IUCN Publications new series No. 24

VOLUME |

The Behaviour of Ungulates
and its relation to management

The Papers of an International Symposium
held at

THE UNIVERSITY OF CALGARY, ALBERTA, CANADA
2-5 November 1971

Union Internationale International Union
pour la Conservation de la Nature for Conservation of Nature
et de ses Ressources and Natural Resources

Morges, Switzerland, 1974



IUCN Publications new series No. 24

VOLUME 1

the

behaviour of ungulates
and ts refation to
management

The papers

of an International Symposium

held at the

University of Calgary, Alberta, Canada
2-5 November 1971

3

Edited by

V.Geist & F.Walther

and published with the financial assistance of
Canadian Arctic Gas Sudy Limited by the
International Union for

Conservation of Nature and Natural Resour ces
M or ges, Switzerland, 1974



Ungulate Behaviour Papers
© IUCN Morges, Switzerland, 1974

% PRINTED BY Unwin Brothers Limited

THE GRESHAM PRESS OLD WOKING SURREY ENGLAND

Produced by 'Uneoprint'
A member of the Staples Printing Group



Symposium on the
Behaviour of Ungulates and
its Relation to Management

Conveners V. Geist and F. Walther

Session  Chairman V. Geist
Faculty of Environmental Design, The University of Calgary,
Calgary, Alberta, Canada
F. Walther
Department of Wildlife and Fisheries Sciences, Texas A & M
University, College Station, Texas, U.SA.
A.T.Bergerud
Biology Department, University of Victoria, Victoria, British
Columbia, Canada
J. G. Teer

Department of Wildlife and Fisheries Sciences, Texas A & M
University, College Station, Texas, U.SA.

Scientific  Editors V. Geist and F. Walther
Copy Editor Hugh F. I. Elliott
Assistant  Editor Linda Jones

Symposium Supervisor  Miss Betty Buchanan

ACKNOWLEDGEMENTS

We would like to express our gratitude to the following organizations for their spon-
sorship of the symposium:

The International Union for Conservation of Nature and Natural Resources
The International Biological Programme
The United Nations Educational, Scientific and Cultural Organization

The National and Historic Parks Branch, Department of Indian Affairs and Nor-
thern Development, Canada

The Environmental Sciences Centre (Kananaskis), The University of Calgary
In addition we gratefully acknowledge the financial support of the following companies:

Alberta Natural Gas Company Quaser Petroleum Ltd.
Proflex Ltd. Flextrac Nodwell Ltd.
Houston Oils Limited Anasar Petroleum Ltd.

Canadian Arctic Gas Study Ltd.

We were greatly aided by all those who took part in the organization and supervision
of the symposium and afterwards in the onerous task of preparing the manuscripts for
publication.



Miss E. M. Buchanan, of the Conference Office of the University of Calgary, was
general supervisor and we are indebted to her for handling the task of running the
symposium. She was assisted by Miss D. Fraser, Mr. T. Clifford, Mrs. A. Walters and
Mrs. M.Norris.

Mrs. P. Judge and Mr. J. C. Morrison of the Office of Fund Development of the Univer-
sity of Calgary did much to help us in making the symposium a reality.

The time-consuming, exacting task of assistant editor was handled by Linda Jones of
the University of Calgary's Environmental Sciences Centre. The task of checking
and bringing uniformity to the reference section of each paper fell to Miss D. Limpert
of Stenographic Services. We are most gratful to them and would also like to thank
Mrs. E. L. Wittig, Supervisor of Stenographic Services, for her efforts on our behalf.

We are also grateful to all those who took the time and effort required to revise
various manuscripts and pass on their comments to us.

V. Geist
F. Walther



Contents

VOLUME 1

General Introduction V. Geist and F. Walther

1

10.

11.

12.

13.

14.

15.

16.

17.

18.

Mother-infant relationships in ungulates. Peter C. Lent

Some reflections on expressive behaviour in combats and courtship
of certain horned ungulates. Fritz R. Walther

Social functions of various scent glands in certain ungulates and the
problems encountered in experimental studies of scent communica-
tion. D. Miuller-Schwarze

Scent marking in captive Maxwell's duikers. Katherine Rails

A comparison of the social behaviour of the Equidae.  H. Klingel

A comparison of behaviour in the Suidae.  H. Fradrich

Social behaviour of the collared peccary Dicotyles tajacu. Lyle K. Sowls
Socia organization of the African Bovidae. Richard D. Estes

Observations on home range and social organization of lesser kudu
Tragelaphus imberbis. W. Leuthold

On the relationship of ecology and behaviour in the evolution of ungulates:
theoretical considerations. V. Geist

The influence of foster rearing on adult social behavior in fallow deer
Dama dama.  Barrie K. Gilbert

Functional analysis of locomotion in pronghorn antelope.  Robert E.
Bullock

On the behaviour of Punjab urial Ovis orientalis punjabiensis.
George Schaller and Z. B. Mirza

A comparison of rutting behaviour and grouping in the Ethiopian and
Alpine ibex.  B.Nievergelt

The social system of the white rhinoceros.  R. N. Owen-Smith
On the bedding behaviour of pronghorn fawns. Edson Fichter

Courtship in the pronghorn Antilocapra americana. Peter T. Bromley
and David Kitchen

Agonistic behaviour of territorial pronghorn bucks. David Kitchen
and Peter T. Bromley

Page
11

14

107
114
124
133
144

166

206

235

247

274

306

324
341
352

356

365



19.  Sexual and aggressive behaviour of American bison Bison hison.
Dale F. Lott

20. Rutting behaviour of Newfoundland caribou.  Arthur T. Bergerud

21. Socia organization in male groups of white-tailed deer.  Bennett A.
Brown

22.  Marking behaviour and its social function in white-tailed deer.
W. Gerald Moore and L. Marchinton

23. Mating activity and the social significance of rams in a feral sheep
community. Peter Grubb.

24. The social behavior of the vicuna.  William L. Franklin

25. The social behaviour of Coke's hartebeest Alcelaphus buselaphus cokei.
L. M. Gosling

VOLUME 2
Introduction. V. Geist and F. Walther

26. Behaviour, dynamics and management of elephant populations.
R. M. Laws

27. Management of ungulate herds in relation to domestication.
L.M.Baskin

28. The behaviour and ecology of camels in the Sahara, with special
reference to nomadism and water management. Hilde Gauthier-
Pilters

29. The role of the environment in the aggregation, movement and distur-
bance behaviour of caribou.  Arthur T. Bergerud

30. Comparison of ungulate adaptations in the new world and the old world
tropical forests with special reference to Ceylon and the rainforests of
Central America.  John F. Eisenberg and George M. McKay

31. Behavioural problems of some captive and domestic ungulates.
Marthe Kiley

32.  Remarks on the social structure and ecology of the Ceylon elephant
in the Yala National Park. F. Kurt

33. Territoriality and population regulation in the Uganda Defassa
Waterbuck.  C. A. Spinage

34.  Four types of territoriality observed in a herd of black-tailed deer.

F.L. Miller

Page
382

395

436

447

457

477

488

512

513

530

542

552

603

618

635



35.

36.

37.

38.

30.

41.

42.

43.

45.

47.

48.

49.

51

52.

53.

The social organization of the roan antelope Hippotragus equinus and
its influence on the spatial distribution of herds in the Kruger National
Park. C.J.Joubert

The social organization of the East African buffalo.  A. R. E. Sinclair
Aspects of the social organization of moose.  Douglas B. Houston

Merino sheep: some factors affecting their distribution in very large
paddocks.  J. J. Lynch

Movement patterns and habitat utilization of ungulates in Ceylon.
George M. McKay and John F. Eisenberg

The development of the populations of gazelles in Israel and their
behavioural adaptations. H.Mendelssohn

Seasonal changes in the feeding behaviour of Barren-ground caribou on
the taiga winter range. D. R. Miller

The question of polygamy at an unbalanced sex ratio in moose.
G. Markgren

Food selection by Dall sheep Ovis dalli dalli. M. E. G. Hoefs

Dominance relationships as a possible regulating factor in roe deer and
reindeer populations.  O. Y. Espmark

The relationship of caribou migration behaviour to pipeline construction.
A.W. F. Banfield

Reaction of caribou to various types of simulated pipelines at Prudhoe
Bay, Alaska. Kenneth N. Child

Fraying behaviour and management of roe deer. H. G. Cumming

Ungulate behaviour and management, with special reference to husbandry
of wild ungulates on South African ranches. R. C. Bigalke

Implications of social behaviour in the management of Uganda kob.
Helmut K. Buechner

Impala behaviour and its relevance to management. P. J. Jarman and
M. V.Jarman

The development of a South African game ranch.  N. N. Deane and
J. M. Feely

Wildlife husbandry on a Rhodesian game ranch.  P. A. Johnstone

Game ranching in Texas.  James G. Teer.

