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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.
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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.

References

Bannikov, A. G., Zhirnov, L. V., Lebedeva, L. S. and Fandeev, A. A. 1961. Biology of
the saiga. English translation, U. S. Dept. of Commerce, Clearinghouse for Fede-
ral Scientific & Tech. Information, Springfield, Va. 22151, U. S. A.

Baskin, L. M. 1970. Reindeer, their ecology and behaviour. Academy of Sciences
U.S.S.R. 'Nauka.' Moskow. p. 148.

du Plessis, S. S. 1972. Ecology of blesbok with special reference to productivity.
Wildl. Monog., 30: 1-70.

Egorov, O. V. 1967. Wild ungulates of Yakutia. English translation, U. S. Dept. of
Commerce, Clearinghouse for Federal Scientific & Tech. Information, Spring-
field, Va 22151, U. S A.

Formozov, A. N. 1946. Show cover as an integral factor of the environment and its
importance to the ecology of mammals and birds. English translation, Boreal
Institute, The University of Alberta, Edmonton.

Hoogerwerf, A.  1970. Udjung Kulon: The land of the last Java rhinoceros. 512 pp.
Leiden: E. J. Brill.

Hornocker, M.G. 1970. An analysis of mountain lion predation upon mule deer and
elk in the Idaho Primitive Area. Wildl. Monog. 21:1-39.

Knight, R. R. 1970. The Sun River elk herd. Wildl. Monog. 23: 1-66.
Kruuk, H. 1972. The spotted hyena. 335 pp. Chicago: Univ. of Chicago Press.

McCullough, D.R. 1969. The tule elk: Its history, behavior, and ecology. 209 pp.
Univ. of Calif. Pub. in Zool., no. 88. Berkeley.

Mech, L.D. 1970. The wolf. Garden City, N.Y.: Natural History Press.

Nasimovich, A. A. 1955. The role of snowcover conditions in the life of ungulates in
the U. SSR. English translation, Can. Wildl. Serv., Ottawa, Ontario.

Schaller, G.B. 1967. The deer and the tiger. 370 pp. Chicago: Univ. of Chicago
Press.

—— 1972, The Serengeti lion. Chicago: Univ. of Chicago Press.

Sikes, SK. 1971. The natural history of the African elephant. 397 pp. London:
Weidenfeld & Nicolson.

Zhigunov, P. S. (ed.). 1961. Reindeer husbandry. English translation, U. S. Dept. of
Commerce, Clearinghouse for Federal Scientific & Tech. Information, Spring-
field, Va 22151, U. S A.



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



TABLE 1. TIME AFTER BIRTH (in minutes) FOR FIRST OCCURRENCE OF THREE INFANT ACTIVITIES

Species First standing* First walking First nursing No of obs. Reference
CERVIDAE
Muntjak 25 30 1 Lau, 1968
Pudu 270 1 Hick, 1969
Pere David'sdeer 80 103 3
(30-240) (60-200) Lau, 1968
Fallow deer 15 25 2 Lau, 1968
Red deer 15 44 4 Lau, 1968
24 40 49 3 Bubenik, 1965
30 55 B Naaktgeboren, 1966
White-tailed Met 20 2 (twins)
(8.5-32) Haugen & Speake, 1957
21 50 2 (twins) Haensel, 1966
Mule deer 26.5 2 (twins) Voss, 1965
Roedeer 34 40 40 1 Espmark, 1969
73 82 103 2 Bubenik, 1965
Caribou 30 48 QO+ T 5 Lent, 1966; Kelsall, 1960
Reindeer 15 1 Lau,1968
EQUIDAE
Zebra u 19 67 1 Klingel & Klingel, 1966
BOVIDAE
Cephalophus hybrid 10 1 Fradrich, 1964
Impala 20 N Tabot & Tabot, 1963
Grant's gazelle 19 21 1 Walther, 1968
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Dorcas gazelle
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Nilgai

Bontebok

Addax

Eland

Defassa Waterbuck
Kongoni

Coke's hartebeest
Wildebeest

Bison

Dall sheep
Mouflon
Muskox

ANTILOCAPRIDAE
Pronghorn
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23

28
70
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35
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60
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34.5
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31
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Walther, 1963
Kirchshofer, 1963
Hediger, 1955
Altmann, 1971
Dittrich, 1970
Kirchshofer, 1963
Spinage, 1969

Talbot & Talbot, 1963
Godling, 1969

Talbot & Tabot, 1963
Hediger, 1955
Lawick-Goodall, 1970
Seton, 1929

McHugh, 1958

Marjoribanks-Egerton,
1962

Pitzman, 1970
Pfeffer, 1967

Lent, unpubl.

Prenzlow, 1964

*

Mean values are given for multiple observations with range of extremes in brackets
t Two had not nursed after 3 hours
+ 26 minutes from time labor began!
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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).
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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 phase in swine nursing frequently referred to as the 'nosing phase' is apparently
an analogous activity in the Suidae. Bunting may become so vigorous that it induces
the mother to move and/or actually moves the mother by its own activity. In reference
to gazelles, Walther (1965a) describes the tendency for mother and infant to pivot
("Saugekreisen') as the infant continues this activity. Continued vigorous bunting
frequently appears painful to the mother. Mothers of certain species react to this
with threat postures or even blows with their horns or head against their offspring.
Other species (fallow deer, for example) may employ biting. Bunting may thus play
arole in the weaning process (see later).

The initiation of contact periods which normally include one or more bouts of nursing
has already been described with regard to the hiding phase of ungulate ontogeny.

The use of vocalization by hider mothers as part of the ceremony preceding nursing-
contact periods, that is the 'calling out' of infants, has been described in greater

kudu and gazelles (Walther 1964, 1968), moose (Knorre, 1961) musk deer (Flerov,
1954),pronghorn (Prenzlow, 1964), kob (Leuthold, 1967), feral goats (Rudge, 1970) and
dik-dik (Hendrichs and Hendrichs, 1970). Certain authors have specifically mentioned
alack of such vocalizations, for example in reedbuck (Jungius, 1970) and Sitatunga
(Walther, 1964). Nevertheless such vocalizations may be audible in the wild only
under ideal conditions. In non-hider species or in hiding species outside of that
phase the mothers may still employ vocalizations to initiate nursing as in ibex and
markhor (Walther, 1961a), mountain sheep (Geist, 1971a) and Warthog (Fradrich,
1965); however in other species, caribou for example, this is extremely rare after

the post-partum period.

Schuller (1957) reports that a 2 month old domestic calf continued to react to mater-

nal vocalizations by 'udder' searching even though it had been hand raised. Long
distance vocal exchanges preceding nursing are described for cattle (Schloeth, 1958,
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1961) and muskoxen (Lent, 1970). In the latter, vocalizations of infant and mother are
relatively loud and of long duration and thus seem well suited to the loose bond which
develops within a few months after birth in this species. Infant vocalizations pre-
ceding or associated with nursing are mentioned with regard to llamas (Pilters,

1956), swine (Hafez and Signoret, 1969), markhor (Walther, 1961a), sheep (Haas, 1959),
caribou (Lent, 1966) and many other species. Signoret (in Porzig et al. 1969) has
described how human imitation of infant swine vocalizations will induce more frequent
nursing by sows.

Some interesting observations on the vocalizations of cattle-bison hybrid calves

are made by Berlioz (1933), Deakin et al. (1935) and cattle-wisent hybrids (Krasinska
and Pucek, 1968). For a further review of mother-infant vocal communication the
reader is referred to Tembrock (1963).

A nursing invitation or udder-presentation posture which | have mentioned previously
is employed by mothers of several species as in chamois (Kramer, 1969), roe deer
(Kurt, 1968), and moose (Stringham, pers. comm.).

In the chamois it is common for the kid to move to the resting mother and prod her
with snout or forehead to induce her to rise and nurse. More rarely, mothers will
stimulate their offspring to rise and nurse by use of head or horns or forefeet.

Kurt (1968) observed this a few times in roe deer as did Marjoribanks-Egerton (1962)
in bison and Espmark (1971) in reindeer). | have seen it occasionally in muskox and
rarely (4 out of 137 observations) in caribou.

In the case of neonate ungulates, nursing is almost always terminated by the offspring
but in several species a clear-cut trend is evident for increasing frequency of active
termination by the mother. Espmark (1969) for example, states that on the first day
the infant roe deer always terminates the nursing interaction but by the 17th day the
mother always does so. In many cases this termination simply involves a forward
movement on the part of the mother, with or without lifting of the hind leg, or, par-
ticularly in response to bunting, a swinging of the rear quarters away from the nursl-
ing. In other species there is an increasing tendency for mothers to terminate nurs-
ing or prevent suckling attempts with agonostic behavior. Kurt (1968) notes the first
use of the hind legs in the roe deer at three to five weeks post-partum. Threat
gestures involving head presentations are described for kudu but do not occur in
sitatunga (Walther, 1964). | have observed similar threat presentations in caribou
and lechwe, and with great frequency in muskoxen beginning when the calves are about
2 months old. Such maternal terminations may be viewed as a part of a general trend
leading towards total weaning. This subject is dealt with further in section VII.

When siblings are involved, nursing behavior may be altered in comparison to that of
singlets. Considerable information is available on this subject with regard to domestic
species, Hafez and Lineweaver (1968) found that Hereford twins suckled 11 times
aday in comparison to 4 to 6 times daily for singlets. Ewbank (1967) found, as did
previous workers cited by him, that twin lambs also suckle more frequently than
singlets. Many ewes will not permit suckling until all siblings are present and sows
will apparently delay milk letdown until all litter members are in position (Porzig

et al., 1969; Hafez and Signoret, 1969). Among sheep fixity of relative position by
siblings during nursing does not seem to be as well developed as in swine. However,
the literature is conflicting on this point (see Ewbank, 1967).

Ungulate infants frequently attempt to suckle from females other than their own
mothers. However, very little information is available on their success rates in
this regard, particularly in unconfined wild populations. In the course of several
hundred observations of caribou nursing | could only twice confirm that calves
briefly suckled from strange cows. After a few seconds they were chased by these
females. McCullough (1969) observed such nursing only once in his study of wild
Tule elk.

Such suckling was observed to be frequently successful in a captive group of chital
reported on by Schaller (1967). In a captive reindeer herd maintained at Cantwell,
Alaska, in a small pasture, a 4-month-old calf was found to be obtaining 15 per cent
of its milk supply from other cows. This was determined by radio-isotope tagging
(Holleman et al., 1971). Espmark (1971) describes in detail the prevalence of what he
refers to as 'thief-sucking' in a Swedish reindeer herd. Suckling attempts were
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susceptible to social facilitation so that up to three calves were observed to suckle
simultaneously from the same cow. This phenomenon was most pronounced when
the calves were 5 weeks old. One calf specialized in such nursing, accounting for
78% of the 'thief-sucking' in a herd with five calves. An okapi in captivity was also
nursed by two cows (Grzimek, 1958). This is extremely rare among gazelles, even
in captivity, according to Dittrich (1968) who has observed it only once in the Gazel-
linae, by a Soemmering's gazelle. This author reports it to be more common in
captive greater kudu, Lady Gray Waterbuck, suni, bushbuck, and dik-dik, as well as
in the goats and sheep generally. Great maternal tolerance in this respect is also
described in captive giraffe by Dagg (1970).

Fréarich (1965) describes two captive Warthog mothers sharing the same nest and
nursing their young together without discrimination. J. F. Eisenberg (pers. comm.)
reports similar observations for wild boars in Ceylon. This communal nursing is
similar to that described for certain carnivores and rodents. Sayler and Salmon
(1971) have shown that mice raised communally exhibit higher growth rates than those
suckling only their own mothers.

Distinct rhythms in nursing activity develop in many species after the post-partum
period but seem to be most pronounced in the hider species. Early morning and
evening peaks are described in mule deer (Linsdale and Tomich 1953), lechwe (Lent,
1969) and kob (Leuthold 1967). A less distinct three peak rhythm is described for
red deer by Bubenik (1965). Mothers with multiple young will frequently not permit
suckling unless all offspring are present. Ewes will sometimes call the missing
lamb (Ewbank, 1964) and similarly sows call or gather resting members of their
litter together for nursing (Hafez and Signoret, 1969).

V1. INDIVIDUAL RECOGNITION, BOND FORMATION AND IMPRINTING

It has long been known that ungulate mothers and their infants form closed social
bonds to the exclusion of other individuals. This occurs even in those species which
otherwise maintain open social groupings throughout the year. Frequently the sug-
gestion has been made that precocial mammalian species, ungulates included, rapidly
form such bonds through a process similar or identical to imprinting as initially
described in birds by Lorenz (1935)(see Grabowski, 1941 and Hess, 1959). Only
recently has any experimental work been carried out with ungulates to explore the
nature of the mother-infant bonds and the sensory bases for individual recognition.

Circumstantial evidence indicating individual recognition by auditory means has been
mentioned with regard to several species, including Dall sheep (Murie, 1944),

caribou (Lent, 1966), bison (Marjoribanks-Egerton, 1962) and cattle (Schloeth, 1958).

| have unpublished observations indicating similar recognition in both bison and
muskox. Reindeer herders may expose neonates to human calls so that they can more
effectively call the calves to follow when they are older (Zhigunov, 1961). Markgren
(1966) reports that hand-raised moose calves learned to distinguish their keepers'
voices from others.

Haas (1959) experimented with playbacks of lamb bleats to Barbary sheep mothers.
He noted a general excitation of all mothers with young lambs but no clear cut evi-
dence for individual recognition of the playbacks. Tschanz (1962) carried out similar
experiments with mouflon and obtained similar results. Mothers reacted most
strongly during the first three days following parturition, which apparently coincides
with the hiding phase in this species in the wild (Pfeffer, 1967). With the playback

of maternal calls lambs were more likely to respond to their own mother's vocaliza-
tions. Smith (1965) reports attracting five ewes to recordings of their own lambs
made on their second day of life. Such recordings were effective only when the ewes
were standing apart from their offspring. It is not stated how these ewes reacted to
recordings of other lambs. Kurt (1968) obtained a positive reaction (alertness and
seeking of sound source) from all roe deer mothers in response to playback of their
own offsprings' alarm cries but also received positive reactions in the majority of
cases to an imitation of the same vocalizations made by blowing on a reed of grass.
More recently Espmark (1971 and in press) has performed some playback trials
with reindeer cows also indicating ability for individual recognition. Ericson (1971),
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on the other hand, found no evidence for individual recognition by auditory means
in reindeer.

Naturalistic studies have also indicated an important role for olfaction in the process
of individual identification especially by the mother. In many species it has been
observed that females make nasal contact with the nasal or anogenital areas of off-
spring. When confusion occurs they will 'test' several successive infants before
driving off the strangers or moving off with their own offspring. | have described this
process in caribou (Lent, 1966), and M. Altmann (1963) illustrates it with a photograph
of two elk mothers and their calves. Tschanz (1962) demonstrated experimentally
that mouflon ewes are able to distinguish their own lambs by olfaction as early as

12 hours post-partum. This is accomplished primarily by smelling the anal region.
Tschanz suggests that perianal glands are involved.

Working with goats, Klopfer and Gamble (1966) and Klopfer and Klopfer (1968) have
performed experiments on the role of olfaction in the formation of permanent mother-
kid bonds. Mothers made anosmic by injections of cocaine at the time of parturition
later accepted any kid presented to them when they were again rendered anosmic.

On the other hand females with unaltered olfaction at birth but which were later
cocainized rejected strange young but not their own young when these were presented.
Alien kids were accepted if presented for five minutes at the time of parturition.
Klopfer and Gamble (1966: 592) concluded that 'an olfactory experience at birth

is not a requirement for the manifestation of maternal behavior.' It is however, a
requirement for bond formation. They suggested the existence of a sensitive period
perhaps having as its hormonal basis the changes in oxytocin levels associated with
parturition. Does whose own young were removed shortly after birth reaccepted

them if in the meantime an alien kid was available for interaction. Inputs from other
senses including gustation were not controlled in these experiments. In later experi-
ments Hemmes (1970) found that oxytocin treatments and vaginal distensions had no
statistically significant effect on doe responsiveness following separations. There
were subtle effects of the vaginal distension treatment meriting further investigation.
Alexander (1960) also found that oxytocin treatments did not reduce desertion or im-
prove maternal behavior among ewes that were poor mothers.

Smith et al. (1966) separated ewes from their lambs immediately after birth, collected
all fluids and membranes on plastic sheeting, and used other measures to minimize
olfactory influences. The ten ewes were kept in isolation for varying periods up to
eight hours post-partum. Nine of these accepted their lambs when they were returned.
Experiments with seven other ewes involved interchanges of lambs. In each case

the first lamb presented after parturition was accepted. A period of 20 to 30 minutes
for licking and contact with the lamb seemed sufficient for the establishment of a
permanent attachment. Under the experimental conditions, isolation of the lambs for
up to 8 hours seemed to have no significant affect on their physical well-being.
Techniques for removing and disguising odors and transferring odors to infants for
purposes of fostering have long been in use by sheep and goat herders. Some observa-
tions on this subject are reviewed by Herscher et al. (1963a). Application of a poten-
tial foster mother's milk on an infant has proven successful. Smith (1965) mentions
that ewes were attracted to clothes soaked with their own amniotic fluid but not to
those impregnated with fluids from other females.

Visual recognition is less amenable to experimental minipulation and the information
on this subject is correspondingly less precise. Tschanz (1962) reported that lambs
correctly identified their own mothers visually in 163 out of 195 events and that
mistakes were rare after the 11th day. Whether this identification is based on in-
dividual physical characteristics or on perception of specific maternal behavior
patterns (such as Schloeth, 1958, describes in the Camargue cattle) is not clear.
Smith (1965) stated that vision was of minor importance in recognition of lambs but
Lindsay and Fletcher (1968), who experimented with ewes in a T maze, concluded that
sight was the only sense essential for recognition under these experimental condi-
tions. With goats it has been noted that substitutions or adoptions are less likely

to be successful when the kids are of different coloration (Blauvelt, 1956; Collias,
1956).

The mother's bond with her infant is not absolutely fixed, as evidenced by the occur-
rence of adoption following the loss of her own infant. There are few data on this
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subject from studies of animals in the wild. Bubenik (1965) believes that multiparous
mothers are more likely to accept strange young than females of monoparous species.
More evidence is required to establish the validity of this generalization. Caribou
cows, including a few with young of their own, may frequently be seen attemptingto lure
other calves away from their mothers (Lent, 1966). Pruitt (1960) believes that adop-
tions are frequent in this species but presents no data to support this. Kurt (1968)
found that adoptions were not successful with roe deer if the strange fawn was of a
different age from the mother's own offspring. There are numerousreferences in the
literature to yearlings being permitted to nurse if a mother loses her offspring of the
year (see section VII).

In another study Herscher et al. (1963b) removed the offspring of ewes and does after
they had at least two hours of post-partum contact. Alien young of varying ages

were later introduced to the mothers. By using stanchions and restraining harnesses
to restrict the aggressive behavior of the mothers adoptions were eventually affected.
An average of 10 days was required for this.

Long-term fixations of maternal behavior may also be possible. There is an inter-
esting account in Knorre (1961) of a moose cow whose calves were removed each

year so that she could be milked by hand. When she was allowed to keep her third off-
spring she rejected it violently, killing it with her forefeet. She later went to her

usual milk-maid, vocalized as moose do when calling-out a calf, and licked the woman's
face and hand.

The process of bond formation or imprinting is obviously different for the infant and
its mother compared to the mother and her infant. The bond forms very rapidly

so far as the mother is concerned. Five minutes may be sufficient for goats and

20 to 30 for sheep. | have estimated that one hour is necessary for formation of a
strong bond in caribou so that the mother will diligently seek reunion with her calf
after the two are separated for tagging purposes (Lent, 1961, (1966). Prenzliow (1964)
suggests that as much as 6 hours may be required for this purpose in pronghorns.
Apparently in hider species, such as the pronghorn, the post-partum period of inten-
sive contact serves to develop the bond so that the female responds selectively to
her own infant after separations, returns to it, and remembers its location. It seems
appropriate to refer to the time span necessary for formation of this bond as the
‘critical period'. This should be distinguished from the maximum time period after
parturition during which a bond may be formed even though its initiation has been
delayed. This sensitive period may be as long as 8 hours in sheep (Smith, 1965;
Herscher et al., 1963b).*

In contrast to this rapid formation of the maternal bond, the fixation of the infant's
association with its mother is a slower process. Kurt (1968), for example, indicates
this critical period extends over 2 or 3 weeks in roe deer and Bubenik (1965) suggests
an even longer period. The behavior of infants remains opportunistic and if the
mother is not readily available an alternate will be sought, as | have described when
dealing with nursing behavior.

Mothers play an active role in strengthening and maintaining maternal-infant bonds
by driving away strange infants that approach them. This process has been des-
cribed for many species, including mountain goats (Lentfer, 1955), red deer (Bubenik,
1965), zebra (Wackernagel, 1965) caribou, Lent, 1966), feral goats (Rudge, 1970) and
mountain sheep (Geist, 1971a). In other species it is seen only rarely, as in Barbary
sheep (Haas, 1959) and the genus Tragelaphus (Walther, 1964). It is apparently un-
usual for mothers to defend their young, as opposed to the space around their own
bodies (Lent, 1966; Kramer, 1969). Ungulate mothers rarely react to intra-specific
aggression when their offspring are outside of this sphere of protection. The most
frequent exceptions to this statement involve maternal efforts to disrupt play activi-
ties of their offspring and other infants. Couturier (1962) describes this in ibex,
Pitzman (1970) in Dall sheep, Geist (1971a) for mountain goats and | have frequently
observed it in muskoxen.

* See Sluckin (1970) for a discussion of the terms ‘critical period' and 'sensitive
period'.
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There is considerable confusion in the literature, both technical and popular, regard-
ing the terms 'following response' and 'imprinting'. Frequently the two have been
used as equivalents (Forrester and Hoffmann, 1963, for example). An observation
that a young ungulate follows a moving man or other object (such as those cited in
Section 1V) is not sufficient evidence for imprinting. It is the strong innate tendency
to follow which aids the formation of a bond, that is, among ungulates, the generalized
following response leads to the formation of an object-specific following response.
Hess (1959) has suggested that the strength of the imprinting process is proportional
to the amount of effort expended in following the object of imprinting. While such
effort may facilitate the process it is not essential. Cairns and Johnson (1965) and
Cairns (1966) described the formation of bonds between lambs and dogs under con-
ditions of confinement where neither following nor physical contact were possible
Such bonds of association were found to be reversible. Four lambs which had formed
bonds with dogs were then placed with sheep for 4 months. After this period when
placed in a choice situation they chose to associate with conspecifics rather than with
the dogs in 93% of 30 trials. However, these lambs had been initially exposed to their
mothers before being placed in association with dogs. The irreversibility of im-
printing in birds has also been questioned (Salzen and Meyer, 1968).

VIlI. WEANING AND THE BREAKDOWN OF MATERNAL-INFANT BONDS

In comparison to the experimental studies and many detailed observations that have
been made on the subject of ungulate parturition and bond formation, there is avail-
able almost nothing on the weakening of the mother-infant bond and the weaning pro-
cess. What little is known is mainly based on captive animals and thus extremely
questionable, or based on chance rather than systematic observations. The opportuni-
ties for further work in this field are enormous.

Ore indication of the start of weakening of maternal-infant relationships is the for-
mation of peer groups or creches. Murie (1944) mentions the occurrence of such
groups in elk, M. Altmann (1960) in bison, Bubenik (1965) in red deer, Harper et al.
(1967) in elk, Schenkel (1967) and Fraser (1968) in impala, and Geist (1971a) in mount-
ain sheep. Although communal sharing of maternal duties has been suggested for
some of these species, the actual events involved in these cases have not been ade-
quately described. From an early age muskox calves spend much of their active
time with peers and away from their mothers in spite of the fact that they are ex-
tremely contact-prone animals, with offspring, mothers and even other adults often
resting in contact or very close proximity. | have never had the impression that one
female was 'guarding' these peer groups, nor did Geist observe this in sheep. The
factors leading to the formation of such peer groups requires further investigation.
In the red lechwe, calves have a very loose association with their mother from an
early age yet such groups are rarely seen (Lent, 1969).

The weaning process involves gradual and reciprocal changes in the behavior, anatomy
and physiology of both mother and offspring, as has been described so well in studies
of the domestic cat (see Schneirla et al. 1963).

As | have already described, the infant behavior pattern of bunting is associated with
weaning in ungulate species. Presumably this activity is an indicator of the recipro-
cad changes taking place in both mother and infant. As the infant develops in capacity
and motor ability it apparently draws out milk with increasing rapidity. At the same
time the mother's milk production may be dwindling. The infant seeks to obtain more
milk by vigorous efforts which in many species appear to result in discomfort and
even pain to the mother. The result is aggression towards the offspring or, at very
least, withdrawal with increasing regularity.

Among domestic sheep weaning is said to be completed when the young are between

3 and 6 months old, according to Fraser (1968), but his cited references do not seem
to substantiate this. Similarly, Couturier (1962) states that ibex are frequently weaned
by three months. Geist (1971) states that suckling was rarely observed in November
among Canadian mountain sheep. This suggests weaning occurs at four to five months.
Bubenik (1965) believes that weaning of red deer is complete by mid-October.
Severinghaus and Cheatum (1956) give November as the normal end of nursing in
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white-tailed deer. Hanson (1958) cites Einarson's conclusion that mule deer fawns
are weaned by 5 months but he observed a nursing attempt by a 9 month old fawn.
Four to five months is considered the end of the nursing period in axis deer by Graf
and Nichols (1967). Weaning occurs between 6 and 8 months after birth in Defassa
Waterbuck (Spinage, 1969). In smaller ungulates suckling may cease at an earlier
age, especially in those that may breed twice annually. Hendrichs and Hendrichs
(1970) report that dik-diks nurse little, if at all, after the sixth week. On the other
hand, | have observed and filmed caribou calves nursing aslate as March (nearly 10
months old), Tener (1965) suggests that prolonged lactation in muskoxen (he believes
it may continue for 15 months) is a behavioral adaptation for Arctic survival. How-
ever the introduced muskox on Nunivak Island Alaska appear to be weaned much
earlier and females there may be having calves in consecutive years (Spencer and
Lensink, 1970; Lent, in press). Among desert ungulates, the dromedary in particular,
Pilters (1956) has observed lactation prolonged for 24 months or more. On the other
hand, Couturier (1962) believes that observations of ibex calves suckling through the
winter are most common in winters with better than average grazing conditions.
There is a great need for further information regarding winter nursing and environ-
mental effects on lactation. We also need to know the minimum amount of suckling
required to maintain lactation. Darling in the 1956 edition of his 1937 book adds this
comment:

"... such few December milk hinds as | have examined have certainly had milk
and many stalkers have supported this finding. | have known mares living out
with no more adventitious food than hay to lactate from foal to foal, an interval
of ayear. The quantity of milk may be very small, and in the case of the mares,
I know it was very small, but | believe it has a value for the young animal quite
out of proportion to quantity.'
Suckling by yearlings has been described in awide variety of species, especially
cervids. Hanson (1958) reports a one month old fawn and a yearling simultaneously
being nursed by a mule deer mother, and Perry (1952) describes a similar episode
in red deer. Observations of this nature are unusual and most commonly nursing by
yearlings occurs only after loss of the offspring of the year (Altmann, 1960;
Couturier, 1938, 1962; Bubenik, 1965, Lent, 1966; Geist, 1971a).

Differences in weaning age and duration of the mother-infant bond relatable to the

sex of offspring are described for several species including black-tailed deer
(Dasmann and Taber, 1956), wildebeest (Tabot and Talbot, 1963), red deer (Eygenraam,
1963), roe deer (Bubenik, 1965; Kurt, 1968) and impala (Fraser, 1968). | have suggested
(Lent, 1966) that such a sex-dependent differential may be responsible for the fact
that few adult male caribou complete the traditional spring migrations and enter the
calving areas.

While there is probably a general tendency for young males to show stronger ex-
ploratory behavior, attitudes of mature males may also be more likely to drive male
offspring away from females at breeding time. In addition, precocial mounting and
sexual play by young males generate maternal antagonism, as Eygenraam (1963) has
described. In his review of mounting behavior by infant ruminants Sambrous (1970)
found a general tendency for males to perform such activities more frequently than
females. However, M. Altmann (1963), among others, reported such activity to be
performed equally by both sexes. She believed mounting attempts function to attract
maternal attention to the offspring. In red lechwe such mounting always evoked
maternal withdrawal or aggression. Kurt (1968) believed that maternal aggression was
not a significant factor in bond breakdown because such aggression was directed with
four times greater frequency towards female fawns. Nevertheless, these remained
with the mother far longer.

Weaning and bond breakdown are not synonymous. Close, functional social relation-
ships between mothers and their offspring continue far beyond the time of weaning.
Darling (1937) believed that matriarchal groups exist in red deer which may contain
four generations of females. In other species in which these associations exist

(see Gosling, 1969, for example), they do not include more than three generations so
far as is known. Such lasting bonds between females may be disrupted at parturition
time but renewed later (M. Altmann, 1963; Dasmann and Taber, 1956; Pfeffer, 1967;
Kurt, 1968; Rudge, 1970).
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VIII. FUNCTIONAL AND EVOLUTIONARY ASPECTS OF MATERNAL BEHAVIOR

The most obvious benefit to the infant that we associate with maternal care is the
nutritional one. Closely related to this, during the first days of infancy at least, is
the provision of passive immunity which in ruminants and most other ungulates can
be obtained only post-partum through the colostrum and milk (Brambell, 1958). The
role of the mother in aiding neonate thermoregulation either directly by contact

or indirectly by licking and drying has already been discussed. An active role by the
mother in assisting her neonate in traversing difficult terrain has been described

by Couturier (1938, 1962) in the chamois and ibex, and Pitzman (1970) in Dall sheep.
Hediger (1965) relates the observation of C.G. Manuel that the Mindoro tamarau

will lift and carry its infant. While this requires confirmation, there have been many
observations of lifting attempts among elephants (Winter, 1964, for example). This
also recalls to mind the observation related by Pallas (1781) that Siberian reindeer
moved in such concentrated and enormous herds that the fawns were able to move
on top—from back to back!

Predation is a major force which has molded maternal behavior and social behavior
in general in ungulates. | am currently putting together a more complete review on
the subject of ungulate responses to predators. Here | wish only to cite a few of the
many observations of successful maternal defense of offspring against mammalian
predators: Dixon, 1928 (mule deer v. coyote), Seton, 1929 (elk v. coyote: coyote killed),
Murie, 1944 (Dall sheep v.wolves, moose v. sled dogs), Tener, 1954 (muskox v. wolves),
Geist, 1963 (moose v. black bear), Mech, 1966 (moose v.wolves: several times),

Estes and Goddard, 1967, and Lawick-Goodall, 1970 (zebra and wildebeest v. hunting
dogs), Haber, 1968 (moose v. wolves), Woolf and O'Shea, 1968 (bighorn sheep v. coyotes),
Van Wormer, 1968 (pronghorn v. coyote), Hornocker, 1969 (bighorn sheep v. bobcat),
Anon., 1969 (zebra v. hyena and impala v. jackal), and Eaton, 1970 (warthog v. cheetah).

Observations of such active defensive measures are only the part of the iceberg

above water. Much more important but less easily evaluated are the efforts of mothers
to hide their offspring and lure predators away or confuse potential predators by
distraction (M. Altmann, 1963; Walther, 1965a, 1968).

Wide spacing of young siblings (Bubenik, 1965; Espmark, 1969; Van Wormer, 1968)
and relative lack of odor in infants (Severinghaus and Cheatum, 1956; Graf and
Nichols, 1967; Van Wormer, 1968; McCullough, 1969) have both been mentioned as
adaptations promoting survival of hider type young. Related to the latter aspect of
odor is the associated maternal tendency to devour the placenta and the neonate's
feces. This tendency is absent or only weakly developed in follower types.

| view the behavior complexes of hiding and following as two grand strategies for

the protection of infant ungulates. The hiders take advantage of dense cover and
topography to seclude the infant and minimize the chances for contact with both preda-
tors and conspecifics. The species-typical distances which are maintained between
the mother and her offspring during this phase presumably represent compromises
between the advantages of close contact and maternal care and the advantages of
separation, the latter particularly in reference to minimizing predation.

Among the Cervidae the hiding behavior is nearly universal, the single important
exception being the caribou (and reindeer). Among red deer there appears to be a
definite shortening of the hiding phase and weakening of associated traits in compari-
son to closely related species. The moose also represents an interesting case with
some flexibility in behavior as | have already mentioned. When the moose calves
are very young the mother, when disturbed, may elect to remain apart from them

and give no clue as to their location (Flerov, 1952; LeResche, 1966). | have observed
amoose cow repeatedly frightened by helicopter overflights. The cow left her young
calves without hesitation and remained away for several minutes after each dist-
urbance. The calves made no attempt to follow her. When they are older however,
the survival of the calves is clearly aided by extremely close following and contact
with the mother (Murie, 1944; Geist, 1963; Mech, 1966).

The hiding phase may also serve to protect the infant from intraspecific encounters
until it has reached a desirable level of development. Such a function could be
expected to be most important in those species, such as dik-diks and duikers, which
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maintain family groups on territories defended by the male. Such protection might

be most critical in species where mating occurs soon after parturition. The Malayan
chevrotain is an example of such a species. Davis (1965) and Tubb (1968) report all
copulations in captivity occurred 48 hours after parturition. Later the male frequently
rests near the fawn.

Sowls (1966) cites literature on the post-partum heat in domestic sows and mentions
a captive collared peccary that was mated 12 days after farrowing. Morrison and
Buechner (1971) report post-partum estrus in the Uganda kob. Dubost (1971) observed
mating attempts by muntjak two days after parturition and successful copulation on
the fourth day post-partum. Gardner (1971) describes a post-partum estrus in the red
brocket deer. | suspect that post-partum breeding may be far more widespread than
has been reported, especially in the smaller, 'primitive' tropical forest ungulates,
among which the hiding behavior must have originated.

The follower type is associated with open alpine, steppe, tundra or savannah habitats.
Even such nominally open habitat can provide considerable cover, especially for the
smaller ungulate species. Larger species are not only less able to utilize low cover
but they are also more effective in providing defense, especially against the smaller
secondary predators. Infant ungulates in open alpine habitat are particularly vulner-
able to large avian predators. The effectiveness of close contact between the mother
and her infant in such cases had been well documented (Murie, 1944; Perry, 1952;
Couturier, 1962; Kramer, 1969; Pitzman, 1970; Geist, 1971).

Mobility is another quality that is associated with follower species. This may be
either a distinct migratory pattern or a more variable movement which takes
advantage of localized greening of vegetation, as with wildebeest (Talbot and Talbot,
1963). Altitudinal movements soon after birth are important in alpine species
(Couturier, 1938). There must be strong selection for rapid development and frequent
reinforcement of close mother-infant contact in such species. Formosov (1966)

has described this type of social behavior among the highly mobile ungulate species
of the Asian Steppes.

The importance for northern species of a mother-infant bond that extends through the
winter months has been suggested by many authors (for example, Couturier, 1938;
Denniston, 1956; M. Altmann, 1958; Espmark, 1964). Except for the data of Baskin
(1970), no statistics are available from any study to provide concrete support for
such contentions. Bromley and O'Gara (1967) found no winter mortality among
orphaned pronghorns.

There is little evidence indicating that the chances for survival of ungulate young are
increased by maternal instruction; even learning through imitation is difficult to
establish although it has been suggested to be important in developing feeding pre-
ferences (Fraser, 1968). Transmission of traditions presumably occurs but here
again concrete evidence is lacking.

What the ungulate mother appears to provide is the optimum environment for rapid
development and learning. By this | mean that the infant is exposed to optimum levels
of stimulation by the care-giving activities of the mother on the one hand and by the
behavior patterns which shield the infant from extremes of social and non-social
stimuli. A similar conclusion is reached by Harper (1970) in his recent review of
mammalian parent-offspring relationships.

Much of the early behavior of infant ungulates can be interpreted as a seeking of
optimum levels of stimulation. As | have discussed in a previous paper (Lent, 1966),
the theoretical framework advanced by Schneirla (1959, 1965) for dealing with the
early ontogeny of behavior in organisms seems especially useful in understanding
the early maternal-infant interaction in ungulates. Schneirla divides early responses
into two classes, 'approach' and 'withdrawal'. Approach tendencies are evoked by
stimuli of relatively low intensity and withdrawal responses by stimuli of high inten-
sity. This does not imply that the infant is merely a passive body nor does it imply
that all will respond similarly to a given stimulus. Each species obviously responds
differently in accordance with its own genetic attributes, sensory and other. Maternal
behavior patterns promoting approach responses such as licking, soft vocalizations,
head-bobbing and moderate movement presumably provide optimal stimulus levels
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in contrast to those which elicit withdrawal type responses such as loud vocaliza-
tions (or other noises, see page (47)) and sudden bounding motions. Experimental
work with other mammals has established the effectiveness of optimal stimulus com-
plexity in promoting approach responses (for example, Sales, 1968).

Ungulates are particularly responsive to movement in the visual field, as any predator,
human or otherwise, knows. There is quite likely to be a genetically determined basis
for this (Johnson et al., 1969). The effectiveness of motion in maternal (and infant)
behavior thus provides an unconditioned basis of great importance for later behavior
and for maintaining approach responses, as has been described for other vertebrate
groups (James, 1959).

In the precocial ungulate, learning processes very rapidly build upon the innate base.
There is a massive body of experimental and theoretical information demonstrating
the importance of optimal levels of stimulation in promoting rapid learning (Leuba,
1955; Gewirtz, 1961; Rheingold, 1961; Ambrose, 1969). Gewirtz in particular provides
a cogent discussion of the importance of early following responses and subsequent
fear-flight responses in promoting learning processes.

There are several references to abnormal social behavior in maternally deprived
ungulates but in all cases it is impossible to separate effects of maternal depriva-
tion from other forms of social deprivation. This is particularly so because almost
al relevant material is based on follower types which normally enter into social
interactions with conspecifics soon after birth.

Lemmon and Patterson (1968) have reported a positive relationship between maternal
presence and performance of lambs in visual cliff experiments. Liddell (1958) and
Moore (1958) found that maternal presence minimized the traumatic effects of train-
ing experiments on young lambs. Hemmes (1970) reported significant differences in
‘open-field' tests with kids separated from their mothers for 2 1/2 hours post-
partum.

Scott (1945) states that a lamb isolated for 9 days post-partum failed to develop
fully normal social behavior. Gilbert (1968 and this volume) reports that hand-
reared fallow deer exhibited abnormalities in their social behavior. Rossdale (1968)
relates the occurrence of fear toward conspecifics in a hand-raised foa and D.
McConnell (pers. comm.) has described the same result with a hand-reared muskox
cdf initially rejected by its mother. A hand-reared group of caribou calves showed
initial signs of imprinting to humans but has now formed a successfully breeding
wild population (Jones, 1966).

It might seem strange to conclude this section with a paragraph on the role of paternal
behavior, however, | believe the subject has been neglected. There are several
species in which males are indicated as playing a role in defense of their offspring.
This paternal behavior occurs in mobile species which nevertheless maintain long-
term familial organizations such as the vicuna (Pilters, 1956; Koford, 1957), the kulan
(Formosov, 1966), the zebras (Klingel, 1967; Lawick-Goodall, 1970), and apparently

the feral horse (Ryden, 1970). Paternal defense of offspring or territory directed
towards both conspecifics and other species is also evident in the behavior of species
which maintain long-term family bonds on fixed home ranges as has been described
for klipspringer (Cuneo, 1965), dik-dik (Hendrichs and Hendrichs, 1970) and probably
occurs in other species in which the father associates closely with his offspring, such
as pudu (Vanoli, 1967), muskdeer (Egorov, 1965) and the Asiatic tapir (Seitz, 1970).
The abnormal conditions of confinement are apparently responsible for the disdirec-
tion of paternal defense in zebras resulting in attacks of the offspring (Hediger,

1955; Walther, 1961b).

IX. APPLIED ASPECTS

The many applications of behavioral knowledge regarding maternal-infant interactions
in the livestock industry are discussed by Alexander (1960, 1961), Rowley (1970)

and by several contributors in the volumes edited by Fox (1968), Hafez (1969), and
Porzig et al. (1969). The proper management of animals in zoological gardens also
requires an understanding of maternal behavior, as demonstrated by Hediger (1955)
and Walther (1961b, 1965b) among others.
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Application of such behavioral knowledge to the management of wild species is only
beginning. Leuthold (1969) and Geist (1971b) have provided valuable summaries

of this topic, but the game biologist is in great need of further information. For
example, the effects of manipulations of young animals, as for tagging purposes, can-
not be fully understood until we have a more precise understanding of the critical
periods and related phenomena in many species. We are particularly lacking in under-
standing of the importance of maternal infant bonds later in ontogeny. The hunting

of females is an increasingly common practice in North American big game manage-
ment, yet there has been no systematic study of the effects of such hunting on orphan-
ed offspring. Our Unit has just begun such a study with orphaned moose calves on
the Kenai Peninsula. We are also examining the effects of man-made barriers on
cow-calf bonds in caribou and reindeer, a study which Mr. Child describes elsewhere
in this symposium.

Increasing human use pressure in wild lands will bring increasing needs for manage-
ment of such use based on behavioral data as well as for proper habituation of
ungulates to man in certain cases, as Geist (1971b) has suggested. For example
tourist pressure in East African reserves may reach a point where significant neona-
tal mortality occurs simply from accidental disturbance. Lawick-Goodall (1970)

has described the occurrence of such incidents involving zebra and wildebeest. The
young of hider species are not exempt either. Kurt (1968) has described the high
mortality among roe deer fawns in Switzerland caused by mowing machines. Recently
travellers in East Africa have been warned against buying Thomson's gazelle calves
being offered for sale. Most of these are captured during the hiding phase.

In Alaska we badly need more information of the effects of 'all-terrain' vehicles,
snowmachines and aircraft on pregnant animals and infants. The muskox caf appears
to be particularly susceptible to desertion caused by disturbance and a long critical
period is indicated in this species (Lent, 1971). All our Arctic ungulates are especially
prone to disturbance by helicopters. Noise pollution is becoming a very real problem
and finding the solutions will require better understanding of behavior, both human and
ungulate.
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APPENDIX

Common name

Scientific name

Common name

Scientific name

African Buffalo
Asiatic tapir
Axis deer
Barasingha
Barbary sheep
Bighorn sheep
Bison

Blackbuck

Black rhinoceros
Black-tailed deer
Bontebok
Brocket deer
Bushbuck
Camargue cattle
Camel

Caribou

Cattle

Chamois

Chital

Collared peccary
Dall sheep

Syncerus  caffer
Tapirus indicus
Axis axis

Cervus duvauceli
Ammdtragus lervia
Ovis canadensis
Bison bison

Antilope cervicapra
Diceros bicornis
Odocoileus hemionus
Damaliscus dorcas dorcas
Mazama americana
Tragelaphus scriptus
Bos taurus

Camelus bactrianus
Rangifer tarandus
groenlandicus

Bos taurus
Rupicapra rupicapra
Axis axis

Tayassu tajacu

Ovis dalli

Lechwe

Lesser kudu
Malayan chevrotain
Marco Polo sheep
Markhor

Moose

Mouflon

Mountain goat
Mule deer

Muntjak

Musk deer

Muskox

Nilgai

Okapi

Pere David's deer
Pronghorn

Pudu

Red deer

Red Lechwe
Reedbuck
Reindeer

Rocky Mountain goat

Kobus leche
Tragelaphus imberbis
Tragulus javanicus
Ovis ammon

Capra falconeri

Alces alces

Ovis musimon
Oreamnos americanus
Odocoileus hemionus
Muntiacus muntjak
Moschus moschiferus
Ovibos moschatus
Boselaphus tragocamelus
Okapia johnstoni
Elaphurus davidianus
Antilocapra americana
Pudu pudu

Cervus elaphus

Kobus leche

Redunca redunca
Rangifer tarandus tarandus
Oreamnos americanus
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Defassa Waterbuck
Dik-dik
Domestic mares
Domestic ewes
Dorcas gazelle
Dromedary
Duiker

Elk

European ibex
Ewes

Fallow deer
Giraffe

Goat

Grant's gazelle
Greater kudu
Guanaco

Ibex

Impala
Klipspringer
Kob

Kudu

Kulan

Lady Gray's Waterbuck
Llama

Kobus defassa
Madoqua kirki

Equus caballus

Ovis aries

Gazella dorcas
Camelus dromedarius
Cephalophus  sp.
Cervus canadensis
Capra hircus ibex
Ovis aries

Dama dama

Giraffa  camelopardalis
Capra hircus

Gazella granti
Tragelaphus strepsiceros
Lama guanicoe

Capra hircus ibex
Aepyceros melampus
Oreotragus oreotragus
Adenota kob
Tragelaphus sp.
Equus hemionus
Kobus megaceros
Lama peruana

Roe deer

Saiga

Sambar

Sheep

Sika deer

Sitatunga
Soemmering's gazelle
Square-lipped rhinoceros
Steenbuck (steenbok)
Suni

Swine

Tamarau
Thomson's gazelle
Tsessebe

Tule ek

Uganda Kob

Vicuna

Warthog

Waterbuck
White-tailed deer
Wildebeest

Wisent

Zebra

Capreolus capreolus
Saiga tatarica

Cervus aristotelis

Ovis aries

Cervus nippon
Tragelaphus spekii
Gazella soemmeringi
Ceratotherium simum
Raphicerus campestris
Nesotragus moschatus
s scrofa

Anoa mindorensis
Gazella thomsonii
Damaliscus lunatus lunatus
Cervus canadensis hannodes
Adenota kob

Vicugna vicugna
Phacochoerus aethiopicus
Kobus dlipsiprymnus
Odocoileus virginiana
Connochaetes taurinus
Bison bonasus

Equus burchelli
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Some Reflections on Expressive Behaviour in
Combats and Courtship of Certain Horned
Ungulates

FRITZ R. WALTHER

Department of Wildlife and Fisheries Sciences, Texas A & M University,
College Station, Texas 77843, U.SA.

ABSTRACT

The importance of expressive behaviour in its theoretical and practical aspects as
well as some problems of definition, classification and certain theoretical conceptions
are discussed. The following operational definition is suggested:

Expressions which function in social communication, are the outward manifestations
of an animal's momentary psycho-somatic state. They are addressed to an actual
partner (usually a conspecific) and are aimed at releasing adegquate responses above
the level of contagious effects, without influencing the partner mechanically and with-
out the performer leaving the partner's vicinity.

The paper is focused on postures and gestures and, within this realm, on major
coordinations. Under the heading of intraspecific aggression and sexuality, it is sug-
gested that expressive behaviour be classified into threat displays, dominance dis-
plays, courtship displays, submissive displays, displays of space claim, and excitement
activities. The discussion of these displays presents the phenomena, their meanings,
the effects upon the recipients, and the social and biological functions.

Most of the phenomena can be interpreted as ritualized intention movements and
symbolic actions. The body orientation towards the partner seems to be an original
and basic component in many expressive postures and gestures. Especially difficult
and interesting problems arise in respect to behaviour patterns which apparently
have changed their meaning and their function during phylogenetic evolution.

In order to determine the meaning of an expressive behaviour, one has to investigate
its connections and relations to other behaviour. This means that one has to be fami-
liar with the entire behaviour inventory of the species under discussion and some-
times also with the behaviour of related species. The effects upon the recipient be-
come obvious from a study of the partner's responses. Insight into the social functions
can be obtained by analysing the releasing situations under which a given expressive
behaviour may occur. Since all three aspects are related to one another, it is possible
to test the correctness of one of these points (e.g., the meaning) with the help of the
other two (e.g., the effects and the functions).

In this way, it becomes evident that each expressive behaviour has basically only one
meaning, usually two (dichotomous) effects, but multiple social functions. These
multiple functions determine the importance of expressive behaviour in the social
life of the bovids.

INTRODUCTION

Many ungulate species are gregarious. Certainly, a knowledge of their social life is
very important for a better understanding of the biology of these animals. However,
there are also some social interactions, for example fighting, mating and nursing the
young, in more solitary living species. Socia life is always based on the communica-
tion between the partners. In the animals under discussion, expressive behaviour is
one of the most important factors in social communication. Thus, the study of expres-
sive behaviour is fundamental to any investigation of the social behaviour of these
species.

With expressive behaviour the animal indicates what it is going to do next and what it
expects the partner to do. Therefore, knowledge and observation of expressive
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behaviour becomes important for predicting the actions of an individual or a group.
Predicting what an animal will do in the next moment, is often of practical importance.

Such knowledge of expressive behaviour requires patient and thorough observing. The
latter point is essential in the training of every person who has to deal with wildlife.
Only in this way can he become familiar with the animals, learn to understand them,
and know when to keep his hands off and when to take necessary action. | dare say
that an ethologist, a conservationist, a game warden or a zoo keeper (to name only
some of the professions concerned) is only as familiar with his animals as his know-
ledge of their expressive behaviour goes.

Finally, the expressive displays of animals are often of great aesthetic appeal. Their
description and presentation is a very good way to raise and to keep the public's
interest and sympathy in animal conservation.

SOME THEORETICAL CONSTOERATIONS

Having pointed out briefly why | think that research and knowledge of expressive
behaviour is important for scientific and practical purposes, | wish to discuss a few
theoretical problems.

The first problem is to find an operational definition that allows us to determine
which behaviour pattern is of direct concern to our study, and which behaviour is out-
side the realm of our immediate interest. Such a definition is also the first step
towards a classification of behaviour which is needed to avoid an almost Babylonian
confusion of terms in the behavioural sciences where often the same words are used
for phenomena on very different levels of integration.

As Leyhausen (1967) has pointed out, expressive behaviour is not restricted to social
life but is a more general phenomenon. Taking into consideration only those defini-
tions which are applicable to animal behaviour, there have been two heroic attempts
by outstanding scientists to define expression in its general sense. Hediger (1954,
English edition 1968) defined expression to be 'all the variable, non-pathological
phenomena of the animal which help to an understanding of its situation'. Leyhausen
(1967) said: 'Expressions are those changes in the effector system of an organism
which are brought about by those of the tendencies involved which are in the minority.'
(‘Ausdruck sind jene Veranderungen im effektorischen System eines Organismus,
welche die jeweils in der Minoritédt befindlichen Tendenzen hervorrufen.’) Used in
such a broad sense, the term 'expression’ becomes more or less synonymous with
"behaviour'. Regardless of their merits, these two definitions are too broad, especially
when one has an approach towards a classification of behaviour in mind.

