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AGGRESSVE BEHAVIOR

At any one time during the rut, only a small number of the cows in the herd are
attractive to bulls. The number of attractive cows always seems to be substantially
smaller than the number of mature bulls, consequently there is a good deal of com-
petition between the bulls.

If bison are placed along the reduction-of-fighting-mechanism continuum from com-
pletely territorial to completely dominance organized, they fall very close to the
dominance end. The only space from which they exclude other bison is a small circle
(with aradius of 10 to 25 feet) around a cow they are tending.

Their dominance relationships are established by, and expressed in, four basic
patterns of behavior: (1) fighting, (2) passive avoidance, (3) threats, (4) submissions.

Occasion for fighting

Serious fighting among males has never been observed in animals less than four years
old. The most serious fights occur during the rut, but they are nearly as frequent when
neither bull is tending as when one is tending and the other challenges him. In fact,
bulls frequently abandon a cow they are tending to cross the herd and fight.

Fights tend to occur in clusters concentrated in fairly short periods of time. While
only eight or ten fights will occur in a herd of 35 mature bulls on many days during
the rut, there are periods when the frequency of fights is very high. | call these
periods 'fighting storms'. An example occured one day with about 15 mature bulls in
the part of the herd that was visible. Fighting suddenly grew very intense. This storm
lasted only 22 minutes, but during that time we recorded 12 fights in which 7 different
bulls were involved. The most active bull was involved in 10 of the fights. There were
other fights in this group during this period, but our concentration in identifying the
individuals involved in previous fights precluded our recording of them.

The forms of fighting

The energy that bison use in overcoming one another during fights is transmitted by
the head in one of two basic ways.

The first is by a straight push, lunge or charge in which one animal simply sets his
head straight in front of his body and moves into the other with an impact that depends
upon his rate of movement. The contact can occur at speeds ranging from a slow walk
to afull gallop. Most such impacts are a result of a short charge or lunge in which the
animal is at a walk or dead standstill only a few feet from the opponent and acceler-
ates from that position. The special morphological features of the male, and especi-
aly the thick cushion of hair on the front of the head, absorb the shock of these
contacts very well, even when it occurs at a full gallop. | have seen abull take the
impact of a galloping charge squarely while standing still, slide backward ten to

fifteen feet, counter-attack immediately, and win the fight.

The other basic way of transmitting energy to the other animal is by 'hooking'. In
hooking the animal starts with his head substantially to one side (usually about 45
degrees away from the direct line of his body) and uses the muscles of his head and
neck combined with a side-ways thrust of his forelegs to accelerate his head and slam
his horn or forehead into his opponent. The force of these hooking attacks can be very
substantial. This is most clearly demonstrated when the hook contains a strong up-
ward component. The force of such blows can lift the opponent's forefeet from the
ground.

A particular fight is not confined to either of these strategies, but often includes a
mix of them. Blows are almost never delivered to any part of the opponent other than
the head. Much of this localization of impact is accounted for by the fact that the
opponent maneuvers to intercept the attacks with his head, but it is also true that when
an opponent's flank or side is exposed the bull with the advantage frequently stops his
attack at that point and shifts to a position in which he can again direct his attack
toward the opponent's head. Occasionally, however, he presses home the attack when
the opponent is vulnerable and rather frequently pierces the opponent's rib cage or
abdomen with a horn. Serious injury and death are likely to result.
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Since fighting represents such a high level of energy expenditure and risk, it is not
surprising that behavior patterns that can settle disputes in the absence of fighting, or
terminate fights without damage, are rather well developed. There are two basic ways
of resolving conflicts without fighting: passive avoidance and signalling.

Passive avoidance

Passive avoidance is the behavior which is most commonly substituted for fighting.
The phrase refers to those occasions when one bull simply yields to another without
fighting or challenging. Passive avoidance may take place while the approaching
animal is still at some distance (e.g., when a tending bull leaves quietly well before
his challenger arrives.) The challenger is identified as such by means of behaviors
which seem classifiable as threats since they frequently precede the initiation of
fighting.

THREATS

Auditory threats

Of several such behaviors, the one that operates from the greatest distance is an
exchange of bellows between two bulls. The bellow is emitted only by mature bulls
and resembles a lion's roar. An exchange of such bellows may take place between a
pair of tending bulls, a pair of bulls in which one is tending and one is alone, two bulls
both of which are alone, or among several bulls. Bulls two hundred yards apart and
out of sight of each other may exchange bellows. Exchanges of bellows may simply
stop after a while but frequently bellowing bulls approach each other. Occasionally a
bull will break off atending relationship to get closer to a bull with whom he has been
exchanging bellows.

There are two other auditory stimuli produced only by mature male bulls and only in
aggressive situations: snorting and stamping. Both occur as accompaniment to the
walk of a challenging bull, and frequently these behaviors occur together. A challeng-
ing bull often walks stiffly (‘hesitation walks', McHugh, 1958) and brings his front feet
down hard (stamping). He may also expel his breath explosively through his nostrils
(snorting). Either of these behaviors can occur without the other, but when they occur
together (as they often do) they are timed so that the moment of expulsion of breath
and moment of impact of the feet coincide. The snort may alternate with bellows
without the walk changing.

Stamping produces a sound on many surfaces, and when seen from the front enhances
the advancing bull's movement and size by increasing the motion of the pantaloons
which surround his front legs. The snort may be a specialized exaggeration of a
sound made by many bison under other circumstances. Investigation of a new object
by bison often includes substantial snuffing—inhaling deeply through the nostrils and
then expelling the breath through the nostrils quickly and rather explosively. The
snort of the bull bison appears to be an elaboration of this investigatory breathing
pattern that has taken on communicative significance.

Pawing and wallowing

A comfort behavior which often occurs during aggressive behavior of mature males
is wallowing. During much of the summer large areas of a bison's coat are heavily
infused with dust; the result of wallowing. Wallowing occurs in special areas where
the bisons have torn the sod from the ground with their horns. The exposed soil is
stirred several inches deep by horning and dried to the consistency of flour. The size
of wallows ranges from a rough oval a minimum of six feet across on the long axis, to
areas of widely variable form eight to ten times as large. All bison wallow: they walk
into the wallow, frequently paw or horn the loose dirt and then lie down on their sides
and roll laterally toward the top of their back, usually throwing loose dirt up onto their
belly with their forelegs as they do. They may wallow on one side, or both sides but
contrary to some reports (e.g.,Garretson, 1938) | have never seen adult bison roll
from side to side on their backs. The loose dust which this behavior packs into the
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animal's coat greatly reduces the suitability of the coat as a habitat for insects. Con-
sequently, bison are often relatively undisturbed by insects in areas where domestic
cattle are seriously harassed.

Contending bulls sometimes paw loose dirt up toward their bellies with their forefeet.
In addition, they may wallow. Wallowing during these interchanges takes place in an
already established wallow if one is convenient. If not, a male frequently makes one
or two passes through the sod with a horn, throws himself down on one side and goes
through wallowing motions. Without any loose dust this behavior cannot serve the
normal function of wallowing. Occasionally a bull urinates into the wallow before
wallowing. One of the animals may move away either during or after wallowing, but
the interaction usually continues past wallowing, and wallowing is far from universal
in threat interactions. Threats other than bellowing, stamping, snorting and wallowing
generally take one of three clearly distinguishable forms of postural display.

Head-on threat

This form of threat is simply a head-on approach indistinguishable from the prelimin-
ary movements of a charge. This approach can be varied in rate all the way from a
standstill to a gallop but usually occurs at a slow walk. A variant is the lunge in which
the aggressor rushes one or two bounds towards his opponent with his head down and
nose tucked back as if in a full charge but stops abruptly short of the other animal

and tosses his head up. Lunges always seem to be directed toward clearly subordinate
animals. During lunges and head-on threats the tail is often held high in the air, like a
living question mark.

Nod threat

This kind of threat interaction usually develops from a head-on approach but occasion-
ally develops from a broad-side threat interaction (which will be described later).
The two animals approach very close to one another then stop with their bodies
oriented toward one another, and their heads swung to one side (either the same or
opposite sides) and held fairly high. At intervals varying from a few seconds to one
minute, both animals abruptly swing their heads down and then back up again in a
matched movement. The interaction may go on like this for several minutes and can
be terminated either by a submission signal (to be described later) or fighting. If the
animals fight the contact is initiated while the heads are low and to one side. The
initial blow in a fight that starts in this position is a hook to the opponent's head. The
bulls are standing so close together that this blow can reach the opponent without
either animal moving its feet and the opponent nearly always intercepts the hook with
a corresponding hooking movement. A fight preceded by nod-threatening is frequently
interupted by bouts of nod-threatening. Once contact has occurred the attack may
take other forms. The posture and movement of a nod-threat are illustrated in Fig. 5.
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Fig. 5. Nod-threat. The solid lines show the high point of the
up-swing and the dotted lines the low point of the down-
swing. In the latter position the bull's beard rests on
the ground.
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Broadside threat

This threat pattern seems to come closer to the classical concept of a display than
any other behavior in the repertoire of bison. Threatening animals stand broadside to
their opponent at a distance of 10 to 25 feet. The neck is not bent at all. The head and
body form an absolutely straight line and the head is carried at about the elevation
normally associated with walking or a little higher. Bulls often bellow during a
broadside threat. When they do their back arches, their belly lifts, and their head
lowers a few inches, but without turning or swinging laterally. If the opponent moves
away, the aggressor may move to reestablish the broadside orientation. Such re-
orientations are made with a slow, stiff walk. If both males are threatening they stand
parallel to each other facing either in the same or opposite directions. The direction
of facing seems to be entirely determined by the direction in which the animals have
approached each other. While animals in a head-on approach often have their tails
high in the air, animals in broadside threat rarely elevate their tails, and in fact,
usually stop the normal tail swinging of animals chasing flies from their anus. A
broadside threat is illustrated in Fig. 6.
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Fig. 6. Broadside threat. As the bull bellows his belly lifts,
his head is depressed slightly and the tip of his tongue
curls up to touch the roof of his mouth.

SUBMISSION

Submission signals

Both threats and fights are terminated by a submission signal from the opponent.
There is no unvarying postural or vocal signal; instead there is a long gradation of
postures and movements which carry the bulk of the submission signalling burden.
This signal appears to be derived from turning and moving away and varies all the
way from the minimum of swinging the head and neck aside, to actually turning away
and running. A variant of this signal is a sequence in which the retreating animal
backs directly away from the opponent swinging his head quickly from one side to the
other. This movement may be repeated a number of times resulting in a series of
movements somewhat analogous to a man shaking his head 'no'.

Submission during a broadside threat interaction is a special problem, because of the
close relationship between the broadside threat posture and the submission or with-
drawal signal that terminates other aggressive interactions. The submitting animal
can, and often does, shift out of the parallel relationship by walking or turning away.

It is possible, however, for him to withdraw from the threat interaction without shifting
out of the parallel orientation. To do so he initiates the only other submission signal
in the repetoire of the mature male bison: he drops his head to a grazing position and
often begins to graze. The grazing that occurs as a submission signal usually in-
volves the eating of a few mouthfuls of grass and then stopping, whereas an ordinary
grazing bout lasts substantially longer.
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Reaction of winner to submission signals

The most common response of awinning bull to a submission signal is to break off
the interaction and go about his business. But a surprisingly common response,
especially at the termination of a broadside interaction, is to make a mounting inten-
tion movement, often complete with the panting vocalization.

The occurrence of the mounting intention in this context has been described previously
(Egerton, 1962) and interpreted as a threat behavior. However, it rarely occurs before
the opponent starts to submit and in view of this timing it may be better interpreted
as a response of the winning animal to the submission of the loser. Its significance in
this situation seems quite unclear. One is tempted to think that perhaps it has no
signal value at all, but simply indicates that a submitting male elicits some of the
same reactions from a dominant male as does a female. This behavior does, however,
frequently stimulate a response by the losing male. He is likely either to accelerate
his departure or begin to threaten again himself.

Another less frequent response by the winner is to go to a wallow, urinate and then
roll in it.

Dominance relationships

The stability and consistency of the dominance relationships of bison have been studied
by McHugh (1958) and Egerton (1962). Both these studies reported on the structure of
small groups of animals: McHugh studied a herd of 16 with two mature bulls and
Egerton studied a herd of 25 with four mature bulls. Moreover, dominance interac-
tions were probably exaggerated in both herds by the fact that they were confined to
small areas and fed in troughs part of the time.

Both reports indicated very stable relationships. McHugh reported no reversals
between the two mature bulls in his herd while Egerton reported only 6% reversals
(involving only one pair of animals) among the four mature bulls in the herd. Neither
study reported triangles among the mature bulls.

I recently studied the dominance relationships of mature bulls in a breeding herd con-
taining 35 mature bulls on the National Bison Range. The resulting dominance re-
lationships were rather less consistent than those reported in the previous studies.
Reversals accounted for 12% of the outcomes of aggressive interactions and there
were a number of triangles.

DISCUSSON: (a) SEXUAL BEHAVIOR

The description of Bison hison sexual behavior reported here is quite similar to the
description by McHugh (1958) and is also similar to Jaczewski's (1958) description of
sexual behavior in Bison bonasus, differing primarily in that B. bonasus cows are
described as typically standing for repeated copulations while B. bison cows rarely do.

The sexual behavior of B. bison is also similar to that of domestic cattle (Schloeth,
1961). There are, however, some significant differences. Domestic cows ordinarily
stand quietly during copulation; B. bison cows rarely do. Also, domestic cows usually
stand for repeated service while B. bison rarely do. Finally, tending pairs of domestic
cattle usually stand parallel and head-to-tail, while B. bison stand parallel and head-to-
head as does the Gaur Bos gaurus (Schaller, 1967). Fraser (1968) has suggested the
head-to-tail relationship facilitates maximal pheromonal stimulation between the pair.
The head-to-head stance of bison would lack that characteristic, but may have develop-
ed to keep the bull ready to intercept the frequent movement of the cow.

() AGGRESSVE BEHAVIOR

Dominance

The dominance relations among the 35 mature bulls studied here are less stable than
in previous studies of bison (McHugh, 1958; Egerton, 1962) or domestic cattle (Schein
and Fohrman, 1955). There are several possible reasons for this.
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The first is that the animals do not know each other as well. In contrast to the earlier
studies, the subjects of the study had a range of several square miles. The amount of
area available, combined with the generally asocial behavior of mature males, would
lead to a small number of contacts outside the breeding season. Moreover, those con-
tacts that did occur would generally be neutral because, again in contrast to the
previous studies, there was no supplemental feeding of this population. Supplemental
feeding, with its dual consequences of crowding and competition over a limited re-
source, greatly increases interaction and the development of strong dominance
relationships.

Another probable cause of the relatively instable and inconsistent dominance relations
reported here is the larger number of animals in a single age-sex class. This means
that there will be more of the very small differences in size, strength, experience

and aggressiveness that lead to reversals.

The final factor, especially in accounting for the inconsistencies (triangles) in domin-
ance relations, are the fighting storms. Fighting a long series of rivals in a short
period of time could easily lead to a loss to a lesser fighter through temporary
factors such as fatigue or injury. If dominance relations established through wins and
losses in fighting are challenged only occasionally one would expect a number of
triangular relationships.

All the differences between the present study and the studies it is compared with
above, are in a direction that makes the present study more relevant to the behavior
of bison in their natural state. The fact that the dominance organization observed

is weaker than previously reported raises questions about the degree to which this
organizational principal operated in natural populations of bison. Studies of the home
range of unrestricted bison become invaluable here.

Threats

Geist (1964) has suggested that the threat behaviour of artiodactyls can be classified
in three main categories: (1) rush threat, (2) weapons threat, (3) present threat. The
threat behavior of the mature male American bison fits into such a classification
scheme fairly comfortably, with some modification required to include everything.
Some behavior appears to fall into both the rush threat and weapons threat cate-
gories. Thisis primarily because bison so commonly fight with a head-on attack

that a straight-ahead approach necessarily involves a weapon presentation. More-
over, there appears to be some display features in the head-on approach. One of them
is the auditory accompaniment of a slow head-on approach which often includes bellow-
ing, stamping and snorting. It is possible that characteristics of these sounds corre-
late well with the size of the particular animal and thus could present size informa-
tion in the same way as the broadside display.

The broadside threat display fits very comfortably into the 'present threat' category.
The widespread occurrence of this display in bovids is documented in reviews by
Schloeth (1958) and Geist (1966). Schaller (1967) describes it in detail in Bos gaurus.
It is interesting to note that in bison the broadside stance not only displays the bull's
overall size and his weapons, but also displays the depth of the shock absorbing hair
on the forehead.

Signalling submission by turning away in varying degrees of completeness is a charac-
teristic shared with domestic cattle (Schloeth, 1958). Schloeth also notes that a sub-
mitting bull is likely to engage in a brief bout of grazing immediately upon submitting.

The tendency of males to roll in a wallow, after urinating in it either before or after
winning an agressive encounter, seems to be difficult to interpret. Marking objects
or locations with urine is reported in a number of species and is assumed to have a
territorial function. A number of primates soak the palmar surfaces of their hands
and feet with urine (Andrews, 1963) but the assumed function of this behavior is to
mark the surfaces that the animals will later walk on, thus being simply another
mechanism for territorial marking. Since American bison are not territorial this
behavior cannot have a territorial function for them.

Hediger (1968) provides a highly detailed description of European bison bulls wallow-
ing in their own urine, then marking trees as territorial boundaries by rubbing their
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urine-wetted hump against them. Other detailed descriptions of the behavior of
European bison (e.g., Jaczewski, 1958) mention neither territoriality nor rolling in
urine-wetted wallows. Schloeth (1958) cites Hediger's statement about European
bison and adds that Garretson (1938) reports that American bison bulls sometimes
roll in wallows after urinating in them. (I have reexamined Garretson's writing very
carefully without being able to confirm Schloeth's attribution). He also explicitly
denies the occurrence of such behaviour in Bos tanrus.

Getting fresh urine in the hair is also reported in other ungulates.

Among other reports Espmark (1964) reports that in Rangifer tarandus L. rutting
bulls urinate on their hind legs, and Lent (1965) reported the same phenomenon in
Rangifer tarandus groenlandicus. Schaller (1967) observed a rutting male hog deer
(Axis porcinus) twice urinate on a spot before lying down in it. McCullough (1969)
reported that bull tule elk spray urine on their bellies during the breeding season,
and Propst (1971) reports that billies among the feral goats on Catalina Island,
California, urinate on their beards at |least part of the year. Miiller-Schwarz (1971)
reports that both sexes and all ages of black-tailed deer urinate on their legs and
rub them together.

Espmark (1964) interprets this behaviour as serving to mark a 'moving territory"
with the bull as its center and only reference point. This use of the concept of terri-
tory has the unusual feature of making the defender and the thing defended (and there-
fore the possessor and the thing possessed) identical.

Lent (1965) takes a different, tack, suggesting that the tended cow marks the center

of a moving territory and is the thing defended. This use of territory has the un-
usual feature of making the thing defended different from the thing marked, and the
territory not only able to change location when a tended cow moves, but able to change
identity when the tending bull shifts his attention to a different cow.