Page

661
676

690

697

708

722

744

756

759

787

797

805

813

853

871

882
888

893



Page
54.  The management of large mammals in Natal, with special reference
to utilisation for stocking or restocking purposes.  John Vincent 900

55. Behaviour and domestication of the musk ox. Paul F. Wilkinson 909

56. Management implications of behaviour in the large herbivorous
mammals. |. McTaggart Cowan 921

Index of authors 935

Index of ungulate species discussed 936



General Introduction

VALERIUS GEIST and FRITZ. R. WALTHER

The symposium on the behaviour of ungulates and its relation to management was
held from November 2-5, 1971, at the University of Calgary, Canada. It was called to
satisfy several academic as well as practical needs that are best understood in the
light of the history of studies of ungulate behaviour.

Despite notable attempts by pioneers in behavioural studies, such as that of Fraser
Darling prior to World War |1, the literature of ruminant behaviour is exceedingly
young. Only in the last decade have diverse studies on wild and also captive ungulates
begun to blossom. It became apparent that these studies had theoretical and utilitarian
contributions to make, but the field suffered from a lack of communication and agree-
ment on terminology, methodology and theoretical concepts. There existed what could
be termed a 'gray' area of uncertain knowledge that is the inevitable consequence of
occasional observations and the speculations of an alert mind. This gray area also in-
cluded valuable thoughts about management which tended to remain unrecorded due to
the inadequate data at the disposal of one individual. Yet the discussions of occasional
observations and fragile ideas can produce, in proper company, confirmation of such
observations and thoughts. In short, it was felt to be high time that a symposium was
called in order to bring together for the first time as many as possible of the widely
dispersed fieldworkers.

It was also recognized that such a meeting would be less than complete in the absence
of those who must look after the welfare of ungulates in national parks or game re-
serves, or manage game for sport, recreation or meat. It is essential for the sake of
conservation that scientists be acquainted with the concerns of managers and vice
versa. Furthermore, short cuts to the successful conservation of endangered species
must be found, and studies which reveal the principles of ungulate biology may be of
help here. Hence, the symposium was organized with an eye towards not only academic
needs, but also towards those of conservation and management.

It appeared to us that our diverse objectives could best be realized by asking senior
workers to concentrate on syntheses, and by requesting those who had recently finished
major field studies to report directly on their work. Hence, we asked for review
papers from senior workers, but afforded most time to the presentations of those
fresh from the field. We particularly sought papers on the relationship of ecology to
social behaviour, in recognition of the close relationship of these disciplines so evi-
dent when working with free-living animals, as well as papers dealing with the
management of ungulates—be they wild or domesticated. A series of films, well-illus-
trated presentations of field work, a field trip to Waterton National Park, and discus-
sions, rounded out the symposium.

A major aim of the gathering was to produce a reference book useful to those engaged
in research or in management. The contributions of the authors who participated in
the proceedings of the symposium form its core, but, in addition, papers are included
from workers unable to attend but willing to help in making this review of current
studies more complete. Following the symposium authors were free to reassess their
papers and submit revised versions. Papers were also sent out for refereeing and the
resulting comments turned over to the authors for their attention. As editors, we do
not necessarily agree with all the views expressed in the papers, but the author's view
remains supreme. We did strive to bring diversity on record so that it may serve as a
basis for discussion.

Volume | deals primarily with our first attempts at syntheses of social behaviour and
ecology, with theoretical and classification problems, as well as with overviews of
taxonomic groups and new work on the social behaviour of previously unstudied spe-
cies. It addresses itself to the knowledge base and will serve as a record of concepts
and data for those needing such information. Volume Il concerns itself primarily with
ecological and management matters. Both volumes cover material on endangered
species. The papers thus brought together are not to be regarded as definitive, but as
a reflection of our present knowledge and/or ignorance.

11



12 The Behaviour of Ungulates

The two volumes, despite their size, have some serious weaknesses. They are heavily
slanted towards bovids and have relatively little material on cervids, except, perhaps,
the caribou (Rangifer). Nevertheless, a synthesis of cervid behaviour would not have
been possible at this time. There are no papers dealing in detail with one very impor-
tant aspect of ruminant behaviour— antipredator strategy and behaviour. Fortunately,
a number of recent books contain good treatment of, or information on, this topic. We
draw attention here to Kruuk's (1972) book on the spotted hyena; Schaller's (1967, 1972)
books on lions and tigers; Mech's (1970) work on wolves; Hornocker's (1970) mono-
graph on the mountain lion; and Hoogerwerf's (1970) extensive treatise on various In-
donesian ungulates and their predators.

A further weakness of these volumes is the absence of contributions by some impor-
tant workers on ungulate behaviour and ecology, whether due to the fact that they

could not attend the conference, could not be contacted, or were simply unknown to us
at the time the event was being planned. Some, but not all, of their publications can be
found in the references quoted in this book: we have often been most pleasantly sur-
prised by the number and value of these contributions of ecologists or physiologists

to our knowledge and understanding of ungulate behaviour. We may perhaps pick out
for mention McCullough's (1969) and Knight's (1970) work on elk; du Plessis's (1972)
work with the blesbok; the work of Bannikov and his colleagues (1961) on the saiga:
Sikes's (1971) work on the African elephant; Egorov's (1967) studies of ungulates in
Siberia; Zhigunov's (1961) volume on reindeer husbandry; and Taylor's extensive work
on the bioenergetics of African antelopes.* We must also draw attention to a major
Russian study on the behaviour and ecology of reindeer by one of the contributors to
the present book, L. M. Baskin (1970). At the time of writing, this work is not yet avail-
able in English translation, but hopefully will be soon. Fortunately, A. A. Nasimovich's
(1955) work on the role of snowcover is now available in English translation and in-
terested readers should enquire at the Canadian Wildlife Service, Ottawa. Formozov's
(1946) classic study on this subject is available in translation from the Boreal Insti-
tute, The University of Alberta, Edmonton.

In contemplating the papers presented in this and the second volume, one begins to
identify some of the research required which would best serve both academic and
practical interests. Quite evidently we need to know much more about the basic bio-
logy of species not adequately covered by field studies, in particular about the small-
bodied antelope and deer from the tropical and sub-tropical regions, about the Asiatic
and American cervids, and about the rare forest and mountain forms. We need studies
carried out in pristine ecosystems so that the work may reflect the action of natural
forces rather than that of human management, and lead to an understanding of the evo-
lutionary forces shaping the animals. We may enter a special plea for studies of rem-
nant populations of aboriginal races, not only because these could be exterminated, but
also because reintroductions of related forms could forever obliterate their unique-
ness. For example, one wonders if any red deer races in Europe have escaped the
introduction of 'fresh blood' from Siberia, from America, or from the 'better' red
deer populations of the Balkans or Caucasus, or wherever. Above all, we need conti-
nuous studies on populations of known individuals. Ungulates are long-lived animals
and in two to three years—the common duration of most studies—one cannot gain a
great understanding of the role of individuals in their society. Yet it is such knowledge
that we can expect to be most useful in clarifying pertinent questions, not only in etho-
logy, but also in population dynamics and ecology, as well as in conservation and
management. We may have answered the question as to which are genetically the
fittest males, but we have no such answers for females. We have much to learn about
learning in ungulates and its relation to feeding habits, habitat preferences, and home
range formation of individuals. These concerns are raised primarily by papers in

the second volume, where we become somewhat uncomfortably aware of the link be-
tween psychology and ecology. We also need detailed research on questions of con-
cern to managers so that ungulates may make a greater contribution to our recrea-

* Taylor's publications are too numerous to list in this short introduction. His ad-
dress is: C. R. Taylor, The Biological Laboratories, Harvard University, 16 Divinity
Avenue, Cambridge, Mass. 02138 U.S.A.



General Introduction 13

tional and economic as well as to our cultural requirements. Meanwhile, we hope that
these volumes make a small but useful step in that direction.
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Paper No. 1

Mother—Infant Relationships in
Ungulates

PETER C. LENT

Alaska Cooperative Wildlife Research Unit, University of Alaska, College,
Alaska 99701

ABSTRACT

The precocial nature of the ungulate infant and the active care provided by the mother
in most representatives of this order results in a period of intense reciprocal stimu-
lation between mother and infant following birth. While no single sensory input is a
requisite for the elicitation of maternal behavior, the movements, odor and vocaliza-
tions of neonates all act to stimulate normal maternal responses. Mothers, in turn,
use visual, tactual and vocal stimuli to elicit and direct neonatal activities. This
phase of intense interaction is called the post-partum period. It varies in length from
less than 1 hour to more than 10, depending upon the species.

Most ungulate species clearly fall into one of two categories with regard to the type of
mother-infant relationship occurring after the post-partum period. These two types
are referred to as the 'hiders' and the 'followers'. We are indebted to Fritz Walther
for the early development of this concept.