Other authors tried to restrict the term 'expression' to social life. Schenkel (1947)
defined expression as being '... the function of structures whose biological meaning
isto contribute to communication in social life by influencing the mood or by releasing
areaction.' ("Ausdruck ist die Funktion von Strukturen, deren biologischer Sinn es ist,
durch Stimmungsibertragung bzw. Reaktionsauslésung an der Steuerung sozialen
Zusammenlebens mitzuwirken.") Eibl-Eibesfeldt (1957) rightly criticized this defini-
tion as still too broad because it included all those behaviour patterns which may
occasionally have contagious effects. In part, this is linked with the problem that
expression may be a phenomenon (a special posture, gesture, sound, etc.) but it also
may be an epiphenomenon. In the latter case, it is not the behaviour pattern per se
that is bearer of the expression but the mode in which it is performed. Since this may
happen with almost any behaviour, the suggestion to restrict the discussion primarily
to the phenomena is very understandable. Taking this aspect into account, Lorenz
(1951) and after him Eibl-Eibesfeldt (1957), suggested 'to speak about expression only
when a behaviour serving co-ordination in social life has become differentiated; this
demonstrates its essential importance for this particular social function. ('... nur
dann von Ausdruck zu sprechen, wenn ein Verhalten im Dienste der Koordination
sozialen Gemeinschaftslebens besondere Differenzierungen bekommen hat; denn diese
beweisen, dass die soziale Funktion die wesentliche Leistung der fraglichen Bewegung
1st.") In short, all these authors tried to restrict the term expression to the social life
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of animals. When one is interested primarily or exclusively in social problems it is
absolutely necessary to make such a restriction. However, one has to be aware that:
(a) the expressive behaviour functioning in social communication is only a section of
expressive behaviour and that there are transitions between social and non-social
expression, and (b) the mention of the function, necessary as it may be, does not make
the definition. A subject and its function are two different matters. First of all, one
has to define the subject, then one may add some remarks on its function for a more
detailed explanation.

Taking this principle into account, we must say that all the definitions mentioned above
have failed. Moreover, not one of them enables us to make a distinction between ex-
pressive behaviour and non-expressive behaviour in the social realm, but all of them
are applicable to non-expressive behaviour as well, such as fighting, sexual mounting,
nursing and cleaning the young, etc.

In trying to approach an operational definition for that section of expressive behaviour
which is of special importance in social life, | would like to combine parts of Hediger's
and Schenkel's definition with some of my own ideas (Walther, 1958b and 1968a).

| suggest:

Expressions which function in social communication, are the outward manifestations of
an animal's momentary psycho-somatic situation. They are addressed to an actual
partner (usualy a conspecific) and are aimed at releasing adequate responses above
the level of contagious effects, without influencing the partner mechanically and without
the performer leaving the partner's sphere of action.

Unfortunately, nowadays we live in such a confusion of terms that it would not be a
luxury to explain and to justify the use of each single word in this definition to avoid
misunderstandings. At least, | will interpret two phases.

'‘Outward manifestation' is meant to be synonymous with phenomenon in the original
meaning of this word. It is something which appears outside, at the surface of the
animal's body, and it can be seen, heard, smelled, or touched in the intact animal.

With respect to its function in social life, the mention of this outward manifestation
must be completed by the statement that the effect upon the partner is brought about
‘without influencing him mechanically'. A phenomenon is anything which appears and
can be observed. For example, a fighting movement is also a phenomenon; however,

it is not an expressive behaviour. It is a characteristic of expressive behaviour

(e.g., athreat) that it has the same or very similar effects as a non-expressive be-
haviour (e.g., a fight) but without influencing the other mechanically. Admittedly, we
may run into difficulties when applying this part of the definition to tactile expression;
however, tactile expression is so poorly understood that we are obliged to exclude it
from the discussion at present.

Unfortunately, the classification of expressive behaviour is as difficult as the definition
of expression itself. It is an old and good rule to name the behaviour patterns accord-
ing to the phenomena, but not according to their functions because the latter already
include interpretations. Relatively easily one can apply this principle to the fixed
action patterns. Then, however, under the headline 'expressive behaviour', we have a
collection of rather heterogenous fixed action patterns which obviously need some
tighter classification. Unfortunately, there have been only two approaches towards
classifying these important behavioural intermedium categories: von Uexkill's (1921)
functional circles (Funktionskreise) and Tinbergen's (1951) major instincts. These
hypotheses have been held up to now with some additions and modifications, and so we
may talk about the functional circles or major instincts of sexuality, territoriality,
behaviour against predators, parental care, etc. Certainly, these functional circles may
bring a certain order into a chaos of phenomenea, and they may give the titles for
papers, books, or chapters in a book. On the other hand, they may lead us into confu-
sion because it is quite common for one and the same behaviour pattern to serve two or
more functions and thus it may show up in several, different functiona circles. As

a result, there have been many arguments as to which functional circle or major
instinct, respectively, gave rise to a given behaviour, which often resulted in rather
guestionable conclusions. Perhaps the situation may improve somewhat when we
establish functional categories other than the classical functional circles which either
may replace them or may be taken as sub-categories of them.
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At present, such a classification would suffer from the confusion in the literature
over an expressive behaviour's meaning, its effect upon the receiver, and its function
in social life. One could say that the meaning is the function of the expressive
behaviour, that the effect upon the addressee is the function of this meaning, and the
resulting consequence in the social life may be called the function of both. Thus, it
is possible to use the same word, 'function’, for three completely different levels.

Under the heading of intraspecific aggression and sexuality, | suggest that expressive
behaviour be classified into threat displays (Drohverhalten), dominance displays
(Imponierverhalten), courtship displays (Werbeverhalten), displays of space claim
(Raumanspruchsverhalten), submissive displays (Demuthaltungen), and excitement
activities (Erregungshandliungen).

On the present paper, aside from the restrictions given by our operational definition,

I will focus the discussion on postures and gestures, and largely neglect acoustic,
olfactorial and tactile expressive behaviour. There is not too much known about these
latter three and/or some of them require a rather special presentation. Furthermore,
not al the movements in question are equivalent. Tembrock (1963) distinguished
between major' coordinations (Grundkoordinationen) and accessory coordinations
(Rahmenhandlungen). | consider movements and postures of the body, the neck, the
head, and the legs to be major coordinations, and | will focus the presentation on them,
while | will neglect largely the accessory coordinations which may occur in combina-
tion with them (e.g., movements of the eyes, the ears, the mouth, the nostrils, the tail,
etc.).

Finally, it seems advisable to add some remarks on certain, in my opinion, erroneous
conceptions which still influence the ethological literature on expressive behaviour.
These conceptions go back more or less directly to the displacement hypothesis
(Tinbergen, 1940). It in turn was based on the hypothesis of the functional circles
which, at least in its strict and literal sense, has become somewhat dubious, as dis-
cussed above. Secondly, it envisioned an energy model as the underlying physiological
mechanism. This model has become increasingly dubious during the last 20 years, and
as Hinde (1966) states, '... for casual analysis, the term (displacement activity) can
no longer be used.' On the other hand, this author and with him apparently a good many
other ethologists, think that '... for the field worker, concerned with the initial des-
criptive phase of behaviour..., it will undoubtedly continue to be useful.' | disagree
with this opinion because (8) the use of the term 'displacement’ brings us back to the
functional circles again and again, and (b) this term is not descriptive at all, but is
clearly derived from the mentioned energy model. Moreover, the decision as to which
behaviour pattern has to be considered as a displacement activity does not only

depend on the observer's immediate, subjective impression—in case of a qualified
observer, | would still be ready to accept this—but on his reflections and theoretical
belief. Practically, this means that everybody who sees a behaviour and finds it diffi-
cult to interpret may declare it to be a displacement activity. As a result, the etho-
logical literature is loaded with 'displacement activities' (e.g., in ungulates: grooming,
scratching, wallowing, pawing the ground, lying down, grazing, alarm signals, turning
the head sideward, lowering the head, and mounting in combat situations as well as the
kick with the foreleg in courtship).

On the basis of this displacement hypothesis, Tinbergen and other ethologists deve-
loped the further hypothesis that displacement activities played.a very important role
in expressive behaviour. They even believed that expressive behaviour in general is
necessarily brought about by a conflict of antagonistic tendencies. They restricted
the discussion almost exclusively to threat and courtship displays, and declared it to
be a principle that in any hostile encounter the antagonists experience conflicting
desires to attack and to escape (Tinbergen, 1952). For example, they concluded from
this principle that generally threat display result from an inhibition of aggression by
escape tendencies, and they argued that a threatening animal has to be inhibited by
fear to some extent, otherwise it would not threaten but attack.

In ungulates, however, the most common threat displays cannot be derived from dis-
placement activities but are clearly intention movements for fighting. In the pheno-
typical appearance, usually no other tendency than aggression is recognizable; and in
cases where another tendency could be involved, it is often not clear whether this is
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fear. The most important dominance and certain courtship displays can be inter-
preted as having evolved from phylogenetically old aggressive actions (Walther,
1960a). Other courtship displays are apparently intention movements for mounting.

I will not deny that sometimes an animal may be in a conflict between aggression and
fear in a hostile encounter; however, this is not a general principle. There are many
situations where the rivals walk straight towards each other, either threatening all

the time during the approach, or starting the threat display as soon as they are close
enough. There is nothing in the behaviour of the opponents which would justify the
assumption of a conflict between aggression and escape tendencies. Applied generally,
the 'principle’ that in a hostile encounter the animal is in a conflict between aggres-
sion and flight simply because it is in a hostile encounter, comes unpleasantly close
to a dogma.

In the assumptions that an uninhibited animal would not threaten but attack, and that
this inhibition of the aggression would be a constitutional factor for all threat dis-
plays, apparently exclusion is mistaken for inhibition. When an animal walks, it can-
not gallop at the same time, and vice versa, since walk and gallop are different modes
of locomotion which exclude each other. This, however, does not mean that an animal
would walk only when it is inhibited to gallop. Correspondingly, threat and attack are
different and mutually exclusive modes of aggression, but this does not mean that an
animal would threaten only when fighting is inhibited.

The facts point towards the conclusion that in principle each expressive behaviour
pattern represents only one tendency. In some cases, of course, two or more tenden-
cies may occur in combination; and in special cases, they may even be in competition.
In such cases which are very likely modifications, analysis is only possible under the
presupposition that each single feature is indicative of only one particular tendency.

Having pointed out some of the difficult theoretical problems, | will now present seve-
ral concrete examples which will permit discussion of some further ideas on expres-
sive behaviour in bovids.

THREAT DISPLAYS

Threat behaviour always indicates the readiness for fighting and it, so to speak, anti-
cipates the fight. Therefore, threat can only be understood and interpreted when one
knows the fighting techniques of a given species. In some species the fighting be-
haviour is different in attack and in defense. Correspondingly, we have offensive
threat displays indicating the readiness to attack and defensive threat displays indi-
cating the readiness to ward off the opponent's attack (Walther, 1958a and 1966a;
Geist, 1965 and 1971).

In the Bovidae the horns, as the major weapons, are the basis of the most important
fighting techniques. According to the differing sizes and shapes of the horns and to
certain phylogenetically determined behavioural particularities of their use, fighting
techniques vary in the different species. Even within one species the animals may use
several fighting techniques. Correspondingly, there are differences in the threat dis-
plays. Fortunately, this variability does not preclude the establishment of some gene-
ral rules. On the other hand, the high degree of variability must always be taken into
account. In some extreme cases very similar behaviour patterns may have rather
different meanings in two or more different species.

For example, in the oryx antelope (Oryx gazella) one fighting technique is the heavy
downward blow with the frontal side of the long horns. Correspondingly, the erected-
neck-posture as the upswinging movement (Ausholbewegung) for this blow, is a very
serious and offensive threat in this species (Walther, 1958a). In order to parry this
blow from above, the opponent may lower his neck and head, shielding the body behind
his long horns. Correspondingly, there is a head-low posture in this species which is
a more defensive threat and thus a somewhat milder form of threatening than the
erected posture. When an oryx responds with the head-low posture to the challenger's
erected-neck threat, this comes close to an inferiority behaviour (note Fig. 10). With
the head-low posture the animal does not react by an equivalent offensive counter-
display. It is not ready to go into an attack with heavy downward blows but it expres-
ses only its readiness to ward off such blows in case of the other's attack. On the
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other hand, in species in which the rivals do not fight with downward blows but always
bring their horns together close to the ground, e.g. in Gray's Waterbuck (Onotragus
megaceros) (Fig. 1 ¢ and d), or push with their horns upward from below e.g., in the
chamois (Rupicapra rupicapra), a head-low posture (Walther, 1960b; Kramer, 1969),
very similar to that of the oryx, may mean a rather offensive threat.

Even the hornless females of some species may fight with their bare heads in a simi-
lar way as the males do with their horns. In this case, the threatening behaviour of
males and females is very similar or even identical. On the other hand, horn fighting
is not the only fighting method found in horned ungulates. In some species the oppo-
nents try to wrestle down one another by means of their necks (‘Halskampf, Walther,
1958a), or by throwing their body against the rival's in a jump (in which the hindlegs
do not leave the ground). They may also snap, or push with closed mouth. Corres-
pondingly, there are threat displays which are related to these fighting techniques.
Such fighting methods and threatening movements are often more pronounced and fre-
quent in the hornless females than in the horn-bearing males.

In many species, the rivals stand in a more or less frontal position before and during
a fight. In any case, they have to come together for a fight. Therefore, already a pro-
nounced frontal approach may sometimes express hostile intentions. This approach
can be emphasized by a ritualized retardation, often combined with a striking prancing
gait. On the other hand, an animal may rush at full speed towards the opponent, with-
out even showing any particular threatening gesture but often uttering special sounds
(e.g., in gazelles a relatively loud, repeated snoring). Chasing the opponent may follow
after the complete defeat of a rival. Therefore, in running straight into the other at a
full gallop without any previous fighting, the aggressor, so to speak, anticipates vic-
tory. This behaviour is used predominantly by superior animals (e.g., territorial
males) against inferior opponents (e.g., non-territorial males, and especially against
subadult and adolescent males). In such a case, usually the inferior animal flees as
fast as it can. If the opponent is not inferior at the onset of the interaction, he may
stand and await the aggressor's approach. Then, both may crash together in a fight,

or the aggressor may stop some distance from the opponent (feint attack).

These aimed and emphasized approaches and even more the flight anticipating chases
and the feint attacks lead us into a category of expressive behaviour which | wish to
term symbolic actions (Symbolhandlungen). The essential point seems to be that the
sender performs the full action, without touching the addressee and sometimes at a
distance from which he cannot possibly touch him. In other words, it is an action per-
formed in the air. The clearest cases of this kind in horned ungulates are the symbo-
lic butting with head and horns, and, apparently closely related to it, the head-nodding
(Figs. 2 and 3) and the in certain species very striking head-shaking, the symbolic
jump with the forelegs thrusting the anterior part of the body in the direction of the
opponent, the symbolic snapping movement, and the symbolic pushing movement with
the snout (‘Schnauzenstoss', Walther, 1958a). Species which rise on their hindlegs
(Fig. 5b) or other species which drop on their 'knees' in fighting (Fig. 5a), may also
use these behaviour patterns symbolically as means of threat.

Up to now we have discussed symbolic actions as being directed towards the oppo-
nents, and this is true in many cases. However, sometimes symbolic movements are
addressed, but not directed, towards a partner, especially when the addressee is supe-
rior to the sender. This leads us to the so-called redirected aggression (Moynihan,
1955) in which, according to the principle of a symbolic action, the animal performs the
full movement (beating, butting, pushing, etc.). In social situations, the behaviour may
clearly be released by a conspecific but it is directed against a substitute. This sub-
stitute may be either a weaker and/or inferior animal (‘Radfahrer-Reaktion’, Grzimek,
1949), or an inanimate object such as a tree, a bush, a bunch of high grass, or the
ground. In some bovid species butting at grass or the ground with the horns alter-
nately to the right and the left has become ritualized into a rhythmical weaving (Fig.
4). In the horned ungulates, neither the motivation, nor the effects upon the receiver,
nor the social functions of the redirected aggressions are completely clear. Cer-
tainly, there are cases in which this behaviour has nothing to do with expression in

the restricted sense of our definition. Rather, it seems to be simply an outlet for
surplus energy, and sometimes may involve play with inanimate objects. In other
cases, such redirected aggressions may be related to marking behaviour (Walther,



62 The Behaviour of Ungulates

1964b). Finally, the redirected aggression can also be addressed to a prospective
opponent. To the human observer, this behaviour is usually rather striking and one
would assume that it is a very effective means of threat. Strangely enough, this is
often not true. | saw situations in which the addressee reacted in the expected manner
but, at least as often, the addressee only watched the sender's action or even ignored
it completely. This happened even in cases in which the addressee was clearly infe-
rior, and the sender attacked him later. In short, the effect of redirected aggression
upon the receiver is often poor in the bovids, and the redirected aggression seems to
be at the border of that realm of behaviour which serves a communicative function in
social life.

The opposite is true for those threatening gestures or postures which are usually des-
cribed as intention movements (Heinroth, 1911). For the human observer, they are
often not as striking as the redirected aggressions, but their effects upon the conspec-
fic receivers are incomparably stronger. Certainly, they are the most important and
common kinds of threatening behaviour in bovids. In contrast to the symbolic move-
ments, the animal does not perform the entire action, but just the initial movement.
In threatening bovids, these intention movements refer predominantly to the use of
the horns. Either the animal brings its head and horns into a position from which it
can go into immediate action according to the species-specific fighting methods, or it
swings out with head and neck for an intensified blow. One can see the same move-
ments when a fight starts. Used as expressive behaviour, these movements are
'frozen' into postures which are held from a few seconds up to a minute, occasionally
even for several minutes. These initial movements are sometimes (but not necessa-
rily." ) demonstrated at a distance, from which the animal cannot possibly fight its
opponent. Furthermore, the presentation of the horns is often somewhat exaggerated
(ritualized) (See figs. 13 and 14). Especially when performed in an erected-neck pos-
ture, features of threatening behaviour and features of dominance displays appear
combined (‘Droh-Imponieren’). On the other hand, there are also some relations to
symbolic butting and even to redirected aggressions. The latter is probably true for
the downward sweep of the horns, a behaviour which Schaller (1967) found especially
pronounced in the Indian blackbuck (Antilope cervicapra), Burckhardt (in Walther
19644) reported it for nyala (Tragelaphus angasi), and | found it very pronounced in
Grant's gazelle (Gazella granti).

Besides such connections and transitions, there are three main forms of horn threat
according to the different types of intention movements for fighting: sideward-angling
the horns (when the sender stands in a broadside position, and does not face in the
direction of the opponent), presenting the horns towards the opponent, and the head-low
posture in which the horns point upward. The presentation of the horns is especially
common and can be performed in three different ways: presentation of the horns more
or less parallel and close to the ground (low presentation), presentation of the horns
with erected neck (high presentation), and presentation of the horns on body level
(media presentation) (Fig. 1). Sometimes all three forms may appear within the same
species. On the other hand, there are quantitative species-specific differences, with
species showing one or two forms far more frequently than the third one. In some
species, one of the forms may be completely absent.

Probably the most common form is the medial presentation (body level) which onto-
genetically may develop from fighting 'with an air cushion'. This later is a special
kind of fight in which the rivals stand in frontal position and perform attacking and
parrying manoeuvres without touching one another. It looks as though there is an
invisible cushion between the horns of the two fighters. The high presentation of
horns, apparently the most ritualized form, may be understood as a somewhat exag-
gerated preparation for a heavy downward blow, and the low presentation as the pre-
paration for a upward thrust. The low presentation corresponds to the habit of many
species of bringing the horns together close to the ground in fighting. In some species
this posture shows gliding transitions to the head-low posture, and from both, the
head-low posture and the low presentation of horns, the animal may change into graz-
ing, obviously a transitional activity (Lind, 1959).

Finally, as with symbolic actions, sometimes these horn threats may be addressed to,
but not directed at the partner. For example, in the mating ritual of the Thomson's
gazelle (Gazella thomsoni) occasionally the males kick with the foreleg (‘Laufschlag’,
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Walther 1958a) or mounting may release medial presentation of the horns or symbolic
butting in the female (Fig. 3b). However, facing in the same direction as the male and
standing or moving in front of him, she threatens in the exact opposite direction to the
male. If she meets or passes another female at this moment, she may direct the
threat against this other female, in which case it more or less becomes a redirected
aggression.

Although the threat displays related to the initial movements of horn fighting are the
most important and common ones, there are some further ones in certain species of
bovids. In species which rise on their hindlegs when fighting, the intention movement
for this raising may also serve as a means of threat. The animal stands with stiffly
stretched forelegs, the neck as erect as possible according to the species-specific
anatomical constitution, and the nose usually lifted in an angle of about 45° to an
(imagined) horizontal line. This posture also occurs in species which do not rise on
their hindlegs when fighting (see below).

Similar aspects are valid for the head-and-neck-stretched-forward posture (e.g., the
'lberstrecken’ in the tragelaphines, Walther, 1958a, or the 'low stretch' in the sheep,
Geist, 1968a) which is a common expressive behaviour in horned ungulates (Fig. 18a).
Obviously, the meaning indicated is not the same in all the species which use this
posture, and the meaning is not always completely clear. It may be that in some
species it is no more than an intensification of the approach which also may constitute
a threat, as discussed above. In greater kudu (Tragelaphus strepsiceros), lesser

kudu (Tragelaphus imberbis), sitatunga (Tragelaphus spekei), bushbuck (Tragelaphus
scriptus), and nyala, it can be interpreted as an intention movement for the neck fight
which, in a ritualized form, is a very typical courtship behaviour in these tragelaphine
species (Walther 1958a, 1964a) (Fig. 17b and c). In the related nilgai antelope
(Boselaphus tragocamelus), however (Fig. 17a), the neck fight occurs as a true fighting
method and thus, the corresponding expressive behaviour may be said to be a threat
display in the strict sense. This head-and-neck-stretched-forward posture will be
further discussed in the section on courtship displays.

Having mentioned the most common kinds of threatening behaviour in horned ungu-
lates and some aspects of their origin and meaning, we should comment on their effects
and functions. In principle, threatening may have two different effects upon the addres-
see: challenge or intimidation. The alternatives depend to a large extent on the sex,
age and social status of the partners. Certain results (a preliminary evaluation of
somewhat larger samples) of a quantitative study on threatening behaviour of Thom-
son's gazelle in the Serengeti National Park may serve as an example (Table la-c).

According to Table 1a, there is always a strong preponderance either of the challeng-
ing effect, resulting in a fight, or of the intimidating effect, resulting in an inferior
behaviour of the one partner. The intimidating effect is highest, and the challenging
effect lowest when two unequal partners are involved such as 'ted : ad3' and 'add :
jv3'. Somewhat higher but still relatively low is the challenging effect when the oppo-
nents are two adult, non-territorial animals such as 'ad3 : ad3' and 'ad}® : ad?'. In the
categories 'ted : ted' and jvd : jv3', however, the challenging-effect clearly outweighs
the intimidating effect.

A further insight is given by the distribution of the one-sided and the two-sided

threat encounters (Tables 1b and 1c). The percentages of two-sided threat encounters
(Table 1b) agree strikingly with the percentages of threat encounters ending with a
fight (Table 1a) in all the categories, and, as shown in Table 1c, more two-sided en-
counters end with a fight than do one-sided encounters. Whether the addressee simply
'obeys' the sender's threat, or responds by a counter-display, depends upon sex, age
and social classes. This is easy to understand in the case of unequal partners. In
90.9% of the encounters in which a territorial buck threatened a non-territorial, adult
male, the bachelor did not react by a counter-display. In 90. 6% of the cases in which
an adult buck threatened a juvenile male, the youngster did not show a counter-display.
In other words, very often the inferior opponent does not 'dare' to respond with a
counter-display. If he does, the superior rival will fight him immediately. This is
especially clear in the relationship ted : ad3 where one-sided threats of bachelors
against territorial bucks were not observed, and 95. 5% of the (infrequent) two-sided
threat encounters ended with a fight. In the case of equal opponents, the readiness

[text continued on p. 65].
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TABLE 1. EFFECTS OF THREAT DISPLAYS IN THOMSON'S GAZELLE

ted ted add add jvé ad?

ted :add :add Ljvd 1jvd :ad?

n threat encounters 244 242 1141 235 169 80
Table 1la
% ending with fight 95.1 8.7 18.5 6.0 65.7 12.5
% ending with inferiority

behaviour 1.2 85.1 74.2 88.9 29.0 78.8
% ending in another way 3.7 6.2 7.3 5.1 5.3 8.8
Table 1b
% two-sided threat enc. 97.5 9.1 26.4 9.4 68.6 12.5
% one-sided threat enc. 2.5 90.9 73.6 90.6 31.4 87.5
Table 1c
% ending with fight

two-sided threat enc. 95.4 95.5 68.8 63.6 90.5 Ot

one-sided threat enc. (6)* 0.0 0.5 0.0 11.3 7.1
* out of 6 cases tout of 10 cases

Table 1—Explanatory comments

Only the horn threats (high presentation, medial presentation, transitional forms
between these two, symbolic butting, and in this species the relatively rare low
presentation and the downward sweep of the horns) are counted as threat behavi-
our in these tables. By 'threat encounter' I mean any encounter in which threaten-
ing was observed. In a 'one sided threat encounter' only one partner threatened
the other. In a 'two-sided threat encounter' both opponents threatened.

There are six categories according to the partners involved: 'ted: ted '

(ted = territorial male), 'ted : ad3' (ad3 = non-territorial, adult male), 'ad3 : ad3',
'add : jv3' (vd = juvenile male, i.e., subadult or adolescent), jvd : jvd', and

'ad? : ad?' (ad? = adult female). Fawns are not mentioned in these tables because,
with little exaggeration, one may say that fawns do not threaten. Threatening
encounters between males and females were rare (except the non-directed
threatening of females during the courtship ritual mentioned above), and also
threatening of females against fawns was infrequently seen. Threatening of juve-
nile males against territorial males was not observed at all, and the latter used
horn threats against juvenile males only very exceptionally. Usually they chased
them away by rushing towards them. Furthermore, excluded from this presenta-
tion are the rather rare cases in which a juvenile male threatened an adult male
without the latter reacting by a counter-display. Thus, in the category 'adJ;

jv@" the adult buck always threatened the juvenile one in the one-sided threat
encounters. Mutatis mutandis the same is true for the category 'ted:add', i.e.
one-sided threatening by a non-territorial adult male of a territorial male was
not observed.

The effects of the threat displays are indicated by the ends of these encounters
(Table 1a): 'ending with fight' (including fighting with an air cushion-sro distinction
is made betv/een 'sparring' and 'fighting'), 'ending with inferiority behaviour'

(i.e., withdrawal, flight, or submissive behaviour—of course, only on the part of one
partner; in case of 'ted : ad3', this was always the non-territorial, adult male;

in case of 'add : jvd', it was always the juvenile male.), and 'ending in another way'
(i.e., cases in which the addressee did not react to the sender's threat, or in which
the two opponents were disturbed by a third buck, etc.).
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Table 1—Explanatory comments—-cont.

Table 1b shows the percentages of two-sided and one-sided threat encounters in
the different categories (ted : ted, ted: add, etc.), and Table lc shows the percen-
tages of two-sided and one-sided encounters ending with a fight. Thus, Table 1c
reads the following way: according to Table 1b e.g., 97. 5% of the (244) threat
encounters betweente3 3 were two-sided threat encounters; of these two-sided
encounters (97. 5% of 244 = 238) 95. 4% ended with a fight, etc. One-sided encount-
ers betweente3 3 and two-sided encounters between ad?? ending with a fight were
so rare that the absolute numbers rather than percentages are given (in parenthesis).

The differences between the single categories in Table la were tested with Chi-
square. The differences between 'add; ad3d' and 'ad? : ad?', between 'ted: add'
and 'add: jv3', and between 'ted: ad3' and 'ad®: ad?' were not found to be signifi-
cant (p > 20%). All the other differences were significant (p < 0.1%).

'to obey' the initiator's threat 'without any objections' is not as high. Here there is
an interesting difference between the adult females and the non-territorial adult
males on the one side, and the juvenile males and the territorial bucks on the other.
The non-territorial adult animals—males and females—are much more 'tolerant' than
the two other classes. In the young males, the higher readiness to react to a threat
by a counter-display and/or a fight is probably due to the generally higher excitabi-
lity of juvenile animals. With respect to the challenging effect of threatening behavi-
our, the territorial bucks are closest to the young males; the number of threat en-
counters finding with a fight is even significantly higher in the territorial males
(Table 1a). This is not because the two-sided encounters of young males would end
without fighting more often than in the territorial bucks (Table 1c), but because two-
sided encounters are more frequent in territorial males (Table 1b). In other words,
the territorial bucks are most intolerant of threats and react immediately with a
counter-display (if not with an attack). When both opponents are territorial, in a two-
sided threat encounter neither gives in, and this frequently results in fighting. This is
probably true for every species in which, as in Thomson's gazelle, the territories are
relatively small and adjacent to another, and in which the animals rely predominantly
on the horn threat rather than a highly ritualized dominance display.

As mentioned above, non-territorial adult animals are much more 'tolerant' and
'obedient’, with no significant difference between males and females. However, these
similar results are brought about in different ways. In the females, the number of
two-sided threat encounters (Table 1b) is significantly (p < 1%) smaller than in adult
bachelors. Obviously, the females do not react as readily with a counter-display. In
the non-territorial males, however, many two-sided threat encounters end without a
fight. The opponents threaten and 'wait' until one ceases threatening. The same is
true for the category 'add: jv3'. In this regard the adult males do not make a dis-
tinction between partners of the same or a younger age.

As to the biological functions of threatening behaviour, it enables these animals to
settle a good number of hostile encounters without a fight. The threat displays espe-
cially help in avoiding fights between unequal partners. This fight-saving function is
the result of the intimidating effect, which has often been emphasized in ethological
literature. As far as I know, however, not very much has been said about the challeng-
ing effect of threat behaviour which appears as important as the intimidating effect.
By the challenge one partner becomes aware of the other's aggressive intentions and,
although a fight is not avoided, the probability of a surprise attack is diminished
considerably. Undoubtedly, the surprise attack is the most dangerous form of aggres-
sion, and the probability of serious or fatal injuries decreases when both opponents
are prepared for fighting.

For the discussion of social functions let me stay with my example of Thomson's
gazelle. If threatening behaviour, and aggressive behaviour in general, does serve
particular functions in social life, one expects it to appear in the corresponding social
situations. In other words, the aggression releasing situations which can be observed
directly permit some conclusions on the social functions of this behaviour. I analysed
the releasing situations for more than 2000 threat encounters in this species. The
quantitative results will be presented in a later publication. Here I will only give the
conclusions drawn from the qualitative results.
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In the territorial bucks ‘everything revolves around the boundary' of the territory. In
particular, threatening behaviour, and at least in qualitative aspects also any other
kind of aggressive behaviour, serves to: (a) establish the boundaries and later to con-
firm their position between territorial neighbours; (b) possibly change or maintain
that position when a territorial male tries to extend his territory into an area occupi-
ed by another male; and (c) prevent other males, especially non-territorial bachelors,
from crossing the boundaries and entering the territory.

In non-territorial adult males and in adult females, one of the functions of threat is
to maintain the individual distance. In adult males the individual distance is some-
what higher than in the females, and in grazing it is greater and apparently more
important than in any other activity. Sometimes this may lead to the defence of a
very small and temporary feeding place. On the other hand, sometimes grazing
males enlarge the distance around themselves and between one another, far above the
usual individual distance and without any direct relation to the food. This stage often
preceeds the establishing of territories.

Furthermore, especially in the non-territorial adult males, the aggressive behaviour
and above all the horn threats are the most important means for coordinating the acti-
vity of a group. In particular, threatening may serve to: (a) speed up the change from
one activity to another, as from resting to grazing or moving; (b) determine the direc-
tion and order of a move; and (c) keep the group going during migration. For these
purposes, adult males almost exclusively use the threatening behaviour against each
other. Thomson's gazelle males usually do not threaten females with their horns.
They communicate with the females in another way (see below). One may say that

the non-territorial adult males are the motors of migration in this species. In such
non-territorial adult males, threatening in relation to coordination of group activity
makes up the greatest portion of all threat behaviour. This explains why the adult
males are relatively tolerant and obedient of each other's threats, as shown above.
According to their activity rhythm all are more or less in the same mood (e.g., to
switch from resting to moving, at a definite time of the day). In this situation a resting
animal is quite ready to stand up and move when threatened by another animal already
on its feet since the addressee would have risen soon anyway in accordance with his
own mood.

In the females, threatening, besides other aggressive behaviour, may serve to repel the
sucking attempts of strange young, but also of their own young when the latter solicit
milk at the wrong time. Furthermore, it is used sometimes to repel sexual approaches
of young (adolescent) males. In many species threat behaviour serves the same or
very similar social functions as for Thomson's gazelle. In other bovid species, there
may be other or additional functions such as establishment and maintainance of a
social hierarchy, defence of a harem, and defence of the young against other conspeci-
fics.

DOMINANCE DISPLAYS

In discussing the dominance displays, we encounter a language problem. In German
we say 'Imponierverhalten’. The translation often used in English literature is
‘display behaviour'. However, the meaning of the word 'display’ is broader than that
of ‘Imponieren' which implies that the behaviour in question has a very strong effect
upon the receiver. The kind of behaviour discussed here, is always and exclusively
‘Imponierverhalten’, for which | suggest the translation ‘dominance display', as giving
approximately the right meaning (Lent, 1969, and Geist, 1965 and 1971, have used the
translations 'display threat', 'present threat', and 'bravado display'.)

Another problem is produced by the subject itself. Heinroth (1911) was the first one
to speak about 'Imponierverhalten' in animals, and he and later Eibl-Eibesfeldt

(1957) considered it to be some kind of threatening behaviour which also acts a role
in courtship (‘Imponieren ist Drohen und Werben zugleich'). That means, it depends
on the sex of the addressee whether one and the same behaviour pattern intimidates
(the challenging effect was not taken into consideration) or attracts the partner.
Obviously this principle was difficult to apply to all the behaviour patterns in question,
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and so Eibl-Eibesfeldt (1957) expressed the opinion, with special reference to mam-
malian behaviour, that it would not be possible to distinguish between dominance dis-
plays and threat displays. These views and uncertainties seem to be typical results
of a definition based exclusively on functional aspects and not distinguishing properly
between the different levels of the 'functions’. Of course, dominance displays do show
connections and transitions to threat displays and sometimes also to sexual behaviour,
and certain dominance displays may be used in both hostile encounters and in court-
ship. However, connections and transitions are found almost everywhere in behaviour
and, as we just discussed in the example of threat displays, one and the same expres-
sive behaviour may often serve several social functions. Thus inspite of some diffi-
culties arising from these connections and transitions, | think that in principle one
should make a distinction between threat and dominance displays, simply because
there is a difference.

In dominance displays, animals do not demonstrate their readiness for immediate
attack or defense as in threat displays, nor do these displays refer to the weapons.
Rather the animals display their height and breadth demonstratively, and they may
present striking structures such as colour patterns, manes, beards, and odour produc-
ing glands. Thus, the most typical and most common dominance displays are erected
postures and broadside presentations. The animal exposes its body to a possible
attack by the opponent in the dominance displays far more than in the offensive threats
and completely in contrast to the defensive threats. Although it is a somewhat primi-
tive technique, it sometimes contributes to better understanding when one tries to
'translate’ the meaning of an expressive behaviour in terms of human language. The
translation for a threat display would be 'l am ready to fight you', whereas that of a
dominance display is 'l am the greatest'.

Standing in a broadside position an animal may block another's path and in so doing,
may force him to deviate from his original course or even to retreat, without, however,
—and this is important—direct fighting intentions. This blocking the way definitely does
occur in horned ungulates. In a non-ritualized form it plays a very important role in
the social life of some species, e.g. when aterritorial male of Grant's gazelle tries

to keep females inside his territory. In other species such as kongoni (Alcelaphus
buselaphus), this blocking the way is used by territorial bulls against intruders in
hostile encounters. In such cases the sender is in a right angle position to the addres-
see. In other species and/or in other situations, the challenger may circle around his
opponent. When both partners display the broadside presentation simultaneously,

they automatically come into a parallel or, more frequently, into a reverse-parallel
position. When both of them move during the encounter, they circle around each other
with the flank kept towards the rival.

In these two-sided dominance displays another factor may appear. In the mountain
goat (Oreamnos americanus), Geist (1965) found that fights may develop by the delivery
of horn blows from the reverse-parallel position. Thus, in this species the broadside
position is a threat display. Geist (1966) argues convincingly that this fighting in
reverse-parallel position might be a primitive type of fighting behaviour in horned
ungulates. Fighting in a broadside position is also found in barbary sheep (Ammotra-
gus lervia), where the rivals, standing in reverse-parallel position, may hook with one
horn over the other's back and try to wrestle down the opponent with it; and in yet
other species the broadside posture can be combined with sideward-angling of the
horns (towards the opponent). Thus, one can assume that the reverse-parallel posi-
tion might have originated from special but relatively primitive fighting techniques:
it also would not seem to me out of place to take pushing with the shoulders or the
rump into consideration. These two hypothesis—the broadside presentation having
originated from blocking the way, and the broadside display having originated from a
fighting technique—are not mutually exclusive. However, if such a connection between
fighting behaviour and broadside display has existed in phylogeny, it has disappeared
in some, probably even most of the recent bovid species which show the broadside
presentation. With Grant's gazelle in the wild, and in captivity with oryx, eland
(Taurotragus oryx), lesser kudu, and with a tame greater kudu bull—where | acted the
role of the opponent and could even force the situation experimentally (Walther, 1964a
and 1966a)—, | have frequently observed that no attack is made directly from the
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broadside position. Sometimes they may move from a broadside display into a
fight, thereby giving up the broadside presentation. They start threatening with a
sideways angling or presentation of the horns, and in so doing turn into a frontal
position for fighting.

In short, in some species the broadside display can be considered a dominance display,
but in other species a threat display. This is not surprising when we assume that
dominance displays have evolved from phylogenetically old fighting methods which in
some species have disappeared completely from the fighting repertoire in the course
of evolution, whereas in some other species, less advanced in this regard, the old
fighting methods are still kept (Walther, 1960a).

In most bovid species there are additional behavioural components in this broadside
presentation. The most common one—which may also occur in threat and dominance
displays other than the broadside presentation—is a sideways inclination of the head
away from the opponent (Fig. 12). In this case, as well as in the full sideway turn of the
head (see below), we should remember that the eyes of these animals are located |ate-
rally on the head. Thus, this inclining or even turning of the head is not necessarily

a 'facing away' and 'losing eye-contact' as it would be in humans or in certain other
animals whose eyes are located more frontally.

In the mountain goat (Geist, 1965), some bovines, and also in the chamois and the
markhor goat (Capra falconeri), the broadside presentation is often performed in an
arched-back posture (Walther 1960a and b). Almost all of the possible expressive
neck postures—neck downward, upward, forward, and bent—may occur in combination
with this arched posture either within the same or in different species. The head-
and-neck-forward/downward posture—as it was found in gaur (Bibos gaurus) and
gaya (Antonius, 1939), greater kudu (Fig. 17c) and nyala—seems to be in the best
phenotypical accordance with the arched-back posture of the body. In these species,
the arched-back posture is accentuated or even dependent upon placing the hindfeet
more forward than usual under the body.

However, the broadside presentation need not be performed in an arched-back posture.
Greater kudu can display with or without arching the back, and other species such as
lesser kudu. Grant's gazelle, gerenuk (Litocranius walleri), Indian blackbuck, and oryx
antelope do not arch the back at all. In these species, the hindlegs are in a 'normal’
position, the forelegs are kept a little stiffer than usual, the neck is as highly erected
as possible, and the head is often lifted. In some species this may result in a nose-
upward posture. This nose-upward movement may lead to an almost vertical position-
ing of the head (Figs. 9 and 20b). This posture differs in meaning, and probably also in
origin for different species. In Thomson's gazelle, Grant's gazelle, and Indian black-
buck, it is obviously an exaggerated form of lifting the heed—a dominance display. In
lesser kudu and some other species it seems to be more closely related to defensive
behaviour.

Although it often occurs in combination with the broadside presentation, the erected
posture described above is an independent dominance display. It may also occur when
the animal is standing in a frontal position to the partner. The broadside presentation
makes the displaying animal appear as broad as possible, the erected posture makes
it appear as tall as possible. When an animal stands in broadside presentation with
erected neck, the effects of both displays summate—more or less according to the rule
of heterogenous summation (Seitz, 1940). In looking for the origin of the erected pos-
ture, two aspects must be considered. In some cases it can be an intention movement
for a heavy downward blow with the horns, as found in the oryx antelope. In certain
other species such as Marco Polo sheep (Ovis ammon), the erected posture is obvious-
ly an intention movement for raising on the hindlegs (Fig. 7), and it may still be con-
sidered related to the species-specific fighting technique and with it to a threat dis-
play. This, however, is not true for other species which show the erected posture
combined with lifting the nose as a non-expressive behaviour only before rising on
the hindlegs for browsing or sexual mounting. Thus, the corresponding expressive
posture may still be taken as an intention movement for rising on the hindlegs but
without a direct relation to the recent, species-specific fighting methods. In some
species which show the erected display in hostile encounters, mounting occasionally
follows. In Grant's gazelle, in a sample of 132 dominance displays between males,
mounting the rival occurred in 12% of the cases (Walther. 1965d). It is noteworthy
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that whenever an adult male was mounted he always turned and attacked the opponent
immediately. At present, we must leave open the question of whether the erected
posture in hostile encounters is directly related to sexual mounting in these species,
or whether this intention movement is some kind of phylogenetic relict from jumping
at the rival during ancestral fighting. | admit that | am in favour of the second alter-
native. In any event, there are species in which the erect display has no connection
with recent fighting methods, and thus one cannot say that the erected posture is a
threat display in these cases.

When offered in a frontal position, the erected-neck posture may sometimes be com-
bined with an approximate 90° sideways-turn of the head (Fig. 13). As mentioned
above, | do not think that this is necessarily an intention movement for facing away,
giving up and withdrawal or flight. In special cases this may be true, especially when
the animal turns its head through almost 180°, facing in the opposite direction to its
rival, or when the animal turns its head without adopting the erected posture or any
other kind of dominance or threat display. Although there may be cases in which it
is difficult to make a clear distinction, | think that these postures are different from
the head-turn of about 90°. Geist (1971) interpreted the sideward inclination of the
head and the 90° -head-turn as an emphasized ignoring of the opponent. | had the im-
pression (Walther, 1965a8) that it is a lurking watch and/or a ritualized swing-out
movement (Ausholbewegung) for turning towards the rival. Sometimes one may even
think of some kind of an abbreviation of a broadside display. These views do not
necessarily exclude one another; possibly they may even complete each other.

There seem to be quantitative, species-specific differences in the relationship of the
erected posture and the head-turn. In some species (e.g., lesser and greater kudu)
they are occasionally combined with each other. In other species such as Uganda

kob (Adenota kob) (Buechner and Leuthold, pers, comm.), and in impala (Aepyceros
melampus), this combination is apparently far more frequent, and often occurs before
a fight, in pauses during a fight, or in lieu of a fight An unique variation is found in
the dominance display of Grant's gazelle (Walther, 1965a; Estes, 1967). It starts

with an erected posture with lifted head, as is not uncommon in other species. Then a
slight sideward inclination of the head away from the opponent follows, as also known
from other species (swing-out movement, lurking watch, emphasized ignoring, see
above). However, the displaying animal then turns its nose towards the addressee in a
sudden, vehement movement. This has not been described for any other bovid species
to date. This display is rarely shown when the sender stands in a more or less fron-
tal position to the addressee, but is usually delivered from a broadside position (dis-
cussion of the few but very informative exceptions in Walther, 1965a). Due to the
opponent's lateral orientation, this head turn (head-flagging) is only physiologically a
sidewards movement. Actually the displaying Grant's gazelle turns its nose towards
the rival (Fig. 14). Apparently, this display is highly ritualized in Grant's gazelle. It
occurs in the same situations as fighting (Walther 1965a), it can substitute for a fight
and thus may prevent fighting in a considerable number of encounters between adult

TABLE 2. FIGHTS AND DOMINANCE DISPLAYS IN GRANT'S

GAZELLE
adult 33 subadult 33
Numbers of animals seen in encounters 271 146
% in dominance displays 72.8 5.5
% in fights 27.2 94.5

This table is based on data taken in the Ngorongoro Crater during
74 observation hours within one week. It does not give the numbers
of encounters but the numbers of fighting and displaying animals,
i.e., two in case of aflight or a two-sided dominance encounter but
only one in case of a one-sided dominance encounter.

The same results were presented in another form in Walther, 1965.
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bucks (Table 2). Younger males do not show this behaviour as often as adults do, and
probably for this reason they fight more often

In general, dominance displays mature relatively late in the ontogeny. For example, in
bighorn sheep, they may mature fully between six to eight years (Geist, 1968b) Even
after having matured in young animals, their appearance may be suppressed by supe-
rior adult conspecifics (Walther, 1961; Geist, 1971). This may be the reason why these
displays are seen predominantly in adult males. Females usually do not lack the
species-specific dominance displays but, as with threats and fights, they perform them
far less frequently than males.

In principle, dominance displays have very similar effects upon the recipient, and they
serve very similar social functions as threat displays However, there are some im-
portant differences in the details. As pointed out above, threat displays are much
closer to fighting than dominance displays. In case of a threat encounter, if the
addressee reacts with an equal counter-display, there is a high probability that a

fight will follow. This is not true for dominance displays. Even after an intensive
two-sided dominance encounter between equal opponents, the probability that it will
end without afight is rather high. An exception from this general rule occurs in those
cases where the opponents move from the dominance display into a position suitable
for fighting. Occasionally, this may happen in all the species which show dominance
displays In the mountain sheep it even occurs rather frequently (Geist, 1971) In the
two-sided threat displays, the rivals are in postures from which they can go into an
immediate fighting action. In the majority of the species and cases, the combatants
stand in a frontal position where each step forward brings them closer together and
increases the probability of a fight. In dominance displays, however, the opponents are
not ready for an immediate attack or defense. Frequently, they stand in a reverse-
parallel position, so each step forward takes them away from one another and contri-
butes toward ending the encounter without fighting. Thus, although the dominance dis-
plays are not principally different from threat displays in regard to the effects and
functions, they are milder forms of aggressiveness and favour the peaceful solution

of encounters. This is also the basis for a function of some of the dominance displays
in courtship.

An interesting question lies in whether or not the horns may also play a part in cer-
tain dominance displays. | emphasized that the horns are presented in threat displays
in such away that the animals can go immediately into a fight from these postures.
However, when an old bighorn ram (Ovis canadensis) approaches an opponent in the
'low stretch' (Geist, 1966) and rotates the head about its median axis, this may be
linked with a presentation of the sideward expanding horns, but it is not a posture
from which the animal can go into an immediate horn attack. Thus, in principle it is
possible that the horns can also play arole in certain dominance displays (see also
Geist, 1971).

[text continued on p. 83
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Fig. 1.

Thomson's gazelle
a  Media presentation of horns
b. High presentation of horns

Gray's Waterbuck
c. Low presentation of horns
d. Head-low posture

R~

Fig. 2.

Oryx
a. Head-nodding in head-low posture
b. Head-nodding in erected posture
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Fig.3

a. Symbolic butting—combined here with lowering of the
anterior part of the body (female Sitatunga)

b. Undirected symbolic butting as response by the fe-
male to the male's kick with the foreleg (Thomson's
gazelle)

Fig.4 Beating the grass with the horns
(‘'weaving'—Grant's gazelle)



Fig. 5

a. Symbolic dropping to the 'knees' (wildebeest—after photo of
R. D. Estes)
b. Symbolic rising on the hindlegs (ibex)

Fig. 6 Undirected symbolic snapping as a response by the female
to the male's sexual approach (Sitatunga)
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Fig.7

a. Erected posture as an intention movement prior to rising on the hindlegs
b. Rising on the hindlegs (Marco Polo sheep)

Fig. 8. Horns angled in erected posture and broadside position on part of the
superior opponent (right). Intention for head-low posture on part of
the inferior opponent (left). Above left: Normal posture
for comparison (oryx)



Fig. 9. Nose-upward posture as a re-
sponse by the female to the
male's erected posture (lesser
kudu)

Fig. 10. Head-low posture by the female as a
response to the male's courtship dis-
plays in mating-whirl-around (oryx)

Paper No. 2
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Fig. 11a. Broadside display with head-and-neck-stretched-
forward posture (nilgai)
b. Broadside display with head-low posture (greater
kudu)

Fig. 12. Broadside posture with sidewards inclination of the
head (mountain gazelle)

filas
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Fig. 13. Head-turning in the erected posture in frontal position
(Uganda kob—after photo of W. Leuthold in which the
opponents were somewhat farther apart than shown in
this sketch)

|
| (w*“.b Y.

Fig. 14. Head-flagging from the erected lifted-head posture in
broadside position (Grant's gazelle)
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Fig. 15.

Lesser Kudu

a. Lifted-head posture in the erected posture on part
of the male (right). Intention for pushing with mouth
shut on part of the female.

b. Attack by the female against the male in broadside

display
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Fig. 16. Lifted-head posture combined with ear-drop and prancing during
courtship (topi)

Fig. 17.

Nilgai
a.  Neck-fighting of an adult bull with a subadult bull (nilgai)

Greater Kudu
b. Ritualized neck-fight between male and female
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Fig. 17—cont.
c. Head-and-neck-stretched-forward posture (Uberstrecken) during lateral
escort

Fig.18

a. Symbolic kick with the foreleg (Laufschlag) combined with
head-and-neck-stretched-forward posture—here shown in a
frontal approach; female is defending with horn presentation
(ibex)

b. Laufschlag combined with low-stretch and twist of the head
during lateral escort (urial)
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Fig. 18—cont.
c. Laufschlag combined with erected posture and intention move-

ments for mounting (oryx)
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Fig. 19.

Thomson's gazelle
a. Head-and-neck-stretched-forward posture

b. Lifted-head posture

c. Symbolic Laufschlag combined with lifted head posture
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iy,

Fig. 20a. Lifted-head posture with Laufschlag-relic (Grant's gazelle)
b. Nose-upward posture as exaggeration of the erected lifted-nose
posture (Indian blackbuck)
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Fig. 21a. Submissive posture (left) as response to the threat of a superior
opponent (dorcas gazelle)
b. Submissive lying down in front of the superior opponent (black
wildebeest)

COURTSHIP DISPLAYS

Admittedly, the word 'courtship display' is not a very good term but it is at least

brief. To be more precise they are displays related to dominance displays but used

by males exclusively or predominantly toward females. Females rarely show these
displays. The displays usually shown by females during the courtship ritual are

either sexual behaviour patterns in the strict sense (e.g., lifting the tail before copu-
lation) or 'tool-activities' (‘Werkzeug-Aktivitéten', Lorenz, 1963—e.g., walking in front
of the male), or the species-specific (defensive) threat displays, rarely dominance
displays, or often submissive displays, as they also occur in encounters with opponents
of the same sex.