McCullough (1969) argues that the function of this behavior in tule elk is to communi-
cate the bull's physical condition to potential rivals, via the odor of the metabolites
in the urine. (As a busy, non-feeding harem bull's condition declines through the rut
the odor of his urine would change correspondingly: rivals would attack when the odor
indicated a weakened bull.) This is a most stimulating and ingenious hypothesis but

at the present time there is no evidence for a key link in the chain of reasoning,
namely that rivals do in fact respond to the change in the odor of the harem bull's
urine. It would be possible, though not easy, to test this link experimentally and the
hypothesis seems well worth the effort.

One alternative, or perhaps additional function self-marking might serve (at least in
bison) is to permit or facilitate individual recognition in low light. There is a good
deal of nocturnal activity in bison during the rut. Perhaps the odor of the bull's urine
permits him to use pre-established dominance relations more effectively in the dark.
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Rutting Behaviour of Newfoundland Caribou

A.T.Bergerud
Biology Department, University of Victoria, Victoria, British Columbia, Canada.

ABSTRACT

The breeding behaviour of caribou (Rangifer tarandus) in Newfoundland was studied
during the fall rutting season for 10 years. Prior to the rut males and females were
mostly segregated. In mid-September there was a fall shuffle in which stags joined
female groups. The week prior to actual breeding animals banded together in small
companies, usually with only one dominant stag present. In this pre-rut period there
was considerable agonistic behaviour between males and between males and females.
It is believed the function of this behaviour was to establish dominance relations prior
to actual breeding. Common breeding displays seen in this period and described in
the paper include: bush gazing, bush thrashing, hock rubbing, mock battles, dominance
battles, sparring and rearing, and flailing. During the actual rut (October 8-18) fe-
males that were in heat were tended by males; the males courted and tested the fe-
males by a vacuum-licking display called slurping. Large-antlered stags did most
of the breeding. It is hypothesized that the force of natural selection declines more
rapidly with age in males than in females because older males are not permitted to
breed females. If this hypothesis is valid it would suggest that males grow older
faster than females, and there is a preponderance of females in caribou populations
because males reach senility at an earlier age than females.

INTRODUCTION

The Wildlife Division of the Newfoundland Provincial Government studied fall breed-
ing behaviour of caribou (Rangifer tarandus) in Newfoundland for 10 years (below).
In addition, the behaviour of a captive herd (5 or 6 animals) were observed for three
years. Also | visited Mr. Albert on the Gaspé Peninsula of Quebec to watch caribou
in September and October, 1959.

Years and study areas

1952 Sandy Lake, Badger (Fig. 1)

1956 Avalon Penisula and Sandy Lake, Badger

1957 Sandy Lake, Badger

1958 Sandy Lake, Badger

1959 Sandy Lake, Badger, Mt. Albert, Quebec

1960 Avaon Peninsula, Captive herd

1961 Sandy Lake, Badger, Captive herd

1962 Sandy Lake, Badger, Brunette Island, Captive herd

1963 Sandy Lake, Badger,

1964 Sandy Lake, Badger
The habitat at Sandy Lake consisted mostly of open landscapes with extensive areas
of sedge marshes and Subalpine dry barrens. Also there were some 'islands' of

closed canopy forest and some lichen woodland stands. The lichen woodlands con-
sisted of thinly-scattered forests of open-grown and unpruned conifers surrounded at

395
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Fig. 1. The study area at Sandy Lake, Badger. Large arrows indi-
cate direction of fall shuffle.

ground level with Cladonia lichens (see Bergerud, 1971a, Fig. 2 and Bergerud, 1971b,
frontispiece). The tree cover on the Avalon Peninsula was composed of islands of
closed-canopy conifers surrounded by large bogs (see Bergerud, 1971b, Fig. 19).

A description of Brunette Island is found in Mercer (1966). The Brunette study in-
volved only 10 animals. Nine wild does were introduced to the Island in June, 1962,
and a hand-reared stag (4% years-old) was released in September, 1962, to breed the
females.

The primary technique was the continued and undisturbed field observations of breed-
ing caribou for approximately 500 man days. | drew two-dimensional antler diagrams
with the aid of a 20 x spotting scope to recognize individuals. For stag classifications
| used face profile and antler size to distinguish yearlings, 2-year-old stags, and
senile stags (showing regressing antlers based on characteristics of beams spindly,
few points and asymmetry).
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HERD STRUCTURE

Fall shuffle

In both the Sandy Lake and Avalon Peninsula study areas, males were partly segreta-
ted from females during the summer; they used more timbered areas while females
visited more open habitats. Normally, insect harassment eased about mid-September
and the males left their summer haunts and moved towards open country and the
females (Fig. 1). Counts made of males and females in the transition zone between the
forests and the open barrens were biased towards males (Table 1).

TABLE 1. COMPARISON OF THE PERCENTAGE OF MALES SEEN BETWEEN
AGGREGATION PERIOD AND THE TOTAL SEX RATIO WITH HERD
STRUCTURE DURING BREEDING.

Percentage of Adult Males

Total Total

Adults Fall Pre- The  Post- Sex Ratio* Herd
Year in Sample  Shuffle  Rut Rut  Rut 3/100Q Structuref
1952 290 - - - - 48 RC
1956 164 - - 36 28 33 RC&MH
1957 826 47 33 48 31 35 MH
1958 453 48 33 42 - 37 RC & MH
1959 302 39 31 39 - A RC & MH
1960t 142 - - 37 - 37 RC & MH
1962 376 29 25 42 33 29 MH
1963 180 - - 26 - 26 MH
1964 138 - 31 27 - 27 MH

* Sex ratio for all 4 aggregation periods.
T The Avalon Peninsula Herd; other years for Sandy Lake, Badger.
¥ RC = Rutting Company

MH = Mating Herd

The first observation of does and stags together in 1957 was on September 15 when
two stags had joined a group of females and were sparring. The next day a medium
and alarge stag were chasing does.

In 1958 a stag that had been solitary all summer first joined two does on September
16 (Bergerud, 1972). An aerial survey the next day showed 15 single stags, 25 single
does, 18 groups of 2 or 3 females and 12 companies with both males and females.
Two stags were sparring.

Earlier in the century Millais (1907) said stags were in the timber along the Garder
River on September 14, 1903, and said it would be a fortnight before they joined the
does on the open marshes. In 1905 Millais found the males still in timber as late as
September 25 and attributed their late emergence to the severe winter of 1904-05
which he felt delayed sexual development and retarded antler growth.

Pre-rut

The animals in the pre-rut period (defined as October 1-8) were usually associated
in small groups (2 to 20 animals) in which one stag was active investigating and herd-
ing females and threatening subordinate stags; the group had one obvious dominant
male. | call such groups rutting companies. These aggregations were not harems
(cf. Espmark, 1964a). Seldom were the same animals seen together on subsequent
sightings. An individual was not a member of any specific social group. A common
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sequence was for a large antlered male to join a group of females. For a time he
would be active herding and threatening. But such bouts of activity were not con-
tinuous. Eventually he might leave the group, presumably to seek out females else-
where; he might simply get left behind by the group while he was resting. The doe
group might then separate into subcomponents and meet other female parties and
associate with other males.

Usually there were many pre-rutting companies quite near each other (Fig. 2). The
nearest adjacent cluster of companies might be 20+ miles distance. | suspect that
many of the animals in such a concentration, especially the males, became familiar
with each other through interactions in the pre-rut interval. Perhaps these concen-
trations qualify as demes.

KEY |
NUMBERS REPRESENT ¢ MAP

TOTAL CARIBOU IN > i
ANY GROUP :

O)

7¥29
@8

SCALE OF MILES
MILE 1 2 ¢] 12 | MILE

Fig. 2. Typical spatial distribution of animals on October 2. Con-
ceivably all these animals could unite in one herd in the
mating interval October 9-18.

Most of the single animals in this period (Fig. 2) were: (1) large antlered, sexualy
active stags that were moving between doe groups (Fig. 3) called 'travelling stags'
(Millais, 1907); (2) small antlered stags (satellite or bachelor stags) that usually
kept their distance from groups that were dominated by a large stag; and (3) senile
stags with regressed antlers that took little interest in breeding activities.
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The 'travelling stag' component included both stags seen to dominate other males in
serious fights and stags that were defeated. | do not imply that these latter animals
were of inferior physical status. In fact, they represented the sexually most active

stags. At one moment they were in charge of a group of females; later they were on

their way to find other females.

Fig. 3. A travelling stag searching for does. He is panting (vocalization
of aroused mature male).

—

Fig.4 A mating herd of caribou with several large stags. Note difference
in wariness between males and females-0 of 4 males alert (in-
cluding a male calf), whereas 5 of 6 females alert. Senile stag at

left is 'bush-gazing'.
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The travelling stags' located caribou groups by orientating on the sounds of stags
clashing antlers, beating trees, and vocalizing. Also they tracked herds. We followed
one stag that visited the exact site where a herd had been the previous day. He low-
ered his head, scented the ground and then followed the scent of the herd until he came
up with them one mile away. The more | studied these animals the more | felt they
knew each other and knew where to find each other.

There was usually only one dominant stag per small aggregation. However, in groups
of 20 or more animals there were at times several large stags (Fig. 4). It was not
always obvious if one stag was in command of the group.

Between years (based on three rutting seasons) there was a significant difference in
the number of females associated with large, medium and small stags; there were

TABLE 2. HERD STRUCTURE IN THE PRE-RUT INTERVAL COMPARED IN
THREE YEARS.

Number of Number of Average Per cent

Year seen, Companies Satellite Males Number of Females
Size of in per Company Females per in
Dominant Male Sample Small Med.-Large Company Company
1952

Large 12 17 0.7 4.2 55

Medium 10 0.8 0.1 2.7 30

Small 5 0.2 - 2.4 15
1958

Large 28 - 0.3 31 91

Medium 6 - - 15 9

Small * - - - -
1959

Large 9 - 10 4.8 31

Medium 28 .04 - 33 67

Small 1* - - 2.0 2

* Very few young stags in populations because of high caf mortality in 1956 and 1957
(Bergerud, 1971b)

TABLE 3. ASSOCIATION OF STAGS AND DOES DURING THE FALL AT SANDY

LAKE

Total Percentage of Animals

Caribou 33with¢? Rewithg 3 Average Size
Dates Observed 57.58 59 56 57-58 59 of Herds
September 24-30 77 39 - - 52 50 2.3
October 1-8 1301 72 52 - 0 68 4.1
October 9-18 913 95 52 97 95 96 10.0
October 19-25 609 91 - 88 95 - 58
October 26-31 796 88 - - 85 - 55
November 1-14 411 86 - - 74 - 54

November 15-30 728 62 - - 4 - 59
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more females per group where a large stag was present than when a medium or small
stag was present (Table 2). Large stags were vocalizing and thrashing trees more
often than were the young stags. These sounds advertized their presence and we
observed females frequently joining such groups. Secondly, the large stags appeared
better able to control the straying of females. We made observations in which small
stags could not prevent females from leaving their rutting companies.

The average number of animals per group in October increased over the years 1957
to 1967 (Bergerud, 1972). This increase was concomitant with a decline in males

per females from 1 to 2 in 1957,t0 1 to 4 in 1967 (Bergerud, 1971b). Since females
invariably initiate movement in rutting companies and lead such groups, they should
have been responsible for the increase in herd size with a decline in males. Females
sought males when approaching estrus and in heat (latter section). They were agonis-
tic towards other females who approached them while they were being tended. With

a reduction in the number of stags, pre-estrus females would likely be more mobile.
This could lead to larger herds.

The intensity of the pre-rutting activities of males seemed to vary between years.
In 1957 and 1958 most of the males were associated with the females in the period
October 1-8 (Table 3). However, in 1959 many stags were seen that were not with
females.

The entire tempo of sexual activity seemed reduced in 1959 compared to 1957 and
1958. Further, in 1957 and 1958 most of the stags seen had large antlers, whereas in
1959 most of the males seen had medium antlers (see Table 16). The winter of 1957-
58 was one of the mildest on record for Newfoundland; in contrast, the winter of 1958-
59 was one of the most severe (Bergerud, 1971b, Fig. 6). Perhaps winter nutrition
played a role in the physical conditions and sexual activity of males, as suggested by
Millais in 1907.

However, even in 1959 most of the females were associated with males in the breed-
ing period, October 9-18 (Table 3), and 91% of the females gave birth to calves the
following spring (Bergerud, 1971b).

The most distinctive feature of the pre-rut period was that many animals met and
interacted, somewhat analogous to a 'get-acquainted social affair.' The large sexually
active stags 'made-the-rounds' and visited many temporary groupings of does.
Agonistic behaviour was frequent between stags and between does and stags.

These interactions probably established dominance relations between males as well
as between males and females. The actual breeding period was brief, lasting from
October 9-18. This left little time for sorting out status.

Another possible function of the accelerated rate of interaction in this period is that
it may have synchronized heat in females. The caribou in captivity came into true
heat each year (1960, 1961 and 1962) about October 25, approximately 10-11 days after
the breeding period in the wild. However, the captive animals appeared to experience
a silent heat on the same date that wild animals were being bred (Bergerud, 1961).
Social stimulation (possibly also mobility) may play some role in the maturation of
psychological heat with physiological heat so that they both occur simultaneously.

Rutting period

The herds increased in size just prior to breeding (breeding interval, October 9-18).
In some years females joined into large herds in which a single male could not pre-
vent the many other large males from associating with the females; | call these
mating herds. In other years the does did not combine in large herds (Table 1) and
the herd structure resembled that during the pre-rut period. If there were many
stags in the population, rutting companies, not mating herds, were the rule (Table 4).

The formation of a mating herd was observed on October 5, 1957. Six caribou met a
company of 21 animals. The master stag of the smaller group became defeated in an
ensuing fight. On October 6 the group had increased to 52 caribou with 5 large stags.
The herd was no longer one stag's domain. All of the large stags 'tolerated' the
presence of each other but were 'on guard' when passing, tilting their antlers towards
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TABLE 4. ACTIVITY OF KNOWN INDIVIDUALS OCTOBER 5-6, 1957.

October 5

Rutting Compay No. 1 (6 caribou) Rutting Compary No. 2 (21 caribou)

Stag #41 active "panting” and following Large stag #49 active "panting”
does. Individuals include large stag, and chasing does and other stags.
#41, does 42, 43, 44, 1 anterless doe rITr]1Eg|V|duals #r%(ilude alstlag #49,46

i um st , smal stags
and 1 yearling doe ol 50, clogs 45, 47,48, doo 1
calf, 2 yearling does, 11
antlerless does.

Rutting companies meat and stags 41 ad 49 fight (49 defeated).
Rutting companies travel together #49 quiet and #41 active "panting".
Large stag #52 joins herd.

#41 moves towards #52 but #52 turns aside.

Herds separate at dark with mog of the animals moving on. #41 remans
behind, chasing 43 so that she remains behind.

Continue moving, stags #49, 52, 51, Reman behind #41, 43, 44, 46,
50 and does 42, 45, 48 and others. 47, doe 1 calf, 40, 2 yearling
does, 3 antlerless does.

October 6
#52 leaves group

Ru_ttir;(r; companies together with the addition of a 3rd gfroup_ (total 45
animals). Vey large naw stag #65. #49, 41 and 62 all active.

Vi large stag #54 joins herd
h%ng? %vith E%gsmallJ stags
Ct. .

Upn Joining herd #54 pushes with #51, #65 comes to medt #4 but no

battle, #54 approaches #41 but #41 turns aside, #4 locks antlers with

#62 but #062 gives up immediately, #4 and #49 lock antlers and fight hard—
#4 wins. Stags active all day chasing and panting.

their rival. On October 8 another group joined them and the dominant stag of this
group was defeated by a stag from the mating herd. The next day the herd grew to
76 animals as part of the original herd met another mating group. Two stags

fought on this occasion. By October 11 there were 176 animals. By that time the
stags were paying little heed to each other and were intent on chasing females; the
accelerated action of the animals precluded any further note taking. | have never
since observed such a frantic period. It was obvious that many does were approaching
heat simultaneously (note brief calving interval in 1958, in Bergerud, 1972, Table 3).
When the herd was visited on October 14 activity had slackened appreciably and
breeding was in progress. By October 16 the herd was reduced to 60 animals with
only two copulations recorded throughout the day. A considerable daily turnover of
members was evident from changing sex ratios during the day and from different
total counts of 113, 67, 94 and 88 animals. There were still many animals nearby, but

they were scattering.

The formation of the mating herd at Sandy Lake in 1958 happened almost overnight.
During the first week of October several rutting companies were encountered daily.
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On October 8 three rutting companies were watched. The next day the caribou were
gone. The only animals found in a day's walk were five travelling stags searching for
females. The same day an assistant located the mating herd of 84 animals 3.5 miles
from where the rutting companies were the prior day.

An island-wide aerial survey on October 13 and 14, 1958, days in which many females
were bred, showed animals in the following groupings:

1. 9 single animals, 1.3 per cent

17 rutting companies
Mean size 4.8 animals, 16.5 per cent

3. 7 mating herds (294 caribou), 42.2 per cent

4. 4 clusters of rutting companies, each concentration limited to less than
16 sg. miles (279 animals), 40.0 per cent

In 1959 a small mating herd of 40 animals was seen October 8. Prior to that date only
rutting companies had been seen. Another mating herd was seen October 11 (20
animals with 5 large stags). All the animals did not join mating herds at Sandy Lake
in 1959 asin 1957 and 1958. Again in 1956, L. Tuck (Canadian Wildlife Service Officer)
reported a similar herd division at Sandy Lake. On October 12 he watched a mating
herd of 73 caribou, including 15 large stags; and the same day he saw three rutting
companies.

Post-rut

The mating herds disbanded each year after October 17. Superficially the groups in
the post-rut period resembled the pre-rut groups. Often there was only one large
stag per company. The stag was quiet and did not chase and herd subordinate males.
No increase in the herd size was found in October 26-31, 1958, when some breeding
occurred (likely a second estrus). Some segratation of the sexes occurred in Novem-
ber, but many of the stags remained with does throughout the winter (Bergerud, 1972,
Table 2).

AGONISTIC BEHAVIOUR

The herd structure of caribou is quite open (cf. Lent, 1965). Females were always
permitted to join herds. Stags were able to join large mating herds but were frequent-
ly unable to associate with does if they were in small rutting companies in which a
dominant stag was active. Although herd structure was open, we did note a number of
agonistic displays both within and between the two sexes.

Threat behaviour of large stags

The most common threat was the antler presentation of stags. If the threat was ad-
dressed to a small stag (presumably a subordinate) or to a doe, the presentation was
abrief tilting down of the head.

The frontal view seemed a consistent component. Large males had white shoulders
and mane and a dark face (Fig. 3). A sudden dichromatism resulted when a threatening
stag turned quickly head on and lowered his head so that the antlers and dark face
contrasted against the white mane (see sketch in Pruitt, 1960, p. 8). The long neck
mane would exaggerate the size of the animal from the front. Thus, the dimorphic
sexua coloration may function both for sex recognition and intimidation. The mane
is not as noticeable in small stags and is poorly developed in yearlings.

If athreatening stag was sufficiently aroused he might follow the antler presentation
with a few quick steps forward, antlers down and pointing forward. This movement
often resulted in an active chase.