The hiders are primarily species using forested habitats or small species able to
take advantage of low cover in relatively open habitats. Most cervid species fall into
the hider category, as do the gazelles and many antelope species. At the end of the
post-partum phase the mother and infant in hider species enter into a phase during
which the two are separated and out of contact for long periods of time. During this
hiding period nursing and care sessions may be as infrequent as two or three per day
in some species. Infants of hider species tend to act independently in the selection of
hiding sites, but are dependent, at least initially, upon their mothers for initiation of
activity periods. The hiding behavior complex functions as a strategy for avoiding
predation and as a means of gradually introducing the infant into a closed social
group.

Follower type species include the equids, most large bovines, sheep and related
genera, the muskox and the caribou. These species tend to be associated with grass-
land or tundra habitats. Many of the follower types are characterized by great seaso-
nal mobility. In these species there is no ontogenetic phase corresponding to the
hiding period. Mother and infant maintain close spatial relationships and frequent
communication following the post-partum period. This strategy provides for protec-
tion against predation by maternal defense and permits extensive movements of
mother and young in large aggregations during early stages of infancy.

In the genus Capra and perhaps also in the mouflon and some other alpine species the
hiding period is either short or absent and associated behavior is weakly expressed..
Some evidence suggests intraspecific variation in this regard.

The prone response is an infantile behavior pattern associated primarily with hider
species. This withdrawal response may be elicited by certain maternal behavior
patterns or it may occur as aresult of alarming stimuli. This response is expressed
weakly or for a shorter period after birth in some follower species.

Following responses are part of the behavioral repertoire of all ungulate infants. This
behavior first occurs as a general tendency to follow any moving object of an appro-
priate size range. The activity is associated with an imprinting process which may
eventually result in only the mother or mother-object eliciting its occurrence. A
generalized following response continues to function in stress situations in later on-
togeny, especially among follower species.

14
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Mothers rapidly form closed bonds with their offspring during the post-partum phase.
In goats, olfaction has been shown to be essential for this process. Visual and auditory
recognition have been demonstrated in several species. The time necessary for bond
formation is referred to as the 'critical period'. It may be as short as 5 minutes (in
goats) or as long as several hours (in pronghorn). Infants are much slower in forming
afixed bond and fixating their behavior on their mother. This may not occur until the
hiding phase wanes. Infant social behavior remains more opportunistic and appears
to make less use of olfactory cues.

Our understanding of the processes of weaning and bond breakdown is especially
poor. Maternal-infant bonds normally continue beyond weaning and probably aid in-
fant survival in several ways. Mothers of several species permit yearlings (pri-
marily females) to suckle if they lose their offspring of the year. Long term associa-
tions may exist in certain species (cervids) involving 3 generations of females.

In ungulates, a major function of maternal behavior is the facilitation of learning pro-
cesses in the infant by the provision of optimum levels of stimulation and of arela-
tively stable social environment.

The application of knowledge of maternal-infant behavior has progressed rapidly in
agriculture and zoo management. There is a great need, however, for further basic
research and application of existing knowledge in this field to problems of wildlife
and wild lands management. This need increases as humans and wild ungulates in-
teract with greater frequency and in increasingly complex ways.

INTRODUCTION

My aim in this review is to deal primarily with the behavioral interactions of ungu-
late mothers and their offspring. Thus aspects of infant behavior such as play be-
havior and other interactions between young conspecifics are dealt with only briefly.
Obviously the secondary socialization process in which the young ungulate interacts
with older conspecifics besides its mother and learns social roles in relation to

other classes of individuals is of the greatest interest, but to date there is relatively
little information on the subject. This latter aspect of mammalian social behavior has
recently been reviewed by Spencer-Booth (1970). | have emphasized the bovids and
cervids in this review both because of my own interests and because of the relative
sparsity of information regarding other groups. In particular | have found surprisingly
little information available on the equids.

In order to make the reading of this review somewhat less tedious | have omitted
scientific names in the text and relegated these to an appendix.

Ungulates in general are to be considered the most precocial of mammals. Because
of their rapid motor and sensory development it is difficult to view their ontogeny in
terms of the periods of social development described by Scott and Marston (1950) and
Scott (1958) which seem most applicable to altricial mammals. There is no period in
ungulates coinciding with Scott's neonatal period during which, for example, the infant
is not receiving information by certain sensory modes and is apparently extremely
limited in its learning capacity. Conditioning of lambs may be easily accomplished be-
fore they are 4 hours old (Moore, 1958). Scott and Marston (1950: 53) remarked, 'For
lambs life may be said to begin with the transition period'. However, Scott (1960) con-
sidered that the infant ungulate at birth entered into a phase identical with his pre-
viously defined period of socialization. | find the former viewpoint more acceptable in
that there is a brief period of rapid motor and sensory improvement following the
birth of the infant ungulate during which little socialization on the part of the infant
takes place. | have used the term 'neonate’ in this review to refer to the infant un-
gulate during this brief post-partum period in its ontogeny which normally is only a
few hours in duration. | describe this period in detail in Section II.

I. PARTURITION AND ASSOCIATED BEHAVIOR

The degree to which mothers of gregarious species isolate themselves from con-
specifics before parturition appears to vary both inter- and intra-specifically. Ex-
perienced mothers may be more likely to do so than primiparous females as Cou-
turier (1938) suggests regarding chamois. Isolation appears to be a general rule in
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the Camelidae (Pilters, 1956). Couturier (1962) and Pitzman (1970) give detailed de-
scriptions of the process in ibex and Dall sheep, respectively. McCullough (1969) re-
ports that elk cows do so, but M. Altmann (1963) states that they remain on the mar-
gin of groups. Pronghorn mothers apparently always isolate themselves (Prenzlow,
1964). Bison behavior is on the other hand reportedly variable in this respect (Mar-
joribanks-Egerton, 1962; Engelhard, 1970). Pruitt (1960) believed that caribou cows do
so but my own observations (Lent, 1966) and those of Bergerud (this volume) did not
substantiate this.

In species which normally seek isolation and have a distinct birth period, abnormal
confinement of large numbers of females together may result in attempts by females
to adopt other neonates before they give birth themselves. This can occasionally be a
problem in sheep ranching (Alexander, 1960; Rowley, 1970).

The timing of parturition in relation to the diurnal cycle of a given ungulate species
has been the subject of considerable discussion in the literature but there is very
little concrete information available. Slijper (1960) believed that, in general, parturi-
tion in ungulates tended to occur during the time of least activity, that is during nor-
mal resting periods of the species in question. However, studies of specific species
have not clearly born this out (Bubenik, 1965; Lent, 1966). In fact in the most de-
tailed study of this subject, involving data collected from 1270 parturitions among
various breeds of ewes, Lindahl (1964) found evidence indicating quite the opposite.
His study also revealed more distinct peaks in the diurnal parturition pattern of ewes
three years of age or older compared with younger ewes.

Certain representatives of the Suidae are apparently the only species of Ungulatain
which a nest is prepared before parturition (see Fradrich, 1965 & 1967). Reports of
preparation of special birth beds are discussed by Bannikov et al. (1961) with regard
to saiga but these authors do not believe that the pawing and scraping associated with
birth places differs in any way from that performed at normal bedding sites. Short-
ridge (1934) states that steenbuck use burrows of other animals.

Many authors have described physical and behavioral changes by which an imminent
birth may be predicted (Van Doom and Slijper, 1959; Naaktgeboren, 1963; Fraser,
1968). Nevertheless, such indicators do not always occur and the literature of zoo-
logical garden management is replete with examples of totally unexpected births.
This seems to be especially true of Camelidae (Kraft, 1957) and zebras (Walther,
1961b). The Equidae seem to have ability to delay parturition when disturbed but there
has been no definitive study of this subject.

The position of the mother during labor and at the time of birth has been described
for numerous species and | will not attempt a full compilation of these observations
here. The subject has been thoroughly reviewed by Slijper (1960) who concludes that
the lying position is normal or most common in ungulates. The exceptions seem al-
most as numerous as the rule, however Among the Suidae and Hippopatamidae, in-
cluding Choeropsis, contractions and birth while reclined on the side is certainly a
typical pattern and this is also apparently a general rule among Camelidae (Pilters,
1956). Nevertheless, Naaktgeboren and Vandendriessche (1962) described a drome-
dary giving birth while standing. In other species such as domestic cattle (Naaktge-
boren, 1963) muskoxen (Fig. 1) (Lent, unpublished), Pere' David's deer (Van Doom and
Slijper, 1959), and some gazelles (Walther, 1968), alternate bouts of contractions while
on the side and while standing plus a general restlessness are the rule. Among other
deer species it is also common for the mother to undergo alternate bouts of standing
and lying down, but the reclining may also include resting on the brisket and generally
the legs are not as forcibly extended during labor contractions. The wisent, on the
other hand, maintains a defecation posture during labor and apparently always gives
birth standing (Naaktgeboren and Vandendriessche, 1962).