As mentioned above, the transition between dominance and courtship displays is a
continuum. In certain species some dominance displays may be used against partners
of either sex. As an example of such a case we can stay with the just described dis-
play of Grant's gazelle. Usually head-flagging is not shown by the buck in courtship
probably because the male follows behind the female in the mating ritual of this
species. Occasionally they may come into a reverse-parallel position, and then some-
times the male head-turn occurs also in the courtship ritual; however, this is rather
exceptional. On the other hand, the erected posture with lifted nose which regularly
preceeds head-flagging, and sometimes may even occur without it in hostile encounters,
corresponds precisely to the posture almost permanently displayed by the buck during
courtship. Furthermore, females may also show the erected posture and head-
flagging in agonistic encounters, although not as frequently as the adult males. Rela-
tively often in courtship, a female may perform the erected posture and head-flagging
symbolically ‘'into the air', since she is standing or walking in front of the male and
facing in the same direction as he is, when she obviously has reached the highpoint
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of the heat. Almost regularly, the driving buck responds by mounting (challenging
effect 7). Thus the erected-neck, the lifted-head posture and, to a lesser extent, even
the head-flagging in Grant's gazelle may be taken as examples of displays used in
aggressive encounters as well as courtship.

For a better understanding of courtship displays in the strict sense, it seems advis-
able to start out with a discussion of their effects and functions, and to describe the
phenomena later.

Hediger (1941) pointed out the importance of individual distance in an animal's life.
Furthermore, in general a gregarious animal always seems to try to act as dominantly
as the situation allows. In copulation, however, the individual distance between male
and female has necessarily to be become zero, and the female has to literally act the
role of the 'subordinate’ partner. Thus, the behavioural problems of courtship are:
(@ the male—who usually makes the approach—has to overcome the female's reac-
tion (aggression or flight) to his close approach; (b) he has to manoeuver her into the
(subordinate) posture and position necessary for copulation; and (c) the female has to
overcome the male's aggressiveness and, despite her inferior role, has to prevent
him from treating her as a defeated conspecific. Seen in this light, courtship is a
rather delicate biological problem.

Pure offensive threats from the male would be suitable only in that they may release
submissive behaviour on part of the female. On the other hand, they may release
counter-display and fight, strong defence, withdrawal, or even flight. These responses
do not assist mating. The few offensive threats which are shown in the courtship of
certain species, are typically forms which show transitions to, or combinations with,
features of dominance displays. Space claims (see below) are also not suitable be-
cause the sexual partners have to be close together. Defensive threats are possible
but usually only on the part of the female in order to prevent the male from becoming
too aggressive. If both partners were to rely predominantly on defensive threats,

the very necessary approach would never be made. Dominance displays as milder
forms of aggressiveness are not completely out of place and, as mentioned above,
some dominance displays are actually used in the courtship rituals of certain species.
In other species, however, they do not seem to be a perfect solution; sometimes be-
cause, although milder in form than the threats, they still may be mistaken for indica-
tions of hostile intentions, sometimes because not all species have developed domi-
nance displays. Thus, displays are 'required’ which intimidate or possibly also
challenge the partner to some extent without releasing strong escape reactions,
severe defence, or attack.

| have mentioned several times in this paper the possibility of phylogenetic relicts in
expressive behaviour. An expressive behaviour having originated from a form of
aggression which is no longer used in the hostile encounters of a recent species,
would possibly fulfill the requirements of a courtship display. It is an aggressive
behaviour by origin and therefore may still have some intimidating or challenging
effect upon the receiver. On the other hand, it is unmistakably different from all the
recent forms of aggression so these effects are not strong. We do not, of course,
know anything about the behaviour of the extinct ancestors of our recent bovids. How-
ever, we know from paleontological evidence that they did not have horns. Neverthe-
less, they presumably had their fights which were somewhat different from those of
the recent horned ungulates. The study of the fighting behaviour of recent species
similar to bovids but lacking horns may suggest possible fighting techniques for the
hornless ancestors of recent bovids. Possible candidates for this study are hornless
artiodacty! species (such as Illamas), species which have antlers only temporarily
usable as weapons (cervids), and hornless female bovids. When we find corresponding
behaviour patterns in recent bovids and when the addressee still shows reactions
which agree with the possible origin of these displays from fighting techniques, the
probability that evolution may have taken this course is as high as it can be in the
circumstances.

It is surprising how many more or less different fighting techniques have been found
in 'unarmed' artiodactyls such as tylopods (Gauthier-Pilters, 1954 and 1956). The
rivals rise on their hindlegs and jump at each other. To counteract this aggressive
jump the opponent may keep its neck steeply erected with the nose pointing upward
and may press against the rival with neck and chest. Sometimes this may also occur



Paper No. 2 85

as a fighting technique on its own. Biting is very common, and the Ilamas also push
strongly with their mouth shut. They try to force the rival down with their muscular
neck, or they lower the neck in order to bite the opponent's legs. Sometimes, although
infrequently, they may push against each other with the sides of their bodies, and
finally they may kick with their forelegs and hindlegs. A good number of the be-
haviour patterns mentioned may also be used in combination, and for many of these
fighting methods there are more or less ritualized intention movements in llamas
which act as threat displays.

Except for kicking with the hindlegs, all these fighting techniques, or their corres-
ponding intention movements, do occur in the courtship of recent bovids.

We have discussed how the erected-neck posture and the lifted-nose posture can be
interpreted as intention movements for rising on the hindlegs in bovids. Fighting
Ilamas show these postures immediately before jumping against each other. In the
mating ritual of llamas the same behaviour may occur when the male jumps on the
female from behind in order to bring her down (in tylopods, copulation takes place in
a lying posture). Furthermore, as discussed earlier, the broadside display may
possibly have originated from pushing with the shoulder or the rump, as occasionally
found in fighting Ilamas.

Biting still occurs in the fights between hornless females of certain bovid species

and also in species with very short horns (duikers). The corresponding expressive
behaviour of symbolic snapping (Fig. 68) is shown as a female threat display in a

good number of bovid species (Walther, 1964a). Real and symbolic pushing with shut
mouth is even more common (Fig. 15a). With respect to male courtship displays, we
have already mentioned the head-and-neck-stretched-forward posture, which is a
wide-spread courtship behaviour in bovids. Possibly the origin of this posture may
be an intention movement for biting. Thisis likely for all those species in which the
male directs its mouth towards the female and 'twists' his head, as is typical for
biting species. Interestingly enough, all the recent Caprinae species, as well as a few
others, perform flicking movements with the tongue in the low-stretch posture. This
would indicate that there is (still?) some nervous excitation taking place in the mouth
organs simultaneously with stretching the head and neck forward. In the tragelaphines
this posture (‘Uberstrecken’) is clearly an intention movement for neck fighting

which is afighting technique in the Ilamas, and which occurs in the courtship beha-
viour of the greater kudu in a slightly ritualized form (Fig. 17b). In other tragelaphine
species the males at least lay their head and neck on the female's back in mounting.
The assumed origins of the head-and-neck-stretched-forward posture from the neck
fight and from biting do not exclude one another since in fighting Ilamas both beha-
viour patterns are often combined.

Erecting the neck steeply with the nose pointing upward (counter-acting the aggres-
sive jump in llamas) is a gesture of the female's defense, found in lesser kudu, Sita-
tunga, bushbuck, etc. (Fig. 9). In other species such as the Indian blackbuck, a very
similar posture is typical in the male's courtship (Fig. 20b). Although it does not
occur frequently, it is interesting that at least occasionally the courting male black-
buck may push the female with his chest and the lower part of the neck—precisely
what fighting Ilamas or hornless female nilgai do.

As alast example | would like to mention the kick with the foreleg (‘Laufschlag’,
Walther 1958a). This is a wide-spread male courtship behaviour in bovids, especially
common in the Antilopinae, Hippotraginae, Reduncinae, Neotraginae, Cephal ophinae,
and Caprinae (Walther, 1960c), and also found in the non-bovid okapi (Okapia john-
stoni). In most of the species, the Laufschlag actually touches the female's body, pre-
dominantly her hindlegs, but besides this, a symbolic performance is not unusual.

In Grant's gazelle and Indian blackbuck, this behaviour has apparently undergone a
process of ritualized diminution. It is only a big and emphasized, stiff-legged step
with one foreleg so the male does not touch the female at all (Fig. 20a).

In discussions with colleagues, | find that they generally agree with the derivation of
the head-and-neck-stretched-forward posture from neck fighting, at least in the
tragelaphines. However, not all of them share my opinion about the origin of the
Laufschlag from an ancestrial aggressive behaviour. They argue that other inter-
pretations would be possible such as an intention movement for mounting (see Fig.
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18c), an infantile behaviour, a ritualized form of scratching the ground, an exaggera-
ted kind of walking, or an expression of a general approach tendency. | have given
much thought to these possible objections; however, | have found that each of them
applies to only afew of the species which show this behaviour or to a few of the situa-
tions in which it may occur or to only afew of the variations and combinations which
can be observed. However, if one considers all these different aspects—and | think
one has to do so—only the hypothesis of an origin from aggressive behaviour remains
in accordance with the facts, i.e., in quite a number of cases it fits very well, and in
other cases, it is, at least, a possible explanation.

Everybody who knows the behaviour of fighting tylopods or antlerless cervids, will
also know that the behaviour patterns under discussion may often occur in combina-
tion with one another. If some of the courtship and dominance displays of recent
bovids have evolved from these original fighting techniques, we may expect that cor-
responding combinations may also occur in the courtship behaviour of the bovids.
This happens so frequently that | will mention only afew examples.

Fighting Ilamas may raise on their hindlegs and try to push each other down with
their necks at the same time. Correspondingly, mounting and pressing head and neck
on the female's back are combined in the male tragelaphines. Interestingly enough,
in species which also show the head-and-neck-stretched-forward posture (e.g., cer-
tain Antilopinae and Caprinae) but lack the ritualized neck fight in mating, the mount-
ing posture is different, i.e., these animals do not lay head and neck on the female's
back in mounting.

Fighting cervids rise on their hindfeet and beat with the forelegs simultaneously. In
certain bovids such as topi and oryx antelope, the Laufschlag is frequently combined
with clear intention movements for mounting (Fig. 18c). As discussed elsewhere
(Walther, 1960a), this is different in other species in which Laufschlag and mounting
usually occur separated from each other. However, for example in gerenuk, Thom-
son's gazelle, Indian blackbuck, etc., the Laufschlag is frequently combined with
lifting the head, an intention movement for rising on the hindlegs; and/or the nose-
upward posture becomes strikingly pronounced at the moment when the animal per-
forms the Laufschlag (Fig. 19b & c).

In horses and red deer the aggressive kick with the foreleg sometimes may be per-
formed simultaneously with biting. In this case, of course, the animal must stretch
head and neck straight forward to reach the opponent. Correspondingly, in the court-
ship of the Caprinae the low stretch and the Laufschlag may be combined (Walther,
1960b).

Perhaps these latter two cases may be taken as a little demonstration for our pre-
vious discussion on the origin of the Laufschlag. As pointed out, it is possible in the
Antilopinae to interpret the Laufschlag and the lifted-head posture as well as their
occurrence in combination by mutual origin from aggressive behaviour. On the
other hand, in this case, the derivation from sexual behaviour could also be taken into
consideration (provided one does not care that the stiff-legged rising of the foreleg,
so typical and common in Laufschlag, is difficult to derive from mounting). However,
as soon as one looks at the combination of the Laufschlag with the low stretch in the
Caprinae, the hypothesis of a mutual origin from mounting has to be dropped; on the
other hand the hypothesis of a mutual origin from aggressive behaviour can be ap-
plied and can also make the combination of the two behaviour patterns understandable.

Obviously the original aggressive component of courtship displays is still recog-
nized by the conspecific partners and they react to it. Again | can bring only a few
examples in the space available and, since the courtship displays are predominantly
performed by the males, | will restrict the discussion to the examples of female
responses.

In certain circumstances, misinterpretations of the male's courtship displays do
occur, i.e., the female reacts by true withdrawal or flight as for a threat. This is
especially common for females not yet at the peak of estrus. Even when the female is
in heat, over-intensive or too frequent displays of the male may release the same
responses.

It also happens, although less frequently, that the female may react with a dominance
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display or a threat which may even result in a fight between male and female. This
takes place in some species rather regularly when the male is too young, but in
Grant's gazelle it even happens occasionally with a fully adult male. In Thomson's
gazelle, the female may sometimes react to the male's Laufschlag by symbolic but-
ting in the air, and in the Sitatunga a female responds rather regularly with symbolic
neck-fight movements and snapping into the air when the male touches her with head
and neck stretched forward (Fig. 6). Thus, the two most important effects of a threat
display—intimidation and challenge—may also show up as effects of courtship dis-
plays in certain species and/or in special situations.

Besides such special cases, in many species the female responds to the male's
courtship display by an only moderately ritualized withdrawal; she walks in front of
him and he follows her, as in pursuit of an inferior opponent. In several species the
female may even show a ritualized flight with the male pursuing her at a gallop, as
an obligatory or facultative phase of the mating ritual.

In other species, the mating march is reduced to a minimum or may be lacking com-
pletely, and the animals remain more or less at the same place during courtship. In
the oryx and its relatives, the female reacts to the male's approach and courtship dis-
play with a pronounced and permanently held head-low posture, a defensive threat or
even a submissive display, as it is also shown by an inferior male in a hostile en-
counter. Then, the bull and the cow circle around each other in reverse-parallel
position, a mating-whirl-around (‘Paarungskreisen’, Walther, 1958a), again an al most
identical figure to the circling as it occurs in a threat encounter between a very
superior and avery inferior male in this species (Fig. 10).

In many bovid species the female's posture during copulation is related to a defen-
sive threat or even a submissive behaviour (lowered head), and the most common
position of the female immediately before copulation, with her hindquarters towards
the male, coincides with the turning of the rear end towards the superior opponent
in submissive behaviour. As mentioned above, it seems to be one of the functions of
the male's courtship display to manoeuvre the female into such a posture and/or
position.

Usually we can distinguish several phases in the mating ritual of bovids. The first
phases(s) are characterized by pronounced courtship displays of the males for which
the females react by only moderately ritualized withdrawal or flight or by submis-
sive displays or by defensive behaviour. Then often follows a phase in which no
special displays are shown—in gazelles, the relatively quiet mating march, in oryx
standing in reverse-parallel position, etc. In the phase immediately before mounting,
the males often once again show an increase of courtship displays, sometimes the
same as in the initial phase(s), or sometimes different ones. In certain species the
Laufschlag now acts an especially important role, in some species the head-and-neck-
stretched-forward posture, in others the combination of both, etc. In this progressive
phase of the courtship ritual the female does not react very much to the male's dis-
plays, and the latter may be interpreted as 'last inquiries’. When the female does

not react to them she has reached a state in which she is ready to tolerate the male's
approach and mounting, without defence or escape reactions. To bring her into this
state, is the other function of courtship displays.

Some 'courtship' displays also occur in other situations than mating. Especially be-
haviour patterns belonging to the first phase(s) of the mating ritual are often used
when males herd females within their territories which is not a sexual behaviour in
the strict sense. The same and some further courtship displays are also used by the
males to make resting females stand up. In this situation sometimes the Laufschlag
changes into scratching the female's back. In the mountain gazelle (Gazella gazella),
even females were observed using the Laufschlag when rousing a conspecific from
rest (Grau, pers. comm.). In the genus Ovis, the Laufschlag occurs in courtship as
well as in hostile encounters between rams (Geist, 1966; Walther 1960a.).

The most interesting aspects of functions of courtship displays compared to the func-
tions of threat displays occur in species such as Thomson's gazelle where the males
have a completely different behaviour inventory for fellow males and for females.

| have described how the bucks threaten each other with their horns when the herd
changes the activity, when the direction of a move is not yet determined, or when the
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migration slows down. In migratory herds, where males and females run together,
the males use the head-and-neck-stretched-forward posture and the lifted-head pos-
ture against females in precisely the same situations in which they threaten the
other males with their horns. In other words, in these situations, these 'courtship'
displays have the same effects upon the females as the threat displays have upon
other males, and very obviously both of them serve the same function.

SPACE CLAIM DISPLAYS

In hostile encounters further behaviour patterns may occur which are somewhat
related to threat or dominance displays but are, on the other hand, obviously different.
One could even doubt whether they belong to expressive behaviour with a function in
social communication as defined, since they often do not have a clear effect upon the
addressee. They seem to be connected to behaviour used in relation to space, the
environment or the ground. They are not restricted to hostile encounters but they
may also or even primarily show up in other situations.

In animals which mark by means of special glands—herein the preorbital glands seem
to be especially important in certain bovids—and/or by urine and feces, such marking
activities frequently occur in connection with hostile encounters. In the case of ter-
ritorial animals, this marking may serve to make the boundaries and other impor-
tant points of aterritory better recognizable for other conspecifics and the owner
himself. | even think the latter is the primary function, it being important for the
owner's spatial orientation. In hostile encounters—we will not discuss here other
functions of marking, or marking in other situations—this means that the owner can
retreat to the marked area if necessary, as this is his territory into which no oppo-
nent will follow easily. If the animal is not territorial, it may create a starting point
by marking to which it also may retreat in a pause during the fight—comparable to
the 'corner' in the boxing ring.

Furthermore, by marking in hostile encounters the animal claims occupancy—literally
in case of aterritorial animal, symbolically and only temporarily in the case of a
non-territorial animal. This may have intimidating effect upon a conspecific which
has no 'rights' on this particular place. When two rivals mark simultaneously, each
of them claims the same or the adjacent place for himself. This can be interpreted
as a challenge. Thus, in hostile encounters marking may have rather similar effects
and functions as a threat.

Very similar aspects are true for pawing the ground with the foreleg which in some
species precedes urination and defecation. The function of this behaviour is not com-
pletely clear; it may be that the animal deposits a secretion from the interdigital
glands in this way, or that the scratches on the ground act as a visual mark, but there
are even more theoretical possibilities. In some cattle species and in the wildebeest
(Connochaetes taurinus), pawing the ground seems to be more related to rolling on the
ground (Schloeth, 1958). By pawing the ground, often followed by digging the ground
with horns, in these species, the animal may prepare the place for wallowing. Terri-
torial wildebeest bulls have often a definite wallowing place within their territories.
With respect to cattle Schloeth (1961) has developed the interesting hypothesis that it
may be some kind of social privilege of high-ranking members of a group to use a
wallow before others do. Possibly also wallowing per se, e.g. in bison (Bison bison),
in the presence of arival may belong to this category of behaviour. Thus, again there
seem to be connections with the use of space and ‘claims' of space, respectively.

When we compare this pawing the ground as a possible agonistic display in a number
of bovid species, there is apparently a tendency of this behaviour to become indepen-
dent from its connections with urination, defecation or wallowing. In territorial
Thomson's gazelle, pawing the ground precedes urination and defecation, and it may
occur in both combat situations and non-combat situations; however, it seems that the
frequency is higher in hostile encounters. There are also rare but clear cases in
which the gazelles paw the ground before or during a fight without urinating and de-
fecating after doing so. Similar things are also true for some other species. With
respect to these relatively rare cases, one could still argue tht the animal has uri-
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nation and defecation 'in mind' after pawing the ground but did not get around to doing
so because of the pressure of the situation. However, in oryx antelope pawing the
ground without defecation precedes a fight so frequently that this argument can
hardly be held for this species. So, in some species, a separation of this behaviour
from defecation is rather obvious and, in this way pawing the ground comes even
closer to a threat behaviour. It may be that this is a recurrent development, and that
pawing the ground has evolved as a kind of symbolic or redirected aggression from
beating with the forelegs during a fight.

In this respect, but also in regard to its close connection with pawing the ground in
some species, digging the ground with the horns or fighting an inanimate object, or
weaving as aritualized form (Fig. 4), may be related. We have discussed this beha-
viour when talking about redirected aggression in threat displays but we also stated
that it is not quite equivalent to other threatening behaviour and that its effects and
functions are not as clear. We may further add that there are also resemblances to
marking behaviour.

As a last behaviour possibly belonging to the category of space claims | would like to
mention agonistic grazing. Grazing in hostile encounters is very common in horned
ungulates and probably has somewhat different meanings, functions and possibly also
origins in different species. One point seems to be shared by all variations: in fight-
ing as well as in certain threat postures and also in certain submissive displays, many
ungulates lower the head. Thus, they are in a posture which is also proper for grazing.
According to the mechanism of transitional activity (Lind, 1959), they may easily
switch to grazing. In other words, the sometimes variable meaning of agonistic graz-
ing is linked with the problems of the head-low posture, the meaning of which varies
according to its position in the entire behaviour inventory of different species, and
even within one and the same species this posture may show transitions between an
aggressive and a submissive behaviour.

The most detailed analysis of agonistic grazing up to now, has been given by Estes
(1969) with respect to the combats of territorial wildebeest bulls. He discussed it as
a possible displacement activity, a transitional activity, a neutral activity, as related
to submissive behaviour, and as a means of reassurance from fear, and he emphasized
generally the basically non-aggressive character of agonistic grazing. | doubt this
last point. The other statements may be taken as an indication that the agonistic
grazing is a rather complex behaviour and not easy to interpret in wildebeest and in
certain other species. In case of such awide-spread behaviour, however, it should be
possible to find some species in which this behaviour is somewhat simpler and easier
to analyse. Thisin turn, may help to a better understanding of more complex and com-
plicated situations in other species.

Apparently in some species such as Grant's gazelle and oryx antelope, the meaning of
agonistic grazing is clearer in that it occurs predominantly as the reaction of an
inferior animal to the dominance or threat displays of a superior opponent; in these

ﬁpepies it is very closely related to a defensive threat or even a submissive be-
aviour.

On the other hand, in the Thomson's gazelle a grazing ritual is found (Walther, 1968a)
the meaning of which seems to be opposite that of grazing in combat situations in
Grant's gazelle and oryx. This grazing ritual is exhibited exclusively by adult males,
predominantly by territorial males. It rarely precedes a fight. Incomplete attempts
at starting a grazing ritual are frequent during pauses in a fight, but the complete
and pronounced ritual is seen only after the end of afight or in place of afight. It is
always performed by both opponents, and the striking point—which makes me use the
work 'ritual'—is a very pronounced and predictable change of the positions between the
rivals. Grazing almost uninterruptedly, they go through afrontal position, a parallel
or reverse-parallel position, and an opposite position—hindquarters to hindquarters.
These three changes in the positions of the combatants are the minimum, and some-
times the opponents may graze side by side along the entire neighbouring boundary
of their territories and back again; or from the parallel or reverse-parallel position
one of the combatants may turn again into a frontal position towards the rival, and
the other may turn in the same direction grazing now with his hindquarters towards
the opponent, in front of him. Following, while still grazing, the first buck 'grazes
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back' the opponent in the direction of the centre of the withdrawing rival's territory
until the latter turns, uninterruptedly grazing, from a broadside into a frontal position.
Now the intruder may turn 180° and graze back to the starting point, followed by the
grazing opponent. Then they may continue, again, grazing parallel along the boun-
dary, etc., till finally both animals turn—still grazing—into opposite directions, and
each of them grazes back to the centre of its territory. Such a grazing ritual may
last from a few minutes (when after a fight the rivals merely go through the obliga-
tory frontal, broadside and opposite position) up to half an hour and longer when they
exercise around the boundary in the manner described.

As mentioned above, the opponents often come up to a true grazing ritual only after
several incomplete trials in which they change from grazing back to fighting. This
happens only very exceptionally from grazing in an opposite position, occasionally
from grazing in a broadside position, but very frequently from grazing in frontal posi-
tion. In the latter case, the grazing posture and the fighting posture are so similar
that, under slightly unfavourable observation conditions, | sometimes had difficulty in
distinguishing whether they were still fighting or already grazing, or vice versa.
Thus, in this species, agonistic grazing is rather closely connected with fighting, and
one may now understand better my scepticism with respect to the 'basically non-
aggressive character' of this behaviour.

Furthermore, as mentioned in the discussion on threat and dominance displays, in
certain bovid species the hornless females snap actually or symbolically in hostile
encounters, besides pushing with their bare fronts and other fighting techniques. In
greater kudu, lesser kudu, and Sitatunga | observed clearly snapping movements with
the mouth into the air simultaneous with pushing of the opponent with the front. In
grazing the animal performs movements with the mouth which are similar or even
identical with biting. It has been shown in certain fishes that a significant connection
between feeding and aggressive biting is possible (Albrecht, 1966). In combination
with the observation of aggressive snapping in certain bovids, one could speculate
that agonistic grazing may be related to the—in these animals, phylogenetically old-
aggressive biting. This hypothesis would explain why grazing occurs so often in hos-
tile encounters in ungulates, and it seems reasonable to assume that in some species
this phylogenetically old aggressive behaviour is still more closely related to fighting
than in others where it has been replaced by more recent fighting techniques and thus,
as with certain defensive threats, comes close to being a submissive behaviour when
performed as a response to the opponent's acute horn threat or dominance display.

When grazing in afrontal position after a clash, Thomson's gazelle bucks immediately
enlarge the distance between one another by stepping backwards. In this species, as
apparently in most, possibly all ungulates, the individual distance has not a constant
size, but it depends on age, sex and activity. It reaches its largest extent in adult
males and in grazing. When the animals clash together in afight, the individual dis-
tance is zero. By simultaneous grazing immediately after the fight the opponents
signal a return to the (large) grazing distance to one another. Used in a frontal posi-
tion the grazing posture allows the gazelle to go immediately into fighting action
again, if necessary. The parallel or reverse-parallel broadside position has probably
the same origin and basic meaning as other broadside displays—blocking the way—, as
is rather obvious in grazing along the boundary. Finally in the opposite—hindquarters
to hindquarters—position, agonistic grazing, according to its possible connection with a
phylogenetically old fighting behaviour, may allow an exit without 'losing face'. This
last point is very important to aterritorial animal since here a clearly inferior
behaviour would mean the loss of a part of the territory or even of the territorial
status, as Estes (1969) has convincingly pointed out.

In short, at least in Thomson's gazelle, the grazing ritual seems to belong to that
category of expressive behaviour which is connected with space relations.

EXCITEMENT ACTIVITIES
As mentioned earlier, | do not like the term 'displacement activities' since one can-

not use it without buying a whole theory. For afew behaviour patterns which are
usually described under this heading, | use the term 'excitement activities' because,
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at least in ungulates, they are not restricted to social encounters, such as combat or
courtship, but they also occur in many other and different situations (Walther, 1969b),
and they indicate rather generally and unspecifically that the animal is restless. In
favour of the old conceptions, one could perhaps assume that this excitement may be
linked with an inner conflict, but then this conflict boils down to the very general
formula 'Better to stay or better to go ?', and 'to go' does not necessarily mean an
escape reaction.

In horned ungulates, such behaviour patterns are predominantly grooming, scratching,
shaking, the volte (stepping around in a narrow circle), sometimes a vertical jump on
the spot, and perhaps also stamping. | am not quite sure about the latter since | do
not have many comparative observations on it.

Probably due to their very general and unspecific meaning, these behaviour patterns
usually do not release striking responses above the level of occasional contagion.
Thus, if they should have any importance in social communication at all, it is not clear
at present. Probably these behaviour patterns give a certain relief to the performer.

SUBMISSIVE DISPLAYS

The submissive behaviour in ungulates appears to be performed predominantly on

the principle of being the opposite to dominance and offensive threat displays. In
certain features, submissive displays are related to hiding or flight behaviour. On
the other hand, sometimes connections to aggressive behaviour (defensive threat dis-
plays) are given, as mentioned above. When submissive behaviour is mainly the oppo-
site to offensive threat and dominance display, submissive displays will show species-
specific differences corresponding to the species-specific differences in threats and
dominance displays.

Generalizing my observations on some bovid species, submission is predominantly
expressed (a) by lowering the neck which is opposite to the wide-spread erected
postures in offensive threats and dominance displays; (b) by holding the head down-
ward-forward and laying the horns back on the neck, a posture which is opposite to
the wide-spread presentation of the horns in threatening (Fig. 21a); (c) by turning the
hindquarters towards the opponent which is opposite to the wide-spread frontal
approach in aggression, and which is also opposite to the broadside presentation,
since in the latter a bovid appears as broad as possible while from the rear it ap-
pears as small as possible; and (d) by lying down flat (Fig. 21b), by which the animal,
so to speak, blends into the ground, which is opposite to the self-exposure especially
in the dominance displays. In a completely submissive animal these behaviour pat-
terns occur in the sequence mentioned above, which expresses a gradual increase in
the intensity of submission. One exception is relatively common: an animal may lie
down without previously having turned its hindquarters towards the opponent. When
the submission is not as complete, the animal may show only the first phase(s) of
this sequence. In the Alcelaphus and Damaliscus species, the submissive posture
deviates from this general scheme. Here the submissive animal holds its head in a
posture similar to the medial horn presentation of other species. Gosling (pers.
comm.) observed even moderate butting from this posture against the superior op-
ponent. Thus, an aggressive (defensive ?) component seemsto be in it. Maybe, in evo-
lutionary terms, it is an originally aggressive behaviour 'on its way' towards a sub-
missive display. As some threatening behaviour patterns anticipate the fight or even
the victory, so these submissive postures anticipate defeat.

Because the submissive displays lack the features which could challenge an opponent
and release his aggression, the effect is that he calms down and may even stop the
aggression completely as there is nothing left with which to fight.

In some cases, these postures, gestures and positions are similar or even identical
with behaviour patterns typical for young animals or for females in the mating rituals.
So the question arises whether an inferior animal—including an inferior male—in a
submissive display mimics the female or a juvenile animal, or whether, vice versa,
the young animal or the female in estrus behaves like an inferior partner in a hos-
tile encounter. In some cases, this is difficult to determine. In bighorn sheep,
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Geist (1968a, 1968b, 1971) found that the inferior ram in a hostile encounter uses the
same behaviour patterns with the same relative frequencies as a female in estrus,
and that the superior opponent also treats the inferior one like a female. In some
African 'antelopes', | had occasion to study, this was by no means so clear. In certain
cases such as the described mating-whirl-around of oryx antelope, | am even con-
vinced that it is the other way around, i.e., that the female in the courtship ritual be-
haves like an inferior opponent in a hostile encounter. Thus, at present, it seems that
we have to take both possibilities into consideration in different species.

In regard to infantile behaviour, the special question is whether a behaviour shown by
a young animal, e.g., in the mother-offspring relation, is always a genuine infantile
behaviour. Since usually the mother is the first social partner of a young mammal,
naturally certain behaviour patterns of social life may be shown for the first time in
the mother-offspring relation. This, however, does not prove that they are infantile
behaviour patterns. With respect to lying down flat in submissive behaviour, it is, of
course, tempting to assume a connection with the infantile lying-out behaviour (Burck-
hardt, 1958); however, lying down in extreme submission was also found, e.g., in the
black wildebeest (Connochaetes gnou; Fig. 21b), a species where the young do not stay
put (Walther, 1966b).

On the other hand, there are cases in which apparently typical female behaviour
assumes the role of submissive behaviour. In species where females fight or threaten
by snapping (among other forms of aggression) but adult males do not do so, the fe-
male may respond to the dominance or courtship display of the male by symbolic
snapping. The same may also occur without any display by the male when a female
passes close to him in a group (observed in Waterbuck Kobus ellipsiprymnus, eland
and Sitatunga). In this latter case one may get the impression that the female empha-
sizes that she is afemale by this behaviour and not an equivalent opponent for an
adult male.

| should mention, however, that there are other inferiority or appeasement behaviour
patterns, which either do not belong to expressive behaviour (e.g., withdrawal or
flight), or of which it is dubious whether or not they should be considered to be ex-
pressive behaviour in the terms of our definition, e.g., social grooming (tactile ex-
pression ?).

Finally, we may consider the social functions of submissive displays. When com-
paring the submissive displays of zoo animals and of animals in the wild, | have not
found any differences in principle,—the same applies to all behaviour patterns on
the level of the fixed action patterns—, but | have found differences in intensity and
frequency. In gazelles, | have seen the most intensive form, lying down, rather fre-
quently in captivity but very seldom in the wild; in general, submissive behaviour
was observed more frequently in captivity in these and some other species. This
difference in quantity and intensity between zoo animals and free-ranging animals
seems to be important with respect to function. In the wild an inferior animal very
often can retreat from the influence of a superior one simply by withdrawal or, if
necessary, by flight. This possibility is diminished in captivity. Thus, the submissive
behaviour occurs when the inferior animal is not able or not ready to go some dis-
tance away. In other words, the submissive displays enable an inferior animal to re-
main at a definite place and/or with a definite group despite the presence and the
agressiveness of superior conspecifics. Because of the spatial limitations in capti-
vity, such situations occur here more often and are more pronounced than in the
wild. However, submissive displays are not completely lacking in the wild, and they
can also be observed in free-ranging animals when the corresponding situations are
given: for example, if a female during a mating ritual is driven too violently by the
male, if a male sexually approaches a female which is not truly in heat, if afemale
which has just given birth is bothered by a superior conspecific but is not ready to
withdraw because of her young, if an adolescent male is attacked or threatened by an
adult male and the youngster is not ready to leave the group, possibly because of a
still existing bond with his mother, etc.

An extremely interesting demonstration of the function of submissive behaviour oc-
curred during a small study (Walther, 1968b) of the territorial behaviour of Kirk's
dikdik (Rhynchotragus kirki). A pair had their territory around my bungalow in
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Serengeti, and when a fawn was born its preferred lying-out place was right under
that bungalow. Since it was growing rather fast, at about five months the favn was
recognizable as a young male, and the father began to treat it as a such. When the
young male approached his mother—probably still with ‘infantile intentions—the old
male frequently interfered by rushing towards the fawn with a fast spurt, the long
hairs of hisfront ruffled up like a little crown. The young male regularly responded
by immediately lowering the head and lying down flat on the ground. The father al-
ways stopped his attack one to five yards in front of the submissive fawn and returned
to the female. | saw this more than fifty times during one night (so we even have to
be careful with the statement that submissive behaviour occurs more frequently in
captivity than in the wild: it depends completely on the situation). In thisway the
young male dikdik managed to stay in the parental territory for several more weeks
despite his father's aggressiveness. One may speculate that this prolonged stay in. a
familiar area contributes to the survival chances of the young in this species.

SOME FINAL CONCLUSIONS

| have tried to approach the problems of expressive behaviour by determining its
(indicated) meaning, its effects upon the receiver, and its social functions. In some
cases, the biological functions (survival value, consequences for the population, etc.)
may also be taken into consideration. The latter, however, remain always somewhat
speculative.

In methodological terms, the determination of the meaning seems to be the most diffi-
cult problem. One has to investigate the relations and connections of the expressive
behaviour under discussion with other behaviour. For this reason, it is often neces-
sary to know the entire behaviour inventory of a given species or, at least, large por-
tions of it. In certain cases, even this is not sufficient but one has to compare several
—sometimes even many—different species, trying to reconstruct the possible phylo-
genetic evolution of an expressive behaviour in this way. The determination of the
effects and of the social functions is comparatively simple. The effects become ob-
vious from the responses of the recipients. Insight into the social functions can be
obtained by analysing the releasing situations under which a given expressive be-
haviour occurs. Fortunately, all three aspects are connected with one another. It is
possible, therefore, to test the correctness of one of these points (e.g., the meaning)
with the help of the two others (e.g., the effect and the social function.)

Threat displays always indicate the readiness for immediate fighting. Most of them
can be interpreted as intention movements for fighting according to the—sometimes
rather different—species-specific fighting techniques. Usually, each species has
several threat displays indicative of different degrees of severity of the threat. Some
of them are predominantly used by males, others by females. In certain species, there
are differences between offensive threats ('l am going to attack you—so you had better
step away!") and defensive threats ('l am ready to defend myself—so you had better
keep off!"). Offensive threats are sometimes related to dominance displays; defensive
threats often show connections and transitions to submissive displays. It is assumed
that certain submissive displays have evolved from defensive threat displays. The
effects of threat displays upon the addressee are intimidation or challenge, this al-
ternative depending on the sex, age and social status of the opponents. The main social
functions are the establishment and maintenance of territories, the maintenance or
enlargement of individual distance, the coordination of activities within a group, the
determination of the direction and duration of a move (sometimes also of the march-
ing order), the repulse by females of suckling attempts or sexual approaches, the
establishment and maintenance of a social hierarchy, and the defense of 'objects of
value' such as food, resting places, young, sexual partners, etc. With respect to the
biological functions, the two most important points seem to be the avoidance of fights
between unequivalent rivals and of surprise attacks between equal opponents.

In contrast to the threat displays, dominance displays do not show connections to re-
cent fighting techniques. Commonly, the animal tries to impress the opponent by
height and/or breadth. Thus, the meaning of these displays is the claim of superiority
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over the opponent, however, without expressing the readiness for immediate aggres-
sion ('l am the greatest!'). In these postures and positions the displaying animal ex-
poses itself to possible attacks much more than in threat displays. The broadside
presentation has probably evolved from blocking the opponent's path and/or from
(phylogenetically old) fighting in parallel or reverse-parallel position. The erected
posture seems to have evolved as an intention movement for raising on the hindlegs
but it is a debatable question whether this is more closely related to sexual mounting
or to the (phylogenetically old) aggressive jump. Dominance displays mature rela-
tively late in the ontogeny, and play a greater role in the encounters between adult
animals than in subadults and adolescents, resulting in relatively more frequent
fighting in the latter two age classes. Furthermore, dominance displays are more
frequent in males than in females. Basically, dominance displays have the same
effects upon the addressee as threat displays. They are, however, a milder form of
intimidation or challenge. Apparently, this is the reason permitting some of them to
be used also in courtship. Otherwise, their social functions are the same as those of
threat displays, but their realm is more restricted. Since females and juvenile
animals show them infrequently or not at all, they are not used by females for the
repulse of suckling attempts and sexual approaches, nor do they show up in mother-
offspring relations; also in the defence of 'objects of value' they appear more infre-
quently than threat displays. Their major biological function is the settling of hos-
tile encounters without fighting and, in this respect, they apparently work even more
effectively than threat displays.

Besides threat and dominance displays, certain behaviour patterns may show up in
combat situations which obviously are connected to behaviour used in relation to
space. From this it follows that they are not restricted to hostile encounters but also
and even primarily occur in other situations. The most likely interpretation of the
occurrence of these displays in combats seems to be that the animal claims occu-
pancy of a definite place, literally or symbolically ("This is my place—you had better
keep out!") Thus, they also may have a certain intimidating or challenging effect.

Often, however, these effects upon the addressee are |ess pronounced compared to
those of threat and dominance displays, and also the functions are often not as clear,
and their range is not as broad. In particular, they are not used for coordination of
the activity of a group, they are seldom used by females and juveniles, and they also
are not seen in courtship. On the other hand, they may occur in the defence of 'ob-
jects of value'.

Courtship displays can be interpreted as special kinds of dominance displays—in the
majority of the species they are used by males toward females. Their meaning is a
claim of superiority combined with an inquiry of the female whether or not she is
ready to accept the male's close approach. Their origin from phylogenetically old
aggressive behaviour is likely. The effects upon the partner are similar to those of
dominance displays, i.e. mildly intimidating (releasing a ritualized withdrawal or
flight or another form of inferior behaviour in the female) or very mildly challenging
(releasing defensive threatening in the female). These relatively moderate respon-
ses, however, are predominantly shown by females in estrus or close to estrus. A
non-estrus female may run at full speed when approached by a male in courtship
display, or—although more rarely and usually only when the male is clearly younger
than the female—she may defend herself seriously. In mating, the functions of court-
ship displays are to prepare the female for her inferior role in copulation, and to
overcome the consequences of the reduction in the individual distance, i.e. so that

the female tolerates the male's close approach to touch her, eventually, without flight
or aggressive reactions. Furthermore, certain courtship displays are used for
herding femal es without any direct sexual significance. In species in which the males
have a completely different behaviour inventory for females and males, certain
courtship displays are used towards females in precisely the same situations as
threats against other males, as for the coordination of the group activity, the deter-
mination and duration of a move, etc. Exceptionally, male courtship displays are even
shown by females in these situations. In certain species, the young solicit milk by
such gestures. In avery few species, behaviour patterns which are courtship dis-
plays in the majority of the other bovid species also appear in hostile encounters
with opponents of the same sex, apparently with very similar effects and serving
about the same functions as dominance displays.



Paper No. 2 95

The excitement activities indicate rather unspecifically that the animal is more than
usually excited. They are not restricted to hostile or sexual encounters, but may
occur in many different situations having in common only that the animal is under a
certain situational stress and perhaps in an inner conflict. Except for occasional
contagion, no effects upon the partner are known at present, nor is much known of
their social functions. Probably these behaviour patterns give a certain relief to the
performer.

Usually, submissive displays in horned ungulates are in every way the opposite to
dominance and offensive threat displays. As mentioned above, sometimes there are
connections with certain defensive threats. The meaning of submissive displays is
the acceptance of the inferior role. They anticipate defeat and lack features which
could possibly challenge an opponent and release his aggression. Correspondingly,
their effect is that the challenger calms down and may cease his aggression com-
pletely or at least diminish its intensity. In certain situations, some submissive dis-
plays may also have the effect that the challenger switches from aggression to sexual
behaviour. The social function of the submissive displays is that an inferior animal
does not have to withdraw when threatened by a superior one, but it can stay within
the group or at a given place. This also plays a role in mating where the female often
responds to the male's dominance or courtship displays by submissive behaviour,
accepting the male's approach in this way. In certain species, submissive displays
enable the young animal to stay together with its mother for a longer while or to
remain in the parental territory even after it has reached an age at which its pre-
sence releases the aggression of the parent; thus submissive behaviour may indi-
rectly contribute to the survival of the young.

In bovids, evidently each expressive behaviour has basically only one meaning,
usually two (dichotomous) effects, but multiple social functions.

A summary review of some of the behaviour patterns discussed and of their distribu-
tion in the different species is given as Appendices to this paper in Tables 3-5.
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TABLE 3. THREAT (AND RELATED) DISPLAYS

™ = AR m m N m om
Species a b c d e f g h i i k | Reference
Bos primigenius = - - - “ + - il + Schloeth 1958
Bibos gaurus 70 - - - ? + ? - + + Antonius 1939; Schaller 1967
Bison bison ++ - - - ? + - McHugh 1958
Boselaphus tragocamelus ~ ~ + + exc?  t+ + - Walther  1958& 1966
Tragel aphus scriptus - + +® - - exc + + + ++ Walther 1964
Tragel aphus spekei - t ++ - - exc exc - ++ - + Walther 1964
Tragel aphus angasi - ++ - - exc + s ++ ? ++ ++ Burckhardt in Walther 1964
Tragelaphus imberbis - ++ + - - exc + - ++ - + Walther 1964
Tragel aphus strepsiceros - ++ ++ - - exc + ++ - + *r Walther 1958 & 1964
Taurotragus oryx - ? + - - exc + * ++ ++ Walther 1958
Cephalophus nigrifrons + - + @ - - + - + Walther u.o.
Oreotragus oreotragus + - - + - +H - ++ ++ Walther u.o.
Connochaetes taurinus ++ - - - ++ ++ + - + ? Walther 1965, Estes 1969
Alcelaphus buselaphus ++ - - - ++ ++ - ++ - + + Backhaus 1959; Walther u.o.
Damaliscus lunatus + - - (+) ++ t ++ * Walther u.o.; Joubert u.o.
Damaliscus dorcas - - - ++ ++ ? ++ * Walther 1969 & u.o.
Oryx gazella ++ - - - + ++ ) + ++ Walther 1958
Hippotragus niger + - - - t + "+ + t ++ Huth 1970; Walther u.o.
Hippotragus equinus ? - - - + + +H ++ Joubert u.o.
Kobus ellipsiprymnus - ++ + - - + ++ + + ++ Walther u.o.
Onotragus megaceros - ++ O exc - + ++ - + ++ Walther u.o.
Aepyceros melampus - + * @ - ? ++ + + - + =+ Schenkel 1966; Walther u.o.
Gazella gazella ? - - - - ++ A + exc Walther u.o.
Gazella dorcas + - - - - exc + @ exc ++ +H exc exc Walther 1966 & u.o.
Gazella thomsoni exc - - - - - +® exc ++ ++ exc exc Walther 1958 & 1968
Gazella subgutturosa + - - - +® exc ++ + + Walther u.o.
Gazella soemmeringi + - - - - + + + ++ Walther 1964
Gazella granti exc  exc - O ? O 4 ++ -0 + +®  Walther 1965 & 1968
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Litocranius walleri ? + - - -

Antilope cervicapra - ? - -
Ovis ammon + - — o+ — .
Ovis canadensis - - ++ - +
Ammotraguslervia - - - exc -
Capra ibex - - - T+ - +
Capra falconeri - - - ++ - +
Oreamnos americanus + - - + - -
Rupicapra rupicapra - - - exc -

? ++ Walther 1961
++ i - + Walther 1959
- ++ ? - ? Walther 1960
- ++ - - - Geist 1968
- ++ - - - Haas 1959; Walter u.o.
++ - + ©® -
+ Walther 1960
++ - — -
Walther 1960
++ - -
+ Geist 1965
++ - + +

Walther 1960; Kramer1969

TABLE 3 EXPLANATORY NOTES

Behaviour patterns:

Pawing the ground (without urination or defecation) in hostile encounters
Nose (vertically) upward posture (in females)

Symbolic snapping (in females)

Rising on hindlegs in hostile encounters

Dropping down onto 'knees'

Head-shaking (like humans in negation)

Symbolic butting and/or head-nodding (like humans in affirmation)
Downward sweep of head and horns

Medial presentation of horns

High presentation of horns

Low presentation of horns

Head-low posture

PRTCOS@r0eQ00pR

It should be kept in mind that this table gives excusively threat displays but not
fighting behaviour.

Remarks:

(1) infrequent sweeps of a forefoot

(2) exclusively observed in females
(3) sometimes aso found in males

(4) only used by males against females

(5) more frequent in females than in males
(6) swing-out movement before rising on hindlegs
(7) head-plunge: not found in adult males

Signs and abbreviations:

+ = clearly observed or described
++ = especially pronounced and/or frequent
(+) = performance somewhat diminished or aberrant
?? = clearly observed or described but debatable whether or not it belongs to
the behaviour under discussion
? = possibly present but not clearly observed or described
exc= exceptionally observed in exceptional situations
— = never observed or reported; very probably does not occur
no sign = never observed or reported; however, material insufficient for a
negative statement
u.0. = unpublished observation

References

Always referred to that author who— to the best of my knowledge— gave the first
clear description of the particular behaviour in the species concerned. A second
author is only quoted if he significantly added to the information published by the
first-named author.
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TABU 4. DOMINANCE DISPLAYSIN HOSTILE ENCOUNTERS

Broadside displays Frontal displays

AT E R R W W -
Species a b c d e f g h i Reference
Bos primlgenlus ++® 2 - = - (+)@ ? = Schloeth 1958 & 1961
Blbos gaurus 2 ++O - - - ? Antonius 1939; Schaller 1967
Bison blson 2 2 - - 2@ ? MeHugh 1958
Boselaphus tragocamelus 2 ++ ? ++ Antonius 1939; Walther 1958
Tragel aphus scriptus - ++ - - ? Walther 1964
Tragelaphus spekei - Il - + Walther 1964
Tragelaphus angast + ? - ? + ? Burckhardt In Walther 1964
Tragelaphus imberbis - - - ++ ++ + + + - Walther 1964
Tragelaphus strepsiceros ? + 4+ - ++ ++ + + ? - Walther 1964
Taurotragus oryx 2 - - 2 ++ (+)®@ - exc Walther 1958
Connochaetes taurinus > 2703 - - +@ ++ ? - - Estes 1969
Alcelaphus buselaphus 223 - 2 + + + Backhaus 1959; Walther u.o.
Damaliscus lunatus 2 2203 ? ++ + ++ + + Walther u.o.
Oryx gazella A5 @) - ? +4@ ()@ + - Walther 1958 & 1965
Hippotragus niger 2 - - +@ - - Huth 1970
Hippotragus equinus + +(© - - +@ ? - - Joubert u.o.
Kobus ellipsiprymnus +@ - d +@ + ? ? Walther u.o.
Adenota kob - - ++ + ++ - Buechner & Schloeth 1965; Leothold1986
Onotragus megaceros - - 2 + @ + +( Walther u.o.
Aepyceros melampus - + ++ + ++ Schenkel 1966
Gazella gazella + @ - - - +® - - Walther u.0.; Grau u.o.
Gazella dorcas +® = - - - exc® 2 ? exc  Walther u.o.
Gazella thomsonl - 73  exc - - exc® - - - Walther 1964 & 1968
Gazella granti ++@ - - + 4+ 4 4@  exc® + + - Walther 1965 & 1968
Litocranius walleri - - - ? + + ++ ++ - Walther 1961
Antilope cervilcapra - - ++ ++ + + - Schneider 1931; Walther 1959
Ovis ainmon 2 - - + +@ + +10 4 + +19 walther 1960
Ovis canadensis - - - + + + + @0+ ++0Y Geigt 1966

Capra ibex 2 - - exc Walther 1960
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Capra falconeri ++@ — - - -
Oreamnos americanus ++ - -
Rupicapra rupicapra ++ - ? ++

2412 - - Walther 1960
- - Geist 1965
+ ? ? Walther 1960; Kramer 1969

TABLE 4. EXPLANATORY NOTES

Behaviour patterns:

Arched-neck posture

Head-low posture

and i. Head-and-neck-stretched-forwarf pesture
and h. Lifted-head posture

and g. Erected posture

Head-turn (approximately 90°)

bl e

Remarks:

(1) hindfeet under body
(2) not erected but in 'normal’ posture
(3) agonistic grazing (in both opponents)

(4) often combined with angled horns

(5) very similar to erected posture

(6) posture of the head as in high presentation of horns

(7) only observed in adolescent males

(8) often with strongly pronounced sideward inclination of the head
(9) usually combined with head-flagging

(10) sometimes combined with the kick with the foreleg

(11) often combined with twist of the head

(12) throwing the head towards the shoulder

As in the other tables, the sketches give the postures very roughly; finer
species-specific differences and variations are not presented. In short-
necked species (cattle, wildebeest, etc.), the erected posture and the
lifted-head posture are only approximately equivalent to the corresponding
behaviour patterns in longed-necked species.