If a chasing stag was able to come abreast of a female he might rake her side with
his antlers (three observations). In the case of overtaking a male he attempted to ram
into the side of the animal. | saw one stag bowled off his feet and killed in this man-
ner. Nccj)rmally, chases were short and the threatening animal did not overtake the
pursued.
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Usually when a doe strayed from a rutting company the dominant stag walked towards
her vocalizing; she usually turned back and joined the other females. If the doe had
wandered far before being noticed, a stag would frequently break into a run and angle
towards her obliquely, in which case she usually circled back. On only nine observa-
tions did a stag flank afemale and turn her back; six of them involved aggregations
with only a stag and a single doe. On three occasions the doe did not circle back but
ran from the stag (a small stag in all cases).

The extent of harassment of small males in a company depended on the sexual stimu-
lation of the dominant stag, as well as on the sexual behaviour, especially licking, of
small satellite stags. At times a stag was able to join a herd and associate with the
does only to be driven from the group hours later. During the middle of the day and in
hot weather the activity of the dominant male was at its lowest level. The drive to
isolate the females from the other males also waned near the end of the sexual period
of each stag (Bergerud, 1960).

When subordinate stags were successful in associating with a group of does that had
an active dominant stag, they appeared to be on guard and aware of the dominant stag's
location. With so many does coming into heat within a few days in Newfoundland, the
stags devoted most of their time after October 9 to the does; chases were necessarily
short so that the stags could get back to the does.

Threatening and fighting involving females

| noted a good deal of fighting between adult does and young stags. We recorded 12
interactions between yearling males and does; females dominated in 10 cases. They
butted heads in four observations and reared and flailed in 8 cases. In seven encoun-
ters involving small stags, probably 2%-years-of-age, the male dominated 5 times.
These encounters usually occurred when the stags showed sexual interest in the fe-
males.

The most common interaction between females was between two antlered does. In

11 observations, 4 were antler threats, 6 resulted in antler fighting and one was rear-
ing and flailing. We did not record an actual fight between an antlered female and
anterless females. | believe that antlered females usually dominate antlerless
animals (see Table 5; cf. Espmark, 1964b). When two antlerless does fought they
usually reared and flailed (Fig. 5), but sometimes butted heads.

TABLE 5. SOCIAL HIERARCHY OF 9 WILD DOES OBSERVED FOR 20
DAYS ON BRUNETTE ISLAND IN OCTOBER 1962

Presence of

Dominance Weight Antlers Number of Interactions Observed
Rank in Pounds* (Y or N) 1 2 3 4 5 6 7 8
1 214 Yest - - - - - - - =
2 195 Yes 2 - - - - - - =
3 188 Yes -1 - - - - - =
4 193 Yes 2 4 3 - - - - -
ft 195 No 1 - - - - - - -
6 178 No 1 - - 2 3 - - -
7 212 No - - - - 3 1 - -
8 171 No - 1 4 - 2 - -
9 172 1 antler 7 1 2 - 1 - 3

* June figures
t Largest antlers
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Threatening and fighting between females usually resulted from the following: (1) new
animals joining a herd; (2) a doe being tended by a stag, fighting or threatening another
animal; or (3) driving up other animals lying down.

The following notes provide a description of interaction involving new animals joining
a herd:

October 9, 3:28 p.m.

Doe and caf running 2 miles away. They swim lake and come to herd (13,5 99
and 25% calves). One doe watches their approach at ¥ mile. When doe approach-
es they both rear. Female calf with new doe rears at male calf who ran. Now
both male calves approach and start rearing at female caf that retreats. At

least two other does rear when new doe joins herd. Herd was laying down but new
arrivals get the herd moving. Two does rear so close that their heads are over
each others necks. Stag ran towards new doe panting (vocalizing).

Notes taken on an observation of driving up behaviour were as follows:
(Nine does on Brunette Isand—No. 1 refers to alpha animals and No. 9 to omega).
October 10, 10:30 p.m.

Doe 1 (see Table 5) stands up, stretches and with her antlers drives up doe 9.
Four more does get up. 11:00, other does lay down. No. 1 stands up and rakes at
tree. 11:06, doe 1 drives up doe 9 and doe 8. No. 9 goes and lays down. No. 1
drives up doe 9 up again. 11:09, doe 8 runs at doe 9 and pushes at her with head.
No. 9 runs. Doe 2 walks towards 9 and 9 runs. 11:15, stag gets up. Five does get
up. 11:16, stag drives up 2 more does with antler threat.

We noted many observations of calves interacting. The usual situation was for a
male caf to rear and flail at a female caf; the male usually dominated.

Behaviour of subordinate stags

Small stags and does revealed their subordinate position to large stags by avoidance
or flight. If alarge stag approached a herd without vocalizing (passive approach), a
threatening advance of the master stag usually turned the new arrival aside without a
battle. The newcomer normally held this course until the resident stag was nearly
on him and then he turned, slowly moving off so that the antlers of the two animals
would not touch (30 observations). The dominant stag then usually vocalized, turned,
and retraced his steps back to his does.

| do not interpret the broadside display of the stag turning aside as a superiority dis-
play. Rather it seemed to indicate that the animal was not ready to attack but expres-
sed a readiness to ward of an attack if the other animal continued. There was one
observation in which the stag waited too late to turn aside. As he started his slow
turn his antler touched those of the other stag. He then turned head-on and fought a
hard battle in which he was killed. We also observed three cases in which a large stag
stopped advancing, but rather than turn aside began to feed. The other stag in each
instance then turned and returned to the herd.

Sparring

Sparring is defined as a non-belligerent match between two animals, usually involving
stags. In sparring some gentle pushing resulted, but mostly the action was a sideways
twisting of heads as animals tried to obtain an advantageous hold with their antlers
(Fig. 6).

If one animal got his head turned or twisted in a disadvantageous position, he would
start to pivot using his hind legs. His opponent, in trying to maintain his advantage,
also had to pivot. At times the circling was quite rapid as one animal tried to get his
antlers unlocked and break |oose.

Sparring matches were continually in progress in October, the earliest recorded Sep-
tember 18; and it was not unusual to see three pairs of stags sparring at the same
moment in a herd of 50 or 60 animals. Two yearlings sparred intermittently for 7.5
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Fig. 5. Two antlerless does rearing. Note that the ears of the aggressor
(on right) are inclined back

Fig.6. Two stags sparring in a mock battle. Note that they are not
pushing.
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hours. Bachelor groups were found adjacent to the large rutting companies as a re-
sult of the association of the small and medium antlered stags seeking out each other
as sparring partners.

Sparring between does was only recorded once in the wild, but captive females sparred
frequently with each other and with young stags. An interesting observation was of a
doe that sparred with her own male calf. The doe and calf were released into a new
pen containing other animals on October 1. The calf had nursed prior to release. In
the new pen the doe immediately began to drive the calf. By October 2 the calf no
longer tried to associate with its mother. However, the caf and doe sparred together
non-belligerently on October 21.

TABLE 6. COMPARISON OF THE STAG'S SIZE (BASED ON ANTLERS) TO FRE-
QUENCY OF VARIOUS BREEDING DISPLAYS AT MT. ALBERT,
SEPTEMBER 16-OCTOBER 29. *

Size No. of Different Number of Stags Seen:
of Stag Stags in Sample Panting Slurping  Dominance Mock Battles
Battles

Large 11 1 7 5 2

Medium 8 7 2 7

Smallt 7 4 - 6

2-years 5 - - - 4

Y earlings 7 - 1 - 6

* Stags recognized by antler diagrams.
T Probably mostly 3-years-old.

Dominance battles between stags

Dominance battles occurred frequently between large antlered stags (Table 6 gives an
idea of the frequency of this and of various other displays according to age). These
battles were brief and serious, frequently resulting in the death of one of the combat-
ants.

Any large stag that vocalized when he approached a herd (active approach) also
normally challenged the resident stag in a dominance battle. The time interval in
which the animals actively battled was quite brief. The following times were recorded
in seconds: 5,7, 10, 15, 22, 24, 27, 30, 40, 76, 120, 238. The length of time of the fight
was related to how evenly matched the combatants were in size. In the 4-minute
contest the stags were very evenly matched and they had to cease shoving several
times to rest, with their antlers still meshed.

Seventeen of the longer dominance battles recorded occurred in the following situat-
ions:

1. Two stags chasing the same doe (7)

2. A new stag joining a large herd of caribou which contained many stags (3)
3. The meeting of two rutting companies (4)

4. A challenger stag attempting to take charge of a rutting company (3)

Conflicts arising from the chasing of the same doe followed a pattern somewhat dif-
ferent from those arising from the other three situations. Usually, one stag was
pursuing a doe when another stag joined the chase, running parallel to the first stag
and angling in towards the doe. The stags always tilted their antlers toward the op-
ponent. The instant the antlers touched the chase was momentarily abandoned as the
combatants strove to push each other. After the fight, the victorious stag continued
following the doe or rushed at other does, or even locked antlers with another stag
who had become aroused by the action of does and stags rushing about. | do not
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think the parallel movement of these two stags is a broadside superiority display.
They were both simply trying to keep up with the same female. Frontal display rather
than side-on displays seemed the approach used to threaten and intimidate opponents.

An example of two dominant stags with does meeting and fighting was seen on October
9, 1957, One herd of 35 animals, including 10 stags, approached another herd of 36
caribou with seven stags. When the two groups were about 50 yards apart the approa-
ching group stopped and a large stag left the herd and slowly walked towards a large
stag emerging from the second group. They walked together slowly with a stiff-leg-
ged gait, with heads down, and fought for 10-15 seconds. At the sounds of the battle,
caribou ran towards the combatants to watch; a doe almost got caught between the
animals in her attempt to get a better look. A small stag started to mount a doe and
there was considerable activity as stags showed increased interest in the does. The
defeated stag left the herd and lay down while the victorious stag was busy vocalizing
and chasing.

In three contests between a stag in charge of a rutting company and a challenger, the
former dominated in each case. Possibly stags with females were victorious because:
(1) they were in a higher state of sexual stimulation due to the presence of does; (2)

in the process of 'holding' does they had acquired experience in fighting (Collias, 1944);
(3) they were perhaps psychologically unprepared for defeat, whereas challenger stags
may be slightly more prone to 'giving away'; and (4) they may simply be bigger.

Mortality

Agonistic behaviour between large stags resulted in considerable mortality. The
following observations were made:

1. Two sets of locked antlers found
2. Two pairs of stags found dead within afew feet of each other

3. Theremains of two stags at Mt. Albert, Quebec, that died in the previous
rutting season

4. A stag that was pushed into a bog hole and probably drowned
5.  Observation of a dominance battle in which a stag was mortally wounded
6. A mature stag found dead immediately after the rut (signs of struggle)

In addition to these 13 large stags, one small stag was found dead with an antler punct-
ure and two does were found with antler stabs. The small stag had probably been
caught by alarge stag, while the two does presumably would not stand for the stag and
were charged broadside.

On October 15, 1957, in a herd of 67 caribou there were 25 stags; four stags had broken
antlers, two stags were noticeably limping, and 5 stags were covered with mud. | had
previously observed one of the muddy stags having his head pushed underwater and
held during a serious fight.

PREMATING STAG BEHAVIOUR

Several basic stag displays were first seen in the first week of October prior to coi-
tus activity in the second week of October. The signal function of these displays was
not readily clear to the author and | discuss these displays here rather than under the
heading of agonistic behaviour. They consist of panting, hock-rubbing, bush-gazing
and bush-thrashing.

Panting

Large dominant stags produce a hoarse guttural sound which has been termed bugling
(Dugmore, 1913), grunting (Henshaw, 1970; Lent, 1965), roaring (Fraser, 1968), snorting
(Meschaks and Nordkvist, 1962) and rattling (Espmark, 1964a). | think the sound is best
described as panting. The head is usually held horizontal, mouth open, and the sound
produced by repeated rapid expirations of air from throat and chest.
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The frequency and loudness of panting reached a peak each year prior to the actual
breeding. The earliest panting was heard October 4, 1957; October 1, 1958; and Octob-
er 1, 1959. The latest panting was heard October 27, 1958 (3 stags), except for a single
stag heard on October 31 of that year. Both early and late panting was low in tone.
Also the panting of senile stags was soft.

I have not heard vocal sounds in wild males between the age of 7 months (calf grunting
for dam) and 3 years-of-age. However, a captive stag, without competitors, first
showed signs of trying to vocalize when 29 months of age. He was able to perfect the
sound during a 30 day period (Table 7). His first vocalization came when he was
highly stimulated by females in heat and was breathing hard from physical exertion
(Table 7).

TABLE 7. MATURATION OF VOCALIZATION IN A CAPTIVE 2% YEAR-OLD
STAG. NO VOCALIZATION HEARD BETWEEN 7 AND 28 MONTHS OF
AGE. NO SOUNDS HEARD IN INTERVAL BETWEEN DATES LISTED BE-
LOW.

October 14. Doe probably experiencing a silent heat.

12:38 p.m.  Stag runs at doe slurping.
12:40 Stag appears to be panting but makes no sound.
12:41 Stag seems to pant again.

October 16. Doe probably still experiencing a silent heat.

11:13 p.m.  Stag walks towards doe slurping, makes a sort of convulsive shud-
der, and pants or grunts once.

October 25. Doe believed to be in heat from 8:49 a.m.

12:42 p.m. runs at doe, mounts, falls off, coughs, and walks away. Slurps, tries
to mount, can't seem to get up, coughs and heaves,
12:54 slurps, mounts, falls off, stands heaving, coughs twice.

November 15. Doe believed to be in heat from 12 noon. *

3:13 p.m. Stag mounts 11 seconds, ¢ walks away, & gets off, pants.

mounts 9 seconds, ¢ walks, 3 follows panting.

follows hooking at him, he tries to mount, turns away and pants.
tries to mount, falls off, pants.

tries to mount, falls off, panting heavily,

mounts 11 seconds, panting very heavily.

W N N —
SENB3

6:17 turns and grunts and slurps at 9.

6:24 runs at @ grunting,

6:25 mounts 3 seconds; @ walks away; & follows; 3 turns and grunts.

T

9:15 slurps at doe then grunts.

9:30 runs at @, antlers down, then puts head over @ back, slurping, ¢ stands,
9:39 tries to mount but couldn't make it, grunts and turns away.

* Observer was H. L. Russell who termed the more perfected sound grunting rather
than panting contrary to the author's use of the words,
T Doe not released to stag from 3:31 to 5:59 or 6:31 to 9:09.

Panting occurred in the field when:
1. A 'travelling' stag searched for does (3 observations 1957-59)

2. A 'travelling' stag approached a human who was imitating panting (2)

3.  The dominant stag of a rutting company saw the approach of a. challenger
stag (4)
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4. A challenger stag approached a herd (4)
5. The victorious stag vocalized after a dominance battle (2)
6. A stag was stimulated by doe's urine (5) or her presence (43)

Panting occurred most when stags were standing, but we did hear it several times
from stags lying down who panted when females walked by.

The captive stags appeared to address their panting to females in heat. They were
silent between estrus cycles. They did not pant in stag versus stag interactions even
though a sexually aroused male was in an adjacent pen and sparred with the stag
panting and tending does.

Panting is probably a display of dominance and threat. It probably indicates a high
level of stimulation. Panting was heard most often in both the wild and captivity just
before a female would stand. It was also common after the stag dismounted.

If a stag had established himself as the dominant stag in a herd he was normally the
only male in that group that panted. Nine recognizable stags in 1959 panted when they
became dominant stags in a company, but were quiet elsewhere when they were sub-
ordinate to other stags. Panting in the latter situations would have attracted the at-
tention of the dominant stag and might have resulted in their expulsion from the group.

Panting of a dominant stag likely served the purpose of mate indentification of does.
Four does in heat were seen to seek the association of a dominant stag panting in a
rutting company.

Panting likely helped caribou find each other. The sound was audible to the human

ear on still days at distances up to 200-300 yards. Five caribou (three stags, two
does) were attracted to a rutting company on October 8, 1957, during 6% hours of
observation, by the panting of the dominant stag; visibility was limited to approximately
200 feet by fog. Another herd kept in view for four hours as it travelled 2% miles
through a partially forested area changed in number as follows: 2, 3, 4, 5, 6, 4, 5, and

3. The panting of the stag could have enabled the individual animals in this group to
find the herd while they were feeding.

Hock-Rubbing

A self-marking display recognized only 7 times was trampling (Espmark, 1964a) or

hock-rubbing. In this movement a mature stag would take rapid short steps with his
hind legs and shift them under him (Fig.7). During this movement the stag urinated
a small amount of urine on the hocks. The animal then turned his hocks inward and

appeared to rub his tarsal glands together.

I would suspect that this self-marking served a role in the olfactory stimulation of
females approaching heat. However, the display was recorded in an interaction bet-
ween males, as has been noted in reindeer (Espmark, 19644).

Notes taken on two occasions were:

October 14: two large stags clash antlers momentarily but do not fight, each
male draws his hind legs up and rubs his hocks.

October 2: stag walking behind female, stopped, pulled up his hind legs and rubbed
hocks and then bush-gazed (he was still there an hour later).

Captive immature stags on a few occasions drew the hind legs under them, hunched
their backs and seemed to strain. They did not urinate or rub their hocks. These
immature stags smelled musky even though they did not urinate on their hocks.

Bush-Gazing

Mature stags frequently stood in a 'dejected posture’ with neck and head drooping
and the eyes partially closed (Fig. 8) (cf. Millais, 1907; Dugmore, 1913). Small antler-
ed stags did not bush-gaze. The earliest we observed this behaviour was October

1 and it was not seen after the middle of October. This behaviour was one of the
most common and it could be considered as the basic posture of a large, sexually
interested male.
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Fig.7. A stag with his hind legs hunched under him in partial 'hock-
rubbing' display.

Fig. 8. 'Bush-gazing'.
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This behaviour could be the waiting posture of a dominant male. From this position
he can move to challenge approaching males, threaten straying females, and test
females approaching heat.

Bush-gazing often occurred in a rutting company when sexual activities has declined,
e.g. when the does reclined and small stags ceased showing interest in females.
From this position the stag had a commanding view and could continue to advertise
his presence while he awaited further developments.

Bush-gazing was also part of the tending behaviour of a stag courting a female
(later section). Between displays in which he tested her readiness to stand he would
bush-gaze.

Some display sequences involving bush-gazing were:

bush-gaze— antler threa— bush-gaze
bush-gaze— low head-stretch towardsfemale— pant
bush-gaze— pant— bush-gaze

antler threat— rub hocks— bush-gaze

Caribou bothered by flies in the summer assume a similar position (also estrous fe-
males) in which they droop their neck and head. They seem to be agitated and waiting
(perhaps waiting a further fly attack). However, if the flies become |ess bothersome
they seem to relax and resemble bush-gazing stags—with eyes mostly closed, sleep-
ing on their feet.

Bush- Thrashing

Another behaviour manifested only by mature stags was the beating of solitary larch
(Larix laricina) and black spruce (Picea mariana). The activity was sometimes
violent with both up-down and sideways motions. Small trees were frequently killed
by this activity. To be suitable the trees had to be limber and offer some resistance.

The action was not always vigorous; sometimes the tree thrashing is of an intensity
similar to that of small stags sparring. The possibility that the displays serve as an
auto-erotic function should be considered (Darling, 1937). Erection was not a common
accompaniment of the display.

The pattern was frequent in mating herds when there were many large stags and there
was a high level of sexual activity. However, it was also performed by lone stags.
The display should assist females in locating and distinguishing mature, sexually
stimulated males.