The infant may be born while the mother is standing, crouching, or lying down. Exam-
ples of births in all three of these positions have been described for Rangifer. For
mule deer one observer reports the females standing (Voss, 1965), as is apparently al-
ways the case in the giraffe (Hediger, 1955; Robinson et al., 1965). Klingel and Klin-
gel (1966) describe a zebra foa born while the mother is lying down. Among gazelles
the lying position is common but occasionally the mother is crouched in a 'defecation
posture' (Walther, 1968).
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Fig. 1 Muskox cow in labor

Among the Suidae the time span between multiple births may be as short as a minute
or two (Fradrich, 1965). Howard (1966) reports only 2 minutes between the births of
pronghorn twins, Voss (1965) reports 5 minutes between mule deer twins, and Haugen
and Speake (1957) observed an 8 minute gap between white-tailed deer fawns The
longest time span between births, about 20 minutues, is reported by Hediger (1955) for
nilgai twins.

When parturition occurs without isolation, either in the wild or under conditions of
captivity, the event frequently attracts the attention of other conspecifics, even males.
Females are described interacting with mothers and their offspring during or imme-
diately after birth in wildebeest (Talbot and Talbot, 1963), klipspringer (Cuneo, 1965),
bushbuck (Dittrich, 1970), roe deer (Prior, 1968), bison (Marjoribanks-Egerton, 1962),
and muskoxen (Lent, unpublished)

Il. POST-PARTUM BEHAVIOR

Hediger (1955) distinguished clearly between the passive and active types of ungulate
mothers in reference to their behavior in the immediate post-partum period. The
Suidae and the Camelidae provide most of the examples of the former. The Cameli-
dae do not usually lick the neonate or aid in removal of the membranes. Neverthe-
less, camelid mothers will use their lips and tongues to aid urination and elimination
in much the same manner as is common in 'active' species particularly those of the
hiding type. Even among the so-called passive swine, the sow may make contact with
her piglets soon after birth and aid in their proper disposition relative to her own
body and the nest by rooting movements of her head (Hafez and Signoret, 1969). Among
the active type mothers, which includes the vast majority of ungulate species, the pro-
cess of licking and grooming of the neonate typically begins a few minutes after birth.
This activity has been described in detail by many authors including Hediger (1955),
Blauvelt (1955), Collias (1956), Herscher et al., (1963a), Alexander (1960), Kurt (1968)
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and Espmark (1969). Licking may initially include the entire body of the neonate
starting especially at the cephalic end although relatively neglecting the limbs. Later,
it is typically concentrated at the anogenital region. Gunther (1967) and Walther
(1964, 1968) have both mentioned the possibilities for observers to sex young by ob-
serving where the mother licks it. This would seem to be possible only with the
hider type species (see later). Licking (especially in these species) is not confined to
the neonate itself but may include objects in the environment which have received
fluid, either from the breaking of the amniotic sac or the fetal membranes and after-
birth. The latter are sometimes chewed and swallowed. Bubenik (1965) reports such
licking to be more thorough in pluriparous roe deer than in primiparous individuals.

Numerous functions have been suggested for post-partum licking. Perhaps the best
discussion of this subject appeared in Blauvelt (1955). The various discussants
viewed licking as one mode of reciprocal stimulation between mother and neonate.
Numerous observations suggest that this stimulation aids in increasing neuro-excita-
bility and thus promotes rapid motor development in the infant, increasing its chances
for survival. At the same time the mother receives olfactory and gustatory stimuli
which appear to be important in strengthening maternal behavior in general and in
particular the social bond with her infant. Experimental evidence for this will be de-
scribed later. Lip curling (Flehmen) by mothers during such activity has been ob-
served commonly in muskoxen (Fig. 2), and has been observed in domestic mares
(Fraser, 1968) and ewes (E Banks, pers. comm.). The role of licking in drying the
neonate's coat and thus aiding thermoregulation is believed to be important in caribou
(Hart et al., 1961; Kelsall, 1968). Pruitt (1961) suggests that the lower neonatal mor-
tality seen in caribou populations during severe cold weather in comparison to that

Fig. 2. Muskox cow retracts lips after licking neonate
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Fig. 3. Muskox cow licking and pushing neonate, which is 30 minutes old

recorded for domestic reindeer in the Soviet Union may be due to a physiological
difference in the fawns of these two subspecies. Nevertheless it seems equally pos-
sible that the difference is due to more intensive maternal care by wild caribou
mothers. Thermoregulation in neonatal lambs has been studied by Alexander (1964)
and co-workers. These sheep studies are reviewed by Rowley (1970) who mentions
that maternal grooming by the domestic ewe is relatively inefficient as a drying
mechanism and that evaporation must account for much of the drying process which
may take up to three hours post-partum for completion. Interspecific differences
certainly exist with regard to maternal licking. There also seems to be interspecific
variation in the amount of moisture present on the surface of the neonate but specifics
on this point are lacking.

Although Naaktgeboren and Vandendriessche (1962) suggests that the lack of licking
by camel mothers during the post-partum period is associated with the presence of
a well-developed epitrichium, licking is very intensive among muskoxen in which the
neonate also possesses such a strong covering (Fig. 3). Vigorous licking may some-
times appear to actually hinder the first standing attempts of neonates. | have seen
this among perhaps over-solicitous muskox mothers.

Obviously the birth itself provides a shock effect for the neonate particularly if, as is
frequently the case, the mother is standing or stands up at the moment of delivery.
Mothers of many species will tactually stimulate their offspring by means other than
licking. Cattle will do so by prodding the neonate with the head (Naaktgeboren and
Vandendriessche, 1962) as will bison (Fraser, 1968). | have observed the same follow-
ing several muskox births. Von Raesfeld (1957) and Bubenik (1965) have described
similar activity by roe deer. Bubenik also relates unpublished observations on the
use of the forelegs by red deer to induce activity in their neonatal calves and he
associates this maternal behavior pattern with an unusually cold calving environment.
Gilbert (this volume) described vigorous kicking by a fallow deer mother directed
towards her stillborn fawn. The use of the forelegs to prod and stimulate the neonate
is perhaps most developed in Dall sheep (Pitzman, 1970), particularly in the first few
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minutes post-partum. The activity itself seems to be stimulated by the struggles of
the lamb to coordinate itself. The infant itself provides visual stimulation which in
turn heightens the state of awareness and the activity of the mother. Chamois are re-
ported to attempt lifting weak young with their horns (Hediger, 1955) and bison will
move the young upward and towards them with the under surface of their muzzles
(Engelhard, 1970). In the case of the primiparous mothers however, the total effect of
the neonate may sometimes be frightening to the mother and lead to postponement of
maternal-young contact, including nursing. This is well described in reindeer and
caribou (see Lent, 1966) and sheep (Alexander, 1960), and in many observations of un-
gulate births in zoological gardens.

The mother may be further stimulated by vocalizations of the neonate. Such vocali-
zations immediately after birth have been reported for several species including
mouflon and bontebok (D. Altmann, 1970, 1971), roe deer and red deer (Bubenik, 1965),
muntjak (Dubost, 1971) and some neonate muskoxen (Lent, unpublished).

The lack of such reciprocal stimulation can obviously affect the post-partum behavior
of ungulate mothers. Evidence for this is available from observations of maternal
behavior associated with stillbirths such as | have described for caribou (Lent, 1966).
Alexander (1960) noted that merino ewes with stillborn lambs will frequently desert
them soon after birth and attempt to adopt the young of other mothers. Van der Ham-
men and Schenk (1963) described the lack of normal behavior in connection with still-
born goats.

While all ungulates are considered relatively precocial in comparison with other mam-
malian orders, there nevertheless exists within the order significant differences be-
tween various species with regard to their rate of development during the post-partum
period. These differences may relate to their exposure to predation and other selec-
tion pressures. The wildebeest, for example, has frequently been referred to as the
most precocial species (Talbot and Talbot, 1963). It seemed of interest to tabulate

the times of first occurrence of various events during the post-partum period for as
many species as possible. Three events were selected because they were most fre-
quently referred to in the literature (1) first standing, (2) first walking, (3) first suc-
cessful nursing. The compiled figures, as given in Table 1, must be considered as
crude indicators at best. Obviously the timing of such events can be greatly influenced
by environmental conditions and first nursing, in particular, may be influenced
markedly by whether or not the mother is primiparous.

Table 1 does not include domesticated species. It is not clear whether domestication
has led to slower motor development in the post-partum period. The data presented
by Herscher et al. (1963a) adapted from Wallace (1949) does not suggest a significant
difference in domestic sheep compared to related wild species. At least 70 per cent
of the lambs observed were standing in less than 30 minutes post-partum and well
over half of both singlets and twins nursed in the first hour.