Signs and references as in Table 3.
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TABLE 5. MALE COURTSHIP DISPLAYS

Broadside displays™ Postures in following the 9%
[ 1T 1
M TR " R Wwrmm

Species a b c d e f g h i j
Bos primigenlus - (+)® +(5) - (+)® ? - -
Poephagus mutus - ++(7 (+) +0%) - (+)® - -
Bison bison '-’(8) ? (+)* - (+)(® -
Boselaphus tragocamelus 9 - - +4(9) -
Tragelaphug scriptus 4+ 4+ (10) - - ? + (11 +4 - »
Tragelaphus spekei +(10) - - 2 2 + + - 2
Tragelaphus angasl (+)2 +(10 +(8) - -
Tragelaphus imberbis - LR R exc + T exe ++ B -
Tragelaphus strepsiceros exc® + 408 (8 + + + ¥+ - -
Taurotragus oryx - ++ 010 - - 2 2 - . - -
Cephalophus nigrifrons - - - - ? - + -
Raphiceros campestris - - - - + - + -
Rhynchotragus kirki - - - - ? + + -
Connochaetes taurinus ++ ) - 2014 4+ (15)
Alcelaphus buselaphus B ++ 9 - - 4+(15) -
Damaliscus lunatus - + (100 409 - 2 +(18) +15) Ly
Damaliscus dorcas - +10 - 2 + . $(11) -
Oryz gazella - - 2(14) B - L1 - _ _
Hlppotragus niger - - 2010 4(14) + - - - -
Hippotragus equinus - - ++ - -
Kobus ellipsiprymnus - ? + - -
Adenota kob - 2(14) 2014 + 4+ - _
Hydrotragus leche - + o+ - -
Onotragus megaceros - +(14) + + + o+ - 2
Redunca arundinum - 2 + - -
Aepyceros melampus - exc(®) - - 2 ++ - -
Gazella gazella - 2019 - - + o+ 2 $(17) -
Gazella dorcas +(10) - - +(11) 2 + o+ — _
Gaxella thomsoni - +(®) - - - exc ++ + + - -
Gazella subgutturosa - +(8) - - + + + + + - -
Gazella soemmeringi - +(10) - +(1 + + o+ + + - -
Gazella granti - = excl® excl® = + ++ exc - -
Litocranius walleri - - - - + + + + + - - -
Antilope cervicapra - - +(10) - 15 ) - - -
Ovis ammon - +(19) - - - - 4+ 4(20) - -
Ovis canadensis - + - - + + - + +(20) - -
Ammotragus lervia - - - ++ - -
Capra ibex - exc? - - - - + o+ — _
Capra falconeri - + +(19) - - - + - + +(20) - -
Oreamnos americanus - - - - - - - - - _
Rupicapra rupicapra - - - - + + + + -

(See next page for Explanatory Notes
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Mounting postures(®
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k 1 m n o p q r Reference
- - - ++ Schloeth 1961;Sambraus 1968
- - - ++ - - - - Walther u.o.
— - - + - - - McHugh 1958
- - - + 2 - - Walther 19S8 & u.o.
- - - ++ - - - - Walther 1964
- - - ++ - - - - Walther 1958
- B - ? B - Burckhardt in Walther 1964
- - - + - - - Walther 1958
- - - ++ - - - - Walther 1958 1 1964
- - - ++ - - - - Walther 1958
++ - - 2 ++ - Walther u.o.
++ - - (+) ? Walther u.o.
? - - (+) ? Ziegler-SIlmon 1957; Simonetta 1966
- - - 2 - - Estes 1969
- - - - ++ - - - Backhaus 1958; Walther u.o.
+(11) - ++ - - - Walther 1966 & 1968
- d - - Walther u.o.
- e+ - - - ++ - Walther 1958
- ++ - - - - ++ - Huth 1970
- ++ - - - had - Backhaus 1959; Joubert u.o.
+ + - - - 2 + - Riley-Worthington 1965; Walther u.o.
+ ++ - - Il + - Buechner 4 Schloeth 1965
29 - - - + - Lent 1969
exc e+ - - - - ++ - Walther 1964 & u.o.
- - - - - + - Jungius 1970
- - - - B ++ - Schenkel 1966; Walther u.o.
? + - - - - ++ Grau u.o.; Walther u.o.
+ 4 - - - - exc ++ Walther 1968
- . - - - B exc ++ Walther 1958 & 1964
- + - - - exc ++ Walther 1968
- 29 - - - - - ++ Walther 1964
- - (Ol - - ec ++ Walther 1965
- ++ ++ - - - exc ++ Backhaus 1958; Walther 1958
- - (# - - ++ Backhaus 1958, Walther 1959
++ (200 4y - - - - ++ - Walther 1960
. e+ - - - ++ - Geist 1968
- - - - - - ++ B Haas 1959; Walther u.o.
e 4 - - - - 4 B Hainard 1953; Walther 1960
+4(20) + - - - - ++ - Walther 1960
4+ ++ - - ++ - - - Geist 1965
29(21) - - - - ++ - - Walther 1960; Kramer 1969
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TABLE 5. EXPLANATORY NOTES

Behaviour patterns:

a. andj. Head-low posture

b. and h. Head-and-neck-stretched-forward posture

c. and g. Lifted-head posture

d. and f. Erected posture

e. Head-turn (approximately 90°)

i Arched-neck posture

k. Kick with the foreleg combined with head-and-neck-stretched-forward posture

1. Kick with the foreleg in normal or slightly erected posture

m. Kick with the foreleg combined with lifted-head posture

n. Mounting with chest, chin and sometimes also throat on the female's back

0. Mounting with chest and nose (vertically) on the female's back

p. Mounting with chest on the female's back; head and neck leaning forward but not touching the female's body
q. Mounting with chest on the female's back; neck erected

r. Mounting in standing or walking behind the female; chest does not touch the female's back.

Neither flehmen nor mere sniffing or licking the female's vulva are included in these postures.

Remarks:

(1) including postures in lateral position (parallel or reverse-parallel) to the female

(2) also in approaching the female frontally or from the flank

(3) Mounting postures are not, of course, expressive behaviour but they are of special interest for the inter-
pretation of certain courtship and superiority displays.

(4) in reverse-parallel position; raising the head before mounting

(5) in reverse-parallel position; only slightly different from the 'normal’' posture

(6) raising the head

(7) in parallel or in reverse-parallel position

(8) in front of the female

(9) with tail raised vertically

(10) parallel; during lateral escort

(11) before mounting

(12) similar to low presentation of horns; in front of the female

(13) with ear-drop; in reverse-parallel position

(14) in reverse-parallel position

(15) with ear-drop

(16) with ear-drop; in front of the female

(17) pushing the female's rear with the horns

(18) stiff-legged, big step with one foreleg

(19) parallel; during lateral escort; often with twist of the head

(20) often with twist of the head

(21) stiff-legged pawing the ground in herding females

Signs and references as in Table 3.
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Social Functions of Various Scent Glands in
Certain Ungulates and the Problems Encountered
in Experimental Studies of Scent Communication

DIETLAND MULLER-SCHWARZE
Ecology Center, Utah State University, Logan, Utah 84321, U.SA.

ABSTRACT

Several aspects of scent communication in black-tailed deer are described. The
various factors influencing responses to whole and fractionated social odors are dis-
cussed. The examples are taken from black-tailed deer and pronghorn.

INTRODUCTION

Since time immemorial, hunters have been familiar with the peculiar odors emanating
from the scent glands of large game animals. But up to this time we have remained
ignorant of the functions these odors fulfill in the life of each species. Even in areas
where interest in the biology and conservation of large ugulates is intense, their uses
of scent communication have never been investigated.

The European Red deer (Cervus elaphus), for instance, has a large circumcaudal gland
that extends over most of the tail. The strong odor and taste of the gland caused
Aristotle to say that this deer had its gall bladder in its tail. There are six additional
scent glands in the Red deer (Schaffer, 1940; Burckhardt, 1958), and we do not know the
function of any of them.

The situation is similar with reference to the New World deer. Here the deer of the
genus Odocoileus possess at least three distinct, well-developed scent glands: the
tarsal, metatarsal and interdigital glands. Reported observations regarding their
activation did nothing to clarify their functions. Recently, however, in a long-term
study of olfactory communication in the blacktailed deer, we investigated the two main
questions:

1. What information do certain scents carry in various social situations?
2. What is the nature of the scent gland product?

To solve the first problem, we had to observe different social groups of animals and
manipulate their social structures. The second, more demanding, problem required
the development of new bio-essay techniques for each odor investigated, and utilization
of microchemical techniques which sometimes may be very involved.

Although our work yields more details every month, the presently identified functions
of social odors in blacktailed deer can be summarized as follows. A large part of this
account is a condensation of the results given in Mller-Schwarze, 1971. All reported
behavior was observed both in captive deer and in wild blacktailed deer at all times
of the year.

Odors that affect indirect encounters between individuals

Blacktailed deer leave scent marks in their environment that may serve as signals
for other conspecifics. These marks are created by rubbing the forehead on wood, by
deposits of urine and feces, and by the action of the interdigital scent gland. These
scents are used especially during the rutting season.

Forehead rubbing

Males and sometimes females rub their forehead against twig tips, tree stems, low
bushes or high roots. A deer will approach a twig, sniff it and rub its forehead verti-
cally with aturning component. This can be repeated so that rubbing and sniffing
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alternate several times. There are shared and exclusive rubbing sites; the number of
shared sites increases during the rutting season. Other males or females often sniff
such marked twigs. Newcomers to a pen containing marked twigs often back of from
such a site. Low ranking males sniff the marked twigs most often. The frequency of
rubbing increases from spring to the fall rutting season. The females sniff twigs
more often in fall than in spring. This may be interpreted as behavior that ensures
encounters of the two sexes during the rutting season. Observations of deer in cap-
tivity have allowed a better separation of sniffing in feeding behavior and sniffing
connected with marking behavior.

Urine and feces

All droppings left by deer may be potentially informative to other individuals. We
often see deer sniff fecal pellets or urine on the ground with no further behavioral
consequence. But during the rut, urine left by females is particularly attractive to a
male. The male invariably stops there, sniffs and licks the urine, and shows the
Flehmen repeatedly in response to each urine patch he encounters.

Interdigital glands

The interdigital glands are very well developed in blacktailed deer (Quay and Miller-
Schwarze, 1970). In contrast to that finding, however, we do not observe regular res-

ponses to interdigital scent. Occasionally a deer is seen to sniff the deep footprints

of an escaping conspecific, but no further response is noted.

During the rut males sniff with their nose on the ground, a behavior that might be
induced by interdigital scent of footprints of females or males.

Odorsused in direct encounters between individuals

Two animals separated by considerable distance may exchange a number of signals.
Two such signals are olfactory: the metatarsal scent and the odor of urine sprayed
about during rub-urinating.

The animal discharges metatarsal scent in alarming situations such as when ap-
proached by a dog, being chased, cornered or caught by people, or entering an unfami-
liar area. Therefore this odor falls into the category of alarm pheromones. It origi-
nates in the metatarsal glands on the outside of each hindfoot. We have observed deer
responding to metatarsal scent which had been discharged by other individuals.

Rub-urinating occurs as part of the threatening behavior when two mature males
meet during the rutting season. One of them will rub his hocks together while urinat-
ing on them. Simultaneously a strong odor can be noticed in the area. Fawns also
rub-urinate. Hand-raised fawns rub-urinate particularly often during the night and
after sudden separation from the caretaker. When a fawn that lives with its mother
rub-urinates the mother and other deer are attracted to the fawn. After rub-urination
the tarsal hair tufts are soaked with urine. It is licked off afterwards, except in males
in the rut where the material accumulates on the entire hindfoot.

Odors used in close contact

When two deer are close enough to touch one another, they will sniff at several pre-
ferred areas of the body. There is a naso-nasal contact and a sniffing of the tarsal
organs and the anogenital area.

Naso-nasal contacts occur between deer that know each other. The naso-nasal con-
tact may culminate in a mutual licking of head and neck areas.

Blacktailed deer in close proximity will sniff each other and their tarsal organs
regularly at a rate of about once per individual per hour. During hours of darkness
this frequency increases to 5-6 per hour. The frequency also increases, and often
more drastically, when a strange deer joins the group. Then the sniffing becomes
part of the sequence of agonistic behavior. By sniffing the stranger and also the
familiar deer, an individual may constantly compare the individual odors.

Mothers sniff and lick the anogenital area of their fawns. Sniffing of the anogenital
area is also performed by both sexes during courtship. In maternal behavior this
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will lead to the drinking of urine and the eating of feces of the fawn. Thisresultsin a
circle; the licking mother stimulates the fawn to suck more.

It is not necessary that an overt behavior is exhibited in response to an odor stimulus.
An animal may only sniff various objects at one time and remember their information
content for use in an encounter at a later time, in much the same fashion as we read
shop signs in passing and remember them for future action.

Finally it should be emphasized that the same sound or smell may release different
responses in different addressees. Two examples illustrate this point: In blacktailed
deer a post-parturient doe bleats repeatedly. A single bleat will cause her own fawn
to approach her, but another adult female to turn away. In pronghorn, males may
approach conspecifics with a sudden lateral turn of the head and discharge subauri-
cular scent at the same time. A male will withdraw upon this approach, while to a
female it is a courtship gesture.

Scent gland structure

Without knowing the behavior of a species, predictions on the use of pheromones can
be made on the basis of an inspection of the scent glands. In the black-tailed deer we
find three well developed scent glands: the metatarsal, tarsal and interdigital glands.
One extreme, the matatarsal gland consists of extremely developed sudoriferous
glands. This would indicate that an airborne odor is produced there. Furthermore,
there is little or no variation of the gland size of activity with age, sex or season.
This would mean that a non-reproductive, social scent is secreted there. The other
extreme, the antorbital gland, shows barely any glandular tissue, so that its behavioral
significance would be minimal (Quay and Miiller-Schwarze, 1970).

Experiments with whole and fractionated scents

The correlations between a given social situation and specific odors can only be
clarified by experiments. Introduction of a stranger into an established group,
reunion of formerly acquainted animals, releasing a group of animals into an unfami-
liar area, or artificial presentation of odors from different individuals to test animals
are some of the methods that are used to determine social effects of pheromones.

The nature of the olfactory stimulus can be characterized by dividing the often very
complex mixtures into their components. This requires extraction and distillation
procedures and microchemical techniques such as gas liquid chromatography (GLC).

Before a specific fraction can be presented as a stimulus to the experimental animals,
the amount of each substance present in the scent sample has to be exactly determined.
As we are dealing with amounts in the microgram and nanogram ranges, the peak size
which a given compound produces on a recorder chart is accepted as a measurement.

When testing animals with scent fractions, one has to consider biological and chemical
facts. The basic behavioral factors are: seasonal and diurnal readiness to respond,
context of ongoing behavior, early experience, multisensory control of behavior, per-
sonal relationships between group members, distances over which the specific scents
work. The releasing stimulus for marking in the natural environment has to be known.
Other biological parameters such as habituation, conditioning, background odor, detec-
tion threshold and odor structure, may influence the response to the odor(s).

Chemical properties influencing the results are the concentration of the odorants, the
volatility of the substances, the stability of the component substances in the high
temperatures of the gas chromatograph, the choice of organic solvent, and the sub-
stratum on which the odoriferous components are applied.

The following examples of experimental considerations are mostly taken from the
blacktailed deer with which we have most experience. Some points are illustrated by
our recent experiments with pronghorn antelope (Antilocapra americana).

Seasonal and diurnal variation of readiness to respond

Needless to say, some social odors will be particularly effective during the mating
season, while others, like the alarm pheromones, will show little seasonal variation in
either their rate of scent secretion or the intensity of the response(s). For animals
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that are active day and night such as the blacktailed deer and the pronghorn, the time
of day with maximum readiness to respond has to be found. Among deer, mid-day is a
rest period with little locomotion taking place. Therefore mid-day would be a poor
time for any odor test requiring an animal to move from one place to another. On the
other hand, mid-day is a time of frequent mutual licking, and therefore favorable to
scent experiments calling for close range sniffing and licking responses between
individuals. During the hours of darkness young deer sniff the tarsal organs of group
members more often. It is therefore of advantage to schedule experiments with tarsal
scent close to the night hours.

Spatial considerations

Certain olfactory responses are more likely in one environment than in another. One
such behavior is sniffing twigs that may carry scent from forehead rubbing by males.
This is typical for deer entering a new area. Before a deer engages in social contacts,
he explores the area and sniffs many twigs, even though other individuals may ap-
proach and try to sniff or attack him. Experiments with odors applied on trees are
therefore best performed in an area that is unfamiliar to the deer.

The spatial dimensions of the deer's environment are important, as is the placement
of the odor if it is applied to the body of atest animal. Deer react to the presence of
experimental tarsal scent immediately by sniffing the air and turning to the tarsal
organ of one individual for further sniffing and licking. If the tarsal odor is applied
to the forehead or side of an individual, the other deer will still investigate the tarsal
organs, and not find the actual location.

Temporal context

While working with tarsal scent we discovered that the general activity pattern affects
the deer's willingness to respond to the experimental odor. After resting, the deer get
up, stretch, urinate, drink some water, and eat. Only after the first bout of eating are
they ready to sniff or lick one another. A sample of the tarsal scent fraction to be
tested can then be effectively applied to one of the animals, and others will then app-
roach and lick.

Early experience

The conditions under which a mammal grows up will mold the olfactory responses.
Some of our hand-raised blacktailed deer were extremely attached to people and did
not show the typical responses to the tarsal and metatarsal odors. Yet they bred
normally and exhibited the typical epigamic agonistic behavior. The most typical and
consistent responses were found in deer which had been with their mother for several
days or weeks, had been raised in a group, or both. Early specific olfactory ex-
perience may effect social responses (Muller-Schwarze, 1971).

Multisensory control of behavior

The alarm response of blacktailed deer is triggered by auditory, visual and chemical
signals. When one individual notices a source of danger, such as a dog, it assumes the
alert posture with head held high and all sensory organs focussed on the source of
disturbance. At the same time it discharges metatarsal scent. If the disturbance con-
tinues the animal may stamp aforefoot on the ground and/or utter a hissing sound,
then break into a tiff trot, and stop again to focus its attention on the potential source
of danger. Metatarsal scent may be discharged again during each of these phases.
This multisensory control has consequences for experimentation concerned with only
one sensory modality. Will a complete or a consistent response be released by meta-
tarsal scent alone ?

Personal relationships between group members

Mammals evidence individual variations for a given odor (Schultze-Westrum, 1965;
Hesterman and Mykytowycz, 1968). Responses of experimental animals can therefore
differ depending on whether an odor was taken from a stranger or from a familiar
individual, and with the specific donor among a number of known individuals. This can
be illustrated by the marking behavior of the male pronghorn. In a group composed of
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one two-year-old and two one-year-old males, the two males ranking first and second,
each showed his strongest sniffing, licking, rubbing and thrashing responses to the
subauricular odor of the male ranking immediately below them. Also a two-year-old
male responded strongly to the subauricular odor of a strange adult male, and much
less to his own odor and to an untreated marking post.

Distances over which scents are effective

It is difficult to determine the distances over which deer or other ungulates detect a
scent. Primarily afunction of molecules moving in air, the ultimate distance depends
on a number of environmental variables. From observations we know that airborne
odors such as the metatarsal scent, transmit messages between deer of the same
group when distances between individuals do not exceed 20-30 meters for long periods
of time. Odors carried on the body or deposited on twigs or the ground are examined
by deer at close range with the muzzle often touching the substratum. We have often
observed that a buck will not notice the urine of a doe on the ground as close as three
meters away, if he failed to see, smell or hear the doe urinate. Blacktailed deer and
other species, such as the chital Axis axis (Schaller, 1967), even investigate predator
odors at close range. In experiments, optimal responses are obtained when odors are
presented at close range. Females sometimes detect the male tarsal scent from 5 m,
but always at 2 m.

The releasing stimulus situation for marking

Scents may be deposited on objects in stereotyped acts of marking in response to
basically three situations. An animal may find an object that is unmarked, marked by
itself, or marked by another individual. As indicated by experiments with a male
Thomson's gazelle Gazella thomsoni (Hummel, 1968) and pronghorn antelope (Muller-
Schwarze, unpublished), their own scent on an object releases as strong a response as
an unmarked object, while the scent of strange individuals triggers a stronger res-
ponse. The response of the male pronghorn consists of sniffing, licking, marking in
turn or thrashing the object. The reactions of afemale pronghorn were the reverse.
She licked and rubbed with her forehead untreated posts and those with subauricular
scent of a strange male equally often, but gave a stronger response to the subauricular
odor of the male she had lived with since three days of age.

Habituation

We have identified different habituation rates for different scents. When presented
with tarsal scent nine times within six hours, a female deer rapidly responded less
and less. When the tarsal scent was presented only three times in six hours, her
response did not decrease. The normal frequency of sniffing each other's tarsal
organs in a group of deer is about once per individual in an hour of activity time.

An alarm pheromone would be expected to cause less habituation with repeated stimu-
lation. This was the case with the metatarsal scent where several tests could be run
within an hour without any noticeable habituation.

Conditioning

Ungulates are available for experiments only in small numbers, and each individual
has to be used many times for odor testing. During the recurring experience it may
learn to respond to other clues associated with the experiment. For instance, if the
odor is dissolved in an organic solvent with a smell of its own, this substance may
start to release a response by itself.

Background odor

The odor(s) surrounding an experimental sample may influence the response. When,
for instance, tarsal scent of adult males was applied on the hindleg of a male, females
in the group were attracted and sniffed and licked it. The response was weaker or
absent when the same tarsal scent sample was sprayed on the hindleg of afemale in
the same group.
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Detection threshold

In pilot experiments, the threshold concentration of a given odor must be determined.
The actual discrimination experiments with fractionated scents can then be carried
out with a concentration well above threshold. The upper limit may be set by changing
responses of the animals or, more often, by the scarcity of the scent material.

Odor structure

Up to now we have found three different types of odor composition: (1) in complex
odors several behavior-releasing components may act only as a whole (odor gestalt);
(2) several components may act alone, but reinforce each other; (3) a single substance
may be responsible for a particular response.

Conclusion

We have studied the structure of pheromones and their place in ungulate behavior to
decipher the information they provide for a given individual in a certain behavioral
context. In any such attempt, we face a dilemma: we know that a chain of behavioral
events involving two or more individuals is controlled by a wide variety of stimuli,
including all sensory modalities. Yet, in the interest of a 'controlled' experiment, we
isolate a specific olfactory part of the complex. Thus we can at best obtain only par-
tial responses, however consistent they may be from test to test. The reactions are
perfectly suited to reach our goals of finding the active principles in a scent, and to
determine certain stimulus-response relationships. But are the responses still the
same as would occur in the original context? |s the professional sniffer who specia-
lizes in discriminating fine nuances of coffee flavor representative of the average
customer who may choose his coffee in different ways, maybe just on the basis of the
color of the label on the can? Would the preference for, or avoidance of, a certain
chemical substance in a controlled experiment, duplicate itself during a complex chain
of events with multisensory control? In domestic sheep, for instance, rams may cease
temporarily to rely on olfactory stimuli when mounting an artificial vagina, so that it
subsequently does not distinguish between estrous and non-estrous ewes. Over a
period of time, however, the ram's ability to discriminate olfactorily is restored
(Lindsay, 1965).

Not only the conditions of the experiment, but also the captivity of the animal may
alter olfactory and other responses. Does forehead rubbing in captive deer, and ‘jaw
patch’ marking in captive pronghorn, differ in intensity or frequency from the wild
form? To check for possible differences and to appreciate the significance of the
various responses in a natural population it is essential to go back into the wild and
to observe free ranging animals.
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Scent Marking in Captive Maxwell's Duikers
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ABSTRACT

Scent marking with the maxillary gland by Cephalophus maxwellii was studied at the
Bronx Zoo. The relationship between social status and the frequency of marking was
of particular interest. Nine duikers, in three groups each consisting of one male and
three females, were observed for 21 months. Unfamiliar duikers were added to each
group in order to test the effect this would have on the frequency of marking by the
group members.

Males initiated 82% of the bouts of reciprocal grooming. Males groomed females in
61% of the grooming exchanges; females groomed females in 8%; and females groomed
males in 30%. One female in each group (type A female) groomed the male more
frequently than the other (type B female) did.

Male one, which could defeat either of the other males, marked the edges of alarge
outside enclosure thoroughly, when put in it, and marked more frequently in this
enclosure than did the other males.

In the inside cages, males marked on objects an average of 5. 6 times/10 min., type A
females 2.8 times/10 min., and type B females .08 times/10 min. After an unfami-
liar male had been present, males increased the frequency of their marking to an
average of 11. 5 times/10 min.; the females did not mark more frequently. After an
unfamiliar female had been present, type A females increased the frequency of their
marking to an average of 11.1 times/10 min.; type B females and males did not mark
more frequently.

Males and type A females pressed their glands together (marked mutually) an average
of 1 time/10 min. Mutual marking between males and type B females and between two
females was much less frequent. The frequency of mutual marking between all group

members increased after an unfamiliar duiker of either sex had been present. Mutual
marking also occurred between two males as an introduction to fighting.

It was concluded that duikers which mark frequently on objects do have a high social
status and that they do mark even more frequently after they encounter an unfamiliar
duiker of the same sex.

INTRODUCTION

The importance of chemical communication in mammals is well recognized. Never-
theless, our knowledge of this subject is still meager. A good way to enlarge our
knowledge is to study ruminants because most species have one or more conspicuous
scent glands (see Mller-Schwarze, Paper 3 this volume).

In order to gain a better understanding of chemical communication it is essential that
we learn more about scent marking, as it is one of the major forms of chemical
communication. Only a few quantitative studies have been done on markings: that of
Schultze-Westrum (1965) on sugar gliders; of Mykytowycz (1969) on rabbits; of
Thiessen et al. (1968) on gerbils; of Epple (1970) on marmosets; and of Johnston
(1970) on hamsters. These studies have been reviewed by Rails (1971). The need for
quantitative studies remains great.

| have studied scent marking in captive Maxwell's duikers, Cephalophus maxwellii
(H. Smith). A preliminary report on the study was published previously (Rails, 1969).
Maxwell's duikers are small antelopes native to the forests of West Africa. Their

114



Paper No. 4 115

social behavior is little known as it has not been studied in the field. It is known,
however, that they do not form herds and live either solitarily or in pairs. They are
probably territorial. The available information on most aspects of the biology of

C. maxwellii has been summarized (Rails, 1972).

Marking in Maxwell's duiker has not previously been studied systematically; a limited
amount of data on marking is contained in Aeschlimann's general study of the be-
havior of a captive group. Captive duikers are well suited for a quantitative study of
marking for several reasons. Marking appears to be an important form of chemical
communication in duikers if we can judge by the frequency with which it occurs.
Captive animals are easy to observe. (The behavior of Maxwell's duiker would be
very difficult to observe in the field.) In addition, in this species there is no danger

of confusing marking with other behavior patterns and no difficulty in deciding
whether or not marking occurred.

Of particular interest was the relationship between the frequency of marking in indi-
vidual animals and, first, the social status of the individual and, secondly, the presence
or absence of strange duikers in the individual's social group. It is known that, in
many species, individuals of high social status mark more frequently than subordi-
nates do. | attempted to determine whether duikers behaved in a similar way. Epple
(1970) found that marmosets mark more frequently after encounters with strange
members of their own sex than they do after encounters with strange members of the
opposite sex. She predicted (personal communication) that | would discover that
duikers behaved similarly if | tested the effect of introducing strange duikers into
established social groups.

METHODS AND MATERIALS

The duikers were observed at the New York Zoological Park (Bronx Zoo) two or
three mornings a week for 21 months beginning in September 1968. During most of
this period there were nine individuals (Table 1). The duikers were kept in three
groups, each of which consisted of one male and two females. The composition of the
groups is shown in Table 1.

TABLE 1. MAXWELL'S DUIKERS AT THE BRONX ZOO

Individual

Male one | wild trapped most vigorous male

Male two 1 wild trapped

Male three 1" wild trapped appears older than other males

Female one | wild trapped

Female two I wild trapped

Female three 1" born in zoo hand reared

Female white | born in zoo female one's daughter
Dec. 31, 1967

Female red I born in zoo female two's daughter
Feb. 22, 1969

Female green 1" born in zoo female three's daughter

Jan. 18, 1969 died from eating a piece
died July 1969  of wire

Each group of duikers was kept during the winter in an indoor cage 3 to 4 meters
square. The building where the duikers were caged was closed to zoo visitors. A
group of duikers was sometimes let out into a large enclosure on summer days. The
outside enclosure ('The African Plains') was approximately 46 by 108 meters in size.
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It had a savanna-like appearance as most of it was covered by short grass interspers-
ed with large trees. The edges of the enclosure had dense shrubbery consisting main-
ly of 'Tree-of-Heaven' saplings (Ailanthus altissima). The enclosure was also occu-
pied by a herd of nyala Tragelaphus angasi. The duikers were fed chopped fruits and
vegetables, kale or cabbage, monkey chow, and hay.

When observing the duikers in the indoor cages | stood outside the cage; when observ-
ing them in the outside enclosure | walked around inside the enclosure. Unless other-
wise stated, my data are derived from observations on the duikers in the indoor cages.
All observations of marking and grooming were made between 9 and 11:30 a.m.
because the duikers were most active then. In order to test the effect of strangers, an
animal was added to an established social group. Since all the duikers at the zoo have
met one another at some time, the additional animal was not really a stranger. | have
termed it an 'unfamiliar duiker'. The unfamiliar duiker was removed after about 10
minutes. If serious fighting occurred, it was removed even before 10 minutes had
elapsed. The marking activity of the group members was recorded for one hour
immediately after the unfamiliar duiker had been removed. Each unfamiliar duiker
was added to each group three times—with each test on a different day. Group
females were removed, left overnight, and reintroduced the next day.

A nonparametric test, the Kruskal-Wallis one-way analysis of variance (Siegel, 1956),
was used in appropriate cases. The parametric t test was used for the remainder of
the data because the small size of the samples (n = 3 in most cases) made it imposs-
ible to apply its nonparametric analogues. The't test requires the assumption that the
population has a normal distribution. | have no way of knowing whether or not my data
are samples from populations with normal distributions. However, | am inclined to
believe that the t test gives valid results. According to Tate and Clelland (1957):
'There is a vast amount of empirical evidence that parametric methods give satis-
factory results despite markedly non-normal populations.'

RESULTS

Grooming

So that the reader will understand my data on scent marking, | will first describe
grooming among duikers. A duiker allogrooms by licking and nibbling the fur of
another duiker's head, chest, and shoulders (Fig. 1). It grooms the area around the
horns especially often and for long periods. The two duikers usually stand facing
each other. The duiker being groomed is practically motionless, with its head, and
sometimes its shoulders, lowered.

A duiker usually begins a bout of grooming by walking up to another duiker and licking
it. Males were the initial groomers in 82% of the 600 bouts recorded (p = .005)

Fig. 1. Grooming: female (‘white") left, male (‘one') right.
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(Table 2). After duiker Y is groomed by duiker X, Y sometimes, but not always,
grooms X in return. Such reciprocal grooming (Sparks, 1967) may be repeated a
number of times. | call this series of grooming exchanges a bout.

There was a total of 1954 exchanges in the 600 bouts (Table 3). Exchanges in which
males groomed females comprised 61% of the total, more than would be expected if
the duikers groomed each other on a random basis (p = . 05). Each male groomed one
female in his group more than the other, but the difference was not statistically
significant. Exchanges in which females groomed other females comprised only 8%

of the total, less than would be expected if the choice of a grooming partner were
random (p = . 02). Exchanges in which females groomed males comprised 30% of the
total, which is close to what would be expected if grooming were random. In each
group, there was one female which groomed the male much more than the other
female did (p = . 05). | call this female the type A female (females one, two, and three)
and the less frequently groomed one, the type B female (females white, red, and green).

TABLE 2. INITIATION OF GROOMING
BOUTS

Number of bouts initiated

Group Male Female
I 164 36
1 149 51
11 181 18

Each group was observed until 200 bouts
were recorded.

TABLE 3. NUMBER OF INSTANCES OF GROOMING

Group Groomer Groomed Total
Male one Female one Female white
| Male one - 242 168 410
Female white 124 - 31 155
Female one 7 15 - 22
Male two Female two Female red
1 Male two - 271 180 451
Female two 198 - 224
Female red 45 11 - 56
Male three  Female three Female green
11 Male three - 197 140 337
Female three 132 - 31
Female green 89 a7 - 136
Scent marking

Duikers of the subfamily Cephalophinae mark with the large gland below and in front
of each eye. The structure of this gland differs from that of the preorbital glands of
al other ruminants. Weber (1888) suggested that the glands of duikers be called
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maxillary glands and Schaffer (1940) adopted this term. The gross morphology of the
maxillary glands in C. maxwellii was described by Pocock (1910). The swelling below
each eye is surmounted by a naked, concave arc of skin roughly 2. 5 cm. in length
studded with a row of pores from which the secretion of the gland emerges. Histologi-
cal studies reveal that both sebaceous and apocrine glands are present (Weber, 1888;
Schaffer, 1940).

The color of the gland's secretion ranges from colorless to bluish. Weber stated that
all males have a colorless secretion and all females a bluish one. All the males at the
Bronx Zoo do have a colorless secretion. However not all the females have a bluish
secretion: some have a colorless secretion. The color of the secretion of an indivi-
dual female sometimes changes: the color of the secretion of female three was usually
bluish but became colorless while she was pregnant and changed to bluish again after
her calf was born. Furthermore, the color of the secretion of her female caf, female
green, was originally bluish and later became colorless. (The secretion of the calves
of other females was colorless and remained so.)

Duikers mark by pressing either of the maxillary glands against objects. This be-
havior was first described by Rahm (1960) and is illustrated in papers by Aeschlimann
(1963) and Rails (1971).

Marking on objects in the outside enclosure

When a male duiker was let into the outside enclosure after being kept inside for
several days, the first thing he usually did was to mark. He marked mostly on the
trunks of the saplings that grew around the edges of the enclosure. He walked from
sapling to sapling and usually covered the entire perimeter one or more times before
he began to feed or rest.

The marking at these times was the most vigorous | observed. After pressing his
gland against a sapling with considerable force, the male often thrashed the sapling
with his horns and pawed the ground around it. Marking was done especially frequent-
ly at these times. One male once marked 31 times in ten mintues, the highest fre-
quency | ever observed. The initial period of vigorous and frequent marking often
lasted for about an hour.

There were considerable differences in the manner in which the three males marked
after being let out. Male one, who could defeat either of the other two males in a fight,
marked the edges of the enclosure most thoroughly. His marking was the most
vigorous and was usually kept up longer than that of the other males. Male one also
marked at a higher frequency than the other males. After 10 days of being kept inside,
for example, male one marked an average of 21, male two 8.4, and male three 2. 5
times per ten minutes during the first hour outside.

Marking on objects in the inside cages

In the inside cages, the duikers marked on objects such as the food and water con-
tainers, cage bars, and door edges. The frequency with which the individual marked
is shown in Table 4.

When only the members of the group had been present, the male in each group marked
more than either of the females, and the type A female (the one who groomed the male)
marked more than the type B female did (p = .011).

Female three was the type A female in Group HI and her daughter, female green, five
months old, was the type B female when | began to collect the data shown in Table 4.
When she was six months old, female green became the type A female of Group Ill and
female three became the type B female. This change is the reason why | have shown
marking frequencies for each of these females twice in Table 3, once under type A and
once under type B.

Marking after encounters with unfamiliar duikers

A male duiker marked more frequently after another male had temporarily been
present in the group, but showed no increase after an extra female had been present
(p= .01) (Table 4). The type A females marked more frequently after an extra
female had been present but did not do so after an extra male had been present



TABLE 4. SCENT MARKING ON OBJECTS IN THE ENVIRONMENT

After encounter with:

Group ) With own Non-group male Non-group female Group female
membership group only A B A B
Males
I 6.6 152 6.1 5.1 7.2 6.2
I 5.8 10.7 6.2 6.0 53 6.0
11 4.4 8.6 4.1 4.9 5.1 4.7
Type A females
I 3.5 3.7 18.6 14.1 - 3.4
I 3.4 3.1 12.2 10.4 - 2.6
III 1.5 0 1.7 - - —
II1 2.7 4.1 11.9 17.6 - 43
Type B females
I 0.06 0 0.09 0.05 0.1 -
I 0 0.1 0 0.04 0.2 -
I (93) 0.2 0 0.1 0 0.03 -
III (YG) 0.04 0 0.03 - - -

Each figure gives the mean number of marks with the maxillary gland for 180 ten-minute periods
of observation.
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(p = .025). The type A female in Group Ill, female three, was an exception. Soon after
the time of the experiments, however, she became a type B female. A type B female
did not mark more frequently after either an extra male or an extra female had been
present. The removal and reintroduction of either the type A or B female of a group
did not affect the frequency with which the other female marked.

Mutual marking

Duikers mark on the glands of other duikers as well as on objects in the environment.
Two duikers, facing each other, press together the maxillary glands, first on one side
of their faces and then on the other (Fig. 2). This mutual marking between a female
and a male or between two females was first described by Aeschlimann (1963).

1 } \1\-53‘:‘&\. -2
~— [ . _-_:,'
oy TR
{ -w - '
|I e e ~Z -~
. \ -
\ o
\ | 7/

A

Fig. 2. Mutual scent marking between male three, left, and female
green, right.

When only the members of the group had been present, most of the mutual marking
was between the male and the type A female (p = . 05) (Table 5). Mutual marking
between the male and the type B female and between the two females was much less
frequent. The frequency of mutua marking between all group members increased
after either an extra male or female had been present (p = .025).

Although it has not previously been noted, mutual marking also occurs between two
males. On several occasions | observed that two males, which had been alowed into
an outside corral, approximately 30 meters in diameter, at the same time, became
aware of each other's presence, hurried toward each other, marked each other's
glands with great vigor, and clashed against each other forehead to forehead. The
mal es, having momentarly paused in their fighting, always marked each other again
before resuming. Two males mark each other much more forcefully than a male and
a female or two females do. It seemed that each male was trying to force the other's
head to the ground. A more detailed description of fighting, based on motion pictures,
is in preparation.

DISCUSSION

The duikers | studied marked very frequently in terms of the frequencies with which
other species mark. For example, the male duikers marked an average of 5.6 times
per 10 minutes but dominant male marmosets mark an average of only 10 times per
hour (Epple, 1970) and dominant male rabbits an average of 7 times per hour
(Mykytowycz, 1965). The frequency with which the male duikers marked may strike
one as incredibly high. It is, however, not too different from that reported by
Aeschlimann for a captive male of the same species at the same time of day: 3. 8
times per 10 minutes (a total of 79 times in the period from 8:30 a.m. to noon). |
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TABLE 5. MUTUAL SCENT MARKING
Group With own After encounter with: Non-group
group only Non-group male female

Male-type A female

I .9 6.6 5.7

1 1.0 4.3 72

I 1.2 6.1 4.2
Male-type B female

I 2 4.2 2.9

11 0 3.1 35

1II(23) 3 5.8 6.1
Female-female

I .09 3.1 2.7

11 .02 1.9 2.4

1II(23) .06 2.6 33

Each figure gives the mean number of marks for 180 ten-
minute periods of observation. If the two duikers pressed the
glands on one side of their faces only, it was counted as one
mark. If they pressed together the glands first on one side of
their faces and then on the other side, it was counted as two

marks.

would have obtained a lower frequency of marking had | extended my observations
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throughout the day because there were periods during which the duikers rarely mark-
ed: they lay down to rest and ruminate about noon and spent much of their time eating
after they were fed about 2 p.m. It is conceivable that duikers in the wild do not mark
as frequently as those in captivity. | felt that the duikers at the zoo sometimes mark-
ed because they had little else to do.

The duikers occasionally marked on the horns and back of other duikers instead of
objects. They did so when in the same cage with a group of the much larger bay
duiker C. dorsalis. The bay duikers were immobile for long periods during the day

because, being nocturnal, they were asleep or resting. Female zebra duikers C. zebra,
at the Frankfurt Zoo, have been observed to mark on the head, legs and back of other

duikers (Fradrich, 1964). Fradrich thought that they marked calves in this way
because they perceived them as new objects in the cage.

Exposure to an unfamiliar duiker of either sex was a stimulus which caused an
increase in the frequency of mutual marking within a group. However, a high fre-
quency of mutual marking was also caused by other unusual and mildly frightening

stimuli such as prolonged noises and people with whom the duikers were unfamiliar.
In contrast, exposure to an unfamiliar duiker of the same sex was the only stimulus |
found which produced a large increase in the frequency of marking on objects in the
indoor cages. In fact, most other unusual stimuli caused a decrease in the frequency
of marking on objects. The duikers did not mark more frequently when new objects

were put into their cages. Their behavior was different in this respect from that of

the zebra duikers at the Frankfurt Zoo which were stimulated to mark by new objects.
The reason the Maxwell's duikers did not do so was that they were very frightened of
new objects and avoided them for hours or even days.
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| think the differences between the behavior of the type A and the type B females were
not due to the immaturity of the latter although, at the beginning of the study, each was
younger than the type A female in her group (Table 1). First, female green became a
type A female when she was only six months old, replacing female three who was over
five years old. Secondly, | saw all the type B females behave, at least in part, as

type A females under some conditions: they marked objects frequently when their
group was placed in the large outside enclosure; they did a lot of mutual marking with
the male of another group when two groups were temporarily put in the same cage.
Thirdly, females two and three, who were undoubtedly mature, behaved as type B
females when they were in a cage together with male one and female one. (I saw this
behavior during preliminary observations on the duikers prior to the beginning of the
present study.) Under these conditions, only female one behaved as a type A female,
although females two and three did so when they were members of the groups obser-
ved in this study.

| don't know what did cause the differences in behavior between the type A and the
type B females. | think it may have been the fact that the type B females could not
provide themselves with 'unattached' males. Perhaps duikers normally live in pairs
as dik-diks do (Hendrichs and Hendrichs, 1971). If this is true, the type B females
would be artifacts due to the excess of females at the zoo.

It can be concluded that duikers which mark frequently on objects do have a high
social status and that they do mark even more frequently after they encounter an
unfamiliar duiker of the same sex. Male one, which marked more than twice as fre-
quently as male two, and eight times as frequently as male three, in the large outdoor
enclosure, could defeat either of them in a fight. He also marked at a higher fre-
guency than the others did in the small, indoor cages although the differences were
not statistically significant. The type A females, which marked more frequently than
the type B females, had a higher social status in that they had a closer relationship
with the male-they spent more time grooming him and marked mutually with him
more often. Both males and type A females marked even more frequently after an
unfamiliar duiker of the same sex had been present.
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A Comparison of the Social Behaviour of the
Equidae
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Zoologisches Institut, 33 Braunschweig, Pockelsstr. 10A, German Federal Republic.

ABSTRACT

In the Equidae two types of social organization have evolved. The plains zebra (Equus
guagga), mountain zebra (E. zebra), horse (E. przewalskii) and possibly also the Asiatic
wild ass (E. hemionus) live in coherent family groups, consisting of one stallion, one to
several mares and their young. Surplus stallions are found in stallion groups. The
young leave their original families in a set pattern. No territories are established in
these species.

In the Grévy zebra (E.grewyi) and the wild ass (E. africanus) the stallions keep large
territories which they, however, only defend under certain conditions, i.e. when an
oestrous mare is near the boundary.

Apart from the mare-foal relationships there are no personal bonds between any two
or more individuals.

Most of the equine populations live in areas with marked seasons.

In the non-territorial species the reproductive groups migrate as units. In the terri-
torial species the sexes segregate for part of the year, a feature which will certainly
influence the reproductive rate, especially in areas with irregular rainfall.

INTRODUCTION

There are six species of modern equids: the plains (or Burchell's) zebra (Equus
quagga) with five subspecies: boehmi (Boehm's or Grant's zebra), chapmani (Chapman's
zebra), antiquorum (Damara zebra), burchelli (Burchell's zebra) and quagga (Quagga);
the mountain zebra (E. zebra) with two subspecies: zebra (Cape Mountain zebra) and
hartmannae (Hartmann's zebra); Grévy's zebra (E.grewyi); the wild horse (E. prze-
walskii); the ass (E. africanus) with three subspecies: atlanticus (Atlas-), africanus
(Nubian-) and somalicus (Somali wild ass); and the Asiatic wild ass (E. hemionus) with
four subspecies: hemionus (Kulan), kiang (Kiang), onager (Onager) and hemippus
(Syrian wild ass).

The domestic horse (E. przewalskii f. caballus) and the donkey (E. africanus f. asinus)
are the domesticated forms of the wild horse and of the wild ass, respectively.

The quagga, the true Burchell zebra, the Atlas wild ass and most probably also the
wild horse have been exterminated in the wild, and only of the latter is there a breed-
ing stock, consisting of about 200 individuals, in zoological gardens.

A comparison of the behaviour is at the present moment possible for only five of the
Six species as there is practically nothing known about the Asiatic wild ass. Also, the
recordings on the wild horse are very fragmentary and cannot be used as a basis for
a good comparison. However, a population of feral horses has recently been studied
intensively in southern England (Tyler, 1969), although the population is not natural
with respect to its sex ratio.

The equids are all very much alike. There are a few qualitative differences like the
stripe patterns in the zebras, a dew lap which is a feature of the mountain zebra, the
presence or absence of infundibula in the lower incisors and the presence or absence
of the so-called chestnuts which are epidermal growths on the inner sides of the legs.

All equids can be interbred in captivity, demonstrating their close relationship. It
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could therefore be expected that their behaviour is similar as well. In fact, a number
of behaviour patterns are practically identical in all the equine species. In their
social organization there are, however, considerable differences.

A. SOCIAL ORGANIZATION

The plains zebra and the mountain zebra live in coherent family groups consisting of
one stallion with one to several mares and their young, and in stallion groups. These
social units are non-territorial and move freely in rather large home ranges which
they share with conspecifics and whose sizes depend on the ecological conditions of
the area. In Ngorongoro Crater the smallest home ranges of plains zebra measured
80 sg. km, the largest about 200 sq. km; those of the mountain zebra in South Africa
were much smaller (3-5 sg. km). In both species the family groups were found to be
permanent units as far as the adult members are concerned. Mares normally stay for
their lifetimes in the same group, even when they are very old or sick. Old and sick
stallions may be replaced by younger and healthier ones; they then join stallion groups
(Fig. 1). The stallion groups are more variable in their composition, but some indi-
viduals may stay together for many years as well.

In the plains zebra the mechanics of this social set-up could be studied in detail
(Klingel, 1967). In the mountain zebra the same results were found even though it was
not possible to observe the actual processes leading to them (Klingel, 1968, 1969a).
The social organization of the horse is basically the same as well (Tyler, 1969).

Mating only takes place between a family stallion and his mares and there is no com-
petition amongst stallions for adult mares. Adolescent mares, however, during oestrus,
attract stallions in the vicinity of their groups. These stallions, family stallions and
bachelors, surround the group and try to separate the mare from her group members.
The family stallion defends by attacking individual stallions, but eventually the young
mare will be separated from her group by the large number of suitors. Usualy the
young mare does not stay with the stallion who abducted her as the fight over her
continues until the end of her oestrus period. With the next oestrus it all starts over
again until the mare reaches the age of 2 to 2% years when she becomes a permanent
member of a group.

The different attitude of stallions towards adolescent and adult mares is caused by the
conspicuous oestrus posture of the younger mares, whereas in adult mares oestrus is
optically inconspicuous and this is a prerequisite for the stability of the groups. It is
also a behavioural adaptation. The mares come into oestrus a few days after foaling
and, as only the family stallion will attend to her, there is a minimum of disturbance
and chasing and the young foal is quite safe.

Abducting a young mare is one way of stallions starting a family or, when they are
already in control of one, of increasing the number of their mares. The other possi-
bility is for a stallion to replace an old or sick family stallion or to take on a group
whose stallion has died. Even in these cases the group formation stays intact and the
new stallion takes on the group as a whole. When a family stallion is not in full con-
trol of his group, this is obviously noticed by bachelors and one of them will stay in
permanent contact with that group, slowly, without a fight, taking over and pushing the
original stallion out.

When there is a family without a stallion, the first mature stallion to come by will
stick around and will immediately be respected by other stallions, days or even weeks
before the mares have accepted and acknowledged him. If such a stallion already has
a family of his own the two groups will be quite separate at first, but after some time
they amalgamate and the mares will form a new dominance order.

The young stallion stays with his family much longer than the young mare, namely up
to the age of 4 years. He leaves at an earlier age when his mother has a new foal and
when there are no play mates, stallions of similar age, in the family. There is no
evidence of family stallions chasing their adolescent sons away; in contrast, they
search for them when they get lost. The colts eventually join stallion groups, and
from the age of 5 to 6 years they start to compete with other stallions for adolescent
mares.
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Fig. 1. Plains zebra families and stallion groups in the
Serengeti.

Fig. 2. A Grévy's zebra stallion (right) with a mixed herd

Fig. 3. Wild ass mare (left) with yearling and two-year-
old male foals in the Danakil, Ethiopia.
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The social organization of the other two African equids, the Grévy's zebra and the
wild ass, is completely different from the above. In these species there are no per-
manent bonds between any two or more adult animals. These are found solitary or in
a variety of different associations: stallion groups, mare groups, groups of mares and
foals, and mixed herds. All these groups are variable and their composition may
change even within hours. The only bonds existing are those between a mare and her
foal or foals. Of the solitary stallions, some are territorial.

Of the two species, | have been able to study Grévy's zebrain detail (Klingel, 1969b,
1972). My observations on the wild ass are still fragmentary due to the shyness of
the animals and to the fact that the time available for this work was very limited.
The observations strongly suggest, however, that the social organization of the wild
ass is identical to that of Grévy's zebra. Observations on burrows support my
results (Moehiman, 1971).

The territoriality of these species is of particular interest. There is firstly the
extraordinary size of the territories. The territories of Grévy's zebra stallions in
my working area near Wamba in northern Kenya measured from 2. 7 to 10. 5 sg. km
with an average of 5. 75 sq. km. Those of the wild ass near Tendaho in the Danakil
region of Ethiopia seem to be even larger. The territories of those two species are
to my knowledge the largest male territories ever recorded in a herbivore.

The second important feature is the tolerance of the territorial stallion towards con-
specifics including other males which means that he does not prevent them from
entering his territory. Within the territory those males respect the territorial
stallion and do not interfere when he is engaged in mating activities. If they happen to
get near a mare in oestrus the territorial stallion chases them away. | have never
observed him to be challenged (Fig. 2).

With few exceptions the territorial boundaries are defended only when there is an
oestrous mare near the boundary. Then territorial neighbours will fight with each
other; simultaneously each of them will try to make the mare walk towards the centre
of his territory. As soon as one of them succeeds, the fighting ceases and the success-
ful stallion follows his mare; the other one waits at the boundary.

Some of the boundary points were found by recording the places where fights between
territorial neighbours took place. In order to find more of them we made oestrous
mares walk towards the boundaries by driving them with a vehicle. Since territorial
stallions move with their mares, and as the neighbours are usually alerted by the
precopulatory activity of a pair, we could induce the stallions to fight anywhere along
the boundary and thus find its alignment.

The territories are marked mainly static-optically, that is by the sheer presence of
the owner. In addition he signals his presence acoustically. Dung piles are found
mainly along the territorial boundaries; these are used probably for years by the
territorial stallions and also serve to mark the territory, not to warn potential in-
truders, however, but for the orientation of the territorial animal itself.