MATING BEHAVIOUR

Mating depends upon the readiness of the female who in turn stimulates the stag. The
stag appears capable of breeding the doe over an extended period if he is sufficiently
aroused by the stimulus of a doe in estrus. Although the female sets the basic pattern,
the stimulating actions of the male may be important to ensure that psychological

heat coincides with physiological heat.

As indicated in Table 8, the food intake of stags during the mating period was reduced;
however, stags continued to rest, although less frequently, throughout the mating in-
terval. The dominant stag was often the last animal to lie down and the first to be-
come disturbed. When he was sexually stimulated he might raise his head while re-
clining and pant, often without apparent stimuli. If greatly aroused, it was common for
the stag to remain standing in the bush-gazing pose while the rest of the herd bedded.
He often 'broke’ from this pose quickly to run in a low-stretch posture at does or to
herd and drive the females.

Dominance between males and females

It is likely that a stag may have to dominate a doe to be able to court and breed her.
During the rutting season only small stags and does had dominance interactions in-
volving fighting, and these were mostly between antlered females and males with
similar size antlers.



Paper No. 20 413

TABLE 8. OBSERVATIONS OF THE BEHAVIOUR OF A 4% -YEAR-OLD STAG*
WITH 9 FEMALES ON BRUNETTE ISLAND, 1962.

Oct. 10 Oct. 12 Oct. 14 Oct. 16 Oct. 18
Hours Observed 6 Hrs. 5% Hrs. 6 Hrs. 6% Hrs. 8 Hrs.
Stags displays recorded
Slurping 13 5 22 23 14
Mounting attempts — - - 11t -
Herding does 3 5 2 4 1
Panting - - 1 2 —
Bush-gazing 1 1 3 4 -
Bush-thrashing 2 - 3 —
Sniffing and licking 2 - 2 2
Percentage of time observed
Feeding 37 53 33 45 9
Lying down a4 26 36 36 40
Active or Bush- 19 37 31 18 51

Gazing

* Stag was hand-reared and released to does on September 28; no other stags on the
island.

T One female bred.

In the captive studies young stags and older females invariably fought when they were
placed together after being separated. The most serious fight occurred between a
2Y%-year-old stag and a 3%-year-old doe. The doe fought extremely hard but was
clearly overmatched. Another 2%-year-old stag and a 4%-year-old female fought
daily for several weeks but seemed almost evenly matched. The numerous inter-
actions recorded in three years from the captive herd showed that males would dom-
inate females of a similar age. Further, two 2%-year old stags dominated two 3%-
year-old does and a 3%-year-old stag dominated two 4%-year-old females.

| compared the dominance ranking between the captive males and females of different
ages with the mean weight and antler length of wild animals of similar age. A good
correlation existed between dominance and antler size (Table 9). | would argue that
males should be able to dominate females in the rut if they are of similar weight

or have antlers of equal size. Possibly females can dominate males if the female has
antlers of equal size but outweighs the stag by 20 pounds or more. Age per se may be
aless precise criterion for dominance between young males and older females since
young stags frequently are larger than older females.

The breeding studies on penned caribou in 1960 (one stag and two does) provided in-
formation for a comprehensive analysis of stag aggressive behaviour in securing
dominance over the females. In applying these observations to wild stock some pos-
sible bias must be considered:

1. Although the 29-month stag had reached puberty and appeared more fully
developed than a stag of comparable age in the wild, he was not yet mature
since he had difficulty panting.

2. The stag lacked sexual finesse. His only sexual experience prior to the study
was breeding of a doe when he was a yearling.

3. The stag was prevented from breeding by a canvas halter.
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TABLE 9. COMPARISON OF DOMINANCE RANK SECURED FROM
CAPTIVE ANIMALS WITH THE WEIGHT AND ANTLER
LENGTH OF WILD ANIMALS OF SIMILAR AGE
(DIRECTION OF ARROW INDICATES DOMINANCE IN

CAPTIVITY).
Males Females
Animal Weight Antler Weight Antler
(Ibs) Length (in)  (Ibs) Length (in.)
15 169 8.3 ——>167 7.0
25 210 10.0 ————>200 %80
35 232- 152 = 5226 92
4.5+ 293 24.1 —>234 06

Sample sizes for weight were 35 males and 60 females. Weights
taken in November. Sample sizes for antlers were 29 males and 45
females.

* Presumed, not observed.
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stag with the dates of the estrus sequence in two does.
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4. The enclosing fence modified his herding and chasing patterns to some de-
gree (enclosure 1/8 acre).

5. The stag was free from the competitive influence of other stags (a yearling
stag could be seen in an adjacent pen and the animals sometimes sparred
through the fence).

The stag's aggressive behaviour was categorized as: charging and chasing, herding,
raking of does with antlers and threatening by a brief lowering of his head.

Aggressive activity was pronounced three days before the does came into heat (Fig. 9).
He frequently charged (head down) and chased the does at a hard run around the yard,
swiping at them with his antlers. The continued harassment by the stag resulted in
the does becoming nervous and reluctant to enter the stag's pen.

The stag's activity and driving appeared to be directed at boxing the does into a corner
approximately two days before they came into heat. When one of the does was re-
leased from her holding pen the stag would chase her to the opposite corner of the
breeding yard, adjacent to the other doe who was still in her holding pen. The same
procedure was true when the second doe was rel eased.

The day prior to the first heat each doe had learned the corner in which she should
remain if she wished to avoid being driven. This compliance lessened the frequency
of aggressive incidents by the stag (Fig.9). The stag's aggressive actions were then
restricted to threatening and short runs, similar to a wild stag in charge of a rutting
company. The stag's aggressive behaviour declined on the first day of heat (Fig. 9)
because the does would not leave his side even though he raked them with his antlers.

One of the two does had a second estrus. In this case the non-estrus doe was still
kept cornered adjacent to the doe in heat but when the doe in heat was released she
was not herded over next to the non-estrus doe. This suggests the possibility that in
a rutting company there may be one or more nucleus does that are closest to estrus
around which the stag herds the other does.

During the first week of October stags in the wild are frequently seen chasing does,
especially solitary ones. Later when does are associated in companies, the quickest
method for a single, straying doe to obtain relief when the stag chases her is to get
back as quickly as possible to the other does—in a manner of speaking, to get back
in her corner. The stag's charging and chasing drive is reinforced by the sight of
running or straying females apart from the other does.

In early November, the breeding pen was divided into two sections and a yearling
male was placed in one haf with one of the does. Under the stimulus of the competi-
tive stag each male kept his respective doe in the corner opposite the dividing partit-
ion, the maximum distance from the other stag.

Stag recognition of does in heat

As the captive does approached heat there was a noticeable increase in the tempo of
the stag's activities (Fig. 9). Probably the doe's physiological condition stimulated the
stag as early as three days prior to heat. We were not able to discern any change in
visual, auditory or tactile sign stimuli displayed by the doe prior to heat that might
stimulate the stag. The increased stimulation must depend on scent stimuli.

In the captive herd, the 2-year-old stag normally smelled and licked the does' exter-
nal genitalia each time they were released to his company. On one occasion a doe
apparently came into heat while she was in her holding pen. When she was released

at 7:35 she walked to the lower end of the yard with the stag slowly following. At

7:40 the stag sniffed the doe's vulva and, without any other preliminaries, mounted her.
In the next 40 minutes he attempted to mount her 33 times. Seven hours previously,
his activities consisted only of chasing and licking at her.

In the wild, stags frequently approach reclining does in order to smell their external
genitalia (27 observations). The females always got to their feet as the stag approach-
ed. The stags would then smell the ground that was directly beneath the female's tail;
often females defecated while resting and pellets were also smelled. On three occas-
ions a small stag, after smelling the ground, attempted to mount a doe as she got up.
The doe struggled to escape in all three cases.
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The smelling or eating of the doe's urine was observed on 42 occasions in the field,
with pawing accompanying the act in 10 instances. One stag kept his nostrils in the
hole he had created in pawing for 2 minutes. At times the stags rubbed their muz-
zles in a sideways motion in the urinated area. The urine of female calves and
yearlings was also investigated. Stags occasionally curled up their lips (Flehmen)
after smelling the doe's urine or vulva. Yawning was also displayed by the stag. Of
15 yawns recorded, 10 occurred after smelling urine or a doe's vulva. Plants and
soil that are urinated on were readily eaten. The stomach contents of one stag con-
tained % cup of gravel, accumulated from eating urine-soaked dirt. The investigation
of does' urine occurred only during the mating interval. The record of 19 observations
in Newfoundland was:

October 13-3 observations
October 14-4 observations
October 15-2 observations
October 16-10 observations

There was no noticeable increase in the frequency of urination by the captive does in
1960 while they were in heat.

Slurping

When a doe was approaching heat or in heat, a tending stag constantly made short
runs at her in a low-stretch position directed at the head of the female. Usually the
stag was standing in a parallel position to the female and slightly behind (Fig. 10).
As the stag approached the female's head, he tilted his muzzle up and twisted his
head away from the female, minimizing the doe's view of his antlers (Fig. 10). It is
my impression that as he turned and twisted his head there was more white of his
eye showing. The turning and twisting of the stag's neck and head displayed the white
shoulder and mane to maximum view.

Fig. 10. A tending stag in low-stretch display, panting, while doe rubs her
head on vegetation (sketch by Penny L. Brown).
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Fig. 11. A tending stag licking the vulva of a doe (sketch by Penny L.
Brown).

Frequently a stag flicked his tongue in and out near the end of the low-stretch ap-
proach. This licking made a slurping sound against the upper palate. I call the com-
bination of the low-stretch run and tongue licking, slurping. Vacuum licking was seen
only after the low-stretch advance. However, panting commonly followed a low-
stretch movement rather than licking. Thelow-stretch— pant sequence was most
common when the female would not stand or when she shifted her hind quarters to
prohibit mounting. Thelow-stretch— tongue licking pattern was the rule when the
doe would not stand and the stag was attempting to mount.

The broad-side, low-stretch run accompanied by licking may signify that, although the
approach is rapid, attack was not intended. Further, when stags stood bush-gazing
(antlers low) prior to the low-stretch run, they invariably stood parallel to the fe-
male or facing away, aspects that minimized the presentation of antlers. Slurping

was first noticed on the following dates: October 7, 1957; October 8, 1958; October 7,
1959; October 9, 1960. These dates indicate that the display was stimulated approxi-
mately three days before the mating phase of the rut gets underway. Stags occasional-
ly ran at does with their necks outstretched prior to these dates, but they did not lick.

Only three matings were recorded in which the breeding stag actually licked the ex-
ternal genitalia of the doe while slurping. These three does stood quietly with their
tails lifted while being licked. A fourth stag was seen to lick two different females
during tending activity. The captive 2-year-old stag frequently licked the does
throughout the heat cycle (Fig. 11). These displays often lasted for 15-30 seconds.

Medium and some small stags slurped but this could not be termed active tending
since these animals divided their attention among several does even when not bothered
by a larger stag. Some smaller stags slurped the does from behind, contrary to the
habit of large stags. The females always ran when so approached. Each season I have
seen one or two small or medium stags which had a slurping 'habit'. These animals
were constantly on the run, slurping at all the does indiscriminately. The slurping
display probably undergoes a maturation process.
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The captive 2%-year-old stag also showed little discretion in slurping. He slurped
at both a male calf and yearling and displayed vacuum licking when he was mounted.
He licked and slurped less when he was 3% years old and 4% years old (Tables 8
and 10). His slurping at 2Y¥-years-of-age was correlated with his degree of stimula-
tion which reached a high point approximately 8-14 hours after a doe entered heat
(Fig. 12).

Stag Tending

Stag tending occurred when a mature stag determined that a doe was approaching or
was in heat and consistently stayed with her. Tending males aligned themselves behind
or beside the female (Fig. 13). The sexual arousal of the stag and doe influenced the
duration of tending; the experience of the stag may also have been a factor.

In Newfoundland it was common to see five or six 'pairs' in a herd of 50-80 animals
during the peak mating days. If breeding took place in a rutting company instead of a
large herd with several stags, the dominant stag divided his time between repelling
stags, herding and isolating females, and serving the does. The six matings observed
in this latter type of herd structure occurred when the herd was inactive and the domi-
nant stag could devote all his time to tending a doe that was approaching heat.

A stag attempting to get in position and mount was easily distinguished in a herd. As
the stag tried to mount, the doe commonly shifted a few steps and the stag then had to
swing his head over her hind quarters as he tried to re-adjust his position. This
head-swinging movement was repeated time and again. Even when he was in position
and had left the ground with his forefeet, the doe often moved a few steps, resulting in
the stag either sliding off the rear of the doe (loose mount) or failing to make contact
at all. This behaviour sequence lasted. 21, 21 and 30 minutes in the three most com-
plete observations.

TABLE 10. COMPARISON OF STAG LICKING-
DISPLAYS USED IN COURTING
FEMALES WITH INCREASED
EXPERIENCE AT 2% AND 3Y%
YEARS-OF-AGE. CF.BEHAVIOUR
OF STAG AT 4% YEARS IN WILD
SHOWN IN TABLE 8.

Number of displays

recorded per 150 min.
Age and dates Licking
of estrus Slurping genitalia

2Ys-years-of-age

October 25, 1960 107 22
October 26, 1960* 138 29
November 15,1960 29 8
Subtotal 274 59

3%-years-of-age

October 25, 1961 49 1
October 27, 1961* 13 13
November 16,1961 74 3
Subtotal 136 17

*Not same doe in heat as October 25.
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Fig. 13. Doe and tending stag (sketch by Penny L. Brown)
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An average of one pre-copulatory mount for every 5 minutes of tending was recorded
in 10 matings in Newfoundland. A pair was watched on October 15, 1957, in which the
stag tried to mount a doe 23 times in a 2-hour restraining interval. In a similar time
period in 1963 a stag attempted 19 mounts. In Quebec in 1959 only one incomplete
mount was seen in 209 minutes of tending display.

Hale and Almquist (1960) have reviewed four papers that showed a definite value of

pre-copulatory mounting in cattle. Restraining the breeding bulls and alowing pre-
copulatory mounts increased the quantity of sperm per service from between 36-251
per cent. Cromback et al. (1956) in experiments with identical bulls showed that re-
straining and pre-copulatory mounts also ameliorated the high quality of the sperm.

Doe precoitus behaviour

Two captive does exhibited a readiness to stand on their first association with the
stag after heat had commenced. One doe's evasive movements ceased after the stag
had slurped at her once; in another heat period this same doe accepted mounting after
she had been stimulated by a few preliminary mounts during which she struggled. No
preliminary stimulation was needed for the second doe to stand.

The early acquiescence of the penned females in 1960 was in contrast to the behaviour
of 9 wild does that were bred in 1957 and 1958. The wild females were tended for an
average of 30 minutes before they would stand and were bred. The slurping of the stags
either coincided or assisted in bringing these wild does into heat, and they were pro-
bably served at the beginning of their psychological estrus interval.

When the doe was just about ready to stand she began rubbing her head on small
bushes or trees. | recorded this for every pair that | saw at least 10 minutes prior to
mating (9 matings). The head rubbing did not appear to increase stimulation in the
stags; three does rubbed their heads on the hind legs of their tending stags.

The behaviour of the doe while being slurped can be described as mostly passive. She
often adopted the bush-gazing posture between displays of rubbing her head. Some
females that were not being served when they first came into heat followed the males;
this was especially true at Mount Albert in 1959, at Brunette Island in 1962, in penned
studies, and at Sandy Lake in 1964. If one member of the pair lay down the other
might also, but frequently the stag remained standing. The tending stag and doe nor-
mally rested near each other. Does in heat or approaching heat frequently shifted
resting locations to be near the tending stag.

Active breeding behaviour on the part of the females (other than following the male)
was recorded in the field on five occasions. In one example the doe followed the stag
and jabbed him on the flanks with her antlers. Each time she jabbed him he would
turn and slurp at her. She would not tolerate the presence of other does in the imme-
diate vicinity of the tending stag and was seen to threaten (head down) and to give
another doe a hard push. In another observation an antlerless doe was seen following
a stag. A few seconds prior to coitus she sniffed the stag's external genitalia and then
a moment later she smelled his anus. One doe prodded a stag lying down and smelled
his sheath when he got up.

Coitus

The average length of the matings that | considered successful, based on the stag's
thrusting behaviour and doe's pre-coitus behaviour, was 7 seconds. The longest
successful mount was 15 seconds (Fig. 14). Only two stags appeared to successfully
breed a doe a second time, and these covers occurred immediately following the first
service. Five does fell after losing their balance due to the added weight of the stag
(Table 11). Does were struck with the stag's antlers on four occasions when they
would not stand. Nearly half of the does in which mating was witnessed struggled to
escape the stag during coitus. These does were probably being bred at the very start
of heat. We saw several examples of inappropriate mounting in the wild: doe mounting
doe, males trying to mount female calves, and a male calf trying to mount a female
calf. A captive yearling male mounted a male calf and the male calf mounted the male
yearling seven times.
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Fig. 14. Lengths of mounts in the wild

Common display sequences for the male prior to coitus were:
Bush-gaze —slurp (female runs) —pant —threat
Bush-gaze —slurp (female moves a little) —bush- gaze
Bush-gaze —slurp (female stands) —mounts —pants

The mounting of the doe often stimulated other males in the herd to increased acti-
vity. One large stag was struck broadside by another stag and knocked off. In another
case a second male ran beside a couple but did not interfere.

Small stags that tried to associate with or mount a doe were usually charged and
driven off, but may occasionally have had success; the most successful technique being
to sniff a doe lying down and mount her when she got up. The large stags that tended
the does were normally not bothered during mating.

Most of the mating occurred in the afternoon (Table 12). Most of the mating in rein-
deer also occurred in the afternoon (Espmark, 1964a).

Nocturnal breeding probably occurred. Panting stags passed by my tent at night on
two occasions. A herd we visited at midnight on October 7 was active. Furthermore,
the breeding activity of the captive animals was not curtailed by darkness.

The percentage of does that were bred in the daytime in three large herds (60-80
animals) watched for 5 or more hours was:

6 per cent in 6 hours—October 10, 1963

8 per cent in 7 hours—October 11, 1963

0 per cent in 5. 5 hours—October 12, 1963

16 per cent in 8 hours—October 13, 1958

8 per cent in 5 hours—October 14, 1958

13 per cent in 6. 5 hours—October 15, 1957

6 per cent in 6. 5 hours—October 16, 1957

6 per cent in 6 hours—October 16, 1963
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TABLE 11. GENERAL REMARKS RELATIVE TO COITUS AND POST-COITION

ACTIVITY

Coitus
No.

Remarks

1

2

10

1

13

14

She was walking when he mounted he had not inserted his penis when he was
struck by another stag (head down) broadside and knocked off.

While the stag was mounted another stag came over and ran alongside the
couple but did not interfere.

A small stag appeared to jump on doe, she either got away or he dismounted as
a large stag came over; he ran and larger stag chased doe. Smaller stag re-
turned immediately to coition spot in erection and searched spot with nose to
the ground, mouth open. He then chased a stag smaller than himself.

Small stag mounts doe without preliminaries. She struggles very hard and he
falls off. Act excites other stags.

A large stag mounted (14 sec.) and reached well forward causing doe to lose
balance and be pulled backwards. She escapes and a fev moments later he
mounts again. After this copulation he laid his muzzle on her back after pant-
ing at her. She urinated after second copulation and walked stiff-legged and
immediately began to feed. He was still with her 45 minutes after copulation.