Il1. THE HIDERS VERSUS THE FOLLOWERS

We owe to Walther (1961a, 1964, 1965a, 1968) the development of the concept that there
are two distinct forms of integrated maternal-infant behavior in ungulates. These
are referred to in German as the 'Ablieger Typ' and the 'Nachfolger Typ'. While
various English translations of these terms have been employed | wish to adopt here
the simple terminology of 'hiders' and 'followers'. A major goal in this review isto
examine the behavioral characteristics of these two social types to determine how
well those ungulate species which have been studied fit into this dichotomy and how
clearly various behavior patterns may be related to one or the other of these types.

Immediately following parturition mothers and infants of all ungulate species enter
into a phase of intensive contact and reciprocal stimulation. Some of the types of con-
tact have already been noted. It is this initial phase, common to all species, that | re-
fer to as the post-partum period. The duration of this period varies considerably
from species to species. From the information presented by Walther (1964, 1965a) the
period may last for 20 hours in kudu or be as short as 41 minutes in Grant's gazelle;
Espmark (1969) indicates 5 hours for roe deer. Among the hider types the mother and
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the infant then enter into the first of many long periods of separation which typically
commences with the infant selecting its own hiding place away from the parturition
site. The active role of the infant in this selection process is emphasized by Walther
in his reviews of the subject and by Bubenik (1965) in red deer, McCullough (1969)
with regard to Tule elk, Jungius (1970) in his study of reedbuck behavior and Schaller
(1967) with regard to blackbuck.

The German term 'Abliegen’, usually translated as 'lying-out’, emphasizes this ac-
tive role of the infant. Nevertheless, it is clear that we are dealing with an adaptive
behavioral complex involving characteristic behavior patterns on the part of both
infant and mother. Obviously, not only does the infant in certain species move away
to hide but the mother 'permits' it to do so and in fact aids the success of this ac-
tivity in several ways, i.e. by not attempting to induce following and by maintaining
the desirable distance away from the infant. Similarly in follower-type species both
mother and infant show specific behaviors which tend to promote early and close
following responses.

Furthermore, there appear to be variations or intermediate forms in which the

hiding complex is not fully developed. For example, Rudge (1970), although contending
that the feral goat is clearly a 'hider', indicates that the mother leads her offspring
to a secluded place. Spinage (1969) also describes how the Waterbuck mother leads
her calf to a new hiding place. In other cases, to be described later, the infant re-
mains near the birthsite while the mother moves away. For these reasons, | have
used the more general term, 'hiders' to refer to those species employing this be-
havioral complex and reserve the term 'lying-out' to refer specifically to the infant
activity of searching out a hiding place.

Walther (1964) describes the characteristics which appear necessary for a desirable
‘hiding site' in species such as gazelles. These include the presence of vertical ob-
jects and/or depressions. In the wild, cover density seems to be important to many
species. Kurt (1968) mentions this with regard to roe deer as does Bubenik (1965) in
reference to red deer, Gosling (1969) for Coke's hartebeest and Fichter (this volume)
for pronghorn. | have the impression that avoidance of intense light may be involved
here, at least this appears to be the case in moose. In moose we have also observed
the young infants to actively select a hiding place and to decline to follow or rest
near their mothers when they are in the open

The distance maintained by the mother away from the hiding site has been given as
30 to 300 m for Tule elk (McCullough, 1969), 500 m or more for Grant's gazelle
(Walther, 1965a) and feral goats (Rudge, 1970), one-fourth to one-half mile

(0.4-0.8 km) for pronghorn (Einarson, 1948) and up to 1 km for Defassa Waterbuck
(Spinage, 1969).

Maternal behavior traits in hider type species are also characteristic. In general, the
mothers of most of these species will not approach and make contact with their infant
at its hiding place. Rather, they await its emergence from some distance away. Leu-
thold (1967) gives this distance as 20 to 40 m for the Uganda kob. According to
Walther (1964) the distance is 10 to 15 m in kudu. Hendrichs and Hendrichs (1970)
mention a distance of 10 m in the dik-dik. Walther (1964) reports from his observa-
tions of animals in captivity that the Sitatunga, although clearly a hider type, moves
directly to its calf and makes naso-nasal contact. In this connection it is perhaps
worth mentioning the observation by Jobaert (1957) that Sitatunga mothers will fre-
quently lie in a small dry area with their young calves resting between their forelegs.

One or more changes in the location of the hiding site occur during the hiding phase.
This has been described in both captive and free ranging subjects. Typically the fe-
male initiates such a move but the exact location of the new site depends upon the
infant. In mule deer the mother is reported to lead her infant to a new resting site
quite regularly after the morning care session (Linsdale and Tomich, 1953).

Generally speaking, the hider type infant acts independently with regard to spatial de-
cisions but not as independently with regard to temporal ones. That is, activity pat-
terns are to a large extent established by the mothers. Nevertheless, as the hiding
phase progresses infants will act more and more independently. This is especially
evident in studies of cervids. Axis deer (Graf and Nichols, 1967), roe deer (Espmark,
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1969), red deer (Bubenik, 1965), and moose young may all call out to their mothers
from their hiding place at an early age before they start moving out of these sites on
their own. Such independent vocalizations during the hiding phase have not been
heard in mule deer (Einarson, 1956) or fallow deer (Gilbert, 1968). Fawns will soon
begin to initiate periods of activity independent of their mothers but usually restric-
ted to short distances and not entering into open spaces.

Regular changes in hiding places are also described by Walther (1965a, 1968) for
Grant's gazelle. Walther also describes some species that apparently alternate be-
tween daytime and night-time hiding spots.

In contrast, the follower species, as exemplified by sheep, caribou, wildebeest and
chamois, maintain close and frequent contact between mother and infant. The decline
in the frequency of contacts following the post-partum period is not so marked. The
follower type mother and infant both are continually responding in a reciprocal
fashion to one another's spatial position and tend to be more mobile following the
post-partum period. Actual physical contact may occur during resting periods. In
general, follower infants are more likely to initiate activities, such as nursing and
play, on their own.

A species by species examination of the information presented in Table 1 does not
indicate a clear general tendency for followers to be more precocial than hiders.

Certainly the wildebeest is the most precocious of the species for which we have in-
formation. On the other hand, caribou calves are by no means more rapid in their
development, at least with regard to the three behaviors in question, than are other
cervids. In several of the follower types first nursing may be frequently delayed for
two to eight hours apparently without detrimental effects (Lent, 1966;Collias in
Blauvelt, 1955; Alexander, 1960; Pitzman, 1970; and Kirchshofer, 1963). .
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infant relationships in ungulates
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In Fig. 4 | have attempted a schema for illustrating the basic differences in ontogene-
tic trends between hiders and followers. Two variables are shown on the ordinate
axis, total time in contact (per day, for example) and average mother-infant distance,
as if one were able to measure this once every minute during a typical day. Species
of both types undergo a similar post-partum period, following which we see the most
marked divergence of the two categories. Obviously there must exist in the hider
species a turn-around point after which interindividual distances again begin to in-
crease and mother-infant contact time decreases. This peak is shown in the 'hider
line' after which similar trends associated with weaning and the later breakdown of
the mother-infant bond occur in all species. In some ungulates this trend may be
prolonged for two years or more and in fact a temporary trend reversal may occur
after the first year (see Section VII). Total time in contact has been used in this
schema rather than number of contact periods per activity cycle since in many
hiders the frequency of contacts also decreases during their hiding phase as it does
in similar-age followers, even though total time in contact increases as the hiding
phase wanes. Espmark (1969) provides precise quantitative data on this aspect of
contact behavior in his study of roe deer. The hiding phase as shown in Fig. 4, is
obviously of variable duration in different species. Information on the length of
hiding phases is given in Table 2. Walther (1964) in his study of captive greater kudu
has described in detail how the hiding phase can wane very gradually. Certain spe-
cies which have been previously classified among the follower types, particularly the
goats, do indeed show hiding periods (see later) and thus in this sense a continum
exists with regard to the relative emphasis placed upon hiding behavior.

TABLE 2. DURATION OF HIDING PHASE IN THE ONTOGENY OF YOUNG

UNGULATES
Captive
Species Duration or Wild Source
Siberian ibex 2-3 days W Savinov, 1962
Mouflon 3 days w Pfeffer, 1967
Red deer 3-4 days W&C Darling, 1937; Bubenik, 1965
Feral goat 4 days W Rudge, 1970
AXis deer 7-10 days W Graf and Nichols, 1967
Elk 18-20 days W M. Altmann, 1963
Muntjak 2-3- weeks C Dubost, 1971
Roe deer 2-3 weeks C&W Kurt, 1968
Defassa Waterbuck 2-4 weeks W Spinage, 1969
Pronghorn 2-3 weeks W Einarson, 1948; Seton, 1929;
Fichter, this volume
4-7 days W Prenzlow, 1964; Bromley, 1967
Klipspringer 4 weeks C Cuneo, 1965
Dorcas gazelle 2-6 weeks C Walther, 1968
Thomson's gazelle 2-6 weeks W Walther, 1968
Indian blackbuck 2-6 weeks C Walther, 1968
Kudu 3-7 weeks C Walther, 1964
Uganda kob 2-4 months W Leuthold, 1967
Reedbuck 2-4 months W Jungius, 1970
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Hiding behavior shows its greatest development in certain African antelope species
in which it may persist at least partially up until four months. In these same species
we see that the initial contacts of the mother with her young are restricted from the
start of the hiding phase to two or three sessions per 24 hour cycle. This then is the
‘ideal' hider type described by the schema in Fig. 4.