The function of the territorial system in these species became clear when | observed
an oestrous mare in an area without territories. For two hours she was courted by
up to 9 stallions at atime. These stallions were practically continuously fighting
each other and therefore none of them succeeded in copulating with the mare. The
group eventually moved into a territory where the territorial stallion took over. The
other stallions moved away while he copulated with the mare.

The territories of Grévy's zebra and of the wild ass are accordingly mating terri-
tories. Due to the territorial system only one particular male, which is the territorial
stallion, will court a mare at any one time since all the other males are behaving as
subordinate to him.

There is no explanation for the immense size of the territories which do not seem to
have any other function. The tolerance, however, of the territorial stallion towards
other stallions can be considered to be a consequence of the size of the territories:

it is unimaginable how a stallion could possibly fend off intruders from his boundaries
when they are, on an average, over 10 km long.

The stallions leave their territories for short periods of time in order to wak to
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their drinking places. At least the Grévy's zebra stallions keep their territories
throughout the year and probably for many years, even during the dry seasons when
the mares and foals and the non-territorial stallions leave the area because of the
shortage of food and water. In the extremely dry months of August and September
1968, some of the territorial stallions in my study area left their territories for a
few weeks, but they returned to them before the start of the rains and before the
arrival of the rest of the population. During the dry season of 1971, practically all the
territorial males in my study area had left; however, some returned with the onset of
the rains and went back to their territories which they had occupied as early as 1967.

This type of social organization, characterized by the instability of the groups and by
the existence of non-exclusive male territories, is not altogether restricted to the
equids. Owen-Smith (1971) has recently discovered an interesting parallel in the
white rhinoceros where the territorial bulls are tolerant to subsidiary bulls. In the
white rhinoceros, however, the subsidiary males live permanently in one particular
territory, whereas in Grévy's zebra and in the wild ass they are not restricted at all.

B. SOCIAL BEHAVIOUR

As | have mentioned above, some behaviour patterns are identical or similar in the
various equine species. This is true for the fighting, social grooming, mother-child
relationship and largely for the greeting and mating behaviour. Other patterns, how-
ever, are quite different and they can be correlated with the social organization.

Fighting

Five phases of fighting can be distinguished: running (which means chasing and flee-
ing), circling, neck-wrestling, biting and kicking. The fighting behaviour is hardly
ritualized, but very rarely leads to serious injuries, the teeth and hooves of the equids
being rather ineffective, considering the sturdiness of the animals.

Mother-Child Relationship

In the mother-child relationship of the equids there seems to be one general feature,
irrespective of the type of social organization. We have observed it in the plains
zebra and Grévy's zebra, and have also been able to confirm Tyler's observations in
the horse (Klingel, 1969c; Klingel and Klingel, 1966).

During the first days after birth, a mare of these species, and probably of the other
ones as well, will not tolerate any other animals in the vicinity of her foal but chases
them away by threatening, kicking and biting them, or prevents their contact with the
foal by moving between the two. In the plains zebra and in the horse, she even attacks
the stallion, who is in other circumstances the dominant animal.

Young foals display the following response as soon as they stand up shortly after
being born. They follow their mothers and also any other large objects like cars,
people or conspecifics. Only after several days do they get to know their mothers and
are no longer attracted by strange objects. The foals therefore have no innate recog-
nition of their conspecifics' image. They obviously have a sensitive phase of imprint-
ing during the first days after birth when they learn to know their mother. | am fully
aware of the fact that | have only circumstantial evidence, but | do not see an alter-
native explanation.

The behaviour of the mares is correlated with the learning behaviour of the foal. When
the foal is a few days old, the mare's aggressiveness towards other animals ceases
and she allows her conspecifics to contact her foal.

One special feature of mother-child relationship could be found in Grévy's zebra.
Whereas normally the mare stays with her foal as in the other equine species, she
does abandon it in one ecological situation. This happens during the dry season when
water is available only far away from the grazing grounds. In contrast to several
other ungulate species the young do not have an appropriate behaviour, e.g. hiding.
They stand upright where their mothers left them and they are thus very conspicuous.
Also they are not guarded by a nurse, even though there is occasionally an adult
nearby. It is obvious that these foals are particularly vulnerable to predation.
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Greeting

The greeting behaviour consists in all species of naso-nasal and naso-genital contacts.
The latter, as well as the facial expressions, are different in the different species; and
in the plains zebra there is afina jump which has no parallel in other species.

Mating

In the mating behaviour there are some slight differences in the precopulatory activity
and in the posture of the mare (Klingel, 1969c; Klingel and Klingel, 1968).

Marking

The marking behaviour consists in all equine species of the animals defecating and/or
urinating onto the faeces and/or urine of their conspecifics. This pattern is displayed
mainly by stallions and foals, but to some extent also by mares. The Grévy's zebra
and wild ass stallions have, in addition, the habit of defecating preferentially onto their
own faeces. Thus they build up the enormous dung piles which cover several square
meters and are up to 40 cm high. Only in these two species does the marking be-
haviour serve an obvious purpose, as | have pointed out previously.

An earlier explanation of the marking behaviour in the plains zebra was given by
Trumler (1958). He claimed that a stallion, by marking the droppings of a mare
altered their smell, and thus hid from other stallions the fact that the mare was in
oestrus. My observations show clearly that this is not the case. A stallion does not
mark all the faeces and urine of an oestrous mare, and even when other stallions come
across such unmarked droppings they do not approach the mare but respect the
presence of the family stallion.

The marking behaviour of the non-territorial equids has, as far as | have observed, no
obvious function.

Dominance and L eader ship

In the non-territorial species, the plains zebra and the mountain zebra, | discovered
an order of dominance among the members of the families, the stallion being the
alpha-animal. He also occasionally leads the group during migration. Normally,
however, the highest ranking mare leads and the other mares follow her in the order
of their dominance. If a mare walks in front of a higher ranking one, she will be
attacked and threatened by that animal until she takes her proper place. The young of
a given mare follow her in the order of their youth, the youngest first. In the presence
of its mother a foal has a rank just below that of its mother. The stallion usually
brings up the rear or moves parallel to the group.

In bachelor groups there is an order of dominance among the subadult members,
whereas all the adult stallions seem to be of equally high rank. The leader in these
groups is always an adult stallion.

No dominance hierarchy could be found in the territorial species, the Grévy's zebra
and the wild ass. In these, a territorial stallion is, of course, dominant over all his
conspecifics as long as he is in his territory. The adult members of the various
associations all seem to be of equally low rank, and also there is no order of leader-
ship. Any one member, male or female, of such a group may start walking and there-
by induce the others to follow. When the others do not react this animal may continue
on its way or return to the group. During the migrations the leading animal may be
replaced, even after distances of only 20 to 30 m, and no antagonism has been observed
to occur in such instances.

Search for Lost Group Members

This feature of group behaviour is also restricted to the non-territorial species. It
has so far been observed in the plains zebra only.

When one animal has lost contact with the rest of the group, for instance while sleep-
ing, it searches for the others and is being looked for by them. All family members
search for each other with the exception of mares who do not search for other mares
or for colts older than two years.
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In two instances | observed a stallion grabbing with his teeth a sedated mare by a
fold of skin on her neck and leading her back to the rest of the family. It is difficult
to make a final judgment about this behaviour which has never been observed under
natural circumstances and which can therefore hardly be considered to be innate or
learned. This would only leave the explanation of its being the result of a primitive
form of insight.

In Grévy's zebraand in the wild ass it is, of course, only the mare and her foal who
search for each other (Fig. 3).

Guards

Two further behaviour patterns demonstrate, again, how strongly plains zebra family
groups act as units. Whereas in all the equine and some other ungulate species a
female will wake her young when she is disturbed, in the plains zebra even other
members of a group will do so frequently, as when the mother is too frightened to go
close to the foal or when she is not aware of the danger. When resting, by day or by
night, there is always at least one adult or subadult member of a family standing and
alert while the others are sleeping in a recumbent position.

In the mountain zebra, | have, in several instances, observed stallions guarding their
families at water holes.

C. ECOLOGICAL ASPECTS

The African equids, with the exception of a few small populations, live in areas where
their food and water supplies change drastically during the year. This forces them to
migrate either regularly, where there is periodical rainfall, or irregularly where the
rainfalls are episodical.

It is obvious that the non-territorial species have an advantage over the territorial
ones, as they are not restricted in their movements and as the population as a whole
can make use of good grazing anywhere within reach. During the entire year the
population can potentially reproduce, as males and females are permanently together.

In the territorial species, at least in Grévy's zebra, this is basically different. Terri-
tories are established only in the grazing areas occupied during the rainy season.

In the dry seasons the mares and the non-territorial stallions migrate whereas the
territorial stallions remain behind. The migratory stallions will not establish
territories in the areas occupied during the dry season, and therefore they are quite
unlikely to mate with the mares. This means that the reproductive adults of the popu-
lation are segregated during a large part of the year and that reproduction is thus
limited to the rainy seasons. In regions with regular seasons this is no great dis-
advantage to the species. Since all equids have a gestation period of about one year,
the foals will all be born during a rainy season. However, both Grévy's zebra and the
wild ass live to a large extent in areas with irregular rainfalls, and in these areas
their sexual segregation during the dry periods will certainly reduce their reproduc-
tive rate.

D. STATUS AND CONSERVATION

The major threat to the free-living equids is, in general, the continuous and increasing
competition for food and water with domestic stock. Every year additional areas are
claimed by the pastoralists, areas which consequently are degraded and eventually will
become useless to both wild animals and domestic stock unless conservation measures
are enforced.

In addition, all the equids are subject to poaching which has, in the past, led to local
extermination. It is still an important factor.

As | have mentioned previously, the wild horse has probably been exterminated in the

wild. It should, however, be possible to release into a suitable area a breeding group
of wild horses from zoological gardens and thus reestablish the species in its natural
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habitat. This would also prevent the eventual domestication which is inevitable in a
population bred continuously in captivity.

Of the wild asses, the Somali wild ass number 2000 to 3000 individuals in the Danakil
areas of Ethiopia (Klingel, 1970) and about 250 in northern Somalia near Las Anod
(Hunt, 1970). Very little is known of the Nubian wild ass which occurs in the Nubian
Desert of the Sudan and in northern Erithrea. The wild asses are, over their whole
range, fully protected by law.

The Ethiopian Wildlife Conservation Organization is considering the establishment of
a game preserve in the Danakil. In Ethiopia and Somalia wild ass meat, fat and
internal organs are regarded as medicines and a considerable number of animals are
shot because of this superstition.

Of the Asiatic wild ass there are several populations in game reserves in the USSR
and in Iran; others, like the reserve in the Little Rann of Kutch in India, are reasonably
safe from poaching as they are not interfered with by the local population. The status
of the species as a whole is unknown.

The number of Grévy's zebra number is of the order of 10, 000 head in Kenya, but only
a small portion of them inhabit the area of Lake Rudolf National Park. Their status in
Ethiopia and Somalia is unknown, but some herds are known to exist in the Omo valley
and in the southern Danakil.

The most common equid, the plains zebra, ranges from the southern Sudan and
southern Ethiopia to South- and South-west Africa and can be estimated to number
several hundred thousand head.

It is well protected in a number of game reserves and National Parks, e.g. the Mara,
Serengeti, Ngorongoro, Wankie, Gorongosa, Kruger and Etosha.

The Cape Mountain zebra numbers about 120 individuals, mostly in the Mountain
Zebra National Park in the Cape Province, South Africa.

Hartmann's zebra, of South-west Africa and Angola, ranges in the order of 10, 000
head, and some populations are effectively protected in game reserves.
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A Comparison of Behaviour in the Suidae
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ABSTRACT

The aim of this paper is primarily to draw attention to a group of even-toed ungulates
which for various reasons has not yet been carefully studied. Compared with other
hoofed animals, only a small number of forms is included in this group. Although
these ungulates are generally considered to be 'primitive' and ‘'uniform' in regard to
their behaviour, this review, which deals mainly with Sus scrofa and Phacochoerus
aethiopicus, shows how many interesting aspects could be revealed by a closer etholo-
gical, sociological and ecological study. Appropriate research especially regarding
agonistic behaviour and mother-child relationships seems to offer much promise.

INTRODUCTION

Wild pigs are widely distributed over Europe, Africa and Asia. Although most of the
eight recent species are relatively numerous and play a rather important ecological
role, only a few of them have so far been carefully studied in the wild. The following
observations therefore refer mainly to the European Wild Boar (Sus scrofa), including
its domestic or feral descendants (Hohr, 1960; Porzig, 1966), and the African Warthog
(Phacochoerus aethiopicus) (Geigy, 1955; Fradrich, 1965) (Fig. 1). Some behaviour
aspects of the African Giant Forest Hog (Hylochoerus meinertzhageni) (Ewer, 1958;
1960) and the African Bushpig (Polamochoerus porcus) are known from observations
both in the wild and in zoological gardens. Practically unknown are their relatives

in Asia, the Bearded Pig (Sus barbatus), the Javan Pig (Sus verrucosus), the rare
Babyrusa (Babyrousa babyrussa), and the recently rediscovered Pigmy Hog (Sus
salvanius). The lack of intensive field studies is mainly due to the fact that wild

pigs are hunted nearly everywhere because they are regarded as a pest to crops and
are highly estimated for their meat. Consequently, nearly all of them have adopted
more or less nocturnal habits. Their intelligence, shyness and vigilance combined
with an actue sense of smell and hearing make them more difficult to study in the wild
than other ungulates. Because of veterinary importation restrictions, African and
Asiatic species are seldom exhibited in American and European zoo collections, so
even the possibility of studying them in captivity is very limited.

HOME RANGE AND ACTIVITY

Compared with other ungulates, most members of the Suidae are not specialized in
regard to food. This lack of specialization has enabled them to occupy nearly all
regions as long as there is at least a minimum of suitable vegetation. Sus scrofa for
instance has an extremely extended distribution reaching from the Mediterranean
Sea to the temperate regions of Europe, and from the cold areas of Northeast Asia to
the tropics. Moreover, it was successfully introduced in parts of North and South
America and Australia. Wild boars are to be found from sea level to mountainous
regions, they inhabit all types of forest, swamps and even densely populated cultivated
land. Polamochoerus, Sus verrucosus and Sus barbatus show a similar adaption, al-
though to a lesser degree.

In regard to their home range or territory it can only be assumed that there are two
different types of the Suidae. The first, represented by Hylochoerus and Phacochoerus,
is to ahigh degree sedentary. Whereas the former is a forest-dwelling species, the
latter prefers open grassland, but both inhabit relatively small areas which they
seldom leave. The second type shows a trend towards more or less sedentary habits

133
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Fig. 1. Top: head of an adult European wild boar
Below: adult male Warthog in typical grazing stance

but depending on ecological conditions, it may roam about in search of better feeding
places. Usually movement is irregular (Polamochoerus), but cases of periodical
movements have been reported. These may occur when certain regions used for feed-
ing become flooded in a certain season or when snowfall in the mountains forces the
animals to go down into the plains and valleys (Sus scrofa). A part of the population
of Sus barbatus migrates periodically in very large groups over considerable dis-
tances. The reasons for this type of migration which seems to be unique in the
Suidae are still unknown.

In an area inhabited by wild pigs, the following fixed points are always to be found:

(a) Resting places. In order to protect themselves during the long period of deep
sleep, pigs use or establish shelters. They may root moulds which are often uphol-
stered with vegetal material, they construct temporary sleeping nests of considerable
size (especially in the colder season), or they use burrows dug by other mammals.
Resting places are normally occupied by more than one individual because pigs, more
than other Artiodactyla except the hippos, belong to the 'contact type.'

(b) In hot weather pigs seek shade and water. In order to lower body temperature and
as a protective measure against insects, they use wallows. Those places are regu-
larly visited and are obviously of great importance. Drinking places usually lie
nearby.
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(c) Because of their short neck and clumsy shape, body care behaviour is not as
highly developed as in other ungulates. Pigs scratch the anterior part of their body
with hind feet. The other parts have to be treated by rubbing. Most wild pigs will
rub their body wherever they can, but they show a clear preference for certain rub-
bing spots (trees, rocks, anthills), especially after wallowing.

(d) Feeding places.

(e) Defecation spots have been reported from Phacochoerus, but in this species they
do not seem to be of great importance, though probably they are of importance in the
case of Hylochoerus.

The different fixed points within the home range are connected to each other by a net-
work of paths which are regularly used. In most cases, there is no evidence that a
certain area is defended (except for the nest) or that any kind of marking is used in
parts of an areain order to keep others away. The only species which has so far
been found to be territorial is the Warthog (d'Huart, 1971). As the latter is a highly
specialized grass eater, it lives preferably in open grassland. In this biotope, it is
much more exposed to predators than are forest-dwelling species. The burrows
made by the Aardvark (Orcyteropus afer) are used not only for sleeping during the
night, but also as places of refuge in case of danger. It appears therefore that Pha-
cochoerus is more sedentary than other species and that territorial behaviour has
been developed. Details in this matter have still to be checked.

As man nearly always and everywhere exercises an influence on wild pig populations
it is doubtful whether they can be regarded as diurnal or nocturnal. In relatively un-
disturbed areas, there seems to be a trend towards diurnal activity (Gundlach, 1967)
in Sus scrofa but this may change in accordance with the seasons. The only strictly
diurnal species, at least in most parts of its range, is Phacochoerus. It spends the
night in burrows and shows a more or less exact 12:12 hours rhythm, which varies
only with the geographical latitude. Whereas ruminants and equids do not seem to
have extended sleeping phases, these are very obvious in all non-ruminating Artio-
dactyla. A prolonged phase of deep sleep is usually followed by a long phase of
activity. The latter may be interrupted by short resting periods. The duration of
sleep or inactivity depends on the age of the individual animal and is — among other
factors — controlled mainly by air temperature. Feeding is the main activity and
requires many hours. Only arelatively short time is spent in wallowing or other
activities.

SOCIAL ORGANIZATION

Although the social organization of Artiodactyla has received increasing attention
during recent years, our knowledge of the Suidae in this field is still extremely limi-
ted. In wild and feral Sus scrofa, the basic social unit is the female and her litter
(mother family). When after approximately three months the young are weaned, two
or more females usually associate and form a larger unit (family group). This or-
ganization remains more or less stable until the beginning of the rutting season when
the boars join the females. At this time, the young males leave the group voluntarily
(Snethlage, 1957) or are chased away by the males (Nasimovic, 1966). What happens
to the young females at this time is still unknown. Some authors state that they, too,
are chased (Gundlach, 1968), others believe that they remain with their mothers. The
number of females a boar may have at this time depends on his ability to fight for
them. Usually he gets 1-3 but sometimes even 5-8. After copulation the boars leave
the females; the young again follow their mother, but have to leave her as soon as
parturition approaches. So the annual cycle in temperate regions is as follows: partu-
rition in springtime — mother family and family groups in summer and autumn —
temporary formation of pairs or mating units at the end of autumn or in wintertime —
separation of the pregnant females at the end of winter (Gundlach, 1968). Quite often,
the young (especially females) of the previous year stay with their mother and the new
litter until they have reached sexual maturity. Although the first oestrus is reported
to occur at the age of 8-10 months, they are normally first copulated at 18-20 months.
Boars seem to remain solitary except during the rutting season. The older they are
the more obvious is their trend towards separation. They reach sexual maturity at
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8-10 months but, due to the competition with other males, usually they cannot mate
until they are 4-5 years old.

Members of the genus Sus living in temperate regions always have a more or less
fixed breeding season, which is probably not the case in species living in the tropics.
So far, their social organization has not been studied.

Warthogs have a restricted farrowing season in most parts of Africa but, in some
regions, breeding throughout the year is reported. As Phacochoerus avoids the

dense forest and sometimes inhabits even semi-arid regions, reproduction is geared
to the year-round distribution of rainfall. Usually the young are born in a season
when the burrows are dry and perennial grasses are beginning to grow, so that the
nursing females are guaranteed optimal food, and the young find protection in the
growing vegetation. The sex ratio in this species is approximately 50 males to 50
females; females mature when they are about one year old, males reach sexual matu-
rity one year later (Child, Roth, Kerr, 1968). As opposed to Sus scrofa, adult males

of Phacochoerus stay with the females for a much longer time. They leave them

after copulation (the gestation period in this species lasts about 170 days) and join
them again when the young (on average 3 per litter) are a few weeks old. There is

a clear tendency to monogamy although cases of bigamy are also reported (d'Huart,
1971). Males follow their mother for about two years, females leave her when they
are about 18 months old but may occasionally stay with her for longer. Males which
are older than 8 years tend to live solitarily whereas old females never live alone. In
preferred feeding places large groups of warthogs can sometimes be observed but
there is no evidence of any organization above the level of family groups. Even in
large aggregations, each social unit shows a certain group distance and maintains its
coherence. Animals belonging to the same group normally spend the night in the same
burrow. Family groups are reported for Hylochoerus. They usually consist of a male,
a female and 2-4 young.

INTRASPECIFIC RELATIONS

Intraspecific communication in the Suidae is based mainly on acoustic signals.
Hearing is well developed and they are capable of avariety of different calls. This
compensates for their rather poor visual faculty. The sounds of the Suidae consist
of grunts, squeals, snarls and snorts. Sometimes sounds are produced by the teeth
(Sus scrofa, Phacochoerus, Babyrousa).  Except for the domestic pig, no sound re-
pertoire of any species has so far been studied in detail; however, a great number

of vocalizations can always be distinguished. They comprise contact calls, warning
sounds, expressions of pain and of well-being and, finally, mating calls. Usually
females and young are more often to be heard than males. Olfactory controls within
the group are frequent. The regions preferably sniffed at are the nose of another
animal or its genitals. Greeting consists of naso-nasal contacts and is often combined
with slight pushing. Grooming is often performed between animals which know each
other well. In Phacochoerus it can be done with the teeth but mainly consists of rub-
bing certain body regions with the nose, especially those parts which the animal can-
not reach with its hind feet. Mutual licking is rare. Except for hippos and to a much
lesser degree tapirs, there is no ungulate group in which close body contact in
periods of inactivity is as frequently to be seen as in pigs. The intensity of this con-
tact depends on the degree of friendly relations between certain animals and is re-
inforced by low air temperature. It apparently signifies comfort, protection and
temperature regulation.

AGONISTIC BEHAVIOUR

Due to their omnivorous habits, competition for food is much more common in pigs
than in other Artiodactyla. In the wild, Sus scrofa and Phacochoerus seldom show
agonistic behaviour but in captivity it can regularly be seen at feeding time. The more
preferred a certain food, the more frequent and violent the interactions, so rank order
can easily be studied in this situation. There is often a hasty collection of a large
amount of food which is carried to a 'safe’ place. This behaviour is reminiscent of
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carnivores, especially canids. As soon as the food is deposited it is quickly swal-
lowed and, while eating, the animal turns its rear towards its competitors. If one of
them approaches, short warning grunts are sometimes sufficient to keep him away.

If arival is not respected, the defending animal may threaten the other by a short
and sudden upward movement of the head without touching him. If even this is in vain,
the rival is pushed with the shoulder region or more or less vigorously with the
snout. In this case, he can be slightly lifted or even thrown or knocked over. An
animal repulsed in this way usually lowers its head and walks backward. During food
defence, biting often occurs in Sus scrofa but not in Phacochoerus. Adult boars are
so dominating that they do not have to defend their food.

In some species of Suidae, a remarkable trend towards cephalization of display
organs can be observed (Portman; Geist, 1966;Theius, 1970). Sus scrofa represents
a type with a relatively undifferentiated head, and it shows no obvious sexual dimorph-
ism, except for the larger size of the male. In adult males of all the other species,
the head at least is clearly pronounced and set off against the body. This contrast is
caused by various structures. Sus barbatus has hair tufts on the snout or on the
cheeks, some subspecies of Polamochoerus have a black, mask-like face contrasting
with the bright red body. Wart-like skin outgrowths are to be found in Sus verruco-
sus, Polamochoerus, Hylochoerus, and Phacochoerus. The development of the upper
tusks is correlated with these structures. In Sus scrofa, Sus barbatus and Potamoch-
oerus they are hardly visible, in Sus verrucosus much more obvious, in Hylochoerus
and Phacochoerus they reach their maximal size, and in the male Babyrousa their
strangest form. Considering the head shape as well as form and length of the tusks
it can be anticipated that they are closely connected with display and fighting beha-
viour .

The main weapons of the Suidae are not the well developed upper tusks but their

lower counterparts: these are much smaller but sharper and therefore a more use-
ful instrument. As they are normally more or less covered by the upper tusks they
become efficient only when the animal opens its mouth. Two different forms of
interspecific combat posture can be distinguished in the Suidae: the lateral engage-
ment of species with long and narrow faces, lacking any skin outgrowths and having
only short tusks; and the frontal engagement of species which have a broad head, thick
skull, long tusks and face structures. The first type of fighting is to be found in Sus
scrofa and most probably will also be found in Sus barbatus. An intermediate fight-
ing method was described for Polamochoerus; the males of this species have skin
protuberances on their face but the tusks are rather small. Frontal fighting occurs in
Phacochoerus, and most likely it will also be found in Babyrousa. Although both types
are damaging fights there is enough evidence to suggest that the lateral or broad-
side engagement is the more ancient and primitive one whereas the frontal fight re-
presents an advanced method.

Lateral fighting

In young species of wild Sus scrofa, the following behaviour can be observed (Gundlach,
1968). Two animals strut shoulder to shoulder or at a certain distance from each
other. In both, the hair along the dorsal line is vertically bristled, the head is lowered
and slightly turned towards the opponent. Usually, one of the animals circles the

other and finally stands rectangularly in front of him, displaying his side. After that,
both opponents stand nose to nose. They then face each other with shoulders in
apposition and apply side pressure. This position may be maintained for several
minutes. Later, each one tries to put his snout under the other's hip joint in order to
overturn him. In this type of fight, neither of the opponents is bitten or damaged: it
serves merely as atrial of strength. The beginning of a serious lateral fight in
domestic pigs is very similar but quickly changes. In a serious encounter, both males
utter deep-throated, barking grunts. They grind their teeth, snap their jaws and pro-
duce large amounts of saliva. As the tension mounts, each boar thrusts his head and
neck repeatedly to the side and upwards. With open mouth and bared teeth, they slash
each other's head-and-shoulder region and inflict deep vertical lacerations (Hafez,
1062). Fighting boars always await the opportunity to cease shoulder contact and to
bite a front leg, the neck or ears of the opponent. In Sus scrofa and probably also in
other species, a defensive mechanism reduces the efficiency of the sharp lower tusks.
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Animals which are known to employ the lateral engagement have a thick, heavy skin.
In the European Wild Boar, males fight mainly during the rutting season. In this
period, which lasts for several months, the males develop a heavy connective tissue
shield on the anterior lateral sides of their body. This body region is often impreg-
nated with tree gum, and so acquires a further protective layer (Snethlage, 1957).
When blows on the lateral sides are exchanged, the shield must be considered as very
advantageous. When the rutting and fighting season is over, the old males continue to
live solitarily and the shield is reduced. Females fight in the same way, but their
lower tusks are only poorly developed, so the inflicted wounds are never as deep and
long as in damaged males.

Frontal fighting

This has been described by several authors, mainly for the Warthog (Fig. 2). The
latter's preliminary strutting, circling and display are very reminiscent of the simi-
lar behaviour of Sus scrofa. A displaying boar walks stiff-legged and jerkily, with
mane erect, body held tense and slightly arched, and lowered head turned towards the
opponent. Later, they push each other head to head more or less violently. The con-
tact area may be frontal, but is mainly confined to the anterior surfaces of the tusks
and the snout. Each attack comprises attempts to get behind the defensive tusks,
interspersed with trials of strength in which each animal tries to push the other
backward. The first impression is that of a sportive encounter such as is usual in
young animals. In the fight of adult males and females, however, the observer will
soon see that this impression is incorrect. Warthogs do not have a defence mech-
anism like the shield in Sus scrofa, and the only way to protect the vulnerable side is
to remain as long as possible in close head-to head contact. Each blow is followed

by an attempt to catch it by a counter blow and thus to make it inefficient. After
fighting in this manner for some time, the defeated animal gradually sinks lower,
'kneels' down in order to get a safer position, squeals loudly and holds the head lower-
ed. If the dominating animal breaks off the fight, the loser will suddenly turn and run
off at full speed. The dominating boar may pursue the other for a short distance but
then gives up. As far as we know, serious mutilations of warthogs in the wild are
seldom to be seen. This sort of intraspecific combat therefore seems to be much
more 'progressive’ than the lateral type found in Sus scrofa and other species.

Geist, (1955), clearly showed that bovids and suids followed similar evolutionary roads
in fighting. Laterally fighting pigs and Mountain Goats on the one hand, wild cattle and
frontally fighting suids on the other, are similar in their modes of combat, hornlike
organs and defence mechanisms.

PRE-COPULATORY BEHAVIOUR

Olfactory orientation seems to be very important in the sexual behaviour of the
Suidae although the significance of the scent glands is not yet fully known. During the
oestrus, the males frequently sniff at the urine of the females and sometimes lick it.
In this period female warthogs urinate more often than usual. After having sniffed

at a urine spot, the male stands over it and marks the place by urinating on it.
Similar behaviour has been found in some Equidae. The smell of the urine probably
indicates whether or not the female is ready for mating. In Sus scrofa and Phacoc-
hoerus, mating is always preceded by courtship behaviour, in which the male Warthog
shows a broadside display basically similar to the threat display but slightly modi-
fied. Sometimes, he pursues the female over considerable distances in a quick walk
or trot. He utters short, rhythmical grunts, and this noise is reinforced by the clack-
ing of his teeth, which produces a good deal of saliva. The noise is similar to that of
a running motor. When the female's walk ceases, the boar intensively nuzzles her
vulva and sides, this massage seems to quieten her, and finally he mounts for copu-
lation. Precopulatory behaviour has also been described for domestic Sus scrofa.
The male follows the female and noses her vulva, body and sides. This activity is
accompanied by a special 'mating song' consisting of a series of soft rhythmical
grunts. The male repeatedly urinates, chews persistently and produces a large quan-
tity of saliva. Females in oestrus show a typical immobilization reflex when the boar
is present. (In 50% of the cases, this reflex can be released by exerting pressure on



Fig. 2. Frontal fighting of male sub-adult warthogs.
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the back of the female while the male is absent.) Acoustic signals produced by the

boar reinforce this reaction, and so probably does his scent (Signoret et al., 1961).

It seems that in Phacochoerus and in Sus scrofa, the rhythmical sounds of the male
have an important effect on the readiness of the female for mating.

REPRODUCTION

With regard to reproduction, pigs differ widely from other ungulates in certain points.

(1) Their gestation period is relatively short. It lasts, depending on the species and
the age of the individual animal, from 114 to 175 days.

(2) Pigs are the only true multiparous ungulates. Whereas, at best, all the others
give birth to twins or triplets (including the Chinese Water Deer, Hydropotes inermis,
often quoted as an exception), their litters usually consist of three, four, five or even
more piglets (in domestic breeds, an average of 10 or more young is not unusual).

(3) Compared with their mother, newborn pigs are very small. In the domestig pig,
for instance, the birth weight of a neonate is only 1%, and the whole litter does not
surpass 8% of the mother's weight. In some cases (domestic pig, Warthog) the new-
born animals are unable to regulate their body temperature during the first days
after birth. All these criteria are to be found not only in pigs but also in insectivores,
several groups of carnivores and rodents. Like these, probably all representatives

of the Suidae family show a more or less developed nest building behaviour just be-
fore parturition.

(a) Nest building

Nesting behaviour is best known in the European Wild Boar and the domestic pig. In
the wild, the female first selects a suitable, undisturbed place after having left the
young of the previous year. Several phases of nest building can be distinguished.
First, with her snout she digs a mould having approximately the length of her body.
Then she collects dry grass, leaves and small sticks in a diameter of about 50 m
around the mould and may carry this material in her mouth for considerable dis-
tances before dropping it in the nest area. After this, she distributes it by rooting
and moving in a circle until the mould is equally upholstered. Leaves and grass
lying outside the nest are brought in by pawing with forelegs. These actions are re-
peated several times. When the nest has reached a certain height, the female may
collect thicker, up to 2 m long branches. They are covered with hay and grass so
that finally only their protruding ends are to be seen. Branches and finer material
are brought in by turn. So the nest consists, when it is finished, of several layers
and is about 1 m high. When the animal enters the heap, she periodically roots out
the center of it so that the nest becomes flatter and flatter and assumes a round or
oval form (Gundlach, 1968). The more imminent is parturition, the more seldom are
nest building activities to be seen, and finally the females lie down. Many species
show a similar behaviour. Only in Phacochoerus is nest building activity poorly deve-
loped.

(b) Birth

As it usually takes place in a nest or in aburrow (Phacochoerus),there are very few
observations of the birth process in the wild. Reports on farrowing domestic sows
and some findings in captive wild species indicate, however, that birth in the Suidae
differs in several aspects from that of other ungulates. Normally, the young are born
while the female is lying on her side. Only in a few cases may they be delivered
when she is lying on her belly or standing up. The average duration of farrowing in
domestic pigs with numerous litters is 3-4 hours (Hafez, 1963), but due to the small
size of the piglets the last phase of expulsion is much faster than in long-legged or
long-necked species. Because of their more or less cylindrical and roundish shape,
young pigs are born in anterior position as often as in posterior position. The
neonates are covered by quickly drying transparent foetal membranes. The umbili-
cal cord is detached by the repeated struggles of the young to reach the teats or by
the movements of the female. The mother does nothing to help free the young from
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the membranes, she very seldom—if ever—licks them and usually does not eat the
placenta. This lack of maternal care which is reported also from the closely related
Hippopotami and the Tylopods seems to be non-typical for most of the ungulates. It
has led Hediger to classify these three families as representative of the ‘inactive'
type of maternal care. That does not mean, however, that the females do not care at
all for their young: they only do so in another way.

(c) Mother-child relations

Contrary to most other ungulates, young pigs do not follow their mother after birth.
As they spend the first days of their life in a nest, they can be regarded as nidicolous
although anatomically and physiologically they belong to the nidifugous mammals; to
a certain degree, they represent an intermediate stage. During this time young pigs
are forced to stay in close contact with their mother and litter mates in order to
conserve body heat. The less they are covered by hair, the more essential is this
'huddling together'. The female, therefore, very seldom leaves her young. She has
not only to warm them but also to protect them, otherwise the young would fall victim
to many predators. Although they belong to the so-called inactive type, the females
are not inactive at all. The mother roots the young together in an area away from
where she wants to lie down. When she is lying on her side or on her belly, the
squeal of a piglet is sufficient to make her stand up or to change her position. So

it is guaranteed that none of the small young is squeezed to death by her heavy body.
During the first days after parturition, nesting material is brought in by pawing with
the forelegs. Nose to nose contact between the mother and her young is frequently to
be seen. By olfactory means she apparently learns to recognize them, and this
ability increases with the age of the litter. Foster piglets therefore will not usually
be accepted when they are older than two days. A disturbed female warns her young
by special warning grunts. The young then crouch motionless until the danger is over.
The younger the litter, the more ready is the mother to defend them. If a piglet is
seized it squeals immediately and without interruption; the intruder is then attacked
not only by the victim's own mother but also by other females which have young.
These social attacks are reported to be especially dangerous. With the increasing
age of the young this readiness for defence fades away.

(d) Nursing

Within ghe first seconds or minutes after birth, the young try to reach the teats and
to get milk. Sometimes, they are still attached to the umbilical cord when they start
suckling. The nursing female is lying on her side. This position is typical for the
Suidae, Hippopotami and Tapirs, but is not to be found in other ungulate families.
Before suckling, the young vigorously nose the surrounding of the teats. In this phase,
they are often very excited, and the female utters short, rythmical grunts. Later, the
mother's voice becomes softer and finally fades away. When the milk flow begins,
the young are extremely calm. As milk is available only for a short time, the young
are intent on nursing as fast as possible. When the meal is over, they normally nose
the belly again violently, but later this activity stops and the young fall asleep. In
wild and domestic specimens of Sus scrofa it was observed that each young tries to
occupy a special teat. This behaviour can already be seen during the first day. The
young defends its 'own' nipple by pushing away its litter mates, by biting or by slash-
ing them with its sharp and rather long canine teeth. Once a special teat is selected,
the young normally does not drink from other nipples. The teat in question will be
retained during the whole suckling period, regardless of the side on which the mother
lies down. It is still unknown by what mechanism this teat or suckling order is estab-
lished. Neither the milk production nor the smell of the nipple seem to play an im-
portant role in this recognition. In small litters, some of the teats are not used for
suckling and those atrophy very soon. From studies on captive Qus scrofa it is re-
ported that sometimes the young of one female change over to another in order to
suckle, and in some cases they are allowed to do so. In the wild, however, the newly
arrived are often chased by this female or by her young when they are older. Because
of the group distance the young do not normally have any close contact with other
young and their mothers during the suckling period. As long as the piglets are young,
nursing depends mainly on the mother. When she wants them to suckle, she selects

a suitable place, lies down and invites them by grunting. When the young are older,
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they force their mother to lie down by violently massaging her sides and belly. In
response to this nosing, she automatically takes the nursing position like tapirs do

when their side is stroked. During the first three weeks, after having suckled, the
young of Sus scrofa touch the mother's nose with their own and this nasal contact seems
to be a very important link between the female and her offspring. After leaving the

nest the female makes the young follow her by making short, rhythmical grunts. Out-
side the nest they remain in close contact with their litter mates. If one gets lost the
others squeal and try to find it; the mother then becomes excited, goes to meet them

and touches them with her snout. When the young become older, the attachment to the
nest gradually declines.

As mentioned before, pigs are an exception among the ungulates, because they spend
the first part of their life in a nest, burrow or similar protected place. As previously
stated, however, it is going too far to classify them as true nidicolous mammals. The
development of behaviour patterns clearly show that this species can easily be com-
pared with that of other, higher developed Artiodactyla. Apart from rolling on the
back and wallowing, all behaviour patterns in different function systems are already
present within a few days after birth, or mature soon afterwards. Even the basic
elements of mating behaviour, nest building and fighting are performed in a fully
coordinated fashion by animals which are only a few days old (Gundlach, 1968).

Play

Like most ungulates, adult pigs in the wild very seldom seem to play. In young ones,
however, this is different, especially while they are under the care of their mother.
After leaving the nest or burrow, they will play as often as possible. Three types

of play can be distinguished: social play, solitary play and play with objects. Social
play usually consists of fighting, and for this play-type most individuals select
special litter mates having approximately the same size as themselves. In pursuit
plays, however, this preference is not observed: one animal suddenly runs away, and
all the others follow over along distance. A young one which is playing without any
companions, thrusts its head to the side and repeatedly whirls round itself. Between
these whirling movements, it tries to scratch its head, rub itself, makes wallowing
movements or may also jump up and down on the spot. Play with objects is especially
interesting. As aresult of their omnivorous habits, pigs are used to lifting objects
from the ground with their snout or to taking them in their mouths. Playful digging
is often to be seen, as well as throwing objects high in the air. Unusual objects are
often regarded as a sort of trophy. They are taken with the mouth and carried away,
while others pursue the finder and try to tear the object away in order to destroy it.
All this is reminiscent of the behaviour of Canids in a similar situation.

REFERENCES

Child, G., Roth, H.-H. and Kerr, M. 1968. Reproduction and recruitment patterns in
Warthog (Phacochoerus aethiopicus (Pallas)) populations. Mammalia 32: 6-29.

d'Huart, J. P. 1971 Revision et nouvelles recherches sur la biologie du Phacochere,
Phacochoerus aethiopicus (Pallas). Louvain: Université catholique.

Ewer, R. F. 1958. Adaptive features in the skull of African Suidae. Proc. Zool. Soc.
London 131:135-55.

1970. The head of the forest hog. E. Afr. Wildl. J. 8:43-52.

Fradrich, H. 1965. Zur Biologie und Ethologie des Warzenschweines (Phacochoerus
aethiopicus Pallas) unter Berlicksichtigung des Verhaltens anderer Suiden.
Zeit. Tierpsychol. 22: 328-93.

——1967. Das Verhalten der Schweine (Suidae, Tayassuidae) und FluRpferde
(Hippopotamidae). Hdb. d. Zool. 10(26): 1-44.
Geigy, R. 1955. Observations sur le Phacochére du Tanganyika. Rev. Suisse de

Zool. 62:139-62.
Geist, V. 1966. The evolution of horn-like organs. Behaviour 27(3): 175-214.




Paper No. 6 143

Grundlach, H.  1967. Tagesperiodik und Verhalten beim Wildschwein, Sus scrofa.
Nachr. der Akademie der Wissenschaften in Goéttingen, no. 10, p. 120.

1968. Brutfirsorge, Brutpflege, Verhaltensontogenese und Tagesperiodik
beim Européischen Wildschwein (Sus scrofa L.). Zeit. Tierpsychol. 25:955-95.

Hafez, E. S. E., ed. 1962. The behaviour of domestic animals. London: Bailliére
Tindall & Co.

Mohr, E. 1960. Wilde Schweine. Die Neue Brehm Biicherei. Wittenberg-Luther-
stadt: A. Ziemsen Verlag.

Nasimovic, A. A. In Heptner et al. 1966. Die SAugetiere der Sowjetunion, Bd 1.
Bannikov: Wildschwein, pp. 53-83. Jena: G. Fischer.

Portmann, A.n.d. Die Tiergestalt. Basel: Verlag F.Reinhardt.

Porzig.E.,ed. 1966. Das Verhalten landwirtschaftlicher Nutztiere. VEB. Berlin:
Deutscher Landwirtschaftsverlag.

Signoret, J. P., and Du Mesnil du Buisson, F. 1961. Etude du comportement de la
truie en oestrus. pp. 171-75. La Haye: C.-r.du 4° Congrés International de
Reproduction Animale.

Snethage, K. 1957. Das Schwarzwild. Hamburg, Berlin: Parey Verlag.

Thenius, E.  1970. Zur Evolution und Verbreitungsgeschichte der Suidae (Artiodactyla,
Mammalia). Zeit. SAugetierk. 30:367-80




Paper No.7

Social Behaviour of the Collared Peccary
Dicotylestajacu(L.)
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Arizona Cooperative Wildlife Research Unit', University of Arizona, Tucson, Arizona

ABSTRACT

Peccaries are social animals which live in herds throughout their lives. Although the
number of animals in a herd may vary from 2 to over 50, most herds contain between
5 and 15 animals. With the exception of natural gains and losses within the herd and
an occasional animal joining or leaving, the herd is a permanent social organization.
No temporary seasonal groups according to sex and age occur, as does happen among
many ungulates where male bands and harems are common at certain seasons. The
sex and age ratios of individual herds represent a sample of the population as a whole,
and are not a result of particular behavioural divisions. The males are sexually
active throughout the entire year and females may bear young at any time of year,
although the height of parturition is in July and August. There appear to be more
females than males at birth, but in adult populations the sex ratio is nearly even.

The home range of the individual herds of peccaries has been found to vary from two-
tenths of a square mile to one and a half square miles in area. Scent marking within
the home range is common. Except for some overlapping of herds at water-holes at
the borders of home ranges, herds avoid the home ranges of other herds.

The most common agressive action among herd members is the 'squabble’ where
two animals face each other in a 'sparring' position. The most common threats are
arapid, loud chattering of the teeth which makes a series of staccato sounds, and a
close-range threat which is made by opening the mouth and showing the teeth. Fight-
ing is seldom seen among members of wild herds.

INTRODUCTION

Unlike most ungulates, whose group size and composition change during the year, the
collared peccary is a herd animal throughout its life (Seton, 1929; Jennings and Harris,
1953; Knipe, 1957; Neal, 1959; Sowls, 1966; and Schweinsburg and Sowls, in press). No
temporary male bands or female harems interrupt the yearly cycle of social relation-
ships in this species. The only exception to this rule is the occasional existence of
old, infirm animals which are referred to as 'solitarios' in the American southwest
and Mexico (Leopold, 1959). These, however, are rare and generally do not live long.

The purpose of this paper is to review the existing knowledge of the social behaviour
of this animal and to describe recent work that has been conducted at the Arizona
Cooperative Wildlife Research Unit in Arizona. The scientific name used for the
collared peccary in this paper follows Woodburne (1968).

METHODS AND MATERIALS

The Arizona Cooperative Wildlife Research Unit has been studying various phases of
the biology of the collared peccary since 1956. These studies have been concentrated
on reproduction, population dynamics, feeding habits and foods eaten, home range and
movements. Since 1958, apenned herd of from 10 to 40 animals has been kept at the

L A contribution of the Arizona Cooperative Wildlife Research Unit: University of
Arizona, Arizona Game and Fish Department, The Wildlife Management Institute,
and U.S. Bureau of Sport Fisheries and Wildlife cooperating.
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University at Tucson, Arizona. Also, between 1956 and 1968, a total of 186 individual
wild peccaries were trapped, tagged and released in the Tucson Mountains as part of
the home range and population studies. Many of these animals were recaptured in
successive years. Thus, the knowledge of the social behaviour of this species resulted
partly as a by-product of a larger, more inclusive study.

Several different techniques were used to study various aspects of social behaviour.
The dominance order in small penned herds was determined by withholding food for a
period of time before testing, a technique used by Beilharz and Cox (1967) for domes-
tic swine. | either withheld water to create a competitive situation or furnished
particularly desirable weeds and fresh vegetables, chopped into fine pieces which
could not be carried away. | considered an animal in a herd to be dominant if it dis-
placed another animal when eating or drinking. Inter-actions between herd members
were classed into two categories in the same manner as that used by McHugh (1958)
for the American buffalo: (1) Passive dominance, when one animal responded toward
another without show of force; and (2) Aggression, when force or threat was used to
displace another animal or when a subordinate animal was blocked from access to the
food. To study contact behaviour during night hours | placed a camera equipped with
a strobe unit at the entrance to the shelter of one penned herd and took photographs of
the group while the animals were sleeping. To learn more about the function of the
scent gland of the peccary | observed the behaviour of animals which had had their
scent glands surgically removed. The scent glands from penned twin females were
removed when they were 33 days old. The small scars healed quickly and these two
animals were kept in captivity and observed for aperiod of 3% years following the
scent gland removal. Their interactions with other peccaries of different sex and age
were observed.

To measure the response of animals to scent from strange animals, | removed scent
from animals in one of the pen areas and placed it on posts in a small open paddock
250 feet away. In this way | could introduce scent from animals which were not in
close contact with the animals being tested.

All of the figures of the various postures and actions in this paper were sketched
from photographic images of live animals.

HERD SIZE AND COMPOSTION

The herd is the most common social unit in the life of the collared peccary. Its size,
variation and make-up are therefore important. Numerous writers have reported on
the herd size of the collared peccary. Knipe (1957) reported on 127 herds in Arizona
and found that the number of animals in the herds ranged from 1 to 21 and averaged
8. 5 in the years between 1948 and 1954. Knipe also gave estimates of three additional
herds which numbered from 40 to 53. His figures represent the largest amount of
published information based on accurate counts of undisturbed herds. Seventy percent
of the herds Knipe observed were of ten or fewer animals. Only nine percent reported
by him had more than 15 animals. Knipe observed only four instances of lone peccar-
ies. In the Tucson Mountains of Arizona, Minnamon (1962) found an average herd size
of 7. Bigler (1964) found that 12 herds in the Tortolita Mountains in Arizona averaged
7.2 animals each. In the years between 1959 and 1971 in Arizona, hunters were inter-
viewed at checking stations operated by the Arizona Cooperative Wildlife Research
Unit. The 851 herds from which hunters took animals averaged 7. 9 animals per herd.
Of 48 herds which | observed in southern Arizona where the animals were undisturbed
| found numbers varied from 1 to 18 and averaged 8.0

The number of animals in the herds varies greatly between different areas and at
different times. It is influenced by the amount and effectiveness of rainfall which
influences reproduction and survival of peccaries and by the severity of the winter
weather, especially at the higher elevations at the northern fringe of the animal's
range. Concentrated hunting pressure also causes the number of animals in the herds
to vary.

Seasonal fighting during the breeding season which is so spectacular among some un-
gulates is almost lacking in peccaries. When fighting does occur, both animals attack
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'head-on' and opponents bite each other about the head and neck. Jaws may become
inter-locked and a 'whirl-around' motion and 'throw-down' occur. A well-defined
hierarchy can be observed in penned herds, but it is hard to detect in wild herds.
Females are usually dominant over males.

Both sexes have a scent gland on the back from which they are able to squirt liquid
musk for several inches at will. With it they mark trees, rocks, and similar objects
within the home range of a herd. The scent gland is a skin gland and has been success-
fully removed surgically. Penned animals without scent glands appeared to live nor-
mal lives and showed no detrimental effects caused by gland removal. Friendly
peccaries engaged in a reciprocal rubbing action in which two peccaries stood facing
in opposite directions with sides touching while each vigorously rubbed the side of its
head against the other's hindquarters and scent gland. Reciprocal rubbing is done by
both sexes or a combination of sexes.

Females appeared to initiate most courting actions and mating. Actions which are
seen during mating time but are not restricted to reproductive behaviour include
mutual sniffing of the scent gland, a 'nuzzling' where each animal puts it head on the
neck of the other and reciprocal rubbing or mutual grooming. Actions between male
and female which are restricted to reproductive behaviour include the male sniffing
the vulva of the female, the female sniffing the penis of the male, and the riding of the
male by the female.

The young stay very close to the mother and follow the mother when but a few hours
old. In captivity the mother defends the young against all intruders and threatens
other peccaries which come close. In wild herds, however, the mother flees from
intruders with the herd and the young usually ‘freeze' to the ground and hide. Strong
following tendencies are apparent but there is no clear evidence of leadership within
the herds. Physical contact between herd members is common, especially when rest-
ing or sleeping.

INTRODUCTION

There is some evidence that the herds today are not so large as they were in earlier
years. Roosevelt (1893) reported that herds in Texas numbered 20 to 30 animals. |
have known many hunters in Arizona who tell me that herds in that state are not so
large as in former years. Unfortunately these accounts are hard to evaluate and data
on early herd size is lacking. From the standpoint of studies of social behaviour |
have concluded that herds could vary from 2 animals to over 50. Most of the herds
encountered range, however, from about 5 to 15.