The weight of the stag causes doe to fall. Upon getting up she walked away
stiff-legged with her tail up. They separated.

The weight of the stag causes the doe to fall. She walks away stiff-legged and
he follows panting still in erection. Coition was at 4: 53 p.m. At 10: 55 am.
this stag had been defeated in hard two minute battle.

She walks away slowly and stiff-legged. He follows and makes a short run at
a stag and then returns to doe panting. After she lies down (6 min. after coi-
tion); he also beds down near her.

He didn't have a secure enough grip on her to be successful. He leaves her
immediately and slurps at another doe; he is in erection with second doe.

Small stag mounted doe, driven-off by dominant stag #1. Stag #1 follows fe-
male slurping and panting. He would stand still bush-gazing for about 1 min-
ute, then slurp 5 seconds. Doe rubbed head on stag's neck 5 times before stag
mounted. Mounted for 9 seconds at 5: 15 p.m. Mounted again 5: 20 for 7
seconds. Doe fell in waterhole and hurt one leg. He tried to mount twice more
but she ran. No. | returned to herd and a small stag tried to mount. Doe
walked 50 yards from herd followed by small stag and doe. Stag No. 1 ran at
the three animals and they returned to herd.

Stag courting doe 11: 00 am. Stag lies down 11: 05 and female lies down be-
side him at 11: 12. At 12: 40 stag gets up and slurps at doe causing her to get
up. He mounts 1: 05 for 15 seconds unsucessfully. Mounts again 1: 14. They
were 100 yards from herd and stag (4th in rank) kept doe from entering herd.
Stag left doe after breeding and she disappeared into woods.

3: 24 stag mounts doe unsuccessfully for 8 seconds. Mounts again 3: 25 for

5 seconds. Doe and stag fall down—doe then runs into woods. Stag did not
follow but started tending another doe.

3: 24 old stag slurped doe and driven dff by 6th rank stag. Doe then mounted
by 4th rank stag. 1st rank stag charges to drive him off; however, copulation
was successful as doe walked off, humped back and tried to urinate. 1st rank-
ing stag smelled doe but she would not let him touch her. Stag 1 returned to
doe he had been courting.

1st rank stag following small doe 1: 42. He courted her all afternoon and
unsucessfully covered her 16 times (2: 27, 2: 29, 2: 31, 2: 35, 2: 40 (7 seconds),
2: 47,2:54,2: 59, 2: 59, 3:02,3: 08, 3: 12,3: 23,3:34,3: 41 and 3: 47 (7
seconds). He left her at 2: 34 to investigate a doe rubbing her head on tree
and was followed by doe he had been courting. He left her again at 2: 41 to
walk to another doe and again she followed. He then returned to her and was
last seen courting her at 3: 50.
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TABLE 12. HOURLY SEQUENCE OF 32 MATINGS
RECORDED.

A.M. Time No. of Matings P.M. Time No. of Matings
7-8 - 12-1 1
8-9 1 12 3
9-10 - 2-3 5
10-11 3 3-4 8
11-12 5 4-5 5
5-6 1
TOTAL 9* 23

* Caribou often not located until late in the day.

TABLE 13. HIGHLIGHTS IN THE SEXUAL BEHAVIOUR OF A CAPTIVE DOE

DURING HEAT.

Time from

Start of Heat  Behaviour Description

5 min. before  Doe starts along fence. Stag rushes at her, drives her in a hard run

heat estimated twice around yard and back to other doe's pen. Doe walks about

to start nervously.

Start of Heat ~ Stag slurps mildly at doe. She lowers her head and rubs it against
a bush; stag ignores her.

10 minutes Stag slurps at doe again, mounts her. Doe struggles to keep her
footing, but stands. (Stag had slurped 7 times first 10 minutes).

14 minutes (Man) tried to return doe to her pen. Doe did not come in for 12
minutes. During this time stag mounted her four times. Doe would
rake at stag's side with antlers, rub head on bushes.

7% hours Doe rubbing her head on bush. Doe touches stag's side with her ant-
lers; stag slurps, mounts for 9 seconds. Dismounts, walks around doe.
Doe moves herself into right position but stag does not mount.

13 hours Doe released; walked to middle of yard. Stag followed and licked at

13% hours
23Y4 hours

24 hours

28 hours

38Y% hours

2 hours after
heat estimated
to have ended

her genitals; doe stood. Doe started to feed. Stag ran at her, slurping;
doe moved away.

Doe walks up behind stag and pokes him with her antlers.

Stag starts to walk away. Doe follows, touches him on rump with ant-
lers; stag wheels on her, threatens with antlers.

Doe touches him on rump with antler; he turns, swipes at her with his
antler.

Stag moves away from doe; doe follows; stag threatens with antlers;
doe rubs head on-small hummock.

Stag slurps at doe; she rubs her head against him... stag walks away,
starts to feed; doe follows; stag threatens her with his antlers. .. stag
roams around the yard, threatens doe with antlers when she tries to
follow.. . doe licks his side... she rubs her head on poles of pen.

Doe released. Stag walks towards doe. She turns away. Stag starts
to feed near her; she moves away. Stag threatens and drives doe down
to other doe's pen. Stag slurps at doe; she ignores him. Stag slurps
at doe; she keeps her foreshoulders to him; will not put herself into
correct position for stag to mount.
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TABLE 14. SEXUAL BEHAVIOUR OF TWO CAPTIVE
DOES AND ONE STAG* DURING A FIRST
OVERT HEAT PERIOD.

Hours from com-
mencement of hea

Behaviour description Doe 1 Doe 2

Doe behaviour
Stands for 100% stag displays 0-14 0-13
Stands for 90% stag displays 14-42 13-39
Stands for 75% stag displays 42-50 39-50
Rubs head on bushes 0-14 0-28
Doe first feeds 16 13

Stag behaviour

Most mounting attempts 8 8
Most slurping displays 14 8
Most licking 17 25
Stag first aggressive to doe 21 30
Last time doe covered 27 25
Stag first feeds 39 39

*The stag was prevented from breeding the does by a
belly harness.

The penned studies in 1960 provided additional information on the sexual behaviour of
females throughout heat (see Table 13), since fertile matings were not permitted.
Three stages of psychological heat were recognized for the first estrus period from
the observations of the two captive does (Table 14; Fig. 12).

Judging from the stag's behaviour and the moisture condition of the vulva (Fig. 12) the
physiological development of heat was at its highest level about 8 hours after the
commencement of estrus.

The captive stag frequently tried to mount the does over their heads, at which times
they would hook at him with their antlers. This behaviour continued throughout heat
and was seen again in another heat 20 days later. Presumably learning is involved
in mounting behaviour.

After being bred wild does often squatted and urinated, raised their tails and walked
stiff-legged; servicing may have been painful. When stags tried to mount does again
they normally ran from the stag.

The stags displayed successive polygamy in their breeding habits, seeking other fe-
males immediately following breeding. Three recognizable males courted three diffe-
rent does on two successive days. There was little evidence of polyandrous breeding.
One female was mounted by the dominant stag in the herd at 5:18 p.m.; he stayed up
4. 5 seconds; she then urinated and walked with legs spread. The second-ranked stag
in the herd mounted her' at 5: 55 p.m. for 7 seconds; again she walked with legs spread.
Five other females would not stand for sexually interested stags on the day following
breeding.
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DOMINANCE BETWEEN MALES AND BREEDING STATUS

It was difficult to determine a breeding hierarchy among stags in Newfoundiand
because the herds were larger and the unrestricted range facilitated extensive move-
ments; seldom was it possible to recognize known stags on subsequent days.

A ranking or social order of stags was indicated by several observations. In the first
example, two harems met on October 5 with Stag 41 defeating Stag 49 (see Table 4).
The next day the herd was again located and large stags 62, 65 and 51 were also pre-
sent. No dominance battles occurred between these five animals in the morning. Their
status could have been determined before arrival. At 12: 30 p.m. a very large stag
(54) joined the herd. He immediately pushed very briefly with Stag 51 who backed off.
Stag 54 then advanced to meet Stag 41 who backed away. Stag 54 sttod panting and then
a 12 : 45 p.m. Stag 62 advanced on No. 54. They locked antlers and fought vigorously
for a few seconds until Stag 62 gave up and jumped aside. A few minutes later Stag

49 locked antlers with the new stag but he in turn was defeated. Stag 54 had established
himself over four rivals in less than one hour's time. The presence of several large
rivals precluded the establishment of a rutting company dominated by one stag, but a
'pecking-order' seemed evident.

The second observation involved a herd of animals watched on October 10-12 and 16,
1963. Interactions between stags indicated that a definite social hierarchy was being
enforced.

The studies at Mt. Albert, Quebec, in 1959 showed a clear dominance ranking among
26 stags (Bergerud, 1960). The large antlered animals were near the top of the hie-
rarchy while the young and smaller antlered animals were subordinate.

Physical Basis of Dominance

Dominance status between males should be based on physical status since fighting is
very vigorous. Body weight and antler size probably reflect physical condition. A
dominance ranking between five wild stags held in captivity was correlated with weight
and antler length. In descending order of rank the five stags weighed 310. 300. 295 and
235 pounds.

In the wild, only stags of comparable antler sizes had dominance fights. Antlers were
used for threatening. Stags may recognize the approximate status of potential rivals
by their antler size. Antler size and body weight showed a closer correlation than
antler length and age in 27 Newfoundland stags (below and Fig. 15).

Antler size then should be a reliable index of size and provide some advance informa-
tion of the strength and possible outcome of a fight.

Males continue to increase in body size and antler size until about 6 years (Fig. 15;
Table 9; and Skoog, 1968). Yearlings, 2-year-old stags and 3-year-old stags (those

classified in this investigation as having small antlers) were clearly of subordinate
rank to large antlered stags. These small animals did not challenge large stags to

dominance fights but avoided them when threatened.

There were also older stags that had regressed antlers (Table 15). One stag with
regressed antlers that | captured had only 7 points; another stag had spindly antlers
with 4 points. Two animals with regressed antlers collected in 1959 were aged by
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tooth wear as 7-9 years and 10+ years. Approximately 8 per cent of the males older
than yearlings had regressing antlers (Table 16). Based on the age arrays of stags
aged by tooth wear and annulations in an earlier study (Bergerud, 1971b), this 8 per
cent of the male population would represent animals 10 years of age and older.

TABLE 15. NUMBER OF ANTLER POINTS OF STAGS
COMPARED BY AGE.

Age inyears  Stags in sample  Mean No. of points

1 14 5
2 2 8
3 7 15
4-6 11 24
7-9 7 17
10+ 3 14

TABLE 16. STAG CARIBOU CLASSIFIED AT SANDY LAKE ON THE BASIS OF
ANTLER SIZE AND CONDITION.

Percentage of stags observed based on antler

size*
Fall season Total stag
caribou caribou Small Medium Large Regressed
classified in sample antlered antlered antlered antlered
1957 56 30 20 45
1958 158 10 20 69 1
1959 101 3 64 25
1960 49 39 31 16 14
1961 30 47 10 37
1962 82 40 13 39 7
1963 46 37 22 28 13
1964 16 12 20 62 6
Unweighted Average 27 25 40 8

*The estimated age of the stags were: small, 2-3 years; medium and large 3-9
years; regressed, 10 years and older.

These older animals did not challenge large stags in fights and were usually seen
alone. In 1959 seven old stags were seen all travelling alone.

The senile stags were usually not active with does and often did not even approach
females. For example, on October 6, 1957, | encountered a 'senile’ stag in alichen
woodland (Fig. 16). | approached the animal to within 25 feet before he even noticed
me. He paused only for a moment and continued to feed. The animal moved, with what
can only be described as a 'tired walk'’; | could not get him to run. | followed him until
he joined a doe. He walked up to her and panted softly; they fed together for a few
minutes and then he left her and continued on his way. A few days later, on October 9,
just prior to the commencement of breeding, a senile stag with four points was seen
following a large active mating herd. The 'tired walk' of this animal just managed to
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Fig. 16. A senile stag with regressing antlers.

keep him within sight of the herd. When the herd bedded down, he caught up and
remained on the fringe, presumably so as not to be bothered.

Function of Dominance Hierarchy

| believe a dominance ranking between males provides the best stud stock, through
competitive selection, and reduces disturbances during breeding. It does not appear
that a dominance rank results in a saving of stag energy that can be applied to greater
activity in servicing the females; the energy of the stag appears to be related to the
number of does to be served (Table 17). In the observations in 1959 and 1962, the does
took an active part in provoking the breeding stag to greater effort. They frequently
pushed the males with their antlers and attempted to smell and lick them. The domi-
nant stag in both the 1959 and 1962 study herds showed definite signs of fatigue. The
dominant stag in 1962 actually fell over backwards in attempting to mount a doe. Also
in this herd two does were not served until 19 hours and 25 hours after they first
rS;howed signs of being in heat by rubbing their antlers on the stag and trailing after
im.

TABLE 17. RELATIONSHIP BETWEEN SEX RATIOS AND
LENGTH OF COURTSHIP (SAMPLE SIZE IN
PARENTHESIS).

Does per Length of
Y ear Herd name mature stag* courtship

1957-58 Sandy Lake, Nfld. 3 30 min. (9)
1959 Mt. Albert. Que. 5 106 min. (2)
1963 Sandy Lake. Nfld. 5 147 min. (2)
9

1962 Brunette Island, Nfld. 4% + hrs.
(@)

*A stag one classified as having medium or large antlers,
probably 4 to 9 years of age.
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TABLE 18. COMPARISON OF THE FIGHTING FREQUENCY AND POSSIBLE MODIFY -
ING FACTORS BETWEEN NEWFOUNDLAND AND GASPE, QUEBEC,
CARIBOU HERDS.

Sandy Lake-Badger, Mt. Albert
Newfoundland Gaspe, Que.
1957 1958 1959
1. Extent of breeding Unrestricted, Unrestricted, Restricted,
area herd moving herd moving entire area

¥ miles/day 1% miles/day 55 sq.mi.
2. Possible mature stag

combinations* 435+ 435+ 91
3. Sex ratio of mature
stags per 100 does 30 37 18
4.  Average number of large
stags seen per day 8 7 3
5. Size ratio of small:
medium: large stags 1:1:2 1:2:7 1:1:1
6. Length of breeding
season (days) 6 6 19

7. Dominance fights seen
per day (fights and
days recorded) 12 (6/5) 14 (14/10) 0.2 (3/19)

* [N(N-1)]/Z

The role of a dominance status in reducing disturbance during breeding is illustrated
by comparing the fighting frequency between stags in Newfoundland with fighting
between stags at Mt. Albert, Quebec (Table 18). In Newfoundland there were many
more large stags of similar physical status than at Mt. Albert, Quebec. This diffe-
rence resulted because few calves had survived in Newfoundland from the 1954-1956
cohorts (Bergerud, 1971b); hence fewer young animals. Also in Newfoundland the area
covered by the herds was greater than Mt. Albert, hence stags encountered each other
less frequently. The dominance hierarchy between 26 stags at Mt. Albert, Quebec,
was clear-cut (Bergerud, 1960). The dominance status between individuals of similar
size in Newfoundland was less clear. Fighting was considerably more intense in New-
foundland than at Mt. Albert (Tables 16 vs. 19). Medium-antlered stags were able

to breed some females, especially in 1963 and 1964, when the percentage of stags in
the population had been reduced by stag-only legal hunting (Bergerud, 1971c). Young
small-antlered stags (2 and 3-year-olds) and senile stags (10 to 14 years) bred few
females (Table 19).

Young stags were physiologically capable of breeding females. A captive yearling
male successfully bred a female. The captive 2%-year-old stag was very active
mounting females although he was clearly very tired when two females were in heat
simultaneously (Table 20). Young stags in the wild were prevented from breeding,
since they were not always dominant over older females and their subordinate status
in the male hierarchy usually prevented them from associating with females. In the
few instances that they did mount females they were invariably driven off by a large
stag (see Table 11).

It is not clear if the senile stags would have bred females in the absence of mature
stags 4 to 9 years of age. The two senile stags collected had mature spermatozoa in
the epididymis. Incidentally, neither stag smelled musky even though both were col-
lected at the peak of breeding activity. Old stags had little interest in females, and
even without competition they probably would not have served females.
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TABLE 19. COMPARISON OF THE SIZE OF STAG
ANTLERS AND SUCCESS IN BREEDING IN
NEWFOUNDLAND BETWEEN THE YEARS
1957-1962 (APPROX 1 33:2 $9) AND
1963-1964 (APPROX. 1 33: 3 99).

Number of observations (Covers)*

Year and
size of Successfully Unsuccessful Success
stag's antlers breeds doe in breeding unknown

1957 to 1962
Small - 3 1
Medium - - 1
Large 24 2 -
Senile - - -

1963 and 1964
Small - 3
Medium
Large
Senile - - -

w N
o |
w P

*Mounted for at least 4 seconds.

TABLE 20. COMPARISON OF THE BEHAVIOUR OF A CAPTIVE 2%-YEAR-OLD
STAG WITH THE NUMBER OF CONTACTS WITH TWO DOES IN
SIMULTANEOUS HEAT AND WITH ONE DOE IN HEAT.

Two Does in Heat One Doe in Heat

Order of*

Experimental Total Per cent Average Total Per cent Average
Releases Mounts  Success- Length Mounts  Success- Length
(Contacts) Tried fult Mount# Tried fult Mountt

1 27 81 5.3 - - -

2 65 4 4.5 2 0 -

3 35 71 3.5 29 35

4 13 31 3.3 27 56 7.7

5 25 64 3.6 20 60 4.4

6 5 100 3.5 17 41 5.3

7 5 0 - 14 64 7.8

3 1 0 - 15 47 5.7

9 - - - 11 55 6.2
10 - - - 6 17 3.0

11 - - - 40 3.5
Totals and Means 176 60 4.4 124 49 6.4

*does released every 4 hours, does continued to stand until the 12th release

T i.e. stag covered does (he was prevented from breeding by harness)
T time in seconds (mean length of copulations seen in wild which were considered

successful was 7 seconds)
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TABLE 21. COMPARISON OF THE SOCIAL
RANKING OF STAGS AND SUCCESS-
FUL BREEDING FREQUENCY IN
NEWFOUNDLAND, 1963.

Social Ranking of Stags Days Stag  Females
(descending order) Observed Bred

1 Large Stag 1 4
2 Large Stag 6
3 Large Stag 5
4 Large Stag 2
5 Large Stag 10
6 Medium Stag 3
7 Medium Stag 4
8 Medium Stag 7
9 Medium Stag 8

10 Old Stag 11

P DN W WEFE MM WS
|

The rutting study in 1963 showed that success in breeding females was a function of
dominance status (Table 21). The success of stags breeding at Mt. Albert, Quebec in
1959 was also correlated with dominance status. The dominant stag on the mountain
performed two of three matings observed. His tending and slurping behaviour indi-
cated that he bred additional females (Bergerud, 1960).

The considerable difference in the size of males and females is indirect evidence that
physical size is important for the Darwinian fitness of males. A large male frequently
weighed 375 pounds whereas females averaged 234 pounds (Table 9). Presumably, the
greater size in males has been selected for in threatening and dominance fighting.
Large animals were more successful than smaller animals in these competitions and
in the subsequent siring of young.

