barasingha

Tahr, 3
Takn, 3
Tanzama, 205, 251, 317
Tapt: Raver, 226
Taxonomy
barasingha, 93
blackbuck, 149
chutal, 37-38
gaur, 174
sambar, 134
tiger, 222
Temminck cat, 264
Temperatures, 20, 23, 24, 28, 30, 32, 50,
57, 106
Termte, 83, 280, 281, 312
Temtory, 215, 216
blackbuck, 161, 163-68, 210
chital, 83
gaur, 185
nilga, 171, 172, 210
sambar, 147
bger, 239-41
Thailand, 90, 134, 145, 295
Thomson gazelle, 158, 165, 169, 317
Ticks, 17, 56, 181, 236, 311
Tiger, 8, 4,5,8,9,13, 14, 15, 16, 17,18,24,
31, 53, 56, 64, 65, 66, 67, 109, 113,
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114, 138, 140, 141, 158, 175, 181,
186, 187, 217, 219, 221-307, 309,
310, 814, 316, 321, 323-31
covening of kill by, 246, 247, 248, 301
description, 222, 223-24
distribution, 224-27
food needs of, 324-25
habitats, 225
hunting behawvior of, 243, 251, 284-89,
292
as man-eaters, 221, 238, 278-79, 302
numbers of, 227
response of, to man, 222, 262, 269, 302
3, 308-7
response of, to water, 226, 249, 268,
297, 301
sewual maturity of, 231
shooting of, 5, 24, 221, 226, 227, 229,
234, 235
yearly food consumption of, 325, 326,
327
Tooth eruption
barasingha, 320
chital, 53, 819
sambar, 320
gaur, 320-21
Tree shrew, 313
Trematode, 56, 108, 181
Tnvandrum zoo, 137
Turtle, 280

Uganda, 201

Uganda kob, 169

Unal, 8

Urmating, by tiger, 248, 252, 257

U.S.S.R, distnbution of tiger m, 224

Uttar Pradesh, 6, 10, 12, 14, 17, 23, 39,
43, 91, 95, 97, 98, 101, 150, 1683, 225,
226, 229, 279

Vanbihar Sanctuary, 14, 43, 45, 49, 50,
62, 142, 170, 171
Vedas, 3
Vegetation
of India, 19, 2024
of Kanha Park, 25-33
Vicufia, 164
Vindhya Range, 20
Vocahizations
barasmgha, 103, 104, 113, 114, 128-29,
133
blackbuck, 158, 167, 168, 169
chital, 65, 66, 76, 82, 88, 248, 310
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Vocahizations (cont.)
gaur, 180, 186, 187, 191, 193, 195-96,
198
hog deer, 92
leopard, 309
sambar, 140, 148, 147
tiger, 232, 244, 245, 2486, 247, 248, 249,
251, 252, 256-62, 266, 267, -268,
27%, 279, 278, 274, 275, 2886, 306,
30
Vulture, 18, 248, 249, 262, 301, 325

Wallowing, 213, 214, 218
barasingha, 104, 119, 128, 129
gaur, 196
sambar, 144, 148, 147

Wapits, 52, 75, 78, 108, 120, 123, 124,

128, 129, 130, 208, 227, 284, 320

Waterbuck, 164, 169

Weaning age, n tiger, 265

Weight
barasingha, 94
blackbuck, 149-50
chital, 38
gaur, 175, 178
jackal, 310
leopard, 311
milgaz, 170
sambar, 185
sloth bear, 312

tiger, 223, 264, 265
wild dog, 235
West Bastar District, 14, 43, 95, 97, 100,
101, 177, 227
West Bengal, 7, 8, 12, 20, 89, 43, 95, 96,
98, 151, 178, 228
West Pakistan, 150, 225
Western Ghats, 20, 23, 40, 177, 228
White-tailed deer, 53, 72, 75, 81, 86, 108,
205, 208, 207, 208, 319, 322
Wild buffalo, 3, 4, 6, 13, 14, 277
Wild dog, 13, 18, 78, 219, 235, 236, 262,
288, 313
Wild Lafe Preservation Socicty of India, 6
Wildebeest, 205, 251, 276, 817
Wolf, 78, 277, 280, 289, 317, 321, 330

Yamuna River, 151

Young, number of
barasingha, 108
blackbuck, 155
chital, 52-53
gaur, 181
hog decr, 90
mlgai, 171
sambar, 137
tiger, 230, 232

Zcbra, 251, 817
Zoologtcal Survey of India, 8