The sex of a peccary can be observed only at close range when the external genitals
of the adult males can be seen. Hence the only accurate determinations of the sex and
age of all the animals in a herd have been furnished by workers who trapped and
handled the animals. Only Neal (1959) and Schweinsburg (1971) have recorded the sex
of all members of individual wild herds. Neal reported the following: a herd of 6 which
was composed of 3 adult males, 1 adult female and 2 immature females; a herd of 15
which was composed of 3 adult males, 6 adult females, 2 immature males, and 4 im-
mature females; and a herd of 7 which was composed of 1 adult male, 4 adult females,
1 immature male, and 1 immature female. Of the 28 animals in three herds reported
by Neal, 10 were males and 18 were females. Schweinsburg (1971) reported on two
herds for which he had sex and age data on all members. One herd was composed of
8 animals including 3 adult males, 4 adult females, and 1 immature female; while the
other was composed of 7 animals including 4 adult males, 2 adult females and 1
juvenile female. Of the 15 animals in two herds reported by Schweinsburg, 7 were
males and 8 were females. No evidence of any temporary seasonal grouping accord-
ing to sex have been reported. Nor have there been reports of strong evidence that
animals were driven from the herds or that solitary animals are common.

Sowls (1966) reported larger numbers of females at birth than males (of 60 young of
which the sex was known, 62 percent were females, and 38 percent were males). Since
these figures were first published, additional records were obtained bringing the total
to 147 young. Of this number 88 or 60 percent were females and 59 or 40 percent
were males. Between 1957 and 1971, 2, 563 adult peccaries killed by hunters were
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examined at checking stations; 1, 342 were males, and 1, 221 were females, a 52 : 48
ratio in favor of males. Of 186 adults captured in the Tucson mountains between 1956
and 1968, 82 (44 percent) were males and 104 (56 percent) were females.

HERD STABILITY

The most common changes in herd size occur because of deaths or births; but
occasionally animals move out of a herd or new animals join a herd. Schweinsburg
(1971) concluded that changes of two types occur. The first were temporary fluctua-
tions which were the result of animals leaving the herd after fighting or when the herd
was scattered by a disturbance. When temporary fluctuations occured the members
stayed within the home range of the herd and later regrouped. The second group of
changes he termed 'herd alterations' and included permanent changes where herd
members left the home range of the herd or when wandering animals joined a herd
and remained with it. Schweinsburg studied movements between two herds during a
two-year period and reported five instances in which animals shifted from one herd to
another. All of these five animals left the home range of one herd and stayed within
the home range of the herd which they joined. Schweinsburg found no instances in
which animals shuttled between herds.

MOVEMENT PATTERNS OF THE HERD

A herd of peccaries normally moves slowly over the feeding terrain in awidely-
spaced group. The spacing of animals varies with the type of foods being taken. When
rainfall is plentiful and small succulent plants are common, herds are loosely scatter-
ed; but during the dry season, when such plants as Agave sp. or prickly pear, Opuntia sp.
are taken, then animals are forced to congregate about certain plants. Even in these
situations, conflict between herd members is not common, although some squabbling
occurs.

The feeding pattern in relation to time of day and temperature has been described by
several writers (Enders, 1930; Jennings and Harris, 1953; Elder, 1956; Knipe, 1957;
Eddy, 1961; Minnamon, 1962; Bigler, 1964; Ellisor and Harwell, 1969). Most writers
agreed that the herds feed mainly in the early morning and late evening hours and that
there is considerable nocturnal movement and feeding during the hot summer months.
The amount of daylight feeding seems to vary greatly with the temperature; and during
the cool winter months, animals feed all day.

HOME RANGE

The home range of the collared peccary has been described by several writers. By
retrapping and field identification of 143 marked animals, Minnamon (1962) concluded
that the home range of the collared peccary in the Tucson Mountains of Arizona was
less than 1.5 of a square mile. Bigler (1964), who carried out a similar study in the
Tortolita Mountains of Arizona, found that the minimum home range varied from 1.0
to 3.1 square miles. A study based on individually marked animals in the Texas brush
country (Ellisor and Harwell, 1969) revealed average home ranges of .48 and .85 of a
square mile in two study areas. These authors obtained atotal of 1, 333 sightings of
66 marked animals by using bells attached to collars to aid in finding the animals in
heavy brush. Schweinsburg (1969 and 1971) placed plastic harnesses on individual
animals to identify them in the Tucson Mountains of Arizona and used radio trans-
mitters attached to these collars to aid in the rapid location of herds. He concluded
that the home ranges of four herds were . 50,. 20,. 30, and. 60 of a square mile in size.
Day (1969, 1970) placed radio transmitters on collared peccaries in three herds in
Arizona and found the home range to be up to 1. 50 square miles in area. Schweins-
burg (1969, 1971) spoke of 'core areas' which were parts of the home range most
commonly used, a concept first put forth by Kaufman (1962) and enlarged upon by
Jewell (1966).

In the Tucson Mountains where several herds drank from the same waterholes during
the dry seasons there was an overlapping of home ranges. Schweinsburg (1971) found
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boundary overlaps of up to 200 yards where home ranges of individual herds met at
waterholes and desirable bedding areas. He did not find more than one herd using a
bedding area at one time. A herd's definite and strong affinity for specific areas
seems to be true whether other herds are in the area or not. Scent marking within the
home range informs other animals that the area is already occupied. Ellisor and
Harwell (1969) used the words 'home range' and ‘'territory’ interchangeably and dis-
cussed the overlapping of the home ranges of different herds. In describing their
Texas study they say (p. 427): 'Territorial behavior made it possible to accurately
define home range boundaries by plotting points at which herds repeatedly refused to
venture farther from the center of activity'.

INTRASPECIFIC AGGRESSVE BEHAVIOUR

Frédrich (1967) has described some aspects of the aggressive behaviour of the collar-
ed peccary and compared its behaviour with that of some species of Suidae. Schweins-
burg (1969) and Schweinsburg and Sowls (in press) have described other aspects.
Since these papers have been completed | have continued investigating other phases

of the aggressive behaviour of the peccary. Thus the discussion on aggressive behav-
iour for this species includes both published and unpublished material.

(a) the sguabble

Schweinsburg and Sowls (in press) have described some of the aggressive actions of
the collared peccary. The most common aggressive action is what these writers have
termed 'the squabble’. In this action (Fig. 1) two animals face each other in a 'sparr-
ing' position. Canine teeth are usually brought together in a sharp clatter. The ears
of both animals are held flattened against the back of the head. Occasionally animals
receive cuts about the face and head during squabbles. The squabbles are commonly
seen and heard both in wild herds and among penned herds.

Fig. 1. Head to head 'squabble'

(b) tooth chattering and threatening

Even before their canine teeth are well-developed, young peccaries bring their jaws
together making a threatening staccato sound. As the animals grow older and the
canine teeth develop, the sound comes from the forceful bringing together of the
smooth faces of the canine teeth. The sounds are made in short groups. Of a series of
19 chatterings made by a female with young, the average number of tooth impacts was
3.1; the number of impacts varied from 2 to 5 in a series. An explosive 'woof often
accompanies the tooth chattering. Tooth chattering, while being an intraspecific threat,
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is also an interspecific threat. A 'close-range' threat which is also either intraspeci-
fic or interspecific is the opening of the mouth and the showing of the teeth. This
action is usually a defensive action of a subordinate animal.

(c) fighting

The fighting actions of several species of Suidae, which are closely related to the
collared peccary, have been described by Fradrich (1965 and 1967). He found two
basic fighting positions: (1) a frontal attack which is used by the Warthog, Phaco-
choerus aethiopicus P., the bushpig, Polamochoerus porcus L., and the giant forest
hog, Hylochoerus sp.; and (2) a lateral attack which is used by the wild boar, Sus
Scrofa. In the first type of fighting the opponents come directly at each other with
hair bristled and push each other backward. In the second type of attack the opponents
circle each other and press their shoulders together and bite each other about the
shoulders, throat, forelegs and ears and try to overturn each other. Fradrich observ-
ed that warthogs seldom bite each other in these encounters but that the wild boars
and bushpigs do.

Schweinsburg and Sowls (in press) studied penned peccaries which were placed to-
gether in neutral enclosures. They described the whirl-around motion in which the
two became locked together at the jaws and circled around each other. This action is
often followed by a throw down because both animals become exhausted and fall to the
ground and finally release their hold. The retreat of one of the animals usually
follows.

Our observations have indicated that the fighting of the collared peccary is primarily
frontal, but that in some respects it resembles lateral fighting. The peccaries we
observed bit their opponents with their long sharp teeth. When they attacked, they
‘charged’ head-on but did not push. Most of the biting was directed toward the head,
neck and shoulders. As they became tired they tended to bite their oppenent's flanks
and hindquarters. The advanced stages of fighting which included the whirl-around
and the throw-down were seldom seen unless antagonistic animals which normally did
not live together were placed in the same enclosure.

(d) dominance order in penned herds

No one has been able to observe wild marked individuals consistently enough to deter-
mine orders of social dominance in wild herds. Occasional interactions between herd
members can be noted, but more often than not the squabbling is hidden from view.
Inasmuch as the squabbling often takes place over bedding sites, heavy vegetation and
bluffs hide the animals from view.

Among 14 small herds of penned animals which had lived together for several months
or more, a dominance hierarchy was evident and could be experimentally determined.
Following the methods previously described, the gathering of data on social ranking in
small penned herds was undertaken. The results of these tests are given in Table 1.
In these trials, sex, age and size were variables which could be measured. One other
variable which could not be measured, however, was the tameness or wildness of the
individuals and the influence of these factors on behaviour and the validity of the
observations. Animals which had been hand-reared were not afraid of man, while
those which were not hand-reared remained farthest from the observers and from the
food piles. This resulted in a lack of decisive encounters between individuals in some
pens. It is for this reason that many vague dominance positions existed in our picture
of the dominance hierarchies of these herds.

Ten adult males and 21 adult females were involved in these trials. Usually females
dominated males. Only in two of these herds did | observe instances of females
definitely being subordinate to males. These two females had been raised as pets but
so also had the males which were dominant over them. In one instance a small young
male was consistently dominant over a larger and older female. There are, at this
time, insufficient data to ascertain the importance of size as an influence on social
rank.

(e) submission
In the encounters just described subordinate animals showed their position by retreat



TABLE 1. RESULTS OF TESTS TO DETERMINE DOMINANCE IN SMALL HERDS OF PENNED ANIMALS
Interactions
Herd No. of Passive
No. Composition Trials Aggressions Dominance Remarks
1 S immature 9 2 5 0 Situation vague. One female definitely dominant over 2 others.
2 3 adult % 2 5 0 One female dominant over 1 other female. All others eat peacefully at
1 adult 33 12" apart and no apparent aggression
3 2 adult 99 6 7 2 Same female always dominant.
4 2 adult 99 7 21 3 One female clearly dominant over all other in pen. Male dominant over
1 adult 33 subordinate adult female.
1 juvenile 2%
5 1 adult @29 1 2 1 Adult female dominant. Situation between male and juvenile female vague.
1 adult 33
1 juvenile 29
6 3 adult $9 2 1 4 One adult female dominant over all others. Position of others not clear.
1 adult 33
7 2 adult 99 3 6 3 Definite order with same female always dominant and male subordinate

1 adult 33

to both females.
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10

11

12

13
14

2 adult 33
2 adult 99
one has 2 young

Same as Herd
#8 except that
each female
had 2 young

2 adult 99
1 adult 33
1 juvenile 2%

5 adult 9

2 adult 33
1 adult 29
1 juvenile 33

3 adult 99

1 adult 99
1 juvenile 33
(age: 14 mos.)

~

25

11

24

17

19

Female with young aggressive and dominant. Other female dominant over
both males. No aggression between the two males.

Female with older young remained dominant.

One adult female dominant over all others but position of lower three
vague

Data gathered at water cup. Order clear on all 5 animals and order
remained same each time except second animal moved to vague position
on3rdtrial.

One adult male dominant over all others. Adult female dominant over
second male.

One female clearly dominant over other two.

Juvenile male dominant over adult female on all occasions.
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when threatened. This, in most cases, meant backing away from the threatening animal
which was dominant. Schweinsburg and Sowls (in press) have described the elevated
position of the head among dominant animals during face to face encounters. Total
and sudden submission of a subordinate animal may occur when two animals are
against each other in a 'nuzzling position' (Fig. 2), when the subordinate animal relax-
es and sits on its hind quarters (Fig. 3). In this instance a small adult male was being
encountered by a larger and older male which was clearly dominant over him. In this
particular encounter fighting was avoided.

Fig. 3. Subordinate animal taking submissive position

() aggression among young peccaries

Aggressive actions over food are conspicuous at all ages. The young fought for the
mother's milk; and the adults squabbled for food even when it was plentiful. Head to
head sguabbling was noted even among litter mates less than 48 hours old. | saw a
good demonstration of this when two litter mates (both females) engaged in a series
of squabbles that |lasted about two minutes. The same pair engaged in a similar fight
two days later in which each siezed the other by the neck area and began the whirl-
around motion which has been described under fighting of adults. The young animals
did not seem capable of holding on as mature animals do and hence no throw-down
occurred.

The tendency of animals to stand close together and compete for food was most
noticeable among young, penned animals. For example, | received a pair of 3-day-old
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female orphans which quickly learned to drink milk from a shallow dish; however, one
grew much faster than its sister, and soon the subordinant animal became stunted and
undernourished because it was consistently crowded from the food dish. When |
placed several dishes in the pen at the same time, both animals still stayed together
and tried to force each other from the same dish. Control of the food pan was main-
tained by the dominant animal's placing her knees in the food pan. This type of be-
haviour was particularly noticeable after the age of six weeks.

THE SCENT GLAND AND SCENT MARKING

The role of scent in marking the territories of mammals has been described for
numerous species. Probably the best known type of scent marking is that employed

by certain Canidae including the male domestic dog which deposits urine on con-
spicuous objects (Schenkel, 1947; Lorenz, 1945; and Kleiman, 1966). Other mammals
which commonly use urine as a scent marker are the hippopotamus Hippopotamus
amphibius L. (Frédrich, 1967) and the bush baby Galago sp. (Eibl-Eibesfeldt, 1967).
The methods by which mammals mark their territories vary with the species
(Hediger, 1949 and 1950; and Ewer, 1968). Some mammals not only mark |ocations but
also mark other members of their own species, e.g., the male tree porcupine Eretkizon
sp. which drenches the female with urine (Eibl-Eibesfeldt, 1967; and Ewer, 1968). Some
mammals use not only urine to describe their territory, but also feces. Schaller

(1967) has discussed the use of feces and urine as territorial markers of the Indian
tiger Panthera tigris. A wide variety of mammals possess a scent which is used in
this manner. Thus, carnivores, such as the European badger Meles meles, the mon-
gooses Herpestes sp., and some rodents, e.g. the agouti Dasyprocta (Eibl-Eibesfeldt,
1967), possess scent glands which are used to make territorial marks.

Among ungulates scent marking of pathways and territorial locations is well developed.
Some species mark areas by urination and defecation, either separately or in combina-
tion. Among other species there is an elaborate system of scent marking from glands.
The use of the preorbital gland has been described by Walther (1968) for several
species of African antelope. Similar scent marking of territories has been described
by Schaller (1967) for the sambar deer Cervus unicolor, chital deer Axix axis, bara-
singha Cervus duvauceli, and blackbuck Antilope cervicapra.

(a) the scent gland of the peccary

Among the members of the Superfamily Souidea, only the two members of the family
Tayassuidae, the collared peccary and the white-lipped peccary, possess a scent gland.
The scent gland of the collared peccary is located about six inches ahead of the base
of the tail along the dorsal midline. The gland appears as a raised area of skin
measuring approximately two by three inches across. The nipple-like protuberance,
from which the scent is emitted, is located in the center.

The anatomy and histology of the scent gland of the collared peccary has been des-
cribed by Werner, Dalquest and Roberts (1952) and by Epling (1956). Epling described
it as a compound storage gland complex composed of numerous sebaceous and sudori-
ferous glands that empty their secretions into a common storage area. He points out
(page 246): 'The fact that the entire gland complex is surrounded by a capsule that
attaches to the voluntary cutaneous trunci muscle gives credence to reports that the
secretions may be ejected at will.'

Some early writers called the scent gland of the collared peccary, an extra navel,
because of its superficial appearance. Father Ignaz Pfefferkorn (1795:112) described
the scent gland in this way: 'In the middle of its back is a navel-shaped hole from
which is exuded a heavy odor of musk, which spreads throughout the flesh and makes
it distasteful. For this reason, aimost all the Spaniards have an aversion to it." Tyson
(1683:378), earlier, however, described it as a scent gland: '... whereas our musk hog
has its scent gland seated on the back, and it has been by most hitherto mistaken for
a navel.'

Werner, Dalquest and Roberts (1952) believed that the scent gland served to keep
members of the herd together. A similar conclusion was reached by Neal (1959).
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Fradrich (1965), Hediger (in Grzimek, 1968), Ewer (1968), Sowls (1969) and Schweins-
burg and Sowls (in press) have described its use for marking areas within the home
range. The rubbing of the scent gland upon objects within its home range and the
deposit of scent there by the peccary appears to be the same type of behaviour which
is common in many species and was described earlier by Hediger (1949) and more
recently by others.

(b) release of scent

On several occasions | have seen a peccary squirt a stream of liquid scent several
inches. Similar instances of the release of scent has been described by Neal (1959),
Mohr (1961) and Schweinsburg (1969). It was commonly seen among penned animals
when strange animals came near or when animals were moved to strange quarters.
When animals were taken from their home pens and moved to other pens they usually
explored the area and marked the fences, posts and other objects. Where posts were
marked a conspicuous brown coloration usually remained. When an animal rubbed
against a fence there were often short streams of musk being emitted. The backing
into objects and leaving scent on them (Fig. 4) was often observed, not only among
penned animals but among wild animals. Rocks, tree trunks and stumps having dark
areas of oily material on them, were common within the home areas of wild herds.
Very often the skin around the scent gland was wet with the dripping liquid.
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Fig. 4. Adult leaving scent on post

(c) effects of scent gland removal

The scent gland of the collared peccary is a skin gland and can be easily removed. To
determine what effect the removal of the gland would have on the behaviour and health
of animals the gland was surgically removed from two animals in 1968. Two female
orphan twins were hand raised; and, when they were 33 days old the scent glands were
surgically removed. After the age of six weeks these animals regularly rubbed their
scent glands on objects when put into enclosures, appeared in every way to have
normal coats, mutually rubbed each other and rubbed other animals (see under (€)
mutual grooming). One mated and one successfully bore young three times and the
other bore young twice in a period of two years. There was no evidence from the be-
havioural standpoint, that these animals acted or responded differently from animals
possessing a scent gland or that other animals responded differently to them.

(d) reactionsto scent of strange animals

Mller-Schwarze (1967 and 1969) and Brownlee et al., (1969) have found that scent
from the tarsal gland of the mule deer was important in individual recognition and
that males and females reacted differently to scent. Tembrock (1968) suggested that
in the collared peccary the composition of the secretion changes, and in that way
different information is transferred.
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To determine the reactions of animals to scent of another animal, and to see if any
differential reaction could be detected because of sex, | brought penned animals into
contact with scent from other animals. Samples of scent from one group of animals
250 feet from the experimental area were placed on removable posts set in alinein a
neutral area and individual peccaries were then released into the enclosure.

Reactions of four males and three females were observed. Three of the four males
showed more bristling when they approached the posts having male scent then they did
when approaching the post with female scent on it; however, all rubbed one post as
freely as another. One of the three females tested showed much more excitement

over the post with the scent from a female, than a post which had scent from a male.
No definite conclusions can, at this time, be drawn on how the reactions of an individual
peccary are influenced by the sex or some other characteristic of another peccary's
scent. It is clear, however, that all peccaries responded in some way to marked areas.

| used additional animals to study investigative behaviour and to obtain the photographs
from which Figures 5 and 6 were sketched. Their investigative behaviour included the
sniffing of areas where other animals had left scent (Fig. 5); they rubbed their cheeks
and jowls on the scented posts (Fig. 6); and they often rubbed their own scent glands
vigorously against these scented areas (Fig. 4). They not only reacted to the scent of
others, but also reacted similarly to their own scent which had been left on a post
previously. An observation of this was made on August 3, 1971, when | placed a fresh,
new post in an open pen; the post had been rubbed on the scent gland of an adult female.
When she was put into this pen, she immediately sniffed the marked part of the post
and rubbed the post vigorously with her scent gland.
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Fig. 5. Adult sniffing scent mark on post

Fig. 6. Adult rubbing cheeks and jowls over scent on post
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(e) mutual grooming

Mutua grooming in peccaries has been described by several writers (Knipe, 1957;
Neal, 1959; Fradrich, 1967; and Schweinsburg and Sowls, in press). Fradrich (1967)
refers to the mutual grooming in peccaries as a form of greeting and as pleasure-
oriented. In this action two peccaries stand in opposite directions with sides touching
while each vigorously rubs the side of its head against the other's hindquarters and
scent gland (Fig. 7).
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Fig. 7. Two adults in reciprocal rubbing action

Mutual grooming is not restricted to animals of either sex or a particular combination
of sexes. Sometimes males and females rub each other, sometimes both are males
and sometimes both are females. It was most often seen among penned animals when
compatible animals were brought together. In the case of males and females that
were isolated but which were brought together daily, mutual rubbing nearly always
occurred as soon as the animals met. When single males were brought into the same
enclosure with several females, the male usually went from one female to another and
mutual rubbing occurred. For example, when a lone male was placed in a pen with
five adult females, he immediately rubbed reciprocally with one female and success-
ively with three more. The fifth female stayed in the shelter and did not encounter the
male.
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Fig. 8. Unreciprocated rubbing by one animal

Sometimes the rubbing is done by only one animal (Fig. 8). This may happen between
friendly animals, but Schweinsburg (1969) has pointed out that there are indications
that dominant animals may rub submissive animals and not have the rubbing recipro-
cated. | observed this behaviour on July 19, 1971, when two adult males, which pre-
viously had lived together compatibly, were again put together after being separated
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for 78 days. One animal rubbed the other animal but the second animal did not recipro-
cate. Inthis instance the animal which did the rubbing proved to the the dominant
animal when interactions were observed at a later time.

Reciprocal rubbing begins at an early age. Frédrich (1967) says that the mutual
grooming behaviour in peccaries appears during the second month of life. Among our
penned animals one pair of twins began rubbing each other when 27 days old.

DEFECATION STATIONS

The use of certain sites for defecation is a well-known phenomenon among certain
animals. Hediger (1950) differentiates between diffuse excretion and localized excre-
tion. The collared peccary leaves its feces in localized areas and in this is unlike
any other North American ungulate but similar to the New World camels, the alpaca
Lama pacos, the llama Lama peruana and the vicuna Vicugna vicugna. Hediger (1950)
describes the use of certain places for defecation among captive |lamas. Koford
(1957) says that these animals of both sexes and all ages use the same dung piles and
normally visit the closest piles available. He states further that all three species
(vicuna, llama and alpaca) use the same piles.

In captivity, the collared peccary leaves its droppings in one part of the pen. All
members of a group in one pen do so. The collared peccary does not always use the
same stations in the wild state, however; and scattered droppings will be found along
trails and in feeding areas. There are, though, very frequent sites that can certainly
be referred to as defecation stations.

Eddy (unpublished manuscript) while studying the food habits of the collared peccary
in the Tucson Mountains of southern Arizona, kept careful notes on the scat stations
in a 300-acre study area where two herds (one of 12 and one of 17 animals) were ob-
served. In this study area Eddy found 42 scat stations. All of the stations were con-
sidered permanent because of an accumulation of considerable fecal material which
varied in degree of decomposition. Of the 42 stations, 22 were located on 'saddles' or
ridges, 15 were on hillsides, and 5 were along washes. Generally, the stations were
under tangles of hackberry Cédtis pallida, Torr., and palo-verde trees Cercidium sp.
and in wash bottoms and cave entrances.

VOCALIZATIONS

No detailed analysis of the vocalizations of the peccary has been completed but
several general statements on this subject have been published (Knipe, 1957; and
Neal, 1959). Young peccaries emit constant grunting noises that resemble the purr of
a cat. Asthey grow larger, this noise is still almost constantly heard but it is louder,
lower-pitched and more articulated. In addition to the purring sounds, very young
peccaries emit a variety of squeals, grunts and calls which are heard almost con-
stantly when they are with their mother. When young are left by their mother they
cry loudly. Adult animals also make constant sounds and these more closely re-
semble the grunts of swine, but they are usually rhythmic and regular, and are not
made occasionally as in domestic swine. One of these is avery sharp 'bark' not un-
like the bark of a dog.

REPRODUCTIVE BEHAVIOUR

The collared peccary breeds year-round. The chief period of parturition is during
the summer rainy seasons, and the main breeding is about five months earlier in late
winter (Seton, 1929; Jennings and Harris, 1953; Knipe, 1957; Neal, 1959; Sowls, 1966;

and Schweinsburg and Sowls, in press). There are no harems, long-term pair bonds
are not formed, and conflict among males in wild herds is not noticeably greater when
receptive females are present than at other times (McCullough, 1955; Neal, 1959;
Sowls, 1966).

One of the principal aspects of the Arizona Cooperative Wildlife Research Unit's
work with peccary has been a study of reproduction. In 1956, when the research unit
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began work on this animal, even the gestation period was unknown. To determine this,
males and females were brought together daily for brief encounters and then kept
apart after copulation occurred (Sowls, 1961). Later vasectomized males were used
to determine the length and frequency of the oestrous cycle (Sowls, 1966). The bring-
ing together of the males and females on this systematic schedule gave us an oppor-
tunity to observe sexual behaviour of the peccary in considerable detail and at various

stages of the cycle.

Many female domestic animals, especially cows and hogs (Hafez and Signoret, 1969),
exhibit a great restlessness when in heat. It is not uncommon for them to pace cease-
lessly in their paddock or cage during this period. In hundreds of observations of
female peccaries in heat, hardly any restlessness was observed. A few instances have
been exceptional. For example, on December 9, 1958, | noticed that female number
1435 was pacing back and forth in its pen and appeared very restless. A male was
already in the pen with her. On May 1, 1959, 143 days later, this female gave birth to
two young. At that time we did not realize that the gestation period for the peccary is

142-145 days.

As pointed out earlier, females are usually, but not always, dominant over males.
They also initiate most courting actions and mating. When penned males and females
were brought together, certain basic behaviours which are typical of most meeting
situations were mixed with behavioural patterns which are exclusively associated with
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Fig. 9. Nose to nose greeting of two adults
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reproduction. The basic behavioural actions common to most meeting situations in-
clude a nose to nose greeting which has previously been described by Fradrich (1967),
(Fig. 9), a sniffing of the scent gland by either animal (Fig. 10), and 'nuzzling' where
each animal leans its head and nose heavily into the shoulder and neck of the other
(Fig. 2). Mutual grooming between the male and female accompanies all the above
actions when friendly animals are meeting. Actions which are almost entirely asso-
ciated with reproduction are a sniffing of the vulva by the male (Fig. 11), 'inhibited'
biting about the neck and shoulder by both male and female (Fig. 12), and a sniffing of
the male's penis as the female puts her head under the male's body (Fig. 13).
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Females in heat ride males and occasionally ride other females (Fig. 14). Sometimes
copulation (Fig. 15) was almost immediate with no mutual grooming or nuzzling be-
haviour. The time between initial encounter of the two sexes and coitus which followed
was recorded for 277 instances. On 185 or 67 percent of the encounters, coitus
occurred less than 5 minutes after meeting. On 26 of these encounters copulation
occurred as soon as the animals met. In 89 or 32 percent of the encounters coitus
occurred between 5 and 10 minutes after meeting. In only 3 or 1 percent of the en-
counters was the male with the female more than 10 minutes before copulation took
place.
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Fig. 15. Copulation

Penned females were found to copulate with several different males in succession.
For example, one female copulated with three males in succession as one at atime
was put in the pen with her. No information on polyandry in wild herds has been ob-
tained nor has it been observed among penned animals where several males were in
the same pen with a female in oestrus. In 45 observed instances the duration of coitus
varied from 52 to 210 seconds and averaged 140 seconds. Unreceptive females pre-
vent copulation by holding the very short tail over the vulva. Receptive females raise
the tail during courtship and copulation.

BEHAVIOUR OF MOTHER AND YOUNG

The usual litter size in the collared peccary is two (Knipe, 1957; Neal, 1959; Sowls,
1966). The female has four active mammae and the young are precocia (Sowls, 1966).
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When very young, the babies stay either close to or underneath their mother. There is
constant communication between them because the young continually emit purring
sounds and the mother makes a series of grunts; if other animals approach too closely,
she also chatters her teeth in a threatening behaviour.

While nursing her young, the female peccary is usually in a relaxed standing position.
The young stand or kneel under her and usually both feed at the same time (Fig. 16).

gL A "’/ Fig.16. Female in normal standing position
“ t nursing twins

They nurse often. Sowls, (1966) describes the nursing of two litters of two and a
single young among penned peccaries. He found that a litter of two (9 days old) nursed
48 times in 3 hours and spent 24 percent of their time nursing. Another litter of 2

(15 days old) nursed 41 times in 3 hours and spent 16 percent of their time nursing;
however, a single young (12 days old) nursed only nine times in 3 hours and spent only
4 percent of its time nursing.

Weaning occurs at about six weeks. It can, however, vary considerably. One captive
female had no milk 71 days after parturition, while another female still had a good
supply of milk 74 days after parturition. Knipe, (1957) and Neal (1959) described the
collared peccary as a poor mother. Schweinsburg, (1969) disagrees with this and
gives several instances where mothers defended their young against other adults
which came too close.

Among penned animals mothers were found to guard the young closely against other
peccaries and other species, including man. Whenever young were born in the pens,
we examined them to determine sex and tried to obtain weights and measurements as
soon as possible. It was a difficult task because the female invariably charged anyone
coming near. A long-handled net was used to scoop up the young while the operator
was behind a woven wire fence.

The young usually stayed under their mother (Fig. 17) and were not available for
netting until they could be separated from her. After the young were in the net the
mother often bit at the net and its handle.

Fig. 17. Young under mother who is in defensive position
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The close guarding of young by the mother that | have described among penned
animals has not been observed closely in wild herds. The usual thing for afemale
peccary to do when the herd is disturbed is to run away with the herd and leave the
young behind. This behaviour has been described by Knipe (1957) and Neal (1959).
The young then normally lie quietly hidden among the rocks and vegetation. | first
noted this behaviour on July 8, 1955, when a group of students and | tried to capture a
young javelina from a herd. We surrounded a herd in which one female had two young
just afew days old. The two young then lay quietly on the ground and remained
motionless without making any sounds while the herd and the mother fled. A second
young peccary which was a few days old was captured by us on August 3, 1955 by the
same method; the reaction of the mother was the same. A number of similar incidents
have been described to me by students and cooperators since then.

This usual reaction of very young animals to 'freeze' and hide on the ground has great
survival value, but it is not always followed. When herds are disturbed and the mother
leaves, the young, on at least some occasions, give forth loud calls in an apparent
attempt to attract their mother. One occasion on which | heard the calling of young
for a long distance, occurred in 1961. On October 27, | was sitting on a high hill in the
Pinal Mountains of Arizona. There was a very strong shifting wind and | could hear
the distant sound of what seemed to be a baby javelina. After tracking down the source
of the sound, | found two baby peccaries between 1 and 2 days old. The sound had
traveled clearly about 600 yards and could serve to attract coyotes Canis latrans,
bobcats Lynx rufus and mountain lions Felis concolor that inhabit the same country.

LEADERSHIP AND FOLLOWING

There is no evidence that herd members become leaders within herds of the collared
peccary. Knipe (1957) says of the peccary: 'There is no apparent leadership'. There
is, a strong tendency for young peccaries to closely follow their mother from the
moment they are born. If a man takes a young peccary away from the mother at a
very early age (under 3 days), they follow him around very closely. They will also
follow a dog. All of the more than 20 young peccaries which | have hand-reared as
pets exhibited a following action. The young tried very hard to stay close to whatever
they were following whether it was their mother, or a person, or a dog. | found that
one young peccary (timed with a stop-watch and allowed to follow me over a measured
course) could run up to 7 miles per hour. When | exceeded this speed, the young
animal strayed off and started calling.

Schweinsburg (1969) pointed out that young animals in the wild followed their mothers
until they were more than one year old. This same following of the mother to over a
year of age can be seen among captive animals. Schweinsburg also described how
adult animals followed each other while scattered or in aloose group, and how they
filed into line when alarmed or when they were following a narrow trail.

The companionship of individuals has been discussed earlier. Like the young following
its mother until it is more than one year old, we have seen young animals attach them-
selves to another animal of different age or sex.

From the information at hand, it seems likely that leadership as it is known in some
animal species such as the red deer (Darling, 1937) and domestic sheep, where there
is a strong matriarchal organization, does not exist in the collared peccary. Although
no particular animal may be the leader, herd members do follow each other when a
single trail is followed or animals begin moving because some stimulus, such as
noise, affects all members of the herd at the same time. As Etkin (1963) has pointed
out, leadership which exists within a herd is not necessarily associated with the social
hierarchy.

CONTACT BEHAVIOUR

Fradrich (1967) has described the peccary as an animal in which voluntary physical
contact is common as in the Suidae and Hippopotomidae. Both among wild herds and
among our penned animals, | have noted close physical contact, especially in cold
weather. Usually the herd sleeps in small groups in close contact.
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Night observations, even among penned animals, are hard to make because the least
amount of disturbance startles the animals and causes them to leave their resting
positions. To overcome this, | photographed a group, using a remote control, in
January of 1971. The night-time low temperature was about 15 degrees F and the
animals huddled together in the shelter hut (Fig. 18).
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Fig. 18. Sleeping herd of five adults

The most common situation in wild herds is for two or three animals to be sleeping
or resting together. Eddy (1959) described the shallow depressions in the ground that
were used by small numbers of animals which lay side by side. This same behaviour
was often noted among penned animals.

COMPANIONSHIP

The need of individuals for the presence of others of their own species is strong.
This was often seen both in wild herds and among the penned animals. Although there
was considerable variation among individuals, penned orphaned twins showed very
strong tendencies to stay together. Young animals often followed old males. For
example, on June 26, 1958, an adult and a one-quarter grown peccary were observed at
a waterhole in the Tucson Mountains. At first this pair appeared to be mother and
young. On two later sightings, however, it was found that the adult was an old male.
Similar instances of young traveling with adult males were encountered while we were
trapping and tagging peccaries. In June, 1965, one adult male was captured four times
and each time was accompanied by a one-third grown animal which was with him in
the same trap.
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ABSTRACT

Of 70 African bovids occurring south of the Sahara (69 antelopes and the Cape buffalo),
only about 20 have been studied in depth, but this includes half of the 26 generain 9 of
the 11 tribes. This paper surveys the known types of social organization and attempts
to relate these to ecological niche. Starting from the premise that the first bovids
were small forest dwellers not unlike duikers, bovid evolution is seen primarily as an
adaptive radiation into savanna environments affording varied niches and food re-
sources capable of sustaining a high herbivore biomass. All the recent tribes but
Bovini were differentiated by the Middle Miocene, long before the spectacular speci-
ation of the late Pliocene and Pleistocene.

Many of the morphological and behavioral adaptations to closed and open habitats are
opposite, resulting in a dichotomy between species that inhabit one or the other. An
analysis of the 70 species is attempted, from which correlations between morphologi-
cal traits, habitat preferences and social organization are indicated. Species that live
in closed habitats are generally solitary, small, sedentary, cryptically colored brows-
ers with short, simple horns, and hide from danger. Open-country species are mostly
gregarious, often distinctively marked grazers of medium to large stature with large
and/or complex horns, more mobile, and run away from danger. About 29 bovids are
solitary and the other 41 are gregarious. Virtually all of the solitary ones live in
closed habitats, against only a dozen gregarious species, few of which are restricted
thereto. A provisional arrangement of species at comparable levels of organization
is given (Table 5), based on the trend from simple to increasingly complex social
behavior evident within most tribes. The most socially advanced—i.e. the most
gregarious—tend to achieve the highest population densities and to be ecologically
dominant.

All bovids can be characterized as 1) solitary/territorial (Cephalophini,Neotragini,
Redunca); 2) solitary/non-territorial (bushbuck, Sitatunga); 3) gregarious/territorial
(most species); or 4) gregarious/non-territorial (Tragelaphini, Bovini). Seemingly all
but about 10 of the African bovids are territorial; the known exceptions all belong to
the Bovinae, a subfamily with a possibly long-distinct phylogeny.

Grouping tendencies are shown by many solitary antelopes when attracted into the
open onto neutral ground. Such temporary groups were the likely precursors of true
herds. Individuals had to band together in order to abandon closed habitat: the herd
substitutes for cover, providing concealment for the individual. Besides its many
other selective advantages, the herd was thus a passport to the grasslands. Most
gregarious species remain sedentary and form only small herds of variable composi-
tion, but typically with a female rank hierarchy and leadership. The migratory habits
and aggregations of some of the plains species are forecast in awidespread tendency
to wet-season dispersal and dry-season concentration.

Three social classes are universal in gregarious bovids: nursery herds (females
with or without young); bachelor (all-male) herds and solitary adult males.

About half the African bovids (34 spp.) are gregarious/territorial. The whole range
utilized by a population is partitioned into territories, each defended—typically year-
round—by an adult male, whose sexual and aggressive behavior affects the distribution
and largely effects the separation of the other two classes. The three classes are
discussed in turn, using studied species to illustrate different levels of organization
and the range of interspecific and intraspecific variation.
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Evidence is accumulating that the social Tragelaphus species are non-territorial;
although fully mature males tend to be solitary, their ranges may overlap. Eland and
buffalo form mixed herds, which may include more than one adult male, each sex
arranged in a dominance hierarchy. The hypothesis is advanced that bovid (and
perhaps many other) male dominance hierarchies are based on a special physiological
mechanism—continuing growth of males (only)—whereby differential size as a function
of age helps determine rank. This suggests a fundamental difference from territorial
societies.

The newborn of all but a few antelopes are concealed for several weeks to months; a
rather weak mother/calf bond is rapidly replaced by attraction to the herd or peer
group. Precocial young are confined to the Alcelaphini, in which they are correlated
with a short calving season, and the buffalo, which seems to be the only African bovid
that has evolved a group defense.

INTRODUCTION

Over one-third (37 percent) of the 187-odd species of hoofed mammals in the world
(Anderson and Jones, 1967) are African Bovidae. The 68 (ibid.) to 74 (Ansell, 1968)
existing African species account for nearly two-thirds (62-63 percent) of all bovids
and 44-45 percent of all ruminants (Infraorder Pecora). Only 7 other indigenous wild
ruminants occur on the African continent (2 Giraffidae, 1 Cervidae, 1 Tragulidae, and
3 Caprinae). Although the Barbary sheep, Ammotragus lervia,, and the ibex, Capra
ibex and C. walia occur to about 13°N, i.e. just south of the Sahara, in the Sudanese
Arid Zone and the Ethiopian hlghlands respectively (Ansell, 1968), only the Afrlcan
antelopes and the buffalo will be considered here—a total of 70 species (Table 1) *

Astonishing diversity of forms is included in this group: at least six subfamilies and
10 tribes (usually treated as subfamilies prior to Simpson, 1945—e.g. Allen, 1939),

26 genera and approximately 63 distinctive kinds of superspecies are lumped (Ansell,
1968; Bigalke, 1968 counts 80 species and ca. 67 superspecies). Eight subfamilies and
11 tribes are recognized in the latest classification (Ansell, 1968). Covering the full
ungulate size range, from antelopes weighing less than 10 pounds (4. 5 kg)—pygmy
antelope, dikdik, and blue duiker—to giants of more than 1500 pounds (680kg) (eland
and buffalo), they occur throughout Africain every biome, frequently as the dominant
faunal elements. In an area with diverse habitats, over a dozen (and up to 17) species
may be found within a few square miles (e.g. Serengeti, Kafue, Wankie and Chobe
national parks, and Moremi Wildlife Reserve).

Bovids are most often dominant in open country of the savanna and arid-zones, biomes
which together occupy over three-quarters of the Ethiopian Faunal Region. Here the
most species and highest densities occur. By far the greatest known herbivore bio-
mass of any terrestrial ecosystem has been reached in the African grasslands
(Bourliere and Verschuren, 1960; Talbot, 1963; Lamprey, 1964; Field and Laws, 1970).
Even without the elephant (Loxodonta africana) and the hippo (Hippopotamus amphibius),
the wild-ungulate biomass of the best African savanna far exceeds that of recent
mammals of the Great Plains, the South American savanna, the tundra and the Eura-
sian steppe (Bourliere, 1961). By contrast, the tropical rain forest, though enormously
productive vegetatively, supports a remarkably low vertebrate biomass at ground
level. Brachystegia-Julbernardia-lsoberlinia woodland, Africa's largest, most uniform
vegetational type, which dominates much of the savanna biome, is also relatively
faunally impoverished (Darling, 1960; Brown, 1965; Estes, 1972).

So far only about 20 of the African bovids have been the subjects of major field studies
(entailing more than ayear of observations). Generalizations about bovid social
organization might therefore be considered premature. However, the well-known
species belong to 9 of the 11 tribes and make up haf of the genera; shorter field
studies have been made of 7 others in two genera (see Table 1). In sum, representa-
tives of all the major genera have been studied in the wild, except for the forest
duikers (Cephalophus), of which, nevertheless, one apparently representative super-

1 Ansell's amended 1968 classification is followed, except as noted in Table 1.
Gentry (1968a) is followed for gazelles.



TABLE 1. LIVING SPECIES AND SUPERSPECIES OF AFRICAN BOVIDS
(excluding Caprinae) based on Ansell, 1968 (as amended) and Gentry, 1968a, and species studied in the field

Subfamily Tribe Genus and Species Common Name
Cephalophinae Cephalophini Cephalophus (monti cola Blue duiker
maxwelli Maxwell's duiker
natalensis (inc. adersi) Red duiker
calipygus Peter's duiker
nigrifrons Black-fronted duiker
zebra Zebra duiker
niger Black duiker
dorsalis (inc. ogilby) Bay duiker
leucogaster White-bellied duiker
rufilatus Red-flanked duiker
jentinki Jentink's duiker
spadix Abbot's duiker
sylvicultor Y ellow-backed duiker
Sylvicapra  *grimmia Bush or Grey duiker
Antilopinae Neorragini Neotragus pygmaeus Royal antelope
batesi Pygmy antelope
moschatus Suni
Madoqua swaynei Swayne's dikdik
sdltiana (inc. phillipsi) Salt's or Phillip's dikdik
| guentheri Gunther's dikdik
Kirkii Kirk's dikdik
Oreotragus oreotragus Klipspringer
Raphicerus campestris Steinbuck
sharpei (inc. melanotis)  Grysbuck
Ourebia 2ourebi Oribi
Dorcotragus ~ megalotis Beira antelope
Antilopini Gazella leptoceros Rhim or Loder's gazelle
dorcas Dorcas gazelle
cuvieri Edmi or Atlas gazelle
spekei Speke's gazelle
rufifrons Red-fronted gazelle
homsoni Thomson's gazelle
soemmeringi Soemmering's gazelle
'granti Grant's gazelle
dama Dama gazelle or Addra
Antidorcas ~ “marsupialis Springbok
Litocranius ~ ‘walleri Gerenuk
Ammodorcadini Ammodorcas  clarkei Dibatag or Clark's gazelle
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Aepycerotinae Aepycerotini Aepyceros "melampus Impala
Peleinae Peleini Pelea capreolus Vad Rhebuck
Reduncinae Reduncini Redunca redunca Bohor reedbuck
*arundinum Common reedbuck
fulvorufula Mountain reedbuck
Kobus Lellipsiprymnus Waterbuck
(vardoni Puku
1Y kob Kob
2( leche Lechwe
megaceros Nile lechwe
Hippotraginae Hippotraginl Hippotragus equinus Roan
niger Sable
Oryx dammah Scimitar oryx
gazella Oryx and gemsbok
Addax nasomacul atus Addax
Alcelaphinae Alcelaphini Alcelaphus 2lichtensteini Lichtenstein's hartebeest
busel aphus all other hartebeests
Damaliscus hunteri Hirola or Hunter's hartebeest
lunatus Topi/tsessebe/tiang/korrigum
ldorcas Blesbok/bontebok
Connochaetes ‘taurinus Wildebeest or gnu
gnou Black wildebeest or White-
tailedgnu
Bovinae Tragelaphini Tragelaphus  scriptus Bushbuck
1spekei Sitatunga
2angasi Nyala
buxtoni Mountain nyala
limberbis Lesser kudu
2strepsiceros Greater kudu
Boocercus eurycerus Bongo
Taurotragus ,0ryx Eland
(derbianus Derby or 'Giant' eland
Bovini 1Syncerus caffer

African buffalo

bracketed species = superspecies

! field study of more than one year
2 field study of less than one year
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species of this comparatively homogenous group has been closely observed in
captivity (see below). Observations of captives and information on group size and
composition in the wild of other African antelopes not only supplement our know-
ledge but also appear to justify generalizing from well-known to |ess well-known but
closely related species. Close similarities between members of the same genus and
tribe have already been established by some of the major studies. In fact there are
very few African bovids for which not even the grouping and distribution patterns are
known. It is therefore the author's contention that the basic patterns of bovid social
organization are already clear. While a great many important and interesting details
remain to be uncovered, the time would seem to be ripe for attempting a synthesis
and for advancing hypotheses about the major trends in the evolution of bovid
societies. If little more than the bare bones can be presented at this stage, a skeleton
can still provide a useful framework, to be fleshed out, modified and perhaps trans-
formed as more information becomes available. The underlying aim is to stimulate
interest in the comparative study of African bovids.

In this paper the concept is developed that the extraordinary speciation of African
bovids represents primarily an outward radiation from forest, where ruminants ori-
ginated (Romer 1959; Thenius, 1968; Colbert, 1969) into the grasslands and sub-deserts.
Supporting evidence is the fact that forest antelopes remain the least changed from the
ancestral type (Thenius, 1968; Eisenberg, 1966), while the most evolved inhabit the
savanna and arid zones. Moreover, ancestral traits are apparent in the ontogeny of
savanna species, notably in the natal coloration and instinct to hide displayed by most
newborn antelopes. Of the many adaptations that led to the successful exploitation of
the grasslands, attention will focus on how social behavior is adapted to ecological
niche.

Assuming the earliest bovids were in fact forest dwellers, the first and possibly the
biggest step toward their adaptive radiation was emergence from cover into the open.
It called for a whole series of adaptive changes, many the exact opposite of adapta-
tions to forest life. The differences between those that did and those that did not take
this step amount to a basic dichotomy between living African bovids.

DIFFERENCES BETWEEN FOREST AND PLAINS SPECIES

Eotragus, the earliest known bovid, was a small antelope with low-crowned (brachy-
dont) cheek teeth, wide-set, short, straight horns in males only, and pronounced |a-
chrymal fossae, in both sexes, which presumably contained sizeable preorbital glands
(Pilgrim, 1939; Thenius, 1969). It was apparently a forest-dwelling browser. The most

TABLE 2. COMPARISON OF A SOLITARY FOREST SPECIES WITH A GREGARIOUS
'PLAINS' SPECIES

Forest Species

'Plains' Species

Genus Cephalophus Oryx
Biome Lowland and Montane Forest Sundanese, Somali and South-
West Arid
! small to medium (10-140 |bs) large (300-450 |bs)
Size females slightly larger than males considerably larger
males than females
H both sexes, short (2-10 in.), both sexes, long (up to 4 ft.),
orns spikelike, often hidden by head  straight or curved (O. dam-
crest mah), very conspicuous
. molars narrow, brachydont; in-  molars broad, hypsodont, with
Dentition

Conformation

cisor row proportionally nar-
row

hindquarters more powerful
and elevated than forequarters,
back rounded, legs comparati-

accessory (bovine-like) basal
pillars; incisor row wide

hind- and forequarters equally
developed, back level, legs
comparatively long; hoofs with
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Forest Species

'Plains' Species

Gaits

Preorbital glands

Digestive organs

Feeding habits

Water metabolism
Color and markings

Color dimorphism

Social System

Breeding

Offspring
Reaction to danger

vely short; hoofs with large
interdigital cleft and wide
splay (Pocock, 1910)

walk; diagonal stride

trot: rarely observed

run: dodging, interspersed
with flat leaps, head and neck
low

present and well-developed in
both sexes

stomachs, particularly rumen
and omasum, proportionally
small (Hofmann, 1968)

browsers, selective feeders on
leaves, fruits, flowers, some-
times animal food (birds, fish,
ants, etc.—Dekeyser, 1955;
Aeschlimann, 1963)

more or less water-dependent

dark brown to reddish brown, a
few tan to pale grey—cryptic;
markings of slight to moderate
contrast, generally non-reveal-
ing, if not disruptive

little or none, young tend to be
darker

*asocial, monogamous, sedent-

ary, territorial; distributed as
pairs, with immature offspring,
and solitary (unpaired) males;
permanently attached to small
home ranges which probably
correspond with the territories

*year-round; females of small

species may breed in first,
males in second year

concealed
take cover and hide

Main activity period crepuscular or nocturnal (at

least where heavily hunted)

reduced inter-digital cleft and
little splay (ibid.)

parallel stride

long, ground-gaining

a fast, horselike gallop, head
up or at shoulder level

vestigial or absent

stomachs large, especially the
rumen, omasum and abomasum
(ibid.)

mixed, 'rough’ feeders, mainly
grazers

water-independent

tan to grey-white—cryptic;
black and white markings in
moderate to great contrast,
revealing

little or none between sexes,
but markings barely indicated
in newborn, which are brown-
er

tgregarious, polygynous,

migratory and nomadic, modi-
fied territorial; distributed as
mixed herds and solitary
males, in large to huge home
ranges

seasonal; females breed in
second year or later, males
probably in fourth year or
|ater

concealed
flight in open

diurnal, early morning and
late-afternoon activity peaks

* based mainly on observations of captive C. monticola and maxwelli (Rails, 1971, and
this volume; Aeschlimann, 1963), and gleaned from various published reports about
other species (e.g. Dorst and Dandelot, 1970; Maberly, 1962; Stevenson-Hamilton,
1947; Fradrich, 1964)

T based mainly on author's unpublished observations
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similar—and perhaps the most primitive—recent bovid is the Indian Four-horned
antelope (Tetracerus quadricornis), a member of the Boselaphini. Next to Tetracerus,
forest duikers most nearly resemble Eotragus; in fact, both genera retain many skull
characters 'which indicate they are survivals of a primitive form' (Pilgrim, 1939:21).
Their way of life, and that of most other small to medium-sized antelopes of forest
and bush, may be equally close to the ancestral pattern.

To illustrate the dichotomy between primitive antelopes of closed habitats and
advanced forms which for convenience may be collectively termed plains species,
some characteristics of forest duikers have been compared side by side with those
of the oryx, a highly specialized hippotragine antelope (Table 2).