It is relevant to note that coitus is extremely strenuous for females. They often fell,
seemed to get hurt, and seldom would stand a second time. Competition between males
favoured increase in size, but this trend could not go too far or females would not be
successfully bred. The size difference between males and females may be a factor in
the brief coitus. It is difficult to imagine how the time interval could be successfully
shortened further to accommodate larger males.

DISCUSSION

Differences in the survival of males vs. females

In Newfoundland male caribou have a lower survival rate than females: the mean

age of males was 3. 0 years and of females 4. 7 years. In a sample of 42 males there
was only one male older than 6. 5 years whereas in 99 females there were 17 females
older than 6. 5 years (Bergerud, 1971b). The tertiary sex ratio of caribou in New-
foundland and elsewhere in North America shows a predominance of females (Table
22). The secondary sex ratio shows slightly more males (Kelsall, 1968; Skoog, 1968;
Bergerud, 1971b). The alteration of these ratios clearly indicates males die at greater
rates than females in all populations.

There are many cause-and-effect hypotheses to explain the increased mortality of
males in mammals. The most commonly mentioned are: (1) genetic-sex-linked
mortality in the XY sex; (2) increased predation of males since they are more bold
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TABLE 22. THE TERTIARY SEX RATIO IN THE GENUS RANGIFER IN
NORTH AMERICA FOR ANIMALS 2 YEARS AND OLDER.

Name of Herd and Geographical

Location Per cent Males Source of Information
Arctic Herd, Alaska 42 Lent 1965

Forty Mile Herd, Alaska 40 Skoog 1968

Nelchina Herd, Alaska 35 Skoog 1968

St. Matthew Island Herd, Alaska 41 Klein 1968

Mt. Albert Herd, Quebec Bergerud 1971b
Mealy Mt. Herd, Labrador Bergerud 1967

Avaon Penninsula Herd, Nfld. Bergerud 1971b
Interior Herd, Nfld. Bergerud 1971b
N.W.T. Herd, Canada Kelsall 1968

RRBEEY

and independent than females; and (3) greater energy demands for males, hence
increased susceptibility to starvation.

In cause-and-effect arguments one can recognize four possibilities in a2 x 2 contin-
gency table (after Chitty, 1967):

Supposed Cause

Present Absent
Supposed  Present A
Effect Absent C D

Correlation arguments are possible if both the cause and effect are present. However,
for a supposed cause to be both necessary and sufficient, one must provide evidence of
not finding incidences of (1) the cause absent but effect present (B)—cause not neces-
sary, and (2) the cause present but effect absent (C)—cause not sufficient.

The first hypothesis to explain increased mortality of males on the basis of sex-linked
mortality in the XY sex does rot seem to meet the requirement of a sufficient cause.
Apparently in the wildebeest (Connochaetes taurinus) there are more males than
females (Talbot and Talbot, 1963). In moose (Alces americana) the sex ratio of adults
is likely balanced (Pimlott, 1959).

The second hypothesis that males are more prone to predation does not seem to be a
cause that is necessary when applied to ungulates. There are several studies of ungu-
lates in North America that show a preponderance of females in populations with little
or no predation.

The third hypothesis that the physiological and energy requirements are greater for
males than females, leading to increased starvation of males (cf. Flook, 1970), also
does not qualify as a necessary cause when extrapolated to all ungulates. There are
many ungulate species living in moderate climates where starvation has not been
reported but where the sex ratio favours females (cf. Schaller, 1967).

Another theory for the shorter life span of males could be based on the productive
probability distribution of Medawar (1952). Williams (1966:266) explains the distri-
bution: 'Any variation that appears before sexual maturity will play a role in deter-
mining the entire population. By contrast, variation in fitness that appears only at an
age to which almost no individuals survive will play little in determining the extent
to which individuals reproduce. Selection may therefore produce slight increases in
fitness in youth, even if they produce markedly deleterious effects later on.'
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Medawar's (1952) model for senescence indicates that the force of natural selection
weakens with increasing age because the older age classes are less frequent. The
accumulation of deleterious characteristics would be inversely proportional to an
animal's contribution to future generations. In caribou, the selective value of natural
selection would decline more rapidly in males than in females since social competi-
tion prevents older males from breeding but is not similarly restrictive to females.
Maximum genetic fitness for males may occur as early as 5 or 6 years of age (body
growth completed by that time). Females in Newfoundland continue to bear young until
perhaps 17-years-of-age.

In summary then, this hypothesis would suggest that the increased mortality of males
is simply due to the fact that males age more rapidly than females; this is because
maximum genetic fitness in males occurs at an earlier age than in females.

We have little information on how to judge senescence. In caribou the antlers of males
commonly regressed in animals 10+ years of age (see Table 16), but not in females of
a similar age (Fig. 17). Older males also seemed listless, but this was not noted in
females. Recently Lowe (1969) and Flook (1970) have reported that the teeth of elk
(Cervus spp.) abated more rapidly in males than in females, which is consistent with
this hypothesis.
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Fig. 17. Comparison of age and antler length in females

This hypothesis will fail as a universal generality for ungulate species where the
female rears the young, if the sex ratio favours females yet the frequency of breeding
is not altered between females vs. males with advancing age—cause not necessary.
Again the hypothesized cause will not qualify as sufficient in polygynous species that
have equal numbers of males and females but in which older males are prevented
from breeding while females continue to bear and raise young beyond the common
breeding age of males.

Behavioural Differences in Males and Females

Stag caribou are more solitary, bold and less wary than does. These differences likely
contribute to the Darwinian fitness of each sex: the more wary and gregarious female

in her role of successfully rearing young, the more bold and solitary male in locating

females, competing for them and courting them.
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Many times we disturbed tending pairs. The females became alert, often took flight.
The males hardly reacted, but the perseverance of males meant that a female in
estrus would not get separated from the courting male, and courtship would commence
again when the female became quiet.

Travelling stags were likely successful with females. They ranged widely, alone,
searching for females. They advertised their presence by panting and were bold in
investigatory behaviour. These mannerisms would enhance contacts with females.

Management Considerations

As a planned management program the proportion of males in the Newfoundland popu-
lation was reduced by legal hunting of stags only from 1957 to 1967 (Bergerud, 1971c).
The decline in the ratio between mature males (4 to 9 years) and females was from
1:3to1:5. This change may have accounted for: (1) an increase in the size of aggre-
gation in October (Bergerud, 1972); (2) an increase in the percentages of medium-size
stags that bred does (see Table 20): and (3) a longer courtship interval (see Table 18).
There was no decrease in pregnancy percentages (Bergerud, 1971b) or in the does that
conceived in a second heat period.

When, on Brunette Island in 1962, the sex ratio was 1 mature stag and 9 does, the stag
appeared tired and required approximately half a day to breed a female. If the sex
ratio were 1: 12 or more, it might not be possible for the mature stags to breed all the
females in the short 6-7 day rutting season. Many small stags might not be able to
dominate females and contribute to stud stock.

A few calves are born in Newfoundland from does who conceive in a second estrus
(Bergerud, 1961). These calves may be at a survival disadvantage since they are born
only a few days before flies become bothersome. Doe-calf bands are disrupted by the
appearance of flies and does might not stand as often for nursing when bothered by
insects.

A sex ratio of about 1: 2 seems to be a species characteristic for caribou. This ratio
provides for extensive competition among males which results in the most vigorous
males breeding the females. A priori we can argue that this is the optimum sex ratio
for caribou and one to be sought in management programs if the quality of the stock
is a primary consideration.
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ABSTRACT

During a 15-month study on the Rob and Bessie Welder Wildlife Refuge in San Patricio
County, Texas, in 1969 and 1970, information was gathered on the composition and
organization of male groups of white-tailed deer (Odocoileus virginianus L.). Males
in the study area seemed to display 4 types of gross association patterns. Each of
these was associated with a particular type of social behavior. Immature males are
part of the family groups of their mothers. Males in their first year of separation
from their family groups seem not to form permanent attachments, but associate with
avariety of groups. Mature males form the stable segment of the all male groups,
seeming to form true social bonds with other mature males in these groups. Some
very large, mature bucks seem to become independent of the male groups and may
begin to associate with a variety of groups. Male groups were seen to vary in size
from 2 to 17 individuals, the modal figure being 3. These groups seem to have astable
core membership of 2 to 4 mature males and a variable number of smaller males.
Two groups which lent themselves to extensive observationwere found to be organized
in the form of linear dominance hierarchy among the core animals, while no clear
order could be seen in the subdominant floaters in these groups. The frequency of
agonistic encounters was seen to be lower in those groups with social organization
(including all male groups) and the proportion of the more severe agonistic en-
counters was smaller. Prior to the rut, the dominance relationships are extended
beyond the male groups in the push fighting which occurs then. This extension seems
to result in a reduction of the frequency of overt fighting behaviour which occurs
during the breeding season.

INTRODUCTION

During the 15-month period of 1969 and 1970, | gathered data on the behavior of free-
ranging male white-tailed deer (Odocoileus virginianus L.) on the Rob and Bessie
Welder Wildlife Refuge in San Patricio County, Texas. This study combined the tech-
niques of radiotracking and visual observation to gather data on a variety of be-
havioral events. Although the study focused on the observation of certain marked
animals, a great deal of information was gathered on the behavior of groups of deer,
as well. The Welder Refuge is located in an area of the lower Gulf Coast of Texas
known as the Coastal Bend. The immediate area in which the refuge lies is a trans-
itional one where the Gulf Coastal Prairies and Marshes interdigitate with the South
Texas Plains (Box and Chamrad, 1966). As a result, the refuge contains 4 major soil
types and 16 distinct vegetation types which offer a variety of habitat conditions. The
terrain is relatively flat with the only relief being provided by the valleys of the
Aransas River (which forms the northern boundary of the refuge) and Moody Creek
(a tributary of the Aransas). Deer densities on the study area during the study period
ranged from one per 4. 5 acres on the riparian sands to one per 7 acres on the clay
slopes. Observation of the external appearance of the animals as well as the results
of periodic collections of deer by refuge personnel and personnel from the Department
of Veterinary Science at the University of Wisconsin, indicated that the health of the
study animals was excellent throughout the course of the study.

For this study, the radiotracking system of Inglis, Sittler and Kirby (1968) was used.
Animals were captured with the aid of a Cap-Chur gun (Palmer Chemical and Equip-

436



Paper No. 21 437

ment Company, Douglasville, Georgia) and succinocholine chloride muscle relaxant.
Observations of study animals were made with the aid of a 20x spotting scope, a 20-
45x variable spotting scope, and 7 x 50 and 7 x35 binoculars. Marked animals
accounted for a substantial portion of the observations, particularly during the breed-
ing season. For these, the marked animals were located with the aid of a portable
receiver and loop antenna, and observations were then made from a pole tower
(erected for that purpose; Michael, 1963), a vehicle, or on foot, as the circumstances
dictated. In addition, observations on unmarked animals and naturally marked animals
were recorded in an attempt to determine whether the behavior of the marked animals
were typical of the population as a whole. These observations were made primarily
from pole towers, but a number of observations on naturally marked animals and
particular groups of animals were made from vehicles or on foot.

GROSS BEHAVIOR PATTERNS

Males on the study area were seen to join family groups, breeding groups, and all
male groups (all of which seemed to be characterized by definite social ordering), as
well as a variety of aggregations which lacked apparent social order. The all male
groups seem to fit the description of 'fraternal groups' described by Linsdale and
Tomich (1953) for mule deer. Such groups have been frequently described in white-
tailed deer throughout their range (Hawkins and Klimstra, 1970; Thomas, Robinson and
Marburger, 1965; and Severinghaus and Cheatum, 1956). Michael (1966) reported the
existence of such groups on the Welder Refuge during seasons other than the rut, and
believed that these groups were organized in the form of a dominance hierarchy.

Males on the refuge seemed to display 4 distinct types of gross association patterns,
each linked with a characteristic form of social behavior. Immature males, up to the
summer they are one year old (and possibly up to the summer they are 2 years old,

in some instances), are a part of the family groups of their mothers. The home range
approximates that of the mother, and the associates of such males are usually
maternally related to them. Males which are in the first year of separation from their
maternal family groups (and possibly during the second year of separation, in some
individuals) become ‘subdominant floaters'. These animals associate with a variety

of groups during this time, both mixed groups (containing males and females) and all
male groups. However, such associations are characteristically transitory.

Those members of the all male groups which comprise the core membership are
usually mature males. These animals provide the real stability in such groups and
the basis of that stability seems to be the formation of social bonds between the core
members. My data suggest that the core membership of stable all male groups is
most often composed of 2 to 4 animals. However, the strongest attachments seem to
be formed between pairs of males, even in those groups where the core membership
is composed of 3 or 4 animals. These core animals are characterized by small home
ranges and regular habits. Aggression within these stable groups is low in frequency
and intensity, and is lowest among the core animals themselves. Although these
groups break up during the breeding season, data gathered during this study suggest
that the core members may reassociate following the breeding season.

The fourth type of gross behavior pattern seen is that of the 'dominant floater'. These
are typically large, mature bucks which show high social ranking in aggregations of
various sorts. However, these animals do not seem to form permanent or prolonged
associations during the course of the year. They may be seen associating with all
sorts of groups of deer, including mixed groups, all male groups, and groups of does.
These associations are usually of short duration. The home range of a dominant
floater is usually quite large.

ALL MALE GROUPS

Although the bucks on the Welder Refuge may be seen associating with does at any
time of the year, the most typical association is that of the all male group or fraternal
group. This sort of association is typical of all times of the year except the breeding
season. During the rut, these all male groups may be seen occasionally, but they are
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Fig. 1. Relative frequency of all male groups, mixed groups (males and
females), and solitary males observed throughout the 15-month
study period, June, 1969, through August, 1970.

TABLE 1. COMPOSITION OF LARGE BUCK GROUP OBSERVED IN THE ROOKE
BEND AREA, JUNE 24, 1969 THROUGH SEPTEMBER 2, 1969
(EXPRESSED IN TERMS OF THE NUMBER OF INDIVIDUALS OF
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quite unstable at this time and are likely to be transitory in nature. Bucks are usually
seen associating with does and/or fawns during this period, or else moving about
singly. Additionally, solitary males may be seen at any time of the year, but usually
not with the frequency seen during the breeding season (Fig. 1).

Fraternal groups of males were seen to vary in size from 2 to as many as 17 indivi-
duals, but the modal figure was 3. The larger groups (7 animals or more) seemed to
be relatively unstable and may have been composed of several fraternal groups com-
bined. One such group was observed in the Rooke Bend area of the refuge. On 14
occasions between June 24, 1969, and September 6, 1969, the composition of this group
was recorded, and they were observed for relatively long periods during the day.
During this period, the size of this group varied between 15 and 17 animals. The group
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TABLE 2. COMPOSITION OF BUCK GROUP IN LAGARTO TANK-GAS
WELL ANTENNA AREA, JUNE 3, 1969, THROUGH SEPTEMBER
14, 1969 (EXPRESSED IN TERMS OF THE NUMBER OF
INDIVIDUALS OF EACH ANTLER CONFIGURATION OBSERVED
ON EACH DATE).

Anter Class 5, 44 43 42 41 32 22

Date pts. pts. pts. pts. pts. pts. pts.
6-3-69 1 1 1 2* 1 2
6-5-69 1 1 1 2* 1 1
6-11-69 1 1 1 1 2* 1

6-14-69 1 1 1 1 2* 3

6-18-69 1 1 2 1 2* 3 1
6-19-69 1 1 1 1 2% 3

6-25-69 1 1 2 2* 1 1
6-29-69 1 1 2 1 2* 1

7-3-69 1 1 2 1 2* 1

7-4-69 1 1 2 1 2% 1 1
7-6-69 1 1 1 2* 1 1
7-8-69 1 1 2% 1 2
7-9-69 1 1 1 2* 2
7-10-69 1 1 2* 3
7-11-69 1 1 1 2* 3
7-14-69 1 1 1 1 1* 3
7-15-69 1 1 1 1 1* 3
7-16-69 1 1 1 1 2* 1
7-17-69 1 1 2* 2 1
7-25-69 1 1 2% 1 2
7-28-69 1 1 1 2* 2 1
8-1-69 1 1 1 1 2% 2
8-2-69 1 1 1 1 2% 2
8-14-69 1 1 2 1 2*

8-16-69 1 1 1 1 2* 1 1
8-17-69 1 1 1 1 2* 1 1
8-19-69 1 1 1 1 1* 1 1
8-20-69 1 1 1 1 2* 2
8-21-69 1 1 1 1 2% 2
8-25-69 1 1 1 1 2* 2
9-4-69 1 1 1 1 2* 1
9-5-69 1 1 1 1 2* 1
9-7-69 1 1 2* 1 2
9-14-69 1 1 1 2* 2

* naturally marked

fed and bedded together during this time, often mixing with other groups of deer on the
sand flat in the area (where large feeding aggregations are common in the summer).
However, when the animals sought cover during the day, these animals retreated to a
fringe of mesquite trees to the southwest of the feeding area, while most of the other
animals in the feeding aggregations sought out clumps of huisache and motts of trees
to the north along the Aransas River. It was possible to identify only 2 members of
this group, but the relatively consistent composition of the group with regard to antler
conformation suggests that there was considerable stability during the 2. 5-month
period (Table 1). One other relatively large all male group was observed frequently
on the study area. This group ranged north of the Lagarto Tank and the size of this
group varied between 7 and 11 animals. Thirty-four sightings were recorded during
the period from June 3, 1969, through September 14, 1969. Again, none of the animals
in this group was marked and only 2 deer were positively identifiable by means of
natural markings. However, tabulations of antler configuration suggest that this group
was composed of a stable nucleus of 4 animals plus 3 to 7 floaters (Table 2).
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Two other groups which seem to be more typical of the all male groups seen on the
refuge provided most of the data which suggests how these all male groups are struc-
tured and how they function. Both of these groups had rather limited ranges in the
area of the sand flat south of the Venado Bend of the Aransas River. Both could be
observed easily throughout the day and the observer could readily learn to recognize
individual members of the groups. As a result, a great deal of information was
collected on the composition, social interactions, and movements of these groups. The
first of these groups was termed the 'Turkey-trap group'. This group was first
recorded on June 28. 1969. and by July 30. 1969. the individuals forming the nucleus of
the group could be positively identified each time. From July 30, 1969, through
November 6. 1969, this group most often consisted of 6 members (Fig. 2). The 3 'core

Fig. 2. Dominance order for the Turkey-trap
group f(.r the period of July 30. 1969,
through November 6. 1969.

animals' were seen on every occasion on which the individuals were positively
identified. These core animals were all large adults. The less dominant floaters
were smaller adults with relatively small antlers. These less dominant animals could
not always be positively identified and | am reasonably certain that the same 3
animals did not associate with the group during the entire 3-month period. Varying
numbers of these less dominant animals associated with the group during this time,
as individuals periodically left and rejoined the group. As can be seen from Fig. 2.
the group was organized in a straight line dominance hierarchy among the core
animals. This ranking was established from information collected during 41 hours of
observation from July 30 through November 6. during which 112 dominant-sub-
missive interactions were recorded. Thirty-one of these dominant-submissive inter-
actions were between pairs of core animals. All of the floaters were subdominant to
any of the core animals in any social encounter.