One must be careful not to confuse maternal isolation behavior with 'hiding' behavior.
That is, in many species as | have already indicated, the mother may seek isolation
for parturition and maintain this isolation for sometime post-partum. During this iso-
lation phase she may well be in close contact with her young. This is the case in the
Camargue cattle described by Schloeth (1958), and Marjoribanks-Egerton (1962) ap-
parently misunderstood the situation, since she cites Schloeth to indicate that they
hide their calves. Isolation also occurs in the Rocky Mountain goat (Lentfer, 1955;
Holroyd, 1967). This may be why Seton (1929) and Hanson (1950) reported that moun-
tain goats in South Dakota hid their infants during the first days of life whereas Klein
(1953) and Holroyd agree that the neonate kid follows the mother closely. The matter
is similarly unclear with regard to the ibexes. Walther (1961a) describes typical
follower-type behavior among European ibex in captivity. Lydekker (1898) and Savi-
nov (1962), however, both refer to hiding behavior in North African and Siberian
ibexes. Although the accounts are not detailed this behavior is apparently not simply
isolation of mother and young. The numerous observations of European ibex in the
wild related by Couturier (1962) suggest plasticity of maternal behavior. When kids
are born in areas of extremely rugged terrain movements with their mothers are
restricted until a later age. The mothers therefore range farther from them and
stay away for some hours. During this time the kids remain quiet. Females may
move over 100 m away and return carefully to check up on their offspring. If these
are true followers we would expect that the females would always return to rest ad-
jacent to their young. The available information is not explicit on this point.

There is a great need for intra- specific comparative studies of maternal behavior
particularly in those species existing in widely differing habitats or whose habitats
have been subject to man-made alterations. We know little regarding the extent to
which the behavioral traits associated with hiding or following may be traditionally

or environmentally influenced, athough the work of Walther has shown how clearly
these traits are displayed by animals kept in captivity. Perry (1952) believes that

the maternal behavior of red deer has altered as the habitat used by this species in
Scotland has changed over the past century or two. Rudge (1970) feels that feral goats
display hiding traits not seen in domestic forms. However, differences with regard to
the development of hiding and related behavior between the genus Ovis and the genus
Capra were noted earlier from studies of domestic animals as discussed by Collias
(1956),Herscher et al.(1963a) and Hafez and Cairns et al. (1969). Walther (19618) also
noted that the following complex is not as strongly developed among the goats in
comparison to the sheep.

In summary, the material available at present regarding the maternal behavior of
ibexes and goats indicates that in this group there is weak development of hiding type
behavior with short hiding phases. Considerable plasticity in behavior is suggested,
influenced perhaps by genetic differences, traditions, habitat variables, or some com-
bination of these.

The Suidae represent another problem. My interpretation of the observations of
Fradrich (1965, 1967) and Snethlage (1957) is that the period in which the piglets re-
main in the nest is analogous to the hiding phase. This period is short, after only a
few days the young leave the nest and follow the mother. In fact, Fradrich describes
young wart hogs at the entrance to their hole on their second day and great weakening
of their association with the site by the second week. Fradrich (1965) cites a contrary
observation by Verlindern who reported that wild swine mothers remained with their
young at the nest for 4 days.

Finally | wish to specifically mention moose. M. Altmann (1956), Geist (1966) and
Espmark (1969) all consider the moose to be a follower type. However, my own ob-
servations and those of Stringham (unpublished) suggest the existence of certain
hider traits. | have already mentioned that young calves will frequently refrain from
following the mother and will select resting places independently. Although there is
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little mobility by the young initially, the mother may range up to 100 m away when they
are only a few days old and may be gone for an hour or two. After such separations,
reunions may be preceeded by vocal exchanges. Usually the mother rests beside or
within a few meters of the offspring.

IV. THE FOLLOWING RESPONSE AND THE PRONE RESPONSE

Approach and following tendencies are basic to the early behavior of most birds and
mammals. In the infant ungulate this following response, or heeling tendency as it
has often been called, occurs initially as a generalized response by which the infant
attempts to maintain its proximity to objects of an appropriate size range which are
moving away from or tangential to it. Walther (1964) lists several other conditions
which tend to promote following reactions in infant ungulates. Much more work is re-
quired, however, to establish the universality of these promoting factors and their
relative importance. As in the young of other vertebrate groups, infant ungulates
show a strong following tendency before any alarm or fright response is evident in
their behavior. The development of a fright response has been considered to be one
of the events leading to termination of the sensitive or ‘critical period' for imprinting
in birds (Hess, 1959; Sluckin, 1967). My own observations of caribou suggest that the
fright response develops first in connection with strange odors, and much later with
visual or auditory stimuli. This may occasionally result in a situation where a young
caf will approach a human until close olfaction occurs, move away, and then approach
again, repeating the cycle. Walther (1969) indicates that bontebok react negatively to
strange odors as early as the second day.

Under many circumstances it is important that a following response be induced by
the mother. This may require specific behavior patterns as added stimuli, particu-
larly if the infant is an older one or is in a state of satiation or exhaustion. Raising
and wagging of the tail is reported to stimulate infant following responses, for
example, in Sitatunga (Walther, 1964) and Waterbuck (Spinage, 1969). Caribou mothers
use a head bobbing action described by Pruitt (1960) and Lent (1966), which is appa-
rently weakly developed or absent in the domesticated reindeer. Chamois and bles-
bok employ a similar head motion (Walther, 1966, 1969) In several species occa-
sional naso-nasal contacts by the mother with her infant also appear to strengthen
following responses.

Obviously, one of the most important ways in which a mother induces a maximal
following response is by pacing, maintaining the optimum speed and most effective
distance between herself and her offspring.

Vocalizations are important in strengthening the following reaction in many species,
including the camel and dromedary (Pilters, 1956), caribou (Lent, 1966) and elk (M.
Altman, 1963. In the latter two species, cohesion calls are used by both mothers and
young and occur continually during movements. Among elk these calls will cease
during disturbance but among caribou they increase in frequency and intensity. Both
these species also produce clicking noises from their feet which may also function
to maintain auditory contact between mother and infant during movements. The
effectiveness of intermittent auditory and visual stimuli in eliciting approach respon-
ses has been the subject of considerable experimental work (see review by Sluckin,
1967).

Walther (1968) suggests that the following response is expressed imperfectly in hider
species in that among these species the infants may be frequently seen moving beside
or ahead of their mothers. Such behavior is certainly seen in follower types also, but
in general perhaps at older ages. In this connection it is interesting that Selous (1890)
stated that one method of distinguishing the two species of African rhinoceros was
that in the square-lipped rhinoceros the young always ran ahead of the mother
whereas with black rhinoceros the caf invariably moves behind the mother. Guggis-
berg (1966), however, indicated existence of a short hiding phase in this latter spe-
cies followed by close maternal contact, and Owen-Smith's description (this volume)
suggest the white rhino is indeed a follower type.

Following responses directed towards man or other species have been described on
numerous occasions. Such events are related for moose (Knorre, 1961), rhinoceros
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(Selous, 1890), bison (Garretson, 1938; McHugh, 1958) and red deer (Perry, 1952; Bube-
nik, 1965), among other species. Couturier (1938) describes chamois one or two
months old which showed no fright response even though other individuals only a few
days old sometimes reacted to humans with alarm. Krieg (1950) reports following
responses in guanacos at even older ages.

Walther (1964) suggests that the replacement of the generalized following response
by one restricted to the mother object occurs more rapidly in species such as wild
sheep, than in hider types. While it is true that the offspring of the follower species
rapidly learn to recognize their mothers and follow them when placed in a choice
situation, nevertheless in all the follower species which | have observed the generali-
zed following response persists long after individual recognition has been achieved.
The advantages of such a generalized response in gregarious species such as sheep,
caribou and wildebeest are evident. In a stress situation, as when chased by preda-
tors, the infant will follow the group without hesitation, even though it is unable to lo-
cate its mother before fleeing. Reunion of mother and infant can be delayed until the
immediate danger is past. Caribou cows and calves, for example, will diligently seek
such reunions even when they have been widely separated into different groups after
such stress situations. In addition, young who have mastered recognition of the
mother will frequently strive to follow and nurse other individuals when they are
unable to locate their mothers. This is reported, for example, for bighorn sheep
(Geist, 1971a). In short, under any stress situation the generalized response re-
appears.