The duiker's build, short, slanted horns, and gaits are adapted to movement through
and under dense vegetation, often on soft ground (hence the splayed hoofs). It is a
typical Schllipfer type as defined by Hediger (in Bigalke, 1968) and as suggested by
the Afrikaans common name (duiker = diving). Its low-crowned molars, narrow
incisor row and limited stomach capacity are suited to selective browsing on tender,
nourishing vegetation. Rainfall in the forest biome is sufficiently high and reliable to
permit occupancy of a small home range/territory while remaining water-dependent,
and possible year-round breeding. The presence of undergrowth, intimate knowledge
of the home range, nocturnal activity, small size, cryptic coloration and disruptive
markings all favor the duikers' habit of hiding from danger. Territorial behavior,
observed in both sexes of several species (detailed below) serves the usual function
of reserving exclusive rights to an area of suitable habitat for which the demand
normally exceeds the supply.

The oryx's build and gaits are adapted to travelling long distances across arid plains,
often on hard surfaces (hence the compact hoofs). Healthy adults are too big and well-
armed, too fleet and enduring to be taken readily by any predator except the lion.
Although the newborn are concealed, oryx avoid heavy cover. The wide, high-crowned
cheek teeth with accessory pillars, broad incisor row and capacious stomachs are
adapted to harvesting, grinding and digesting quantities of coarse, silicaceous grasses
and browse. Water-independence, coupled with migratory and nomadic habits, enable
the oryx to exploit vast arid lands at seasons when they are out of range for less
desert-adapted species. The formation of mixed herds (adult males together with
females and young) is well-adapted to nomadism in a biome where overall population
density is perforce very low. The territorial system has also been modified to meet
these special conditions (see below). The distinctive long horns and conspicuous
markings, which accentuate the head and body contours (Walther, 1966), probably
function as species-specific recognition characters (discussed below)®.

AN ANALYSIS OF TRAITS

In an effort (1) to determine to what extent the above dichotomy holds for other
antelopes of open and closed habitats, (2) to test for possible correlations between
habitat, morphology, food habits and social organization, and (3) to elucidate evoluti-
onary trends within the different- tribes, an analysis of the 70 African bovids was
undertaken (Table 3). Because behavioral and ecological information about many
species (especially Cephalophini, Neotragini, Antilopini and Tragelaphini) is still
quite limited, the analysis is necessarily coarse-grained. Also, when comparing
morphological characters and social organization, subjective judgements and com-
promises are unavoidable, particularly when considering polytypic species with
pronounced geographical differences (e.g. bushbuck, hartebeest, topi/tsessebe and

! Blaine's (1922) idea that the oryx's markings are concealing through a disruptive
effect is belied by the fact that the markings remain faint in calves during the
concealment stage.
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lechwe; as a rule, the best endowed race was chosen to represent the species—see p.
324). The results (Tables 3 and 4, and Fig. 1) nevertheless tend to bear out the
dichotomy and to show some interesting correlations.
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Fig. 1. Morphological traits. Symbols as in Tab. 3. a) size of solitary
and gregarious species, b) size distribution of species from
closed and open habitats. ¢) comparative horn development. d)
%with developed horns (2-4) by class €) pronounced sexual dimor-
phism by class. f) type and degree (1 = slight, 3 = pronounced)
of sexual dimorphism among clearly dimorphic species (n = 50).
g) markings contrast with coloration (0 = minimal — 4 = maximal)



TABLE 3. TRIBAL ANALYSIS
Size: S= small; <35bs (16 kg); My = 35100 Ibs (16-45 kg); M, = 100-180 Ibs (45-82 kg); M = 180-300 Ibs (82-136 kg); Large => 300 Ibs (136 kg).

Horns: o = absent; P = short ﬁ)i kes (e.g. duikers); 1 = slightly advanced (dibatag-Thomson's gazelle); 2 = moderately advanced (roan-bushbuck); 3 = advanced (Grant's gazelle-eland);
4 = most advanced (sable-kudu)

Gregariousscale: 0 = solitary; 1 = rudimentary, 2 = intermediate, 3 = advanced, 4 = most advanced organization.

Cepha- Neo-  Anti-  Ammo- Aepycer- Hippo- Alce- Trage-
lophini tragini lopini  dorcadini otini Peleini  Reduncini tragini laphini lophini Bovini Totals %
Total General 2 6 3 1 1 1 2 3 3 3 1 2626 100
species 14 2 u 1 1 1 8 5 7 9 1 70 100
Size: Small 7 9
Medium 1 4 3 7 1 1 2 1 g %;3
.2 3 4 1 5 1 1 20
1 1 3 5 7
Large 1 4 5 5 1 16 23
Color: Dark 5 1 3)* ()* 4 4)* 1 1 16
Medium 7 1 3 1 1 1 (8) 3 3 g ) 46 66
Light 2 8 2 1 13 18
Concedling 14 10 1 1 1 8 5 3 9 64 91
Revealing 1 3)* 4 1 6 9
Markings 0 2 1 3 4
Contrast 1 5 9 1 1 4 2 1 23 33
Rating: 2 5 3 5 1 1 4 2 3 6 30 43
3 2 5 3 3 2 2 n 20
Disruptive 1 7 8 n
Species Adbvertising 1 7 1 1 ()] 5 3 21 0
Horn 3 9
Development: Primitive 4 13 0 6 1 28 40 48
Advanced 1 6 2 1 2 9 3 5
" 2 4 2 1 2 12 21 10 514 13
3 1 1 4 1 34 47 3 18 1026 26
4 2 11 11 1 1 5 37 8
Dimorphism:
Sexua Nil-slight 14 12 2 4 7 1 1 41 59
Pronounced 9 1 1 1 8 1 8 29 41
Newborn Nil-slight 14? 12 4? 1 1 1 8 3 7? 51? 73
Pronounced 7? 5 4 2 1 19 27
Food:
Mainly Browse 14 1 9 1 9 44
Mainly Grass 1 2 1 1 5 7 1 26 3
Water-dependent 13? 3? 2? 1+ 1 8 2 3t 5? 1 39 56
Independent 1 9 9 1 3 4+ 4 31 44
Habitat: Closed 14 10 JE 1+ 2 JES 7 JE 3 53
Open 2 10 1 1 6 4 7 2 33 47
Habits: Concealing 14 11? 1 2 7 2 % 51
Non-concealing 1 10 1 1 1 6 5 7 2 3% 49
Solitary 14 n 2 2 29 42
Gregarious 1 1 1 1 1 1 5 10 14
" 2 6 1 2 2 2 13 19
3 4 1 1 2 8 n
4 2 2 3 2 1 10 14

IZA)
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* adult males
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TABLE 4. TESTS OF CORRELATION BETWEEN SOCIAL SYSTEM AND SELECTED

TRAITS
Solitary Gregarious ~ X* Value

Habitat

closed 27 10

open 2 31 29.5%*
Diet

Primarily browse 35% 9

grass 52 21 21.7%*

Adult response to danger

Lie out and/or run for cover 28 12

Avoid cover and run in open 1 29 28.7**
Body size

Small to medium (10-1001b) 24 12

Medium to large (> 100-1600 Ib) 5 29 16.5%*
Male horns

Primitive® 27 10

Advanced 2 31 29.5%*
Sexual  dimorphism

Minimal 25 16

Pronounced 4 25 13.7**

#including the 10 species at a rudimentary level of social organization listed in Table
5.

® from short spikes to simple sigmoid curve of medium length as in Thomson's
gazelle

**P<.010

Twenty-nine species (41 percent) are solitary (asocial), i.e. adults are typically
distributed singly or in pairs (discussion p. 179). All but the klipspringer and
possibly the beira, which find security in craggy hills, live in concealment: 16 in
lowland or montane forest, one on the edge of the forest-savanna mosaic (red-flanked
duiker), 7 in mesic woodland to arid bush, one in swamps (Sitatunga) and 3 in high
grassland. Of the 41 gregarious species, only 12 frequent forest, closed woodland or
thicket, and no more than 3 (lesser kudu, bongo and nyala) are closely restricted to
closed habitats. Five of the 12 are ecotone or 'edge’ species (impala, Waterbuck,
sable, roan and Lichtenstein's hartebeest). Three are found in a remarkably broad
range of habitats—the two elands and the buffdo—and one, the gerenuk, is limited to
arid thornbush habitat (see p. 184). However, over a dozen social bovids more or less
habitually run for cover when alarmed (including those just named, except elands, also
mountain reedbuck, mountain nyala, greater kudu, lechwe, sable, roan and perhaps
others), although few if any adopt the recumbent concealment posture seen in solitary
species and in most newborn antelopes. Yet in exceptional circumstances even adult
plains antelopes may lie flat and thus escape detection (e.g. Thomson's gazelle, and
oryx—Walther, 1969; Stewart, 1963). The species most prone to concealment are those
at an elementary level of social development (Table 5).

Tests of interaction of habitat preference, response to danger, diet, body size, horn
development of the male and sexual dimorphism—uwith solitary and gregarious habits—
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TABLE 5. LEVELS OF SOCIAL ORGANIZATION

A provisional grouping of species at approximately the same level. Arrangements within cells are meant
to be in ascending order, but the rankings of Cephalophus, Neotragini, Gazella and social Tragelaphus spp.
are tentative, while intertribal matchings should be interpreted as only approximate. Question marks
indicate cases of particular uncertainty.

4 MOST ADVANCED
(Large, dense aggregations or
highly integrated, mixed herds)

K. leche
K. megaceros

3 ADVANCED

(Migratory—except kob; high G, thomsoni K. kob
densities—except addax and/ Antidorcas?
or large aggregations) G. dama
G. granti
2 INTERMEDIATE G. soemmeringi
(Medium-sized herds; clumped G. rufifrons ? K. vardoni
distribution, low density; seden- G. leptoceros ?
tary—except gazelles) G. cuvieri ?
G. spekei ?
Gazella dorcas Kobus ellipsiprymmus
1 RUDIMENTARY
(Small, loose herds; low density;
sedentary)
1 Litocranius R. fulvorufula
GREGARIOUS 1 Dorcotragus?
ASOCIAL 1 Ourebia 2 Redunca
1 Sylvicapra 1 Oreotragus
3 Big duikers
TEMPORARY 1 C.nigrifrons?
GROUPS 5 Bay duiker type
SOLITARY 2 Red duiker type 2 Raphicerus
2 Blue duikers 4 Madoqua
Cephalophus 3 Neotragus
Cephal ophini Neotragini Antilopini Reduncini

all yielded significant Chi-square values (Table 4). Figure 1 shows the relative
development of morphological characters at different levels of social organization
(corresponding to the levels in Table 5).

Diet: By my reckoning there are 35 solitary to 9 gregarious browsers and mixed
feeders (more browse than grass), and 20 gregarious to 6 solitary grazers and
mixed feeders (more grass than browse). The relationship between feeding behavior
and social organization has been discussed by Jarman (in lit.). In simplest terms,
browsing calls for selective feeding on widely dispersed plants: thus browsers tend
to have a more dispersed social organization than grazers, among which non-select-
ive (‘coarse’) grazers can feed side by side in large numbers on suitable pastures.

Body Sze: Fig. la shows that many gregarious antelopes (n = 41) are large ( > 300
Ibs (136 kg) = 39 percent), that there are no small ( < 35 Ibs 16 kg) gregarious nor
large, strictly solitary bovids, while only one solitary antelope (the Sitatunga) weighs
more than 180 Ibs (82 kg). A size comparison between species of concealed and open
habits (Fig. 1b), while presenting much the same pattern, reflects the fact that several
large bovids live in cover (three of the Tragelaphini and the buffalo).

Eisenberg (1966) has argued that small size, solitary habits ( = dispersed social
system) and concealment behavior are interrelated elements in an anti-predator
strategy. An increase in size leads to greater conspicuousness and reduces the
advantage of a dispersed system. Perhaps the dense vegetation frequented by bush-
buck, Sitatunga and reedbuck isby way of compensation for their comparatively large size.

Horns: As shown in Fig. 1d, males of moderately to highly gregarious species all have
advanced (large and/or complex) horns. The percentage of females with well-develo-
ped horns also increases with gregariousness. But 31 species are hornless (44 per-
cent), half of the other 39 have short spikes like duikers and small gazelles (subgenus
Gazella), and only 14 (20 percent) have highly evolved horns; all but three of these
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Syncerus
C. gnou
Connochaetes taurinus T. oryx
0. gazella D. dorcas Taurotragus derbianus ?
Oryx dammah
Addax D. lunatus
A, buselaphus
Aepyceros
H. niger Damaliscus hunteri
H. equinus Alcelaphus lichtensteini
T. strepsiceros
T. imberbis
T. buxtoni ?
1Boocercus? Pelea ?
T. angasi Ammodorcas
T. spekei
Tragelaphus scriptus
Hippotragini Alcelaphini Tragelaphini Bovini Monotypic
Tribes

belong to the Alcelaphini and Hippotragini, in which the horns of both sexes are
similar (Fig. 1c). The male's horns are invariably bigger, except in oryx and eland,
where the female's horns, albeit thinner, are often longer.

Sexual Dimorphism: In both duikers and neotragines, the two tribes of small antelopes,
the female is usually slightly larger than the male (Ansell, 1968; Shortridge, 1934;
Malbrant and Maclatchy, 1949). In all the other tribes, the male is larger than the
female. As this includes such solitary species as the bushbuck, Sitatunga and reed-
bucks, there is no apparent correlation of size dimorphism with solitary habits, nor
with habitat. But members of the Cephalophini and Neotragini seem to be the only
ones (except reedbuck) which live in heterosexual pairs.

Figure le shows that sexual dimorphism is most prevalent among slightly gregarious
antelopes. Among advanced antelopes sexual dimorphism is minimal in alcelaphine
and hippotragine species, which account for 8 of the 18 most-gregarious bovids (Table
5). Of the 50 species with perceptible sexual dimorphism, differential development of
the horns is much the commonest source (Fig. 1f), followed by color: 15 (30 percent)
are dimorphic in this respect, 8 moderately to strongly, through adult males becoming
darker than females and young (notably Tragelaphus and Kobus spp., and the sable).

A thick neck is a conspicuous male attribute in at least 9 species (Grant's gazelle,
gerenuk, kob, reedbucks, sable, elands and buffalo), while beard and/or manes are more
developed in the males of afew antelopes (greater kudu, eland, nyala and lechwe).
Thicker necks and longer hair usually only supplement the other kinds of dimorphism,
but in eland and buffalo powerful necks (including the eland's dewlap), in conjunction
with tremendous bulk, are probably more important than horn development in dis-
tinguishing adult bulls (discussion p. 195).

Contrasting Markings: Contrast was judged purely in relation to general coloration,
regardless of possible disruptive or advertising functions. Sexua dimorphism and
subspecific differences complicate the evaluation process, as already noted. It was
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decided that the maximum contrast should be taken as the measure of a species'
potential in this direction, even though most conspecifics might be less distinctly
patterned. On this basis most of the intermediate to highly gregarious species are
seen (Fig. 1g) to have markings in moderate to strong contrast (2-4 on the scale) with
their overall coloration, while solitary species generally have relatively uncontrasting
markings. Thus, many forest duikers have extensive black markings on back, muzzle
and legs, but the prevailing chestnut to dark-brown coloration makes dark markings
inconspicuous. Exceptions are the zebra and yellow-backed duikers. Neotragines and
reedbucks, along with most savanna species of open habitats, have extensive white
markings, which again are of minimal contrast against atan or medium-brown back-
ground (tail 'flags' and rump patches of many species excluded); indeed countershad-
ing, from darker dorsal to white ventral outline, is a well-known principle of camo-
uflage (Cott, 1940). However, white markings are conspicuous in dark animals, as
exemplified in the above-mentioned sexually dimorphic antelopes. There are very
few savanna species in which both sexes are dark: several alcelaphines (wildebeest,
blesbok and topi) and the buffalo. The majority—at least of females and juveniles-
range from tan or grey to medium brown, shades presumably not far removed from
those of the ancestral savanna dwellers, as seen in virtually all neonates. Neverthe-
less, some species have achieved strong contrast by means of dark markings border-
ing areas of white, most notably the facial markings of Hippotragini and Antilopini,
the side stripes of oryx and gazelles (also the beira, reportedly the most nearly
sociable of the Neotragini), and white rump patches set of by vertical black lines
(pygal stripes) in afew gazelles (Estes, 1967a). Dark patches on the upper limbs are
found in several tribes, of greater or lesser contrast depending on the coloration of
adjacent areas: extensive blotches in Alcelaphini, oryx, and the Kafue lechwe, (K. I.
kafuensis), garters in Tragelaphini, and lines down the fronts of the legs in Reduncini.
As Moynihan(1960) noted in social birds, highly gregarious species can ‘afford' to be
more conspicuous than less gregarious forms because of the greater security afforded
by numbers. In this respect, solid dark coloration as in the black wildebeest and
savanna buffalo (the less-social forest race, S. ¢. nannus is red-brown), and reverse
countershading (from darker below to lighter above), as in the topi and blue wilde-
beest, are at least as conspicuous as the bold markings of oryx and gazelles. Dark-
ness, reverse countershading, shininess and conspicuous markings are all combined
in the bleshok/bontebok, perhaps the gaudiest of all antelopes (the glossy black and
white bull sable may be equally conspicuous in the open, but is surprisingly hard to
see in woodland, where lone bulls spend most of their time—the typical setting should
be considered when evaluating concealing or revealing markings and coloration).

But beyond merely being conspicuous, species-typical coloration/marking patterns,
horn shapes and/or body configuration usually add up to a unique appearance, suggest-
ing that selection for species-specific recognition has had much to do with the
evolution of these structures. In Moynihan's (op. cit.) words, 'It will be generally ad-
vantageous for any species to be as conspicuous as possible, insofar as conspicuous-
ness will make it easier for individuals to locate and recognize one another." This
would explain the striking appearance of many antelopes that do not hide from pre-
dators, and the fact that the most gregarious species tend to be the most conspicuous.

The absence of pronounced sexual dimorphism in the most advanced bovids may also
be viewed in this light. In the case of highly conspicuous antelopes, the emphasis
seems clearly to be on distinguishing the species rather than the sexes. Grouping
without regard to sex is particularly desirable for migratory and nomadic species;
surely it is no coincidence that a majority of bovids which do regularly move in
mixed groups display minimal sexual dimorphism, while a good number are highly
conspicuous as well: Damaliscus and Connochaetes, Oryx and Addax, the springbok
and Dama gazelle. All these, and the eland, which though neutrally colored and not
very conspicuously marked, present an unmistakable silhouette, are migratory and/
or nomadic. The buffalo is not exactly migratory but lives in mixed herds. The most
notable exception is the lechwe, which forms mixed aggregations and is highly
dimorphic. De-emphasis of sexual dimorphism could account for the otherwise
puzzling penile tuft borne by female as well as male wildebeest (C. t. mearnsi), and
the inconspicuousness of the sheath in oryx bachelor males (whereas it is bicolored
and pendant in related sable and roan), which makes it difficult to determine sex in
either species from the ventral outline (Estes, in prep.). Conceivably selection for
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de-emphasis could also explain the fact that females of the southern race of the sable
(H.n. niger) become almost as dark as males, when elsewhere they are chestnut. This
subspecies forms the largest herds, inhabits comparatively open country and shows a
tendency to be migratory.

The Difficulties of Comparing Stages of Social Development

The foregoing analysis bears out the existence of a dichotomy between bovids of
closed and open habitats, solitary and gregarious habits, and provides evidence that
progressive increase in body and horn size, conspicuousnhess, etc. goes together with
increasingly elaborate social behavior. Accordingly anatomical and morphological
traits offer a rough index as to how far a species has advanced from the primitive
condition. If sufficiently detailed behavioral information were also available, it might
be possible to arrange the African bovids in a series from least to most advanced.
But this would be difficult and probably meaningless biologically, because (1) the
various traits of a species are rarely evolved to the same degree: e.g. a socially
advanced species like the eland retains a rather primitive (concealing) coloration,
while a socially backward relative, the greater kudu, has perhaps the most elaborate
horns; and (2) awell-marked trend from primitive to advanced types is evident in
most tribes, with the result that a number of species are at comparable stages of
development (see Table 3). Therefore a linear arrangement would be less biologically
meaningful than an intertribal grouping of species at roughly equivalent levels of
social organization. Even such asimple arrangement asthe one presented in Table 5 must
be regarded asprovisional until much more behavioral information becomes available.

THE SOCIAL ORGANIZATION OF SOLITARY SPECIES

Although the dichotomy between forest and plains bovids exists, there is no correspon-
ding dichotomy of social systems, such that one may speak of a solitary and a grega-
rious type of social organization. Even asocial species appear to have at least two
basically different organizational plans, and others may emerge with further study of
the as-yet-poorly known solitary antelopes.

1 a The pair territory—A recent field study of Kirk's dikdik (Hendrichs and
Hendrichs, 1971), and extended observations of captive blue duikers (Aeschlimann,
1963; Rails, 1971 and this volume) point to a similar type of organization: a male

and female live together and maintain a small territory (as little as 2. 5 ha, 6 acres,
in dikdik). Except for its permanency, this type of arrangement resembles the pair
territories so common in passerine birds. Observations of grey duiker (Wilson and
Clarke, 1962; Wilson, in prep.), steinbok (Chalmers, 1963), oribi (Hediger, 1951;
Roosevelt and Heller, 1914; Tinley in lit.), and klipspringer (Wilson and Child, 1965;
Wilson, 1969) indicate that this is the typical pattern in the two tribes of small, cover-
dependent antelopes. However, some interesting differences are discernible, particu-
larly in the territorial role of the female.

The territory is maintained and advertised by ceaseless olfactory marking, in which
both partners participate, although the male plays the leading role. Duikers seem to
rely primarily on their uniquely constructed preorbital glands, which are well-
developed in both sexes. Neotragines also deposit a pitchy secretion on twigs and
grass stems all over the territory, but only the male—the female's preorbital glands
are apparently less developed. Dung middens, which both sexes—at least in dikdik,
oribi, steinbok and klipspringer, and even the young (dikdik)—help to maintain in a
regular dunging ceremony, tend to be at least as important for territorial demarcation
in this group (Hendrichs and Hendrichs, 1971; Tinley, 1969 and in lit.; Walther, 1968a;
Hediger, 1951). Mutual licking and nibbling about the head, usually initiated by the
male (also as a courtship preliminary), probably functions to maintain the pair bond;
duikers also press their preorbital glands together (for details of blue duiker marking
and grooming behavior, see Rails' account in Paper 4). When confined with other
conspecifics, paired blue duiker, Phillips' dikdik and steinbok continue to show apre-
ference for each other, even though the extra females may be courted (Aeschlimann,
1963; Rails, 1971; Simonetta, 1966; Chalmers, 1963).

It seems that male blue and grey duikers tolerate other females, at least in captivity,
but that their mates behave aggressively when other adult females are introduced
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(Wilson and Clarke, 1962; Rails, pers. comm.). In Rails' experiment with trios consi-
sting of a male and two females, the females in each case were mother and daughter,
which lived peaceably although with minimal interaction as adults. Conversely,
dikdik females were found to take no active part in territorial defense; the male
drove out males and strange females alike (Hendrichs and Hendrichs, 1971). Male
offspring are driven out as soon as they reach adolescence (at seven to nine months),
probably in all small antelopes. Female offspring also leave during this period, but
why is unclear. It would be most interesting to know whether one parent or the other
is responsible or whether perchance it leaves on its own. The presence of horns in
female forest duikers may have some bearing on their apparently more aggressive
treatment of conspecific females. Female Neotragini are hornless (except for the
East African klipspringer O. o. schillings—Roosevelt and Heller, 1914). Considering
that females of early forest bovids were hornless (Pilgrim, 1939), conceivably the dui-
kers represent specializations for territorial defense.

The tolerance of extra females shown in captivity (and even of other males in the case
of four male and three female suni that lived amicably in the same pen—Izard et al.
1971), suggests a certain potential to form herds even in the least social species.
More indicative is the tendency to form occasional temporary groups in the wild
shown by some neotragines, particularly klipspringer (up to eight on a common feeding
ground—Stevenson-Hamilton, 1947) and oribi (parties of up to a dozen on short grass-
land—Roosevelt and Heller, 1914). The rare and unstudied beirais reported to live in
small troops as well as in pairs on rocky hilltops of the Somali Arid Zone (Walther,
1968a; Dorst and Dandelot, 1970). On this basis it was tentatively placed in the cate-
gory of antelopes with a rudimentary social system (Table 5). But it may well be like
the oribi, which maintains typical pair territories on the periphery of floodplain grass-
land during the rainy season, hides from danger and runs off with a pig-like rush when
flushed (Tinley, in lit.; Roosevelt and Heller, 1914). But in the dry season the flush of
new grass following the annual fires attracts them into the open, where they may band
together and behave very much like gazelles, sometimes actually fleeing in the open
when alarmed, instead of hiding (Roosevelt and Heller, 1914). They even have a gazel-
le-like stotting display. Under the same conditions, most other solitary species
immediately run for cover (including steinbok, grey duiker, dikdik, bushbuck, Sitatunga
and reedbuck). While such groupings resemble herds, they break up at the slightest
disturbance, as the individuals scatter in all directions (ibid.; Verheyen, 1951,
Stevenson-Hamilton, 1947). This response is the hallmark of the most elementary
stage of socialization, whereas group cohesion distinguishes an advanced level of
organization.

1 b. Bohor and Common reedbuck, the two solitary Reduncini, do not demarcate their
territories with dung middens and have lost their preorbital glands. Nevertheless,
Jungius (1971) describes a conspicuous defecation posture, adopted by both members
of a pair (with tail curled up to reveal the white undersurface) which he interprets

as aterritorial advertising display. But aggressiveness between females on adjacent
territories was never observed. Nor was mutual grooming of the kind seen between
male and female Cephalophini and Neotragini observed, and it may be doubted whether
an equally close pair bond exists between reedbucks. Beginning a month before and
for up to four months after parturition, the female seeks isolation on the outskirts of
the territory. Her previous offspring may meanwhile associate with the male. Accor-
ding to Jungius (1970), female offspring usually leave the territory at around 1. 5 years,
being then mature, whereas males may remain a year longer, despite the father's
mounting belligerence. Such tolerance is uncommon even in gregarious species (but
see discussion of sable on p. 185).

During the dry season, common reedbuck often come together on choice pastures in
temporary herds of up to a dozen head, typically including two or more females with
their offspring of six months and older, perhaps accompanied by one adult male.
Jungius (1971:71) considers the loss of cover (through annual fires) to be primarily
responsible for this grouping tendency which ‘can be linked with desire to obtain
better defence against predators.’ Conversely, the presence of cover inhibits group
formation, mainly because of the difficulty of keeping in visual contact (see also
Einsenberg. 1966). Even more interesting is Jungius observation that, having joined
a group, related individuals cease to associate with one another in preference to
members of other families (see p. 197).
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In Sudan' Dinder National Park, where Bohor reedbuck are unusually numerous,

W.N. Holsworth (pers. comm.) observed what appeared to be the largest reedbuck
herds ever recorded: in an 88-km (55-mile) circuit along the east and west sides of
the Dinder River at the end of the 1967 dry season, he counted about 1700 reedbuck,
including five aggregations of over 100 head, three of which contained between 200 and
300 animals. The largest number seen together, on another trip, was estimated at +
400: These aggregations were socially integrated to the extent that they fled as a
group before the observer's vehicle. Nevertheless, large herds were the exception;

of 199 groups counted, 118 numbered five or less, with 59 containing one to two ani-
mals. In general, the groupings of R. redunca are comparable to those of R. arundinum,
reflecting their typically low population density. But it is enlightening to see that a
species with a dispersed distribution pattern and concealing habits during the better
part of the year has the potential to form large social gatherings in open habitat.

2. Solitary, non-territorial—The bushbuck is perhaps the most truly solitary African
antelope, since even pairs are relatively seldom encountered (Bourliere and Verschu-
ren, 1960; Wilson and Child, 1964). Thus, Elder and Elder (1970) found a male and
female associated in only 12 out of 167 sightings, and saw only 10 groups of over two
head, compared to 120 singles (50 females and 55 males, 15 unsexed). The only stable
pairs seen by Verheyen (1955) were females with young of the year. The fact that
bushbuck are also extremely sedentary, each frequenting a small covert which it
leaves (always by the same paths) only to feed in nearby glades shared by other bush-
buck, led Verheyen to suppose that females as well as males defend individual terri-
tories. But studies in Nairobi and Chobe national parks indicate that it does not
demarcate nor defend a specific area against conspecifics (Allsop, 1971, as reported
by Leuthold, in Paper 9 of this volume; D. Simpson, in prep.). Evidence from recent
studies of other Tragelaphus spp. (discussed below) tends to support this finding.
However, the bushbuck apparently frequents an extremely small core area: an
average of 0. 56 hafor adult males and 0. 25 hafor females in Nairobi Park, compared
to 2.0 ha for sub-adult males (Allsop, op. cit.). Considering the known pugnaciousness
of the males (Stevenson-Hamilton, 1947) and the lack of clearcut evidence that male
core areas are undefended, it may be premature to conclude that the bushbuck is non-
territorial.

The closely related Sitatunga (which freely hybridizes with bushbuck in captivity-
Pitman in Maberly, 1962; A. von Nagy, pers. comm.) is less solitary and might be
considered close to the rudimentary stage of organization of other Tragelaphus spp.
(Table 5). It is regarded here as atransitional species roughly equivalent to the
reedbuck, since one to two animals accounted for over 80 per cent of all those obser-
ved by Owen (1970) (cf. lesser kudu, p. 206 this volume). On the other hand, of the
nearly 46 percent of all sightings that were of single animals, only 18 percent were
adult males, while 49 percent were females; most males were found associated with at
least one other Sitatunga—generally an adult female. A tendency for adult females to
join together was also noted: 27 percent were found in company with one or more
others. 'Family groups' of up to 9 head, including an adult male, a maximum of 4
adult females, juveniles, subadults and occasionally younger calves, were not uncom-
mon. There were no sightings of two adult males in the same group, indicating mutual
intolerance and/or exclusive home ranges—or territories (see p. 338): of 11 indivi-
dually known males that were seen more than once, hone was more than 500 m from
previously recorded positions.

As a further indication of incipient herd formation by the Sitatunga, Walther (1964a)
records that eight females and immatures kept together in an enclosure established a
stable rank hierarchy, the oldest female being number one. Until his removal, an
adult male had held the alpha position (cf. sable, p. 343).

The transition from solitary to social habits

A tendency to group formation has been noted in all tribes of solitary antelopes, |east
in duikers (admittedly on the basis of very sketchy information), in which females
seemingly play an active part in territorial defense, and greatest in the reedbucks,
females of which show almost no sign of territoriality. It would seem to be only a
short step from the seasonal groupings of reedbuck or oribi to the more-or-less-
permanent small herds of the mountain reedbuck and other antelopes at the most
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rudimentary level of gregarious organization. Such herds appear to represent fairly
loose associations between females (with or without offspring) that share the same
home range (see Waterbuck and sable accounts). Simply by prolonging the association
between mothers and their female offspring, a permanent herd could be created. Yet
the evidence is against the continuance of such associations in any but the most
socially advanced bovids; as discussed later, the maternal bond appears notably short-
lived and weak in the great majority. More likely, the individual is attached to the
herd and often initially to a peer group.

Thus, the transition from temporary to permanent herds may be less straightforward
than appears at first glance. There are also other obstacles to overcome and condi-
tions to meet in the evolution of the true herd:

(1) The pair territory, if it was characteristic of the ancestral forest antelopes, is
one complication. The female would have to be divested of territorial drive and pair
bond alike before becoming sociable. Of course, it is possible that the pair territory
is a later specialization peculiar to the Cephalophini and Neotragini. On the other
hand, the existence of well-developed preorbital glands in the early bovids, apparently
in both sexes (Pilgrim, 1939), is indirect evidence of marking—probably in aterritorial
context—by females, and hence of pair territories. These glands have since atrophied
in both sexes of all or nearly all Reduncini, Tragelaphini, Bovini, and a few other
species (Pocock, 1910), and may be non-functional in females of other social antelopes
except for Connochaetes and Damaliscus; at any rate | know of no evidence of their
employment for demarcation—nor of any other indication of territorial behavior—by
females of any gregarious antelope.

(2) A change in habitat and food preferences, hence probably in morphology, would
presumably accompany or precede a change in social organization; i.e. change of
behavior must be correlated with change of niche, otherwise there would be no stimu-
lus to alter already adapted behavior patterns. Antelopes that practise concea ment
would continue to hide as long as they remained in habitats that afforded adequate
cover. On the other hand, a change of niche is possible without drastically altering
social behavior, as demonstrated by the successful exploitation of arid environments
by the bush duiker, steinbok, dikdik, klipspringer, etc. By keeping to cover and becom-
ing water-independent, such species are able to live in much the same way as related
forest antelopes.

(3) Only two of the three social classes distinguished below as common to the systems
of gregarious bovids are formed by 'transitional’ solitary species. Bachelor herds
containing more than one adult male or numbers of immature animals have not been
reported.

It may be said, accordingly, that a line between solitary and rudimentarily gregarious
species, though not sharp, seems nevertheless to exist.

The Psychological Basis of Herding

While important questions about the steps leading to the establishment of permanent
herds remain unanswered, the selective pressure to form herds seems clear enough:
it enabled antelopes to emerge from hiding and live in the grasslands.

The fact that virtually all bovids which live away from cover are social, while virtu-
ally all solitary species depend on concealment, suggests that gregariousness is an

essential adaptation for life in the open. Eisenberg (1966) and others have observed
that adaptation to open habitats favors group formation, but one might go further and
postulate that group formation was a prerequisite to abandoning conceal ment.

It may be argued that antelopes band together in the open for a purely psychological
reason: the herd takes the place of cover for the individual. The same hypothesis
has been advanced by Williams (1964) to account for schooling in fishes (and subse-
guently extended to mammals by Hamilton, 1971): each fish is motivated to join
others of its kind to become |less conspicuous and to place others between itself and
external sources of danger. The fact that 'transitional’ antelopes only group together
when they venture into the open, and typically onto neutral ground—i.e. outside of any
occupied territory—seems particularly significant. Similarly, Hamilton showed
experimentally that fishes which normally live dispersed in cover could be induced to
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school when the cover was removed. Human beings may be motivated to associate by
the same desire for security.

Anyone who has ever acted knows that to emerge from the wings onto the stage is far
easier in a chorus than all alone. To be alone and unsheltered at night in awilderness
inhabited by predators drives home the need for companions.

The obvious distress of a highly social animal when separated from its herd may be
viewed from this perspective. The urge to be with the herd can be stronger than the
maternal drive: females of the most gregarious species have often been known to
abandon their young rather than be left behind by the group (e.g. a buffalo whose new-
born calf bogged down at a crossing—Ludbrook, 1963). Even in the less social species
where females sometimes occur singly, lone animals appear far less relaxed than
those in herds. Thus an undisturbed sable cow feeding by itself looked up 17 times in
10 minutes, whereas a female in a herd observed an hour later looked up only 4 times
in the same interval (Estes, 1972). Furthermore, animals in large groups are less
easily disturbed than those in small groups—this is particularly easy to observe in the
wildebeest of Ngorongoro Crater (Estes, in prep.). These are indications of how im-
portant the herd is to the well-being of gregarious bovids.

At the same time, the drive to associate is opposed by a degree of intolerance or fear
of bodily contact (possibly a legacy from asocial ancestors), which causes herd
members to maintain a fairly regular spacing (Hafez and Schein, 1962). This indivi-
dual or social distance (Hediger, 1961), which usually exceeds the distance an animal
can reach with horns or teeth, is species-typical, and is one measure of gregarious-
ness, since reduced social distance—particularly bodily contact—indicates greater
individual tolerance and group cohesion. In most social bovids there is little non-
aggressive contact other than between mother and young and during courtship. Re-
latively few engage in social grooming (licking and/or nibbling), notably buffalo (and
other bovines), impala, some gazelles and—at least in captivity—Tragelaphus spp.
(Walther, 1964a). Alcelaphini and Hippotragini rub their heads (especially the pre-
orbital region) and horns on one another, but this may be a display of dominance and/
or symbolic marking, or otherwise, comparable to rubbing against inanimate objects
(see p. 185).

THE SOCIAL ORGANIZATION OF GREGARIOUS SPECIES

Common Features

For all their diversity, the great majority of gregarious antelopes share a basically
similar, territorial type of organization. Tragelaphine antelopes appear to be the
exceptions that prove the rule—seven out of 41 social species. Two of them, the
elands, are the only antelopes known to have a bovine type of organization, in which
adult males associate in a dominance hierarchy and often live in mixed herds with
females and young. Tragelaphini and Bovini both belong to the Bovinae subfamily, and
may represent a separate phylogenetic line that branched from the bovid stock earlier
than the other lines. Accordingly they will be treated separately (p. 194), following a
review of territorial organization.

In all gregarious bovids, three different social classes are discernible: nursery (or
female) herds of females and young, bachelor herds of juvenile to mature males, and
a small class (usually less than 20 percent of the population) of single adult males.
Perhaps the most important difference between territorial and non-territorial sys-
tems is in the behavior and biological role of these single males: in territorial
species all breeding males belong to this class, membership in which entails indivi-
dual and exclusive rights to a piece of property. In many instances, such animals are
solitary only so long as there are no females in the territory. None of this holds true
for non-territorial systems.

TERRITORIAL SOCIETIES

In aterritorial organization, all areas utilized by females are parcelled out among
property-holding males. Nursery herds are contained, and to some extent restrained,
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within this territory-mosaic. The aggressiveness of the landlords toward non-terri-
torial males of adolescent age and older keeps them largely segregated from the rest
of the population. As arule, one and only one adult male is found in a nursery herd,
being the owner of the territory in which the herd happens to be. Among sedentary
species, each herd frequents a traditional home range, which may encompass a few to
many territories. Since it virtually never happens that a herd spends all its time in
one territory (except possibly at very low population densities, e.g. tsessebe in Kruger
National Park—Joubert, in lit.), the term harem, which implies exclusive ownership by
one male, is misleading (Estes, 1967a). Among African ungulates, true harems may
only occur in the two non-territorial equids, the Plains and Mountain zebras Equus
burchelli and E. zebra (Klingel, 1967, 1968, and this volume)

This basic organizational plan is subject to wide variation, both interspecifically and
intraspecifically. The climate, season, terrain, type of habitat, food preferences and
population density are all interrelated factors that bear on herd size and spacing,
degree of mobility, territory size and permanence. However, the degree of intraspecific
variability is species-specific, reflecting the broadness or narrowness of the ecologi-
cal niche, and the potential to achieve high population densities.

Several examples chosen from well-studied species will serve to illustrate the range
of variation within the three social classes, and what makes one species socially more
advanced than another. Examples proceed from relatively simple to more complex
organization (see Table 5).

The Nursery Herd
Gerenuk (Antilopini)

The gerenuk is the only territorial antelope of rudimentary social organization (as
here defined) that has been studied systematically in the field (Leuthold, 1970a, 1971).
Water-independent and exclusively a browser, this apparently primitive, yet highly
specialized member of the Antilopini is sparsely distributed in Acacia-Commiphora
thornbush habitats of the eastern Somali Arid Zone. The average group (including
single animals) seen by Leuthold (1971) in Tsavo National Park consisted of two
animals and the largest numbered 10 head. Associations between females were casual
and nearly haf of the adults seen were on their own, with or without offspring. An
adult male was found associated with females in only 23. 9 percent of the groups. The
only stable social unit appears to be between a mother and her immature offspring
(op.cit.; Known |nd|V|duaJs remained within sizeable home ranges measuring from
3-6 km? (1.9-3.8 mi?).

Waterbuck (Reduncini)

Although the Waterbuck is here considered to be at an intermediate level of organiza-
tion, it remains a loosely grouped, sedentary species still somewhat dependent on
cover. Widely but locally distributed in the savanna biome, this large antelope (males
up to 600 Ibs) prefers the ecotone between woodland and grassland in areas affording
permanent water. Nursery herds average from 3-6 females and young in Queen
Elizabeth Park, Uganda (Spinage, 1969a) to 8 in Chobe National Park, Botswana (Child
and von Richter, 1969). Temporary gatherings of up to 46 head have been recorded in
the eastern Congo (Verheyen, 1955). Herds are so unstable that it is unusual to record
the same composition from morning until evening (Hanks et al., 1969). Waterbuck tend
to spend their days in the open on some favored pasture but to shelter in dense wood-
land by night (ibid.; Kiley-Worthington, 1965) or when alarmed. Hanks et al. (1969)
could find no evidence of continuing association between any two cows, suggesting that
female offspring do not stay with their mothers after reaching maturity. Spinage
detected a tendency of certain females to associate part-time, but without regard to
age. In his view, what draws Waterbuck together is a common attachment to the same
area, within which they tend to move more as individuals than as herds. Nevertheless,
group activities like grazing and ruminating appear to be as synchronized as in other
antelopes (Spinage, 1969a; Hanks et al., 1969).

In Uganda's Queen Elizabeth Park, where environmental conditions are comparatively
stable and Waterbuck_breed throughout the year, home ranges remain rather constant,
averaging ca. 3.4 km? (2.1 mi?), and herd size does not vary seasonally (Spinage,
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1969a). In Kafue National Park, Zambia, where Waterbuck are seasonal breeders,
home range and herd size vary according to the time of year and fire history. In the
dry season most of the females and young from a given locality congregate in the
open on burns (Hanks et al., 1969). In the wet season, when calving occurs, nursery
herds are always small, localized, and largely restricted to woodland.

In keeping with such a loose social structure, interaction between herd members,
either in the form of mutual grooming or aggression, is apparently minimal (Spinage,
1969a). The effective expression of aggression is limited by the absence of horns;
however, females sometimes threaten to bite (‘champing'—Spinage, 1969a), may butt
and charge, and such behavior seems to be responsible for separating a percentage of
weaned female calves from the herd, which may subsequently form 'spinster' groups.

Sable (Hippotragini)

Nursery herds of sable tend to be larger and more stable from day to day but subject
to greater seasonal and geographic variation, and they have larger home ranges.

Mean herd size (based on sampling of all four subspecies) is around 18, including one
adult male, six adult females, four calves, three yearlings and four subadults (Estes
and Estes, in prep) In atwo year study (op. cit.), the smallest recorded home range
was about 4. 8 km? (3 mi?) over a 5-month period (Shimba Hills Reserve, Kenya),

and the largest range over the course of ayear was over 40 km? (Luando Reserve,
Angola). This species has a pronounced tendency to disperse in Brachystegia wood-
land during the wet season and to concentrate during the dry season around permanent
water points on the edge of edaphic grasslands, especially on postburn flushes. In the
driest part of its range (southern Mozambique, Rhodesia and northern Botswana), the
seasonal movements of H. n. niger may extend to 40 km (25 mi) (K. Tinley, J. Anderson,
pers. comms.), and could be characterized as small-scale migrations.

In fact, the distinction between migratory and sedentary species is not sharp, since
almost any gregarious grazer will move at least a fev miles to reach better pasture,
while the tendency to wet-season dispersal and dry-season concentration is wide-
spread.

The sable's dry-season range tends to be relatively small: e.g. an exceg)tlonally large
and stable herd of 125 H. n. niger stayed within an area of about 1. 3 km? (¥2 mi?) in
Victoria Falls National Park, Rhodesia, from June at least until August (Estes and
Estes, unpubl. report). The largest herd of sable yet reported, numbering about 300
head, was also from Rhodesia (Mushandike National Park—unpubl, report). Child and
Wilson (1964) clalm that a herd of H. n. kirkii made an annual circuit covering an area
of some 320 km? (200 mi?) in an eastern Zambia Tsetse Control Hunting Area, and
Joubert (pers. comm) confirms that sable in Kruger National Park move equal distan-
ces. Disturbance due to hunting could have been a factor in the first case, while the
low stocking rate in northern Kruger Park, near the southern limit for the species,
may be afactor. There is some suggestion, especially in the assertion that the same
adult male accompanied the Zambian herd on its peregrinations, that the normal
territorial network and traditional home ranges had broken down A similar break-
down could account for the decidedly large range (25-40 km?) of the even scarcer
Kruger Park roan and the atypical behavior of the accompanying 'herd bull’,

described by Joubert (in Paper 35 of this volume). Schaller (pers. comm.) thinks

this distribution pattern may also be applicable to the few roan herds in the Serengeti
National Park. Here perhaps is another illustration of how different the same species
distribution, movement and behavior patterns can be at low and high densities.

In the Shimba Hills, a sizeable but otherwise representative nursery herd of 48 that
was observed daily for two months proved to have a definite rank hierarchy based on
age; the oldest cows were rank-dominant and usually led, while yearling and two-year
males were subordinate to all adult females. Superiority was manifested by rubbing
the horns or head on another animal's neck or rump, by ducking the head, by hooking,
giving a lateral intimidation display, and by charging, each representing a higher
level of aggression. Reproductive status had no apparent bearing on rank.

When an adult male was present (about half the time) he dominated all the rest (as
usual in bovids), but invariably brought up the rear instead of leading. The herd's
range included approximately four territories. The lowest-ranking females often
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remained at a slight distance from the herd and their activity cycles appeared to be
less synchronized than the cycles of other herd members; they might start feeding
while the others were resting, and vice versa. They also tended to be more aert—or
nervous. Accordingly they were often the first to spot a possible source of danger.
This fact suggests that it may be the |ess cohesive members of a herd, these being
often the lowest-ranking members, who commonly play the role of so-called sentinels.
It sometimes happened that one of these semi-detached animals acted as leader
simply by moving away on its own in a purposeful manner; the same thing has been
reported in domestic cattle (Hafez and Schein, 1962). Rank and file members tended to
follow blindly and to pay less attention to their surroundings than either regular or
occasional leaders.

Sable have annual rutting-calving seasons from Zambia southward, and fairly well-
defined bi-annual seasons in Kenya. Age-groupings are very pronounced for calves
through three-year olds, and grouping by sex is evident from two years onward. Herds
are thus highly structured. Nevertheless, a herd not infrequently splits into two or
more groups that go different ways for a matter of days or months before reuniting.
The question then arises as to whether it is actually a single herd that splits up
sometimes or different herds that occasionally join forces. Using the criterion of
attachment to a common home range that Spinage (1969a) applies to the Waterbuck,

it would appear that all belong to the same herd, particularly since the main group
rarely splits the same way twice in a row. Evidence that the individuals are well-
enough acquainted to have stablished a stable rank hierarchy suggests long familiarity.
In the Shimba Hills, five distinct home ranges were mapped, between which there was
little or no overlap, and no appreciable mixing of the resident herds. There was
evidence that the same home ranges had been occupied for many years.

It begins to appear that this kind of arrangement, in which a number of mutually
acquainted females in varying combinations (but least often singly) share the same
traditional home range, may be widespread, particularly among sedentary antelopes
with a highly clumped distribution and typically variable herd composition. Thus
Hanks et al. (1969) speak of four Waterbuck population units along a 12-mile stretch
of river, each consisting of 4-5 territorial males, a bachelor herd and 20-odd females
with their offspring. He found 'remarkably little movement from one unit to another
in spite of the fact that there are no physical barriers." The impala of Nairobi
National Park are also divided up into more or less distinct units (Leuthold, 1970b),
while the roan closely resembles the sable (though usually more sedentary in smaller
herds—Child and Wilson, 1964). No doubt there is interchange between units, perhaps
chiefly through the wandering of subadults, as Spinage (1969a) and Leuthold (1970b)
record in Waterbuck and impala respectively. The principle enunciated by Wynne-
Edwards (1962:141) that 'any given stock tends to persist generation after generation
in the same locality', seems entirely applicable to sedentary antelopes.

Gazelles (Antilopini)

Grant's and Thomson's gazelles display interesting differences in social organization
and behavior between congeneric, sympatric species which reflect differences in
ecological niche (Walther, 1964b, 1965; Estes, 1967a). Thomson's gazelle, a highly
migratory grazer dependent on water in time of drought, is specialized to exploit the
short-grass plains of the Somali Arid Zone and adjacent tree savanna, where it tends
to be the most numerous ungulate. It concentrates in thousands on green pastures.
The Grant is a water-independent and semi-desert-adapted browser that is less
committed to migratory habits and is far less numerous, although migratory popula-
tions may form sizeable concentrations (e.g. on the Eastern Serengeti Plain).

In Ngorongoro Crater, Tanzania, where G.granti is exceptionally plentiful (approxi-
mately 1500 Grant's to 3500 Thomson's gazelles in 1964-65), granti nursery herds are
spaced out at intervals of roughly half a mile in Themeda/Andropogon hill grassland
and are largely sedentary, each herd frequenting its own home range (Estes, 1967a).
Nevertheless, herds often split and apparently there is interchange between those on
neighboring ranges. Since territories are as large as a square mile, a herd may spend
much of its time with the same male. The average of 100 herds was 16.4 head.

Thomson's gazelle nursery herds are much more variable in numbers and distribu-
tion, both of which largely depend on seasonal changes in the grassland habitat; they
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concentrate during the long rains in a relatively small area of short alkaline grass-
land, and disperse widely over the Crater floor when the Cynodon grassland is gene-
rally low during the dry season. The average of 100 herds was 22. 9 head, but there
was a continual interchange of herd members in the middle of concentrations, where
the spacing between groups was as little as 100-200 yards, corresponding to the spac-
ing between territorial males—which indeed appeared to be mainly responsible for
fragmenting concentrations. The existence of any rank order in the absence of dis-
tinct groups would appear very unlikely. The greater stability of the Grant herds
would favor a hierarchial arrangement (but its existence awaits confirmation). Both
species herd more closely than sable, but less closely than wildebeest or impala.
The two gazelles breed through the year, with rainy-season peaks. Females with
concealed fawns often form 'mother groups removed from the main herds' (Walther,
1965).

Wildebeest (Alcelaphini)

The wildebeest, one of the most advanced antelopes, has a notably flexible social
organization (Estes, 1966, 1969a and b). Where permanent water and good pasture
occur, it exhibits a typical sedentary pattern, including a permanent territorial net-
work, bachelor herds and small nursery herds averaging about 10 head in Ngorongoro
Crater. These herds often combine to form temporary aggregations on burns and re-
claimed marshland during the dry season. Between the acacia savanna and the arid
zone, wildebeest form migratory populations which spend the rainy season on the
short-grass plains and the dry season in the savanna, within reach of water. The main
Serengeti population, numbering up to 400,000 head (Watson, 1969), spends virtually
the whole year moving about in search of fresh green pasture (Tabot and Talbot,
1963). Concentrations of over 10,000 head within a few square, miles are common-
place, and over 190,000 were once counted in an area of 40 km? (25 mi?) (Talbot and
Stewart, 1964). Wildebeest of all classes join these 'armies’, athough the main con-
centrations of males, and females with young generally remain segregated. When
migrating (and even on the way to water) wildebeest usually trek in single file, a
formation typical of perhaps most social antelopes when moving from one place to
another, which, to cite just one advantage, reduces the individual's risk of blundering
into a predator in ambush (Schaller, 1972). At night aggregations rest in linear bed-
ding formations up to a dozen animals across, spaced sufficiently to permit indivi-
duals to move freely in and out (Estes, 1966, 1969b). This arrangement retains the
advantage of close grouping and at the same time allows the herd to stampede
instantly in the same direction, if necessary, without any animals being trapped in the
rear (as would happen to those in the center of a circular formation). The same
arrangement may be seen in resting assemblies of other bovids (e.g. buffalo, eland,
oryx).