Despite the fact that 28 of the dominant-submissive encounters recorded during this
period were between pairs of floaters, no stable hierarchy could be discerned in this
segment of the group. It is my feeling that these animals were not consistent in their
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dominance relationships. In addition, the problems of identification and changing com-
position among this segment may have tended to conceal any order which may have
existed in their social interactions. By contrast, the stability of the social order
observed among the core animals was without exception. Of the 31 interactions
recorded for pairs of core animals, 27 involved low-intensity threats. Of the 4 higher
intensity threats recorded, 3 involved antler-threats directed at less dominant
animals which had replied to lower intensity threats with a threatening display of
their own. All these three instances occurred in the 15-day period preceding the
breakup of the group on November 6. During this period, all of the animals in the group
had polished antlers and swollen necks and were exhibiting increasing aggressiveness
as the beginning of the rut approached.

Fig. 3. Dominance order for the Turkey-trap
group for the period of December 10, 1969,
through December 19, 1969.

On November 6, the Turkey-trap group broke up and deer on the study area began to
show overt signs of rutting activity. However, by December 10. rutting activity was
infrequent. This period coincided with a period of extremely mild weather in which
the days were warm and sunny (high temperatures in the high 70s and low 80s) and the
nights were only moderately cool. On December 10 | found that the core animals of
the Turkey-trap group had once again begun to associate with one another. This situa-
tion prevailed until December 29, when the arrival of a pronounced cold front coin-
cided with another burst of rutting activity. During the intervening 19 days, | compiled
slightly over 17 hours of observations on the Turkey-trap group. During this period.
29 dominant-submissive interactions were recorded and | observed 11 pushing con-
tests. During this same period, the ranking among the core animals of the hierarchy
had shifted (Fig. 3). HBT was still the dominant animal in the group, but TT33 had
replaced TT43 as the second-ranking animal. This reversal was confirmed by the
outcomes of 4 dominant-submissive interactions between these 2 animals during this
period, and by the results of 2 push fights involving this pair of animals. The 2 deer
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were very similar in body size (it would have been quite difficult for me to judge
which of the 2 was the larger with any degree of certainty) and the conformation of
their antlers was very similar.

By January 3, 1970, HBT and TT33 had begun to reassociate in the same area as
before, along with 2 smaller floaters. Once again, it was impossible to rank the
floaters with respect to one another in the hierarchy. Six hours of observation between
January 3 and January 14 yielded records of 9 dominant-submissive interactions and
resulted in the ranking shown in Fig. 4. On January 14. HBT lost his antlers and there

Fig. 4. Dominance order for the Turkey-trap
group for the period of January 3. 1970.
through January 14, 1970.

was a reversal of his dominance relationship with TT33. which now became the
dominant animal. Shortly after that, TT33 also lost his antlers and groups of antler-
less bucks became common on the study area, making my identifications of individuals
which were not marked somewhat doubtful.

The Venado group ranged in much the same area that the Turkey-trap group had used,
but spent their days along the Aransas River in the area known as Eagle Bend. Like
the Turkey-trap group, the social ordering in the Venado Group took the form of a
linear dominance hierarchy. But unlike the Turkey-trap group, the composition of the
whole group, not just the core members, was very stable. The apha animal was a
large-bodied buck with 10-point antlers (V44). V33L was a slightly smaller animal
with larger than average 8 point antlers. V33S was a medium-sized male, also with
8-point antlers. V32 was also medium-sized, but his antlers (although very thick and
heavy) were small, with 3 points on one side and a fork on the other. Between May 15,
1970. and June 10. 1970, | recorded slightly over 11 hours of observation on this group.
During this time, only 9 dominant-submissive interactions were recorded. 6 of which
involved V44 as the dominant animal. The. order is represented in Fig. 5.

On June 8, 1970, a marked animal which had been marked with a numbered cattle
collar was recaptured and fitted with a radio collar, becoming Deer No. 672 in the
radio collar series. This animal was also a large 10-point buck. On June 10. this
animal joined the Venado group and was integrated into the group at, or near, the top
of the hierarchy. Between June 10 and August 20. | recorded a total of almost 51 hours
of observation time devoted to the Venado group. | recorded 77 dominant-submissive



Fig. 5. Dominance order of the Venado group for
the period of May 15, 1970, through June
10, 1970.

Fig. 6. Dominance order for the Venado group for
the period of June 10, 1970, through
August 20, 1970.
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interactions. Of these 77, 50 were interactions involving a pair of animals within the
group. As a result of these observations, | constructed the ranking seen in Fig. 6.
During this entire period, | failed to observe a single dominant-submissive encounter
between 672 and V44. In addition, | could detect nothing in the feeding or movement
patterns which would give me a clue as to which of these animals might be dominant
to the other. Thus, the illustration of the ranking shown in Fig. 6 reveals a linear
ranking, with codominant animals at the top which show no interaction between them.

Thomas, Robinson and Marburger (1965) described the aggressive behaviors observed
in white-tailed deer on the Edwards Plateau of Texas. These are virtually identical
to the agonistic behavior seen in white-tails on the study area on the Welder Refuge.
The dominance hierarchies in the fraternal groups result from an almost continuous
series of such encounters. The frequency of these encounters is typically lower with-
in the fraternal groups (and within the family groups, as well) than within those
aggregations which lack social order. Additionally, the proportion of the more aggres-
sive behaviors is smaller within those groups which exhibit social ordering. The dis-
tribution of social encounters within a fraternal group may be seen in Fig. 7. The
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Fig. 7. Distribution of dominant-submissive social
interactions (excluding push fights) involving
the Turkey-trap group, July 30, 1969, through
November 6, 1969.

largest proportion of the dominant-submissive encounters occurred between a core
animal and a floater. These encounters primarily involved the enforcement of the
privileges of dominance in such matters as obtaining desired food items, the selection
of bedding sites, right-of-way, and the enforcement of a larger individual distance.
The small number of encounters involving nonmembers probably results from the
small amount of time that the group spent in the larger feeding aggregations while
under observation. The immediate advantages of social order must be rooted in the
lowered levels of intraspecific strife within those groups which have social order.
The result seems to be a savings in terms of energy expended in intraspecific
aggression.
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Fig. 8. Distribution of push fights involving members
of the Turkey-trap group, September 24, 1969,
through November 6, 19609.

Additional benefits seem to accrue when the levels of aggression begin to rise as the
breeding season approaches in the fall. The distribution of push fights for the same
fraternal group may be seen in Fig. 8. Push fights were usually confined to deer of
similar body and antler size within the group. As can be seen, the greatest proportion
of push fights involve a nonmember as one of the participants. Such a circumstance
seems to reduce the chance for injury due to a mismatch of contestants, and reduces
significantly the amount of energy that must be expended in establishing dominance
within the group at that time. Thus, just prior to the rut, the greatest proportion of
energy seemed to be expended in establishing dominance with males external to the
Venado group. This expenditure of energy in establishing dominance order outside the
group prior to the breeding season has as its reward the lower probability of a hostile
fight erupting between 2 males during the rut. During the breeding season, high
individual levels of aggression increase the likelihood of serious injury during such

a fight. Thus, when 2 individuals meet during the breeding season, the issue of domi-
nance likely has already been settled prior to that time. Given recognition of indivi-
duals, the 'possession’ of a receptive female may be resolved through the expression
of previously established dominance relationships by means of threats and displays
without resorting to overt fighting.
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ABSTRACT

The existence of either sign post marking or of ‘territorial' behaviour in white-tailed
deer has not been generally recognized or accepted. Breeding season activities
suggestive of these behavior patterns were investigated in a number of populations in
forested areas of the south-eastern United States. Intensive studies of 14 bucks by
radio-tracking, direct observation of animals conditioned for reduced flight distances,
and by use of hounds to test objects for scent were made on two study areas. 135
instances of antler rubbing and 32 of scraping behavior were observed. The relation-
ships among these and other behavior patterns including branch marking, urination,
scenting, vocalization, movements, home range and social relationships are described.
Rubs and scrapes were marked with visual and olfactory signals. Rubs apparently
expressed dominance during the breeding season whereas scrapes facilitated commu-
nication with does, although both types of signposts probably also had other functions.
Urination on tarsal glands and resulting scent trails may have functioned to attract
does and intimidate bucks. Our observations suggest that in some situations, bucks
defend areas and utilize signpost marking and displays to delineate these areas.
Three types of defended areas are postulated.

INTRODUCTION

Visual, olfactory, tactile and auditory stimuli form the basis for communication in
mammals. Sign posts are semi-permanent signals, involving visual or olfactory
stimuli or both, that are made a part of the environment (Bourliére, 1954; Graf, 1956).
In studying marking behavior of Roosevelt elk (Cervus canadensis roosevelti) and
black-tailed deer (Odocoileus hemionus columbianus), Graf (1956) concluded that one
method of marking sign posts was by rubbing objects with the antlers. From this
work with Roosevelt elk, Graf (1956) suggested that sign post behavior might be re-
lated to some form of territoriality in deer.

Although numerous authors (e.g. Trippensee, 1948; Severinghaus and Cheatum, 1956;
Erickson et al., 1961; Harlow and Jones, 1965) have discussed antler rubbing in white-
tailed deer (Odocoileus virginianus), and pawing behavior in rutting white-tailed bucks
has been mentioned by Pruitt (1954) and Teer et al. (1965), the possible sign post func-
tion of these activities has not been emphasized. A summary of the social behavior of
the North American cervids during the reproductive period was reported by De Vos
et al. (1967) but made no reference to sign post communications in white-tailed deer.
In contrast, recent popular articles written by hunters have regarded certain 'signs'
observed in the woods during the rut as having communicative functions.

The objectives of this study were to describe white-tailed deer activities which are
suggestive of sign post marking behavior, and to analyze the functions of these and
associated activities in relation to communication and social organization during the
mating season.

DESCRIPTION OF STUDY AREAS

The two primary study areas were located in north central and south Georgia habitats
and differed ecologically. The north central area was near Athens (Clarke County)
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which lies within the Piedmont Upland portion of the Piedmont Province (Fenneman,
1938). The habitat includes pine (Pinus spp.) and pine-hardwood forest types inter-
spersed with permanent pastures and cultivated areas. Observations of recognizable
deer suggested a relatively low population density of four to six deer per square mile
on the area. Hunting pressure was light, with hunting prohibited on University of
Georgia owned lands interspersed throughout the area.

The south Georgia study area was centered on and around Jones Island in the
Okefenokee National Wildlife Refuge. Physiographically this area is included with the
Sunderland Terrace portion of the Coastal Plain Province (Fenneman, 1938). The
swamp habitat is composed of prairies, bogs, islands and open water. On the higher
portions of the islands, pine and oak (Quercus spp.) predominate. The deer population
density on the Okefenokee study areawas considerably higher than that on the Athens
study area. There was no hunting season within the refuge and the aquatic nature of
the habitat caused deer to congregate on the islands. In addition to work on the major
study areas, surveys and descriptions of sign made by deer in avariety of other habi-
]Eats and geographical regions in Georgia and adjacent states provided supporting in-
ormation.

MATERIALS AND METHODS

Fourteen individually recognizable bucks were observed for 382 hours (264 during
rutting season). Five were equipped with radio transmitters to facilitate locating
them and periodic radio contact was maintained for up to 11 months. Although does
were not radio-equipped or individually marked, many were observed interacting with
the bucks. Movement patterns were determined by radio-tracking and more detailed
behavioral information by direct observation of free-ranging animals, preconditioned
for a reduced flight distance (Marchinton, 1969). This method allows an investigator
to radio-locate subjects and to approach close enough to make detailed observations
of behavior in natural environments.

Three bucks, preconditioned in pens, were radio-equipped and released on the Athens
study area. One animal (Athens 1) was released in mid-January and the other two in
late September, 1968. The behavior of these animals was studied primarily during
November and December, 1968, therefore the bucks had from 2 to 10 months to adapt
to the habitat conditions and become integrated into the social organization. A group
of wild deer that had been fed daily to allow park visitors to see them and as a result
had lost much of their fear of man was studied on the Okefenokee area. Two of these
deer were captured with a syringe gun and radio-equipped in October, 1969. Flight
distances varied with individual deer and density of the cover. Generally the investi-
gator attempted to maintain a distance of 11 to 15 yards from the animal. Observa-
tions of deer that were more difficult to approach were made from portable tree
stands. The animals were often observed continuously throughout the daylight hours
but relatively few night observations were made. Socia ranking of the bucks on both
study areas was ascertained by observation of approximately 300 agressive-sub-
missive interactions as described by Collias (1950) and by Thomas et al. (1965).
These interactions most often involved threat displays with no physical contact. Physi-
cal condition of study animals was assessed in the field using criteria described by
Riney (1960).

Approximately 350 hours were spent locating and studying field signs (i.e. rubs and
scrapes). Trained hounds were used to test for scent left on trees or branches. The
dogs were presented several specimens. Some of these were known to have been
either rubbed with antlers or 'mouthed' by deer during behavior patterns suggesting
an olfactory communicative function and others had not. If the dogs were able to de-
tect scent, it was evident by their behavior while smelling a specimen.

RESULTS AND DISCUSS ON

Antler Rubbing Behavior

Rubbing was observed primarily in the morning and evening, and only immediately
prior to and during the breeding season. It was usually done by lone animals athough
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the dominant individuals sometimes rubbed when confronted by another buck. In rub-
bing, an animal typically stood with antlers against a tree or shrub and pushed up,
down or sideways (Fig. 1A). The time spent making a rub averaged approximately 15
seconds; however, there was considerable variation. It was common for an animal to
pause for short periods while rubbing and to carefully sniff and lick the portion of the
tree which was being rubbed.

Fig. 1. Postures assumed by study animals during activities sugges-
tive of sign post behaviour—(A) antler rubbing, (B) marking
branch and foliage, (C) pawing under marked branch, (D) urina-
ting on tarsal glands.

Rubbing usually removed or frayed the bark but the extent to which trees or shrubs
were visibly marked depended upon how vigorously they were rubbed. Eastern red
cedar (Juniperus virginiana), winged sumac (Rhus copallina), sourwood (Oxydendrum
arboreum), sassafras (Sassafras albidum), short leaf pine (P. echinata) and long leaf
pine (P. palustris) were most often rubbed. The plants selected for rubbing ranged
from % to 4 inches in diameter with the average being about 1 inch. A trained hound
could detect deer scent on these trees and shrubs several days after they had been
rubbed and signs of rubbing remained visible for at least several months.

Scraping Behavior

Behavior involving pawing the ground has been referred to as scraping (Teer et al.
1965). Thirty-two instances of scraping behavior in five different bucks were ob-
served. These were mature animals and three of them (Athens 1, Okefenokee 1 and
Okefenokee 6) were known to be dominant within the areas where they made scrapes.
Observations of the other two animals were inadequate to determine if they were the
dominant bucks within their areas.
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The usual prelude to scraping behavior was for an animal to urinate on the tarsal
glands (described later) and then begin walking slowly through the woods following old
roads or other trails. As the animal proceeded he occasionally stopped to 'mark’' a
low hanging branch by nuzzling, licking and pulling on the branch with his mouth (Fig.
1B) and sometimes by raking it with his antlers. The branches marked were generally
about antler height when the buck was walking in a normal head up position. On a few
occasions, however, the branches were much higher and it was necessary for the ani-
mal to stand on his hind legs to reach them with his mouth. In every observation, after
a branch was marked the buck pawed back leaves or litter directly under the branch
(Fig. 1C). Two to five strokes were made alternately with each front foot. The
scraped areawas typically 1 to 2 square feet in size. After pawing, the animals
usually urinated either in or behind the scraped area.

The scrapes and marked branches were often visible to the observers at considerable
distances. In addition to the visible markings, scent left on the branches could be de-
tected by hounds for at least 4 days. When the animal urinated at the scrape, an odor
was present that was readily detectable by human observers for several hours.

Tracks of the bucks which made the scrapes were usually left in the bare soil, but on
later examination we often found tracks of smaller deer. Although the authors did not.
personally observe does visiting scrapes, reports by hunters and other field observers
in and around the study areas indicated that does frequently approached scrapes and
urinated in them. The bucks under observation periodically returned to the scrapes
and sometimes reworked them following the same pattern described above. On seven
occasions upon returning, a buck encountered a doe's scent trail at a scrape. In each
case the buck began making grunting sounds and moved off at a fast walk with his nose
near the ground. The doe was generally within two hundred yards of the scrape and
was always quickly located by the buck. In most cases the buck and doe separated
after a brief association. If the doe was nearing estrus, however, the buck stayed with
her, often trotting or running after her until she would stand for mounting. One such
‘chase' continued for three days. Copulation was observed twice on the third day at a
location 1.1 miles from the scrape where the doe's trail was initially encountered.

In two instances, one of us when standing within five feet of a scrape was threatened by
a radio-equipped buck. The buck displayed the 'ear drop' and 'hard look' threat pos-
tures described by Thomas et al. (1965), until the observer moved away from the
scrape. Small bucks appeared uneasy when near scrapes, and a young buck was ob-
served to rapidly leave the vicinity of a scrape made by a dominant buck, when the
latter approached. Subordinate bucks did not behave this way in the presence of a
dominant unless they were near a scrape or a doe in estrus. A notable exception was
avery small spike buck, often seen with a dominant animal, which approached a
scrape made by the dominant and mouthed the branch even though the dominant ani-
mal was only 30 yards away and in plain view.

Pawing by bucks at the base of trees which had been rubbed, or where neither rubbing
nor branch marking had occurred was observed 72 times. Bucks rarely urinated near
pawed areas of this type. These and other deviations were not considered to be
scrapes for the following reasons: (1) all pawing variations observed were made by
Athens 1 and 78 percent occurred during a period of only 3 days early in the rutting
season; (2) they were generally hastily made and the pawed areas that resulted were
usually small and hardly noticeable; and (3) the pawed areas were not periodically
revisited.

Urinating on Tarsal Glands

A behavior pattern which we referred to as 'scenting' was often associated with rub-
bing and scraping. It involved an animal urinating on the tarsal glands while rubbing
them together (Fig. 1D), and resulted in a scent trail being left during the animal's
subsequent movements. This urination posture, previously described by Haugen (1959),
differs from that during normal urination, as in the latter the hind legs are well apart.
Although normal urine had an odor barely detectable by the investigators, urine passed
over the tarsal glands had a much stronger odor. After urinating on the tarsal glands,
the animal usually licked the inside of his hind legs, including the glands. He then
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began walking and rarely stopped to feed. As he walked, we could detect a very pun-
gent odor even at distances of 100 yards or more behind the animal. In most cases
scenting was observed late in the afternoon and was followed by increased movement
and by rubbing and scraping. However, penned deer even with antlers in velvet were
induced to urinate on the tarsal glands in an apparent threat or displaced fear res-
ponse to harassment by dogs.

Associated Vocalization

The grunting sound previously referred to was heard only during the rutting season
and in every case when a buck was with or trailing does. Another type of vocalization
used by dominant male animals when associated with females in estrus was heard on
34 occasions. This was a rapid sneeze-like sound produced by releasing air through
the nostrils. The sound was directed towards bucks that tried to approach the doe and
was often accompanied by antler rubbing apparently as a threat display.

Spatial and Temporal Distribution

All activities suggestive of marking behavior that we observed occurred immediately
before and during the breeding season. Rubs made by individual bucks, although in
several parts of the home range, tended to have clumped distributions (Fig. 2).