The generalized following response is expressed independently of nursing behavior
which may rapidly become centered on the mother. The extreme example of this is
described by Walther (1964) in which young Sitatunga infants will break of nursing to
follow a valent object moving by. Infants of several species have been shown to retain
strong human-oriented following responses even though they are fully socialized with
the mothers and attempt nursing only from them (Tschanz, 1962; L euthold, 1967
Waring, 1970). Cairns (1966) found similar possibilities for the formation of separate
social and nutritional bonds in experiments with domestic lambs The mother-cen-
tered following response in relation to individual recognition is further dealt with in
Section VI.

Under certain circumstances young infants of hider species are able to act indepen-
dently without showing a following response. They will move away from the mother
and select a resting place. In such cases the stimulus requirements associated with
such sites seem primary.

In addition there is a wide variety of maternal behavior patterns, of particular impor-
tance among the hider species, which tend to inhibit or prevent following responses.
One method is for the mother to move away quietly and inconspicuously without
attracting the infant's attention.

An infantile behavior pattern that has been frequently associated with hider species

is 'Sichdrucken’, usually referred to in English as 'freezing', 'skulking' or 'lying
prone'. This posture differs from the normal sleeping position (Fig. 5) athough sleep-
ing postures are frequently employed in similar circumstances. The animal stretches
its body out producing the lowest possible profile. In the fullest expression of this
behavior the infant remains entirely motionless. Only slight respiratory movements,
eye movements or an occasional ear flick indicate the infant is alive. Muscular
rigidity is sometimes characteristic of this posture (see, for example, Bubenik, 1965).
A caribou in the prone position may go entirely limp when handled, however.

The prone response acts as a cut-off mechanism preventing expression of the follow-
ing tendency. The response may be induced by the mother in various species by a
variety of behavior patterns. The most direct approach is pushing or pressing the
infant down. This has been described by M. Altmann (1963) in elk, which use the head,
and in red deer, using their forelegs, by Perry (1952) and Bubenik. Roe deer will
similarly use their muzzles (Bubenik, 1965). Vocalizations are said to induce a prone
response in infant pronghorn (Van Wormer, 1968) and apparently in mule deer (Seton,
1929). Rue (1962) mentions how white-tailed deer mothers will use both voice and
physical contact to prevent following by their fawn. Graf and Nichols (1967) also men-
tion that stroking the head will induce lying in axis deer fawns. They describe how
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Fig. 5.  Caribou caf, approximately 24 hours old, adopts a prone position
after being ear-tagged

some fawns will lie prone when their mothers leave but will attempt to flee when
approached by humans. High bounding motions by the mother stimulate the prone re-
sponse in white-tailed deer (Downing and McGinnes, 1969), caribou (Lent, 1966) and
mule deer (Linsdale and Tomich, 1953). Such bounding motions are described for
other cervid species such as barasingha and sambar (Schaller, 1967).

Non-social disturbances which induce infants to lie prone include sudden, loud noises.
Pfeffer (1967) describes how Cypriots fire guns in the air to induce young mouflon
lambs to drop. He relates their opinion that this is possible only with very young
lambs because such infants have never heard thunder and therefore do not accept

loud sounds as being of natural origin! Kurt (1968) describes how young roe deer
calves are frequently killed because they lie prone in front of mowing machines.
Older calves are not likely to lie prone before hand mowers but will still continue to
do so in response to louder machine mowers. Especially among the hiders, the neo-
nate infant frequently adopts this posture without specific external stimulus (Walther,
1964). In all species the tendency to adopt this posture either with or without external
stimulus wanes with age. The rapidity of this behavioral change varies considerably
between species and these differences are summarized in Table 3. The waning of this
behavior is associated with the development of a 'flight response' to alarming stimuli.

The use of this posture as a response to such stimuli is not limited to the hiders, as
evidenced by its occurrence in barren-ground caribou (Lent, 1966). However, it has
not been described in the follower type bovids nor did Rudge (1970) observe it in

feral goats, although Hafez, Cairns et al. (1969) mention it with regard to domestic
goats. | have not observed it among muskoxen calves. Among free-ranging peccaries
the prone response occurs in infants when they are only a few days old, even though
such young infants already show a strong following response (Sowls, this volume).



30 The Behaviour of Ungulates

The waning of the prone response is a gradual process and in fact the behavior pat-
tern has been described for yearlings and adults of several species, primarily cer-
vids (Burckhardt, 1958; Kiddie, 1962; Bubenik, 1965; McCullough, 1969), but apparently
also in some of the smaller antelope species (Shortridge, 1934). | have not observed
it in adult caribou but my former co-worker, Odd Lgng, observed it on rare occasions
performed by cows under circumstances of extreme conflict. When attempting to
flee and lead their calves away from approaching taggers they were twice observed
to lie down oriented towards their calves in a prone position as the taggers approa-
ched closely. Immediately afterward they temporarily abandoned their offspring.
Bubenik (1965) believes that the prone motor pattern is innate in calves, a statement
which is confirmed by all available evidence. He also felt that adults learned to use
the behavior to advantage in appropriate circumstances. The widespread occurrence
of regression to infantile behavior patterns by adults under stress suggests that
learning need not be involved.

TABLE 3 AGE OF WANING OF PRONE RESPONSE TO ALARMING
STIMULI ('Schreckliegen')

Species Age of Infant Reference

Fallow deer 12-48 hours Gilbert, 1968

Caribou 24-48 hours Lent, 1966

Mouflon 3-4 days Pfeffer, 1967

Red deer 3-4 days Bubenik, 1965

Moose 5-7 days Knorre, 1961

White-tailed deer 10 days Downing and McGinnes, 1969
Roe deer 14 days Von Raesfeld, 1957

Greater kudu 14 days Walther 1964

Dorcas gazelle 14 days Walther, 1968

V. NURSING BEHAVIOR

Neonatal sucking motions may occur without contact with any object even before the
newborn infant has first arisen (Kirchshofer, 1963; Marjoribanks-Egerton, 1962).

Once limited mobility is gained the neonate will investigate by nosing the ventral sur-
faces of the mother and poke its head into angles between the limbs and body sur-
faces. Textural aspects do not seem to be significant at this stage since in captivity
the infant will eagerly investigate railings, corners of stalls and other man-made
structures. McBride (1963), however, believes the hair patterns on the belly of the
sow aid piglets in rapid location of the teats. Most workers are in agreement that the
process of locating the mammary glands is accomplished by trial and error learning.
I know of no evidence that the unaided neonate is more likely to go to the hind end of
the mother than to the forequarters At least in the first hours post-partum, olfac-
tion does not seem to play a role.

Swine receive little aid in locating the teats and yet these species are among the most
rapid in time to first successful nursing. First nursing may even start before the
umbilical cord is severed (Hafez and Signoret, 1969). The normal reclined position

of the mother must certainly make these early efforts easier. The role of the rooting
motions of the sow in this connection has been mentioned elsewhere.

The offspring of many species with 'active' type mothers are aided in attaining initial
contact with the teats by position shifts of the mother, by maternal crouching as in
moose, for example (Stringham, unpublished), and in mountain sheep (Geist, 19714), or
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reclining as in roe deer (Bubenik, 1965). Very common is a tendency for the mother
to shift the neonate activities towards her hind quarters and to direct it into the re-
verse parallel position (see below). This is done by the oral and nasal activities of
the mother at the infant's anal pole. Such activity is also reported to occur among
Camelidae (Pilters, 1956). Alexander and Williams (1964) have carried out experi-
mental work on the facilitory effects of maternal behavior on early nursing of lambs.
They demonstrated that, at least under the favorable conditions of confinement,
maternal grooming and orientation to the lamb were not necessary for the lamb's
survival. Nevertheless, when ewes were restricted from both grooming and orienta-
tion to aid their lambs' nursing attempts the offspring showed significantly (P <.05)
less teat sucking activity and early weight gain.

Information on the frequency and duration of nursing in various ungulate species is
compiled in Table 4. Such a compilation is subject to several shortcomings. Informa-
tion on many wild species is available only from captive individuals in which the en-
forced proximity of mother and infant may influence nursing behavior. This is sug-
gested with regard to feral swine (see Hafez and Signoret, 1969) and roe deer (Esp-
mark, 1969). There is also great variability in the way in which nursing duration is
recorded. Some species nurse in bouts with frequent brief interruptions (loss of
contact with teats). In most cases, total bout duration has been reported but various
authors do not make it clear which they have measured, bouts or suckling events with-
in bouts. In general, bovinae, especially the hiders, show low nursing frequency and
long duration. Long duration suckling is characteristic of the larger bovids such as
bison and the Camargue feral cattle (Schloeth, 1961).