Except for a few months of the dry season, when territorial behavior may all but
cease in migratory populations, adult bulls establish a territorial network whenever
an aggregation settles down and proceed to break it up into what Watson (1969) terms
'pseudo-herds', as there is no evidence (yet) of any continuing association between
adults. At the same time, non-territorial males from yearlings onward are cut out
and shunted to the side-lines of the network. When the concentration moves on, the
bulls abandon their territories rather than remain alone, though sometimes one or
more will linger if water is available (Estes, 1969a). Watson (ibid.) also refers to
these territories as 'pseudo’, but here the term is inappropriate, since they only differ
from other wildebeest territories in being temporary.

In the sedentary phase, wildebeest nursery herds tend to be rather stable in composi-
tion for at least five months after the calving season, reflecting semi-closed associa-
tions between adult females; outside females that attempt to join are usually harassed
and/or excluded. There is a definite rank hierarchy, which is maintained in much the
same manner as in sable. Month after month, known Ngorongoro herds were observed
to keep to core areas often of less than 20 ha (50 acres), encompassing fewer than a
dozen territories, which they seldom left except to go to water (and sometimes to join
passing concentrations overnight). The spacing between herds in prime habitat was
as little as 100-200 yards. Although social distance is minimal, with some animals
touching, when a herd is resting (typically in Sernformation—Walther, 1958) wilde-
beest do not pack together nearly as closely as buffalo or cattle.



188 The Behaviour of Ungulates

Herd composition begins to vary more during the dry season, when females and young
aggregate on the best remaining pastures. At first the herds tend to separate at the
end of the day and return each to its core area, but later they merge and apparently
lose their identity in bigger groupings. With the onset of the next rainy season, how-
ever, apparently many of the same individuals get together again in the area they
frequented previously, although usually in different combinations. There is also some
evidence of continuing association between cows and their female offspring; for
instance, one female marked as a yearling kept company with an easily recognized
older cow for at least the following two years. However, this was not a typical case,
in that the old animal was apparently barren, and therefore less likely to rebuff her
previous offspring than the mother of a new calf.

The wildebeest's variable social system enables it to alter its distribution pattern to
fit a wide range of environmental conditions. Populations can follow any pattern from
completely sedentary to migratory and more or less continually nomadic. The
arrangement can be varied seasonally and from year to year in response to regular
or irregular changes in rainfall distribution. Sedentary and migratory patterns often
coexist within the same population, and even at the same time and place, as in Ngoron-
goro Crater, a remarkably rich ecosystem with a carrying capacity of at least 14, 000
wildebeest (along with 10, 000 head of zebra and gazelles), but space sufficient for
only a quarter that many in the form of small, independent herds (Estes, 1966, 1969b).

The black wildebeest, topi (particularly Guinea Savanna-Sudanese Arid Zone popula-
tions), and blesbok—all related species—have much the same system. In fact, probably
most migratory and even highly nomadic antelopes can become sedentary, at |east
part-time, under favorable conditions—just as most water-independent species will
drink if given the choice (see e.g. species accounts in Dorst and Dandelot, 1970). How-
ever, it seems that most antelopes are more committed than the Alcelaphini to either
a sedentary or nomadic existence: depending on whether they inhabit a wetter or a
drier climate, either they need move little or tend to keep moving most of the time.

Oryx (Hippotragini)

Although a major study has yet to be undertaken of the oryx, it may serve as an exam-
ple of a desert-adapted antelope with a social organization specialized for nomadism.
The most unusual feature of its organization is that adult males and females regularly
associate in mixed herds, a practise which has caused some doubts as to whether oryx
are territorial. However, there is a certain percentage of solitary males which are
apparently attached to definite small ranges. In Etosha National Park, South West
Africa, where the oryx population is unusually numerous and sedentary in the dry
season, adult bulls were spaced out (in August) in what appeared to be a typical terri-
torial network, and a similar, though wider-spaced, network was seen in the Sub-
desert of lona National Park, Angola (in October). Moreover, on several occasions
when solitary bulls have been seen to join mixed herds, they proceeded to dominate
all the other males by means of threat displays (unpubl. observations). Finally, it
seems to be the rule that the scrotums (and also the sheaths) of most apparently adult
males in the herds are decidedly smaller than those of solitary bulls. The evidence
suggests that most of the bulls in herds are not in reproductive condition, that they
are, in fact, simply bachelor males which in this species remain integrated with the
nursery herds.

The Bachelor Herd

Bachelor herds are composed of juvenile to adult males, numbering from two head
into the hundreds (and even thousands). Male groups presumably result from the
same social attraction that brings females together, although the male's attachment
appears weaker, since individual spacing in male herds is usually greater than in
female herds (Estes, 1969a). Probably this reflects naturally greater male aggres-
siveness induced by androgenic hormones (Etkin, 1964b). Nevertheless, bachelor
herds offer males the same mutual security that nursery herds offer females and
young; their main significance in antelope society is that they provide a haven for
males from the time they are expelled from nursery herds until they mature and
become territorial. In advanced species at high density, bachelor herds also provide
sanctuary for adults, which may include unfit and old as well as fit but supernumerary
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individuals and spent territorial males. But male-herd organization too differs
greatly from species to species, and also intraspecifically, in terms of size, age com-
position, structure and particularly in the degree of interaction between members.
Again, a few examples will serve to illustrate the range of variation.

Gerenuk

In the gerenuk observed by Leuthold (1971), over one-third of all subadult males were
seen alone. But often from two to four were found associated, sometimes alone, some-
times with a female group, whereas associations between adult males were never
seen.

Sable

In the sable, with its naturally low population density, notably clumped distribution and
large territories (usually more than one square mile), separate bachelor herds are
uncommon and rarely number over 10 head (Estes and Estes, in prep.). By adopting
the typical female Demutshaltung in the presence of territorial bulls, males are
tolerated in the nursery herds until they are over three years old. Even when not
actively chased out, however, they show a progressive tendency to break away from
the herd, especially when there is more than one juvenile in the same age class. The
typical sable bachelor herd probably consists of subadults from the same nursery
herd, which remain within the traditional home range at least part of the time and
periodically try to rejoin the main herd. In the absence of contemporaries, rejected
subadults live alone, often frequenting closely wooded areas, where they are less
likely to be seen than sable in groups. Since bulls mature in their fifth year, and are
already subadult by the time they leave the nursery herds, the period of association
in all-male groups is relatively brief, and bachelor herds are thus relatively unim-
portant in this species.

A rank hierarchy based on age is established between males, and may persist even
after maturation, with younger territorial males satellite to a few master bulls that
dominate over wide areas. Sparring is seen, but with decreasing frequency and vigor
in older age classes. The full sable fighting repertoire is practised from infancy
through the third year, but is largely limited to frontal pushing by the age of four, as
the horns approach their maximum curvature and length, making the other hippo-
tragine technique (parallel stance with over-the-shoulder-hooking) dangerous (Estes,
1972).

Water buck

Waterbuck males mature as slowly as sable, but leave the nursery herds beginning at
8-9 months (Spinage, 1969a). Bachelor herds (averaging five head in Queen Elizabeth
Park) are accordingly more important for this species, more in evidence, and contain
more age classes, which tend to associate in sub-groups in the kob genus (de Vos and
Dowsett, 1966). Male herds appear to be more stable than nursery herds. Within the
framework of a rank hierarchy, associations may continue until maturity, strangers
attempting to join are sometimes harassed, and a herd may keep to the same home
range through succeeding generations (e.g. in Queen Elizabeth Park a herd of 7-10
frequented an area of ca. 100 ha (250 acres) within the territory of one or more adult
bulls—Spinage, ibid.).

Gazelle

Bachelor herds of Grant's gazelle in Ngorongoro Crater average about 10 head and
contain yearling-class to young adults (Estes, 1967a). Male groups are tolerated with-
in territories and even permitted to mingle with nursery herds. Bachelors are notably
active and aggressive in this species, often engaging in display and sparring 'tourna-
ments', whereby they probably learn to judge their strength relative to their peers. A
strict age hierarchy is in evidence (Walther, 1965). In adult life, a display of neck
development largely substitutes for combat (Estes, 1967a).

Impala (Aepycerotini)

Male impala herds stay as close to nursery herds as territorial males will dlow—
which is closer than in most other antelopes. In southern Africa, all social classes
intermingle during the dry season following the annual rut (Stevenson-Hamilton, 1947).
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In East Africa, where breeding continues year-round, such breakdowns of social struc-
ture occur only during exceptional droughts (Jarman, 1970). Bachelors are decidedly
less belligerent toward one another than Grant males, and even engage in mutual
grooming (social licking being an impala trait) (Schenkel, 1966). Many juveniles join
bachelor herds before they are half a year old, remain until mature at about 28
months (Kerr, 1965) and rejoin as adults after abandoning or losing their territories
(Jarman, 1970).

Kob (Reduncini)

In the Uganda kob (Kobus kob neumanni), a large bachelor herd is associated with each
territorial ground or lek, and consists partly of exhausted territorial males that are
recuperating before attempting to regain places in the arena (Leuthold, 1966).

Wildebeest

Compared to many other antelopes, interactions between bachelor wildebeest are
infrequent and sedate. Conversely, interactions between territorial bulls are excep-
tionally frequent, spirited and elaborate (Estes, 1969a). Because of the short annual
calving peak, age classes are very distinct. No evidence of rank order was noted
within age groups. Wildebeest join bachelor herds as yearlings and remain until

they mature fully in their fourth year, or about as early as kob (Buechner, Morrison
and Leuthold, 1966) and a year earlier than lechwe (Robinette and Child, 1964), both
smaller animals. Ngorongoro bachelor herds, often numbering in the hundreds, are
found in the same areas year after year, typically in taller grassland that is substan-
dard wildebeest habitat and consequently occupied by few territorial males. Male
herds can be distinguished from nursery groups at a distance by their wider, more
regular individual spacing. Although males marked as yearlings were often resighted
in the same quarter, the accumulated evidence from resightings indicated considerable
movement about the Crater and unstable groupings. This reflects the fact that
bachelor herds are tolerated in and are usually attached to every sizeable aggregation
of females and young—an evident adaptation to migratory habits. Even in small seden-
tary populations, bachelors—and also territorial males—thereby gain access to green
pastures when aggregations form in the dry season. Thus in the wildebeest too,
bachelor herds may contain not only non-breeding juvenile to adult bulls (including
old ones past their prime), but also 'off-duty’ and sojourning territorial males. In
fact herds composed entirely of 'off-duty’ bulls form daily during the dry season on
neutral ground, usually near waterholes. Regardless of age or status, the common
denominator of wildebeest in bachelor herds is sociability and non-belligerence.

The Territorial Male

In animals with a territorial system, mating opportunities are limited almost exclu-
sively to propertied males. Aggressive and sexual behavior, both dependent on testi-
cular-hormone production (Marler and Hamilton, 1966), are identified with and largely
restricted (in adults) to the individual's territory, the one place where he is dominant
over all conspecifics (Estes, 1969a; in lit.). Thus competition for territory comes
ahead of and largely substitutes for direct competition over mates. Territorial com-
petition is proportional to population density, stability of the territorial network and
favorableness of location within it. Strong competition exerts pressure in favor of
year-round territoriality—even with a restricted breeding season—because it is far
easier to hold onto than to win a place in an established network. At the same time,
average tenure is likely to be reduced as active rivalry increases. A case in point is
the wildebeest, which has a short rutting season throughout its range (see below), yet
many bulls in sedentary populations remain on territory and ready to mate the whole
year (Estes, 1969a). Predictably, the greatest turnover occurs during the rut. How-
ever, as already noted, the territorial drive tends to wane during an extended dry
season, and may cease altogether in migratory populations, as well as in sedentary
populations of species which become seasonal breeders at higher latitudes (Ansell,
1960; Skinner, 1970). Nevertheless, going by the incidence of solitary males, apparently
the great majority of antelopes are territorial throughout the year.

The psychophysiological factors that govern the territorial drive at the same time
suppress sociabilty and make it possible for adult males to live alone in the absence
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of nursery herds. (The maternal drive has a comparable, though temporary, effect on
females with concealed calves.) Yet the moment a male leaves the vicinity of his pro-
perty, the gregarious drive reasserts itself and he reverts to the status of bachelor
male. Nothing could better demonstrate the psychological component of territoriality.
On the other hand, continuing isolation from conspecifics apparently creates a growing
appetite for social contact in the most gregarious species, that leads territorial males
to attach themselves, sometimes for days at a time, to nearby individuals or herds of
practically any available ungulate (Estes, 1969a). Completely isolated wildebeest
eventually abandon their grounds (ibid.).

The onset of the territorial drive is linked to maturation of the testes, which in turn
closely corresponds with attainment of adult weight and size (Talbot and Talbot, 1963;
Kerr, 1965;Brooks, 191; Robinette and Child, 1964; Hvidberg-Hansen, 1970). Sexual
maturity, meaning simply puberty (a less ambiguous term), or the age of spermato-
genesis, is reached during the second year, if not before, probably by most antelopes.
Full maturity comes early for small antelopes (e.g. to yearling blue duiker—
Aeschlimann, 1963) and takes up to five years or more for large species (e.g. water-
buck, sable, roan, kudu), while medium-sized species take two (Thomson's gazelle,
impala) to three years (kob, Grant's gazelle). Except in small antelopes, females
almost invariably begin reproducing at least a year earlier than males, and even
species as big as wildebeest may calve by their second birthday, although this prob-
ably happens a year later in most large species (e.g. sable apparently do not calve
before they are three).

Territorial spacing, while obviously subject to great intraspecific variation, is never-
theless species-specific as regards average and minimal intervals. For instance, the
average spacing between Ngorongoro wildebeest in prime habitat (120-145 m) is less
than between associated Thomson's gazelle (250-350 m) and much less than between
Grant's gazelle (500-1000 m) (Walther, 1964b, 1965; Estes, 1969a, 1967a) or than the
related black wildebeest (von Richter, 1971) and hartebeest (Gosling, 1969). Sable
bulls are rarely spaced less than one mile apart, whereas Waterbuck often occur at
much closer intervals (see Spinage in Paper 33).

The frequency and intensity of interactions between territorial neighbors, tolerance
toward bachelor males, and the vigor with which females are herded all seem to be
related to territory size. As arule, the smaller the area and the closer the spacing,
the harder the owner works to keep potential rivals outside and nursery herds inside
his grounds. In at least some species with large territories, males may only actively
herd females and young when they approach the border, and bachelor males are tole-
rated; herds of sable may actually be unattended by any adult male, sometimes over a
period of weeks (Estes and Estes, in prep.).

But just why species A defends a larger area than species B is far from obvious.
Clearly body size is not a major factor, nor openness of the habitat, at least not as
between the wildebeest and the other plains species mentioned (for a discussion see
Estes, 1969a:297). In Leuthold's (1970b:716) words, 'lt is clear that the expression of
territoriality is affected to a large extent by the size, density and dispersion of an
animal population’, these in turn being largely governed by the quality of the habitat.
But then territorial spacing itself may be a factor in dispersion (see below). It is dif-
ficult to distinguish between cause and effect. It would be fair to say, however, that the
smallest territorial spacing is found in those species that form large, dense aggrega-
tions, notably Connochaetes, Damaliscus and Kobus (kob and lechwe). It is evidently
density that is the determining factor here, since spacing within aggregations is much
reduced compared to adjacent areas with only small herds. Thus, when a wildebeest
concentration moves into an area occupied by resident territorial males, 'migratory"
bulls with the concentration succeed in establishing themselves between the residents
for as long as the concentration stays put (and no longer), thereby more than halving
the spacing. In the Uganda kob, which has perhaps the most specialized territorial
system of any bovid, breeding arenas, where the average diameter of a territory is
about 33 meters, are best developed at the heart of large, concentrated populations,
and are inevitably surrounded by conventional territories of increasing diameters
(average 100-200 m) going away from the arenas (Buechner, 1963;Leuthold, 1966).
Where they occur, the arenas tend to persist over long periods—one was known to have
been in use for over 30 years. However, there is evidence that the system breaks
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down temporarily if adverse climatic conditions cause nursery herds to move to dis-

tant pastures (Leuthold, 1966). The arena system is thus seen to be adapted to a rela-
tively constant tropical-savanna climate capable of sustaining large, sedentary popula-
tions and year-round breeding.

Yet population density alone does not explain such close territorial spacing; there also
seems to be a minimum distance that males of a given species will tolerate. For
instance, it is doubtful whether Waterbuck males would accept such near neighbors as
kob or lechwe do, under any conditions, or that the tremendous populations of black
wildebeest that once roamed the South African Highveld ever had such close terri-
torial spacing as one sees in concentrations of blue wildebeest (C. taurinus).

The Territorial Male's Role in Population Dynamics

Of the three social classes discussed above, only that of the territorial male is com-
mon to both solitary and gregarious systems. In fact territoriality seems to represent
a direct holdover from the primitive condition, having originated in solitary ancestors
as a means of securing exclusive rights over a fixed home range. It must be rare in
gregarious antelopes that the territory includes a male's entire home range (the
gerenuk may be one example—Leuthold, 1971), whereas it may only rarely not include
all, or nearly all, of a solitary antelope's normal range. That so many antelopes have
retained their territorial heritage is not only a remarkable demonstration of con-
servatism of a behavioral trait, but also a measure of its adaptability to all sorts of
conditions. To avery large extent, antelope social systems have been built around the
territorial male, whose role is by no means limited to inseminating females, as some-
times portrayed. Indeed the other two classes owe their separate identities very
largely to territorial behavior. The broader implications of territoriality for popula-
tion dynamics should not be overlooked.

1.  The expendability of males—In theory a polygynous system requires only a few
males for reproduction, so that 'a high survival rate for the males is of small con-
sequence to the survival of the species' (Etkin, 1964b:112). In practise, the number of
males in aterritorial system that have a chance to reproduce depends on the number
of territories that can be established within habitat utilized by females. This number
is automatically adjustable to absolute numbers and population density, within the
species-specific limit of territory compression. The greater the competition over a
limited number of places—the greater the excess of males to the available space—the
more certain it becomes that the fittest males will be selected. In large populations
of Uganda kob and wildebeest, probably no more than haf the adult males take part in
reproduction at any given time (Leuthold, 1966; Estes, 1969a). Adults in bachelor herds
could accordingly be considered expendable. However, removal of apparently surplus
adult and young males—say by game cropping—would not only reduce territorial com-
petition but also eliminate replacements for vacancies in the territorial network. This
is particularly clear in Uganda kob bachelor herds, where 'the adult males form a
reservoir for continuous exchange with territorial males' (Leuthold, 1966:219).

2. The unegual adult sex ratio-To the extent that non-reproducing males are segre-
gated from nursery herds, they are kept from competing and interfering with females
and young. Being forced into often inferior habitat on the outskirts of the territorial
network may subject bachelors to greater nutritional stress and predation pressure.
This could partially explain why, in most populations of gregarious antelopes sampled
up to now, adult females outnumbered adult males, usually by aratio of from 3:2 to
2:1 or more, despite natal sex ratios that are probably generally close to unity
(Leuthold, 1970b; Dasmann and Mossman, 1962; Bourliere and Verschuren, 1960; Allen,
1963;Foster, 1966;Estes, 1969a). However, pressure from territorial males must

not be the only factor, since a similar inequality has been found to exist in at least
some non-territorial ruminants, including, among African bovids,the greater kudu
(Simpson, 1968;Wilson, 1965—but cf. Leuthold's nearly equal sex ratio for lesser kudu
in Paper 9). Factors such as the sex-linked tendencies of males to be bolder, more
careless and independent and to have a higher metabolism, must also be taken into
account (Taber and Dasmann, 1954). Whichever is more important in the greater male
mortality rate among territorial antelopes, it seems clear that bachelor males are
treated as the most expendable members of the population and that the surplus is
culled through natural processes.
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By cutting juvenile males out of the nursery herds, keeping bachelors away from them
and of the best pastures, territorial males promote the reproductive success of the
population.

If membership in nursery herds is in some degree responsible for a higher female
survival rate, then an adult sex ratio close to unity might be predicted for solitary
species, since juveniles of both sexes presumably face much the same risks after
leaving the territory. In fact there is evidence, though still fragmentary, of an equal
or higher male sex ratio in the grey duiker (Wilson and Roth, 1967), dikdik (Kellas,
1955; Kurt, 1964), klipspringer (Wilson and Child, 1965), and bushbuck (Wilson and
Child, 1964; Elder and Elder, 1970). But Tinley (in lit.) reports an adult ratio of about
3:2 in favor of female oribi.

3. Spacing out the population—n species that form large, dense aggregations, com-
petition between territorial males, by breaking up concentrations into small units and
spacing them out, one to a territory, helps to prevent overutilization of any one part

of the range (Koford, 1957; Buechner, 1963). Speaking more generally, it may be said
that the minimum spacing tolerated by territorial males sets limits to the size and
spacing of nursery herds. Where males are closely spaced, there will generally be

no more than one herd to a territory, since each male attempts to herd all the females
on his property into a single group; the herd becomes increasingly difficult to defend
against invading males as its membership increases (Estes, 1969a).

4.  Reproduction—Considered purely from the standpoint of reproduction, the effi-
ciency of the territorial system becomes apparent when there is a sharply defined

rut in a large population, as in wildebeest or topi. The disruption and confusion
created by hundreds of highly excited bulls is spectacular enough, but at least the
activities of each male are confined to the immediate vicinity of his own property.

If instead, contending males of equal rank congregated around every herd containing

a female in estrus, it could well lead to chaos. Intimations of what might happen in the
absence of restraints—either a territorial network or a dominance hierarchy between
males—can sometimes be gained when a herd is left unguarded: it may be raided from
all sides by territorial neighbors, or invaded by a bachelor herd, whose members take
it in turns to pursue and harass the females (for examples see Leuthold, 1966 and
1970b).

The Socialization Process

In the last analysis, the adult male has had to change his ways very little to accom-
modate to a polygynous system. Crucial as his role may be in that system, he plays
it by remaining true to type. The only major concession required of the territorial
male was tolerance of females in herds, toward which the male libido predisposed
him. It did not require him to become gregarious. In fact, territorial males of gre-
garious species probably spend more time in solitude, on the average, than those of
solitary species, which are typically paired with a female (Estes, 1969a).

Since the territorial drive inhibits or suppresses gregarious tendencies, the question
arises whether, in pair-forming species, it is territoriality, as evidenced directly by
aggression toward outside females or indirectly by scent-marking activities, that
keeps females from associating with one another (assuming their mates are tolerant
at least toward other females in estrus). If so, the first step toward sociability entail-
ed leaving the territory and we may postulate that the precursor to true herds was
small, temporary gatherings on neutral ground, like those of the reedbuck or oribi.
Females that continued to associate gained freedom, both from dependence on cover
and on a particular male, and the opportunity to share an enlarged home range, includ-
ing several territories. The owners who proved most tolerant of females in groups
would be favored with the most opportunities to reproduce. Beginning then, female
offspring no longer needed to go through a solitary wandering stage, but could continue
to enjoy the security of a group within a familiar range. Juvenile males could also
improve their chances of survival by forming all-male associations after being
gjected, inevitably, from their nursery herds at adolescence.

Once social groupings were begun, natural selection would have favored the evolution
of increasingly gregarious, complex organizations as the means of achieving maximum
population densities and so succeeding in the competition to be the dominant herbivore
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in the ecosystem. But large herds and high densities developed only among those
species that moved out into the grasslands, for as Ewer (1968:99) observes, 'Large
societies are only able to exist in situations where the members can easily keep in
contact ... and only if adequate food can be found for all, within an area easily cover-
ed in the normal feeding period .... Terrain and type of food are thus the two exter-
nal factors which have most influence on the evolution of social relations.’

The tendency toward increasing sociability and larger groupings in open environments
has been observed in such diverse phyla as primates (Crook and Gartlan, 1966),
weaverbirds (Crook, 1964) and fishes (Williams, 1964), among others. Williams, for
instance, points out that 'schooling is a conspicuous phenomenon in pelagic oceanic
waters, scarcely detectable in weedy or rocky shallows and of intermediate develop-
ment in intermediate habitats." This is exactly parallel to the situation among African
bovids.

The bovid socializing process led to reduced social distance in herds, especially when
promoted by the practise of mutual grooming (e.g. social licking between impala and
bovines-Sambraus, 1969). It led to the establishment of the most experienced animals
as leaders, and to the formation of rank hierarchies. According to Etkin (1964a), there
are strong evolutionary pressures in favor of dominance hierarchies as a principle of
social organization, because the advantages enjoyed by dominants in time of privation
'enables them and, with them, the species to survive." On the other hand, Eisenberg
(1966) argues that loose and therefore flexible social systems are the rule for species
adapted for unstable niches (e.g. arid biomes), while species with more closed social
systems are specialized for more predictable, stable niches (e.g. wet savanna). (In the
wildebeest both closed and open systems occur interchangeably in one species.)

As information on more bovids becomes available, it will be of great interest to
explore further the relationship between social system and niche, specifically, to
determine whether a rank hierarchy is characteristic of gregarious antelopes that
live in sedentary small herds, and whether presence or absence of horns is correlated
to some degree with a dominance hierarchy and social distance. Horns should make a
difference, if Etkin (1964d) is correct in saying that ‘dominance patterning .. is clear-
est in those group-living animals which show a high level of individual aggression,’
since aggression between females seems to be most pronounced in horned species.

NON-TERRITORIAL SOCIETIES

The Bovinae subfamily includes three tribes: the essentially African Tragelaphini
(Gentry, 1968b), the wholly Eurasian Boselaphini and the Bovini of Eurasia (primarily),
North America and Africa (the latter two with but one recent species each). The
Bovini are the most recent and advanced bovid tribe, having arisen in south Asia dur-
ing the Lower to Mid-Pliocene from the Boselaphini (Pilgrim, 1939: see Fig. 2). The
latter tribe contains the most primitive living bovid, the small four-horned antelope,
and the large nilgai (Boselaphus tragocamelus), which retains primitive horns but is
moderately advanced socially. The Tragelaphini, which separated from the Bosela-
phini as early as the Mid-Miocene, may also be considered a generally primitive
group—with the notable exception of the elands—on the basis of comparatively limited
forebrain development (Ronnefeld, 1970), elementary social organization, dependence
on closed habitats and browse. The eland, as every Masai herdsman knows, is more
like an ox than an antelope, which Pilgrim (1939) attributes either to convergence or
deferred inheritance.

Major features of bovine social organization include the integration of males and
females in mixed herds (truer of some species than others), precocial young, group
defense (notably a mobbing response released by the distress call), social licking and
minimal social distance (e.g. buffalo regularly lie touching). Although nearly all are
grazers (and use the tongue to gather grass, unlike any known antelope), most species
inhabit well-watered woodland interspersed with glades and live in small to medium-
sized herds of fluid composition. In terms of population density and aggregating
tendency, the American bison—the only plains species—and the African buffalo rank as
the most advanced and successful members of the tribe.
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One outstanding feature of the bovine system that sets it apart from all antelopes
except the eland (as far as we know), is the existence of a dominance hierarchy be-
tween adult males. Accordingly two rank hierarchies exist in a herd which are quite
separate, with males from subadults onward all ranking above females (Schloeth, 1961;
Schaller, 1967). There is evidence of a similar male rank hierarchy in eland herds
(author's observations).

Until recently, | had imagined that the bovine organization evolved from a territorial
system, representing the complete integration of the sexes in nomadic herds freed
finally from all restraints on their movements and composition. Thus the eland seems
to be the most completely nomadic of the antelopes. The fact that female rank hier-
archies are common in gregarious territorial species made the establishment of a
male rank hierarchy in place of territoriality seem the logical next step up in bovid
evolution. Even more to the point, male rank hierarchies already exist in bachelor
herds of many species. New evidence is emerging, however, suggesting that: (a) the
ancestors of the Bovini may not have been territorial; and (b) male rank hierarchies
are based on differential size achieved through prolonging growth in adults—i.e. depend
on a specialized physiological mechanism.

(@ Recent findings indicating that Tragelaphini may be non-territorial raise the
possibility that the ancestors of the oxen did not go through a territorial stage.
Tragelaphini and Boselaphini seem so different from other antelopes, both in morpho-
logy and behavior, that it is quite conceivable this line is distinct from all the other
bovids, as Leuthold (p. 231 this volume) also suggests. The two tribes likewise differ
greatly from one another (especially in horns and markings), but share one morpho-
logical peculiarity that clearly demonstrates their relatedness: very similar scent
glands between the false hoofs of the hind feet, which are unique both in position and
structure, are found in both Boselaphini and so far in the two kudus, the nyala and
eland (but not in bushbuck and Sitatunga—Pocock, 1910, 1918; Ansell, 1968).

In social organization Tragelaphus spp. and seemingly also the Boselaphini share a
cervid-like tendency toward sexual segregation except when breeding. Males of social
tragelaphines may associate in bachelor herds, but fully mature bulls are most often
solitary (Leuthold, Paper 9 of this volume; Maberly, 1962; Steinhardt in Walther, 1964a;
author's observations). In the absence of exclusive home ranges or territories, the
false-hoof glands, of unknown function but apparently better adapted for diffusing scent
through the air than for scent deposition (thereby resembling cervid metatarsal
glands?), could function for spacing out individuals (and vice versa).

The bovine social system could have arisen equally well from a social tragelaphine
prototype, in which a number of adult males and females with overlapping home ranges
occasionally combined in small herds. This seems to have happened, in fact, in the
eland, an undoubted tragelaphine despite its conspicuously bovine appearance and
social organization, as an adaptation to nomadism in more open habitats.

However, there is one serious flaw in the argument that the ancestors of the oxen were
non-territorial: according to Schaller (1967), rutting nilgai bulls are territorial.
Supposedly Bovini arose from ancestors of the nilgai and not the Tragelaphini
(Pilgrim, 1939).

(b) The bovine dominance hierarchy has generally been conceived as based on mutual
familiarity between individuals in closed herds, rather than on such objective criteria
as relative size of horn development (Schloeth, 1961;Geist, 1966). This may be true
for females and not for males. Schaller (1967) has pointed out that meetings between
presumably unacquainted gaur bulls, which wander widely in the breeding season,
continually joining and leaving nursery herds, are frequent. They 'probably determine
their status in most instances by assessing each other's physical attributes visually
without overt interaction." Dominance is determined mainly through the lateral dis-
play, the predominant bovine threat posture, which is enhanced by the gaur's dewlap
and tremendously developed dorsal ridge (cf. Lott's paper on the bison's lateral dis-
play, no. 19 below). Schaller concludes that size determines dominance and there is
evidence that this may apply to bovine males in general.

In the African buffalo, Pienaar (1969) reports that bulls continue to grow and put on
weight even during old age. Females, in contrast, attain adult weight in their fourth
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year and grow little thereafter. Males become adolescent at 2. 5-3 years and attain
full adult dentition at five years, but are not fully armed before 6-7 years old, when the
horny shield growing around the base of either horn finadly joins. Bulls are estimated
to be at least 7-8 before they are powerful enough to compete successfully for breed-
ing opportunities with older animals. Although the sample is small, average weights,
shoulder heights and horn spans of males in different age classes suggest a substantial
increase with age (op. cit.):

Age Class 4yr S5yr 6-7yr 8-15yr >15yr
Weight (kg) 508.2 539.5 589.9 643.8 717.6
Shoulder height (cm) 135.6 135.9 139.9 143.5 148.3
Maximum horn span (cm) 82.3 86.4 88.9 91.9 100.6
No. in sample 6 4 6 13 6

Such an extended size range, apart from promoting an orderly and evolving rank
hierarchy in closed herds, should facilitate the visual assessment by strangers of
bulk and power. The disproportionately greater bulk attained by maes—up to two/
times female weight—in the whole tribe supports the hypothesis that the bovine male
rank hierarchy is based on body size as a function of age.

That the same principle may apply to other species in which reproductive success is
based on absolute dominance rather than territorial dominance is suggested by the
fact that rank in elephants (Loxodonta and Elephas) and giraffe (Grafla camelopar-
dalis) is also evidently based on continuing growth of the male, not only in body size
but also in armament (see e.g. Laws, 1966 and Spinage, 1968). Geist (1966, 1971) has
shown that relative horn development is decisive in determining status among male
sheep (Ovis spp.). In all these cases, apparently selective pressure in favor of larger
size (especially horns in sheep and bulk in bovines) has resulted in neoteny = extend-
ing the growth period of the male (discussed in Geist, 1971).

If the above hypothesis proves correct, the male rank-hierarchy system would appear
to be basically unlike the territorial system, in which the available evidence suggests
that growth virtually ceases at the time of maturation (e.g. in lechwe—Robinette and
Child, 1964; wildebeest—Watson, 1969; impala—Kerr, 1965; and Thomsons's gazelle-
Hvidberg-Hansen, 1970). Although the size range between adult males is considerable,
here it is based on individua differences existing at maturity rather than on seniority.

CONCEALED VS. PRECOCIAL YOUNG

Another holdover perhaps even more ancient than territoriality is the instinct to hide,
which has been retained by the young of all but a few recent antelopes. A single off-
spring is the rule among African bovids, authentic cases of twins being rare. The
concealing habit, which adults had to lose before social plains dwellers could evolve,
continued to have survival value for the newborn, and therefore persisted with only
minor modifications in savanna species. Very much the same mechanisms that make
for effective concealment are employed both solitary and gregarious species (cf.
Hendrichs and Hendrichs, 1971; Jungius, 1970; Walther, 1965, 1969; Gosling, 1969; Lent,
Paper 1 in this volume).

The caf chooses its own hiding place and lies still until summoned by its mother. The
very young may show no flight reaction whatever, even when handled. Later, calves
will bolt if closely approached, but immediately seek another place of concealment
(Estes, 1967a). The mother usually remains watchfully in the neighborhood but only
approaches once or twice aday (in some cases only alter dark), and summons the caf
to suckle from a little distance. While the caf suckles, she licks its genitalia and
anus, thereby stimulating it to eliminate metabolic wastes, which she consumes. A
brief activity period follows, after which the caf chooses a new hiding place, watched
intently by the mother, who then again leaves it. While offspring of the hider type can
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be induced to follow during the concealment period (and may do so on their own
initiative), they rarely move at the mother's side like the young of true follower
species (Walther, 1968b; Lent, Paper 1 in this volume)

The main variation in this system is in duration of the concealment period, which lasts
anywhere from a few weeks (Waterbuck—Hanks et al., 1969) to several months (reed-
buck—Jungius, 1970). In social species, the sooner the calf joins the herd and/or a
creche of other calves, the earlier its social life begins. Thereafter it has even less
contact with its mother than before, but tends to spend all its time with its peers apart
from brief interruptions for suckling. The socialization process is thus facilitated by
the formation of age-classes. Since young of the same age are most likely to occur
when there are large herds, a high population density and/or a definite breeding sea-
son, social evolution should proceed most rapidly under these circumstances. It would
appear that the concealment system, while making for a rather weak bond between
mother and offspring, may thereby actually facilitate attachment to the herd. By the
same token, a continuing bond between a female and her offspring would seem
inherently unlikely.

Alone of all antelopes, it seems, Alcelaphini have precocial young, which are able to
run within 10 minutes of birth, show a well-developed following response and accom-
pany their mothers from the time they first gain their feet (Estes, 1966, 1969b). How-
ever, hyenas (Crocuta crocuta) and wild dogs (Lycaon pictus) can easily run down a
newborn calf; its best chance of surviving—just as for hidden offspring—is to escape
the notice of predators. Since the hiding response has been lost, the caf is utterly
dependent on the presence of conspecifics for concealment and protection. Here there
can be no doubt that the herd takes the place of cover. The more animals there are, in
particular the more calves, the harder it becomes for a hyena—the ranking predator
on the young of large antelopes—to single out newborn individuals (Estes, 1967b).
Natural selection thus favors the evolution of a short calving season, which is charac-
teristic of alcelaphines at all latitudes. A short birth peak offers the additional,
better-known advantage of producing more young than predators can handle at one
time, and not enough to sustain a large predator population for the rest of the year.
The evolution of this system can be traced within the tribe, beginning with the harte-
beest, in which the young are concealed (Gosling, 1969—but for a few days at most in
Lichtenstein's hartebeest, according to Mitchell (1965). In sedentary wildebeest and
topi/blesbok populations, the young are completely precocial, but are born in small
herds, where the initial mortality rate may be high (up to 50 percent in Ngorongoro
Crater wildebeeste during the first month—Estes, 1969b). Apparently the system
operates most effectively in migratory populations in which large numbers of cows
foregather on calving grounds outside the range of most of their predators (Kruuk,
1970; Schaller, 1972). Here the mortality rate tends to be much lower (ca. 20 percent
on Ngorongoro calving grounds), although there is a tendency for losses due to separa-
tion of mothers and offspring to increase in such large aggregations as those of the
Serengeti (Talbot and Talbot, 1963).

A rather puzzling aspect of this system is that in Connochaetes and Damaliscus the
newborn are a completely different color from older calves and adults, retaining the
tawny coat seen in varying shades in virtually all savanna antelopes. This hue is well-
adapted to concealment in high grassland, but it makes young wildebeest, topi and
blesbok decidedly conspicuous in the company of older conspecifics. Accordingly a
short peak calving season is really essential to minimize loss due to predation—as the
almost total mortality of early calves in Ngorongoro Crater clearly demonstrates
(Estes, 1969b). One possible explanation is that the system has developed so recently
that there has been no time for the evolution of young that assume the adult coloration
earlier than usual (between the first and second month). Nevertheless it seems to re-
present an advance over the older system and, together with a comparatively early
minimum breeding age, has helped alcelaphine antelopes achieve preeminence in cer-
tains plains ecosystems. Probably, as Ewer (1968) suggests, precocial young repre-
sent an adaptation to migratory habits in this tribe.

Defense against Predators

Females of most antelopes defend their offspring against predators smaller than
themselves, often by direct attack, primarily in response to the young's distress calls.
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Jungius (1970) recounts how a female reedbuck intercepted a dog as it was pursuing
her fawn, jumped over it and kicked at it in passing, which caused it to desist. Another
put a baboon troop to flight, while a Waterbuck cow was courageous enough to chase a
car after its caf was caught and tagged (Spinage, 1969b). A wildebeest cow will turn
and charge hyenas and wild dogs when her calf is overtaken (Estes and Goddard, 1967).
In every case it is the mother that defends; cooperative defense by the herd, a charac-
teristic of the bovine social system, has not developed in antelopes. The nearest
approach to it is the teaming of two gazelle females to defend a hidden fawn against
jackals (Estes, 1967a). Because more than two females are seldom involved, Walther
(1969) believes that the second female is the offspring of the fawn's mother, rather
than the unrelated mother of another nearby fawn. The tendency of most plains ante-
lopes to bunch when approached slowly by wild dogs, and to approach and form a front
while staring at a resting or passing predator, could be interpreted as incipient group
defense, but is hardly to be compared with the mobbing response of cattle or buffalo.

Active defense of the young by antelopes has not evolved beyond the level of the
Cervidae, whose offspring are concealed and tended in much the same manner
(Bubenik, 1965; Lent, Paper 1 of this volume). In the bovines, and also in equids (e.g.
the Plains zebra) group defense goes together with precocial young, making a short
birth season unnecessary.
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Fig. 2. The first bovid radiation (Pilgrim, 1939)

The extraordinary radiation of African bovids from late Pliocene to late Pleistocene,
during which all the present species or their immediate ancestors appeared (Wells
and Cooke, 1956;Cooke, 1968), has been so well documented that the comparatively
ancient lineage of the tribes tends to be overlooked. According to Pilgrim (1939), all
the existing tribes except the Bovini became differentiated during roughly the same
period in the Middle Miocene (Fig. 2). Eotragus was too specialized (compressed horn
cores, boodont molars) to have been the first bovid; it seems rather to have been
ancestral to the Boselaphini/Tragelaphini. The first antelope may well have been
already in existence during the Oligocene, having branched off from common traguloid
ancestors of the ruminants not unlike the surviving water chevrotain (Hyemoschus
aquaticus) of the West African rain forest (Young, 1962).

Thus the first great bovid radiation took place some 20 million years ago, not long
after the spread of grasslands, with the differentiation of antelopes recognizably like
today's tribal representatives. Niche differentiation, including the appropriate type of
social organization, must also date from this period. In short, by the Middle Miocene,
the ancestors of the present dominant savanna and arid-zone antelopes must have
already been living in herds on the open plains. The recent discovery of a Gazella sp.
in Upper Miocene deposits at Ft. Ternan, Kenya (Gentry, 1970), shows that gazelles, at
least, have roamed the arid plains of East Africa for the last 14 million years.
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Despite huge gaps in the African fossil record—notably almost the whole Pliocene—it
is clear that anatomical and behavioral adaptations to the different African biomes
have evolved over a much longer period than is commonly realized. The commitment
to one type of biome or another which is seen in most groups (Fig. 3) dates back to
the differentiation of tribes: the Cephalophini to forest; Tragelaphini and Neotragini to
a variety of forest and bush habitats; the Reduncini to mesic savanna; the Alcelaphini
to acacia savanna, etc.

Fig. 3. Tendency to environmental specialization by tribe and genus

To discover the phylogenetic origins of the basic bovid social organization, it may be
necessary to go back all the way to the traguloid ancestors of the early ruminants.

A North American representative, Hypertragulusmay already have lived in large
herds by the Oligocene, in association with early camels and oreodonts (Colbert, 1969),
while the vicuna (Vicugna vicugna), which is not even a true ruminant, has much the
same social system as most sedentary antelopes, including territorial males, separate
nursery herds and bachelor herds (Koford, 1957; Franklin in Paper 24 of this volume).
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Observations on Home Range and Social _
Organization of L esser Kudu, Tragelaphusimberbis
(Blyth, 1869)

WALTER LEUTHOLD
Tsavo Research Project, Kenya National Parks, P.O. Box 42076, Nairobi

ABSTRACT

Home range and social organization of lesser kudu were studied in the context of a
more comprehensive ecological research project in Tsavo National Park (East),
Kenya. Individual animals could be recognized on the basis of variations in their
natural stripe pattern. Lesser kudu appear to be quite sedentary; individual home
ranges measure around 2 km’, with slight differences between sex and age classes.
Subadult 33 have the largest home ranges; this suggests that they may wander more
than other animals. Small-scale seasonal movements, related to the cyclic changes
in the condition of food plants, enable lesser kudu to make full use of a seasonally
abundant food supply in areas with mostly deciduous vegetation. Group size and com-
position vary considerably, but a large majority of groups consists of 1-4 animals
(average group size over one year was 2.39 and 3.14 in two areas). Small groups
may join temporarily to form larger units; the maximum number of kudu seen together
was 24. Four group types are described and distinguished in the analysis. Pure J-
groups are the smallest on average, including a large proportion of single 33. Mixed
groups, containing 34, % and young, are generally the largest groups; the two other
types (pure @ -groups and 'harem' groups, i.e.$ -groups with one adult 3) are inter-
mediate in size. Larger groups are unstable in composition, but there appear to be
small 'nuclear' groups, consisting of 1-399 (and their surviving offspring), that are
fairly stable over a period of time. When giving birth, 2% tend to leave their group

PLATE 1

L esser kudu, adult male and two females. Note the horns, thick neck and
darker color of the male.
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and live alone with their young for some time, rejoining a ¢ -group later on. Young

43 grow up in their mother's group to about 1%2-2 years of age when they leave it to
become solitary or join other subadult 33. Adult 33 are usually either solitary or
with a @ -group; associations with the latter are, on the whole, temporary only. Home
ranges of several adult §3 may overlap. Two or more adult §3 may utilize the same
area simultaneously, and no defense of area has been found. Their social relationships
are ill-defined and do not readily fit into one of two categories prevalent among bovids;
territoriality or a dominance hierarchy. The possible influences of environment on
the social organization are pointed out. Available information on the social organi-
zations of other Tragelaphus species and the place of the lesser kudu and its allies in
relation to the social organizations of other bovids are discussed.

I. INTRODUCTION

A. Aim of study

Within the multitude of African antelopes the Tragelaphines or 'spiral-horned ante-
lopes' constitute a relatively homogeneous group that has been variously treated as a
tribe ('Strepsicerotini’, Simpson, 1945) or a subfamily ('Tragelaphinae’, e.g. Allen,
1939; for a detailed characterization of the group see Walther; 1964). Except for the
eland (Taurotragus oryx), they all inhabit 'closed habitats' (Dorst and Dandelot, 1970),
1970), i.e. dense bush or forest, or papyrus swamps in the case of the sitatunga
(Tragelaphus spekei). This may be the reason why, apart from some generalities
(e.g., Lydekker, 1926; Astley Maberly, 1960), little is known about the biology of these
species, particularly their spatial requirements and social organization. Only in the
last few years have attempts been made at studying some of these antelopes in their
natural habitats (sitatunga: Owen, 1970; bushbuck, Tragelaphus scriptus: Allsopp, 1971;
mountain nyala, 7. buxtoni: Brown, 1969). Walther (1964) observed the behavior of
several Tragelaphus species in captivity.

The lesser kudu (7Tragelaphus imberbis) is one of the medium-sized members of the
group, with a pronounced sexual dimorphism, adult 33 reaching just over 100 kg in
body weight, 9 being considerably smaller (60-70 kg), hornless and lighter-colored
(Plate 1). The species is endemic to the 'Somali Arid Zone' (Bigalke, 1968), occurring
from the lower areas of Ethiopia through southern Somalia, most of Kenya below

1200 m (Stewart and Stewart, 1963), northeastern Uganda (Karamoja) and much of
Tanzania, reaching its southern limit in the area of the Ruaha National Park (ca. 8° S
lat.). It inhabits the dry bush savanna (Commiphora-Acacia and related types) charac-
teristic of much ot its geographical range and is rarely seen in open country.

In the context of a more comprehensive research project I had the opportunity to
study the social organization of lesser kudu in Tsavo National Park (East), Kenya.
This paper is a preliminary report on results obtained between 1 November 1968 and
30 April 1971. As the study was primarily ecologically oriented and involved work on
other species as well (Leuthold, 1970a, 1971a), only part of my time was devoted to
the sociological aspects. This, coupled with various difficulties in field observation
(see below), has rendered progress of the study relatively slow, and important gaps
remain in the information available to-date. The research is to be continued.

B. Ecological background and study area

Over the past 10-15 years the vegetation of Tsavo National Park (East) has changed
profoundly. The combined effects of heavy utilization by elephants and frequent bush
fires have converted an originally dense dry woodland (Commiphora-Acacia type)
into more open bush and, locally, grassland with scattered trees (Napier Bax and
Sheldrick, 1963; Laws, 1969; Leuthold, 1969). These large-scale vegetation changes
inevitably affect the fauna of the park, and for animals depending on woody plants for
food, cover, etc., the effects are likely to be detrimental. This situation has prompted
various ecological studies, within the framework of the Tsavo Research Project,
among them one on the lesser kudu (Leuthold, 1971b), typically an animal of dense
woodland (Lamprey, 1963).

Figure 1 shows the portion (ca. 4000 km’) of Tsavo National Park (East) lying to the
south of the Galana River, the only permanent river in the park. It includes most of
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the areas in which the transformation of the original vegetation has progressed
farthest. In those, lesser kudu have declined substantially in numbers or disappeared
altogether (Sheldrick, pers. comm.). However, the degree of change varies locally to
a large extent, being highest near permanent water supplies, and considerable areas
still provide suitable kudu habitat.

--~v Road
———~ River . /
-~ ParkBoundary ™~ : !

: pl—

Fig. 1. Southern portion of Tsavo National Park (East)

Roads travelled during road counts
- ——- Other roads not included in counts
w5nn Main Study area

One such area is the immediate vicinity of park headquarters near Voi, including the
slopes of Mzinga Hill and the country adjacent to part of the Voi River (Fig. 2). Being
conveniently located and easily accessible by roads, it was chosen as the main study
area (ca. 30 km?) for detailed observations on ecology and behavior of lesser kudu. In
the west, on the slopes of Mzinga Hill, there is some Commiphora -woodland with a
dense understorey of deciduous shrubs such as Premnn spp., Grewia spp., Bauhinia
taitensis, etc., resembling the original vegetation, though considerable tree destruc-
tion has occurred here lately. To the east of the airfield and along the Aruba Road
(Fig. 2) woody cover has been substantially reduced, the vegetation now being prima-
rily grassland with scattered bush (mostly deciduous) and some large trees (Delonix
elata, Melia volkensii). Along the Voi River there is a belt, 300-500 m wide, of ever-
green bush and riverine forest that offers good cover and food supply throughout the
year and appears to be a preferred kudu habitat. For this very reason, however, con-
ditions in the main study area are not typical of those prevailing in the park as a
whole, and conclusions drawn from observations made in this area may not apply else-
where.
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» Forest

Fig. 2. Main study area

MH = Mzinga Hill VG = Voi Gate (Park entrance)
LFR = Lugard Falls road AF = Airfield
AR = Aruba road VRC = Voi River Circuit

Numbers indicate numbered signposts at road junctions

C. Methods
The study was carried out at two levels of intensity:

1. bi-monthly road counts over a fairly large area (Fig. 1); 2. detailed observations
on the population of the main study area (Fig. 2).

Road counts

In a landrover, driven at about 30 km/h (depending on vegetation type and resultant
visibility), an observer was standing on the seat and looking out of the roof hatch, his
head being about 2. 5 m above ground level. Animals seen from this position were
checked with 10 x 50 binoculars, counted and classified with regard to sex and age
(see below). In this way, some 650 km of park roads in the area south of the Galana
River (Fig. 1) were covered in the course of about a week each time; lesser kudu was
only one of 13 animal species recorded. These counts yielded data on group size and
composition, population structure, and other aspects not considered here.

Sex and age classes
As only male kudu have horns, showing no distinct stages during their development,
classification of animals into age groups is difficult and, by necessity, somewhat
arbitrary. Also, little is known yet on the time taken by the horns to appear and to
reach adult size. Ages attributed to animals in this paper are, therefore, provisional
estimates subject to possible amendments later on.
Sex and age classes (and corresponding abbreviations) used in this paper are the
following:
Adult 33 (33a) = fully grown 33 with thick necks and well-developed horns
(probably mostly >4 years old);

subadult 33 (Jdsa) = young 33 between 3Ja and juvenile 33 (see below). Horns
about half ear-length to near-adult size (estimated ages 1-3% years);
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juvenile 33 (33 j) = young 33 with horns just visible (ca. 7-9 months) to about
half ear-length (ca. 1 year);

adult 29 (?%a) = any 29 not distinctly less than fully grown;
Juvenile 9 (29 j) = 99 distinctly less than fully grown;

juveniles (juv) = young animals, sometimes including 33j;all probably <1 year
old

Detailed sociological observations:

In the main study area (Fig