The most frequent nursers are apparently to be found in the genus Ovis. Dall sheep
may nurse in bouts on the average of every 90 minutes during the first days of life
(Pitzman, 1970). Young domestic sheep may nurse even more frequently. Porzig

et al. (1969) cite the work of Sojetado who observed that twin lambs nursed up to 78
times in a 24 hour period. More typically, workers such as Ewbank (1964), Munro
(1956) and Munro and Inkson (1957) have reported nursing frequencies up to once per
hour. In the reviews of this subject appearing in Porzig et al. (1969) and Hafez,
Cairns et al. (1969), factors cited as influencing nursing frequency include age of lamb
(general decrease with age), number of siblings (most studies indicate twins nurse
more frequently than singlets), race, and birth weight. With regard to age, data are
presented by Porzig et al. (1969) based on the work of Czako and Mihalka showing
adecrease in frequency from 35 to 45 nursings in the first day of life to 8 to 10 per
day by the 28th day. There is a corresponding decrease in the total time spent nursing
which is even more marked, being from 80 to 90 minutes in the first day to 10 to 12
minutes total duration by the 28th day. Munro and Inkson (1957) conclude that lambs
experimentally restricted to nursing once every four hours received as much milk

as those that suckled every hour. Knorre (1961) notes that the optimum nourishment
is obtained in hand-reared moose by feeding five times every 24 hours.

The Cervidae tend to show very frequent suckling and care periods initially, with
barren-ground caribou representing perhaps the extreme in this family. The duration
of suckling tends to be correspondingly lower, athough roe deer (Espmark, 1969) and
moose (Stringham and Lent, unpublished) are known to sometimes suckle for over

5 minutes. There is a marked decrease in frequency of nursing in all cervid species
studied as the offspring age. Caribou calves at 8 to 21 days of age, for example,
nurse only one third as frequently in comparison to young calves (Lent, 1966). Roe
deer show a change in frequency of similar magnitude after the 6th week (Espmark,
1969). | have described the marked decline in both frequency and duration of nursing
bouts in domestic and wild muskox during their first four months (Lent, 1970).
Knorre's (1961) work with domestic moose also indicates a marked decline in fre-
quency of nursing by the second and third months.

A further difficulty which may affect the validity of data on nursing frequency is the
tendency of many ungulate young to seek their mothers and attempt suckling when
disturbed. Schloeth (1961) describes how feral cattle frequently nurse at a change

of activities. Walther (1964) describes this type of nursing during disturbance in
reference to the genus Tragelaphus and refers to it as 'Stérungssdugen'. | have
observed this most clearly and frequently in caribou, less frequently in muskoxen,
impala and tsessebe, and not at all clearly in lechwe. Stringham (unpublished) reports
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TABLE 4. DURATION AND FREQUENCY OF NURSING IN SELECTED UNGULATE

SPECIES
Species and Age Duration Frequency Reference
CERVIDAE
Pudu 3/day Vanoli, 1967
Red deer
First 3-4 weeks 100 sec. 6/24 hrs. Bubenik, 1965
2 months 3/24 hrs.
Roe deer

First 40 days 6-7/day Espmark, 1969

After 40 days 2/day
Moose

Very young 10/24 hrs. Knorre, 1961

2-3 months 2-3/24 hrs.

Caribou
First week 32 sec. >10/day Lent, 1966
BOVIDAE
Reedbuck 2 1/2-

First days 4 12 min. 1-2/day Jungius, 1970
Defassa Waterbuck 5 min. 1-2/day Spinage, 1969
Uganda kob 2/day Leuthold, 1967
Red lechwe

First 3 months 5 min. 2-3/day Lent, 1969
Sitatunga 2-21 min 2-4/24 hrs. Walther, 1964

(10 min.)
Greater kudu 1-18 min. 3-5/24 hrs. Walther, 1964
(7 min.)
Lesser kudu 5 min. 2-3/day Walther, 1964
Dik-dik 50-150 sec. 4/day Hendrichs and Hendrichs,
1970
Gazelles (Dorcas,
Thomson's, Grant's, 30 sec-
and Persian) 5 min. 3-5/day Walther, 1968
Bison

3 months 8-10 min. KcHugh, 1958

5 months 4 min.

6 months 3 min.

Yearling 4 min.

After post-

partum period 6 1/2 min. 3-4/day Marjoribanks-Egerton, 1962
Dall sheep

First 2 days 1 24/2 min. 1/2 hrs. Pitzman, 1970
Mouflon

First days 2 min. Pfeffer, 1967

6 weeks 10 sec.

Muskox
Under 6 weeks 3 min. 6-8/day Lent, 1970 & unpubl.
Over 2 months 30 sec. 2-4/day
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its occurrence among moose, and Marjoribanks-Egerton (1962) mentions it with
regard to bison. Geist (pers. comm.) reports it to be rare in mountain sheep.

Adler et al. (1958) refer to the 'Stérungssdugen’ phenomenon with respect to both
goats and humans. They believe the 'pushing syndrome' seen in ungulates is derived
from the suckling motor pattern. Fraser (1963), however, disagrees with this inter-
pretation. Adler et al. view the phenomenon as evidence for the dua functions of nurs-
ing activity, satisfying both nutritive and non-nutritive emotional needs of the young
organism. Nevertheless, the disturbed ungulate mother frequently will not permit
nursing. | have observed this on many occasions in caribou. There are similar
aspects in the alert postures and the nursing invitation postures employed by certain
species, namely the stiffening of the legs and the exaggeration of the mother's height.
Such use of generalized attention-getting cues is of obvious value, particularly when
the mother can more easily communicate further information after close contact is
established with her offspring.

The most common nursing position used by ungulate infants is the reverse parallel
one in which the body axes of mother and young form an acute angle. This relation-
ship permits access to the anogenital and back regions of the infant by the mother
and in many species these are frequently licked or nibbled during nursing. In fact,
the activity of the mother may actually induce the infant to take this position (see
Blauvelt, 1955: 232). | have shown a statistically significant association between
maternal licking and long nursing events in caribou (Lent, 1966). Especially among
older infants the angle of suckling varies considerably and angles approaching 90
degrees are occasionally maintained (Fig. 6).

Fig. 6. Caribou caf nursing. Call is approximately one month old

Lying down for nursing by both mother and infant is a general rule among the Suidae
(Hediger, 1955; Hafez and Signoret, 1969; Fradrich, 1965), although Frédrich notes
exceptions to this, particularly in the Warthog. The mother also typically reclines
during nursing in the Tapiridae and the Hippopotamidae; with the latter either on land
or in the water, most frequently on land in Choeropsis. Reclining while nursing has
been frequently reported in white-tailed deer (Severinghaus and Cheatum, 1956), in
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roe deer with young fawns (Hediger, 1955; Bubenik, 1965; Espmark, 1969), and | have
observed it in moose, as did Hediger. Walther (1968 :106) illustrates a Dorcas
gazelle nursing her neonate calf in this position and reports (Walther, pers. comm.)
this occurring in Mesopotamian fallow deer. Bison calves (Marjoribanks-Egerton,
1962) and other young bovines may frequently gain access to the teats from between
the mother's hind legs. This occurs occasionally in red deer (Burckhardt, 1958),
pudu (Hick, 1969), mountain sheep (Geist, 1971a) and more frequently in chamois
(Kramer, 1969). Caribou make very frequent use of this approach (Lent, 1966) but in
both caribou and chamois a higher proportion of unsuccessful suckling attempts are
reported when the young employ this tactic. It appears that nursing from the rear
is more frequent among the follower types. This may relate to the greater mobility
of these species since the mothers are often in motion at the time of the nursing
attempt, and, in caribou, the calves may occasionally actually obtain milk while in
motion.

Suckling while resting on the carpal joints is especially characteristic of older,
larger infants. For example, it is reported by Talbot and Talbot (1963) in wildebeest,
Bubenik (1965) in red deer, Hafez, Cairns et al. (1969) in sheep, Lent (1966, 1969) in
caribou and lechwe, and Geist (1971) in mountain sheep. Hediger (1950) has a plate
showing this posture in nilgai twins. In some species, as the young increase in size,
pronounced downward curving of the back and neck is observed during suckling. This
directs the head upward so that the mouth strikes the teat with correct orientation
(Blauvelt, 1955; Hafez et al., 1969).

'Heading-off' or the practice of calves stopping in front of their mothers in order to
stop the movement of the mother and permit nursing has been observed in bison by
Marjoribanks-Egerton (1962), in Marco Polo sheep by Walther (1961), in greater kudu
and Sitatunga (Walther, 1964), in cattle by Schloeth (1958), in Sika deer by Kiddie (1962)
and in mountain sheep by Geist (1971a). Marjoribanks-Egerton and Schloeth both
described individua infants that developed a propensity for using a specific tactic

in suckling to a greater degree than other young in the same herds.

Bunting, the prodding or striking of the udder by the caf with its muzzle, is a universal
behavior pattern in ungulates. It is generally more frequent and more vigorous with
increased age of the offspring and most workers indicate it functions to induce milk
flow or 'let down' (Hafez et al. 1969). Folley (1956), Zaks (1962), and Fraser (1968),
among others, have reviewed the endocrine and neuronal bases of this phenomenon.
The p