Scrapes were made in conspicuous places such as the intersection of trails, near road-
beds and along the edges of openings but their locations generally coincided with areas
where there was a high density of rubs (Fig. 2). Rubbing was most intense prior to the
peak of the breeding season while scraping activity coincided more closely with breed-
ing activity. Most feeding and bedding occurred during the morning and early after-
noon whereas marking behavior usually was in late afternoon. Movements of study
animals between areas where intensive marking activity was observed were rapid and
occurred primarily at night. Radio tracking data obtained before the rutting season
indicated that centers of activity during these times were often not the same as during
the rut.

Communicative Significance

Antler rubbing in white-tailed deer has in the past generally been thought to have one
of two functions, i.e. removal of velvet or combat practice. Graf (1956), however, con-
cluded that antler rubbing does not occur for the sole purpose of removing velvet, al -
though in some cases there may be removal of velvet incidental to rubbing antlers for
other purposes. de Vos (1967) observed the same tree being rubbed by white-tailed
deer in successive years and suggested that rubs might serve to mark the boundary of
aterritory. Schaller (1967) studying the chital (Axis axis), suggested that the act of
rubbing trees and shrubs may be a means of releasing energy through redirected
aggression. Graf (1956) states that there is more significance in these acts than the
immediate fulfillment of the need for something upon which an animal can vent his
surplus energy. Prior (1968), discussing fraying (antler rubbing) in roe deer
(Capreolus capreolus), dismisses the displacement activity explanation and regards
fraying as a display of strength and threat. He also noted extreme fraying damage to
trees near the territorial boundary when there was intense competition from other
large bucks near that boundary.

On several occasions in our study, rubs were made when a dominant buck encountered
other male deer. These rubs were accompanied by snorts, and by intimidating pos-
tures similar to those described in black-tailed deer by Cowan and Geist (1961), and
in white-tailed deer by Thomas et al. (1965). It is our impression that such rubs
served as visual expression of dominance. Rubs made when an animal was not in the
presence of other deer probably serve a similar purpose, but through olfactory as
well as visual signals. Rubbing activity of this latter type was concentrated in rela-
tively well defined areas within the home range. Possible territorial implications of
this distribution will be discussed |ater.

The significance of pawing by white-tailed deer during the rutting season has not been
established in the literature. An explanation presented by Severinghaus and Cheatum
(1956) suggests that if one buck in in the 'territory' of another, he may stamp and paw
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the ground and thrash the brush with his antlers. They further state that this stamp-
ing and pawing may result in numerous torn-up places on a ridge, all attributable to
the activities of one rampaging buck. They do not suggest any sign post significance
for these pawed areas. The behavior they described seems comparable with what we
have termed scraping behavior and pawing variations, although in the present study
such activities occurred within the animals' home ranges and coincided with areas in
which intensive rubbing occurred.

Branches that were marked over a scrape were identifiable by both visual and olfac-
tory signals. This was probably also true for the scrape itself. Schaller (1967),

HOME RANGE
BOUNDARY _

SCRAPFPE .

Fig. 2. Spatial distribution of rubs and scrapes Athens 1 was
observed making between October 14 and December 5,
1968. Home range boundaries are based on radio and
visual locations between January 17 and December 5,
1968.
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studying deer in India, suggested that secretions from the interdigital gland are added
to the soil when pawing. The interdigital gland may be a source of odor in white-
tailed deer also. Urination in or near the scraped area provides another scent that
may serve as a means of communication. The scrape apparently represents a com-
plex sign post consisting of the visual stimuli presented by the scraped area and the
overhanging branch, combined with a complex of olfactory signals on the branch and
on the bared soil.

Does were known to approach scrapes and urinate in them, and in the present study a
buck often detected the scent of a doe at a scrape and easily located her by following
what seemed to be avery well defined scent trail. This evidence together with the ob-
servations that a buck made scrapes only during the breeding season, often urinated in
the scrapes and periodically returned to check them, strongly suggests that they are
sign posts, and that one of their functions is to facilitate locating animals of the oppo-
site sex.

Haugen (1959) discussing the function of urinating on the hind legs stated, 'ls it to
mark territory to warn other bucks to stay away or is it to add "irresistable" lure to
does or both?' Linsdale and Tomich (1953) observed mule deer (Odocoileus hemionus)
releasing urine over the tarsal glands while rubbing the hind legs together and also
noted that the animals licked the tarsal glands after this action. They suggested that
this behavior in rutting bucks clearly is an act of threat towards other males.

Espmark (1964) and Lent (1965) observed similar urinating behavior among rutting
male reindeer (Rangifer tarandus) which they called trampling. Espmark (1964) noted
that this behavior occurs frequently when a bull hears or sees another bull of similar
size and age; however, he also stated that there were 'undefined' occasions when this
behavior was observed. He concluded that it was aform of territory marking. He
suggested that the bull may mark himself as the center of his moving territory and
also mentioned the possibility that the characteristic odor of the markings may attract
COws.

The scenting observed in our study apparently involved an activation of the tarsal
glands which produced a strong, far-reaching odor. The odor may intimidate other
bucks as suggested for mule deer by Linsdale and Tomich (1953), but the scent trail is
probably also important in aiding does to locate scrapes. In addition, licking the tarsal
glands may permit the transfer of scent from the tarsal glands to the trees that are
rubbed and then licked and to overhanging branches that are mouthed.

White-tailed deer have a wide variety of vocal expressions (Seton 1929). Of the sounds
recorded during the present study, the grunt and rapid sneeze-like sound were often
emitted in conjunction with sign post behavior. Linsdale and Tomich (1953) reported
mule deer bucks uttering growling or rumbling grunts when chasing does. During the
present study grunting was heard only when a buck approached a scrape which had
been visited by a doe or was trailing and otherwise associating with does. Dixon

(1934) suggested that grunting in mule deer discourages pugnacious competition be-
tween males. In white-tails, at least, it may also be aform of communication with
does.

The vocalization described as a rapid sneeze-like sound was heard only when a male
was with a female in estrus and other bucks intruded. It apparently acts as a warning
to keep other bucks away from a female. It was used in conjunction with the visual
threat displays described by Thomas et al. (1965) and with rubbing. Cowan and Geist
(1961) reported similar behavior in captive mule deer but called it a snort which they
described as a prolonged 5-10 second, sibilant expulsion of air through the constricted
nostrils, causing them to vibrate. Bromley (1969) described a vocalization made by
territorial pronghorns (Antilocapra americana) which apparently closely resembles
the sneeze-like sound of white-tailed deer.

In summary, the data obtained in the present study suggest that vocalizations, displays,
and sign posts which communicate a threat in the animal's absence, may all be im-
portant to a male white-tailed deer maintaining a dominant position in a given area
during the rutting season. Sign posts not only play a part in relating warnings but also
in providing communication between the sexes to increase the probability of males
locating females for mating.
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Relationships to Social Organization

Collias (1950) stated that there was a definite dominance hierarchy in white-tailed deer
based on frequent aggressive-submissive interactions of all the individuals.
Severinghaus and Cheatum (1956) suggested a social organization that involved the
temporary dominance of bucks within their 'territories’. A number of investigators,
however, have noted that male white-tailed deer occupied the same range or were even
observed together during the rutting season (e.g. Skinner, 1929; Illige, 1951; Teer et al.
1965; Downing et al., 1969). Observations such as these have led to the general con-
clusion that white-tailed deer are not territorial, at least not in the traditional sense.

Although dominance hierarchies are undoubtedly basic to the social organization of
white-tailed deer, our observations indicate that in some forested areas, particularly
where deer populations are low, dominant white-tailed bucks have behavior patterns
which are suggestive of territoriality. These behavior patterns will require further
study to be fully understood, but involve sign post marking and related behavior which
apparently identify areas of dominance and sexual activity too large to otherwise de-
fend. The system provides for efficient communication between sexes during the re-
productive season and acts to reduce conflict between males. At least three types of
defense against conspecifics are suggested—one geography-oriented, and the other two
object-oriented.

(1) 'Dominance areas' involving sizable portions of the home range are marked by
intensive rubbing early in the rutting season. There may be several such areas within
the range of a mature buck (see Fig. 2). In these areas the buck asserts his dominance
by the ritualistic display of rubbing and by the visual and olfactory sign posts (rubs)
which result. It is our impression that physical combat is common during the period
when dominance is being established. The buck, however, does not physically defend
these dominance areas against males as long as the latter maintain subordinate pos-
tures. As aresult the presence of subordinate bucks within these areas is common.
Observations suggested that an animal dominant in one area may act as a subordinate
in the dominance areas marked by other bucks.

(2) The individual scrapes are sometimes physically defended against other bucks,
including subordinates. Therefore, within a 'dominance area’ are interspersed many
small, more strongly defended intolerance zones immediately around the scrapes.
Since the scrapes serve as a means of communication between sexes, the physical de-
fense of the scrapes probably results in females being more accessible to the domi-
nant buck.

(3) Finally, the space immediately surrounding a female in estrus is an intolerance
zone which moves with the female. A dominant buck defends this area by intimidating
displays including rubbing, sneeze-like vocalization and lastly by physical combat.
The potential for conflict is considerably because does apparently do not respect
dominance area boundaries. As a result a dominant buck may accompany a doe which
is in estrus out of his dominance area, and into that of another buck. A situation like
this was observed in our study when Athens 1 followed a doe into the range of Athens
4. Although Athens 1 copulated with the doe twice the dispute was finally settled by
physical combat which resulted in Athens 1 returning to his own range.

Eaton (1970) in studying the cheetah (Acinonyx jubatus) defined territoriality as any
behavior associated with defense of a space in the home range. Although behavior we
observed in dominant bucks broadly qualifies as territorial according to this defini-
tion, it is quite unlike the behavior reported for territorial ungulates such as the
Uganda kob (Buechner, 1961). The male kob will not follow a female across the terri-
torial boundary and can be considered a social castrate out of its territory. This is
not the case in white-tails. Although most white-tailed does may be initially con-
tacted within a dominance area, the buck will follow does out of this area if necessary
to breed them. Also in white-tailed bucks evidence of 'territorial’' behavior seems to
break down at higher population levels and in a given area the extent to which it is
manifested may be related to the population structure and density. Rubs and scrapes
were observed in all areas supporting deer populations; however, cursory examina-
tions revealed no defensive behavior in many populations. At high population levels
and during the non-reproductive season spatially oriented defense by bucks is appar-
ently replaced, for the most part, by a simple dominance hierarchy.
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ABSTRACT

An account is given of the mating activities of feral Soay sheep on the island of Hirta,
Scotland, and of the developmental and social contexts of male behaviour.

A phase of agonistic interaction between rams follows the breakdown of their social
grouping in October and tends to precede the main peak of overt oestrus occurring in
mid November. The nudging display is the chief behaviour involved in short-term
encounters, when a dominant-subordinate relationship may be demonstrated. With
various other behaviours nudging contributes to long term interactions (‘blocking’),
apparently indecisive attempts to define rank. Males tend to interact with others of
similar age and size. An imperfectly linear social hierarchy is developed.

Rams contact ewes in the 'flehmen-urination' sequence. Copulation is preceded by a
modified nudging display and usually occurs while the ram 'tends' the ewe during
oestrus. Males high in the social hierarchy establish more 'tending bonds' than those
lower in the scale. The latter also make relatively more of these associations late in
oestrus. Some rams achieve up to 30 conceptions in a season, but the majority few or
none. Estimated age class fecundity patterns for the two sexes are compared.

Male lambs exhibit nudging in a single context, as a preliminary to mounting. The
display differentiates ontogenetically so as to appear in two apparently separate con-
texts among adults and is interpreted as an assertion of dominance. Male lambs of
the year participate in the rut.

It is possible to trace the sequential position of particular ovulations in the polyoest-
rous cycle throughout the population. The majority of ewes conceive in their first
overt oestrus, which corresponds to at least the second ovulation of the season. Ewes
from the same social group tend to come on heat together.

Males exhibit a higher mortality rate than females, reflecting reduction in grazing
time during the rut and differential winter weight loss. Life table statistics are com-
plex and separate tables can be prepared for each cohort. There is a relation between
population density and the scale of mortality but for males, especially, it is not neces-
sarily a close one, though rams are generally more density sensitive than ewes.

1. INTRODUCTION

For at least 300 years and perhaps for the last 1, 000 years, sheep have existed in a
feral state on Soay (244 acres), a small island of the St. Kilda group 45 miles from the
Outer Hebrides off the West coast of Scotland. The history of this Neolithic stock,
their introduction to the neighbouring island of Hirta, methods of marking and ageing,
and the nature of the study area, sited on the Village Glen or Hirta, are discussed by
Boyd, Doney, Gunn and Jewell (1964). Social organisation has been surveyed by Grubb
and Jewell (1966), who have demonstrated the existence of two kinds of social unit. In
the 'ewe home range group' are females, lambs and young rams up to 3 years of age.
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Older males leave the ewe group and associate in 'ram home range groups'. Some
aspects of the behaviour of Soay rams are usefully discussed in relation to their
juvenile background within the ewe group.

2. SOCIALISATION OF LAMBS—A BACKGROUND TO ADULT BEHAVIOUR

The young lamb makes contact first with its dam and later with other adult sheep,
whose aggressive responses to its approach tend to reinforce the bond with the parent,
but also may promote experience of fellow group-members. During the first twenty
days of life, when much time is spent resting, occasional contact with other lambs is
also made. At this stage, the lamb's exploratory behaviour involves approaching and
nosing objects and mouthing vegetation, stones and other materials. This develops
into intensive grazing when the lamb is about three weeks old. At the same time, con-
tacts with other lambs become more frequent. Lambs from a single ewe group gather
daily into play assemblages in which behaviour shifts from communal exploration and
grazing to sequences of greater activity. Here the lamb shows spurts of galloping or
sessions of butting, mounting and pushing. Intention butting or nodding of the head
may be exhibited towards companions, often combined with variously executed rearing
or leaping. Lambs do not rear to butt but it is possible that the jump threat and the
jump into the clash of certain wild sheep (Geist, 1968) derives ontogenetically from
movements of this type. Mounting and pelvic thrusts are shown chiefly by males thus
providing one of the earliest indications of a behavioural differences between the
sexes (Table 1).

TABLE 1. NUMBERS OF OCCASIONS
IN WHICH MOUNTING WAS
OBSERVED IN LAMBS

(Data collected spring 1966)

Sex of mounting

Lamb

3 ?
Sex of 3 101 14
mounted lamb ¢ 78 16

Total 179 30

In a minority of cases (31 out of 179 observed) mounting is preceded by a sequence of
'nudging’, (a 'twist' frequently accompanied by a 'kick' or 'laufschlag’) but only in the
males. The twist is silent and made without lip or tongue movements or penis erect-
ion.

The behaviour of the two sexes is evidently not as fully differentiated as in adulthood,
for female lambs do mount. (Mounting by adult females is rare). Similarly the male
lamb does not apparently differentiate between male and female in his agonistic/
sexual approach, as he will do when adult.

Mounting and nudging are nevertheless shown chiefly by males, especially the largest
individuals, and it appears reasonable to suggest that functionally these activities and
the other contacts made between lambs are part of a social and environmental ex-
ploration through which there is an early determination of rank among group-mem-
bers (see Geist, 1971). This may be the basis for the apparently lesser degree of
agonistic behaviour shown towards familiars as opposed to strangers among older
rams. Much lamb activity can be envisaged as an ontogenic stage in behaviour and
since individual behaviour patterns (mounting, nudging, butting) are modified in form,
function and context on attaining adulthood, these can be regarded individually as
stages in a developmental sequence.
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'Play' activities decline during the summer, though lambs continue to associate while
grazing. Suckling continues into the early rut, but by this time the horns of male
lambs are stout and 'masculine’, and they are heavier than ewe lambs. Their sub-
sequent behaviour during the rut is very similar to that of the adult rams. After the
completion of the rut, ram lambs return to the ewe groups and if they survive heavy
winter mortality, consort with their peers more closely than do females of the same
age (more than 50 per cent of associations against less than 30 per cent respectively).
These associations, often developed in the lamb play-group, are the basis for new
ram home range groups, though, again because of high male mortality, these may not
be maintained long enough to establish a distinct home range and become independent
of the ewe group. Single young rams sometimes stay with the ewe group until two to
three years of age, but then usually join up with older males.

3. RUTTING ACTIVITY

The rut begins gradually in early October. Nosing of the ewes with 'flehmen' becomes
more frequent, especially at the beginning or end of the day, and at first leads to a
gradual departure from the regular grazing cycle and an alteration or expansion of
the home range. As a number of ewes come on heat, each ram tends to wander quite
independently, losing any set pattern in his daily circuit of movement.

The changes that occur in the dispersal of the ram groups can be envisaged as the
formation of a single 'society' out of both the several ram home-range groups and the
ram-lambs and yearlings (1. 5 year olds) from the ewe-groups. In a ram group, the
members keep together, apart from other rams, and are probably fully familiar with
one another. The loose society formed for the rut contrasts with such a closed
organisation. Rams no longer stay together for any length of time, most other males
encountered are strangers, no social grouping is recognisable and the complement of
males in any area is continually changing.

Numerous confrontations are made between rams in the early rut. Displays of
‘nudging’ are commonly observed and these may develop into long engagements
('blocking') sometimes involving fighting (‘clashing’). In late October, the first ewes
are on heat, and agonistic behaviour shows a decline as the peak of oestrus is reached
towards mid November (Fig. 1). At this time up to 10 per cent of the adult ewes
(those over one year old) are in oestrus together.

While the dispersal of rams anticipates the rut, their reassembly into home range
groups begins even before every ewe has been served, though some males may re-
main away from their home ground until the following spring. Ram lambs are com-
paratively late in leaving the ewe groups to commence their rutting wandering and at
the end of the season complete their return promptly.

The time spent in grazing by all males, young and fully adult, declines quite strikingly
over the rut (Fig. 2). In late September, both sexes spend ninety per cent of the day-
light hours in grazing but though this level is maintained by females right through
until the following April, the figure drops to 20 per cent among males by mid Novem-
ber. There is a. recovery before mating has been fully completed, perhaps in response
to weight loss experienced in the rut.

4. PERIODICITY OF OESTRUS

The social grouping of the females is not affected by rutting activity, but the frequency
distribution of their oestrus periods determines the pattern of the rut. Behavioural
oestrus can be recorded when rams persistently associate with a ewe or show overt
sexual behaviour towards her (repeated nudging, chasing, mounting and copulation). In
1966, rams showed interest in 68 adult ewes for one day only, in 63 for two days and in
27 for three or four days. Of 26 lambs seen to come on heat, only one was followed by
rams for more than one day, so oestrus is evidently much shorter in these young
individuals.
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Fig. 2. Records of grazing activity during the rutting season

for (a) ewes, (b) ram lambs, and (c) older males. Each point
represents the mean number of each sex observed grazing at

haf hour intervals over one day expressed as a percentage of the
mean of the total numbers seen at those intervals. Observations
were made at weekly intervals.

Most ewes come on heat only once during the mating season but a proportion do so
twice (19 out of 162 ewes in 1966) and a few on more occasions. Interoestrus ranges
from 10 to 18 days (mean of 15). Three chief categories of oestrus can be recognised:-

(& first oestrus and
(b) second oestrus, of ewes that come on heat twice, and

(c) the sole observed oestrus of ewes, and lambs, which come on heat only once
during the season.

Oestrous periods of the (b) class have a distribution which is only significantly
different from the distribution of the (c) class above the 10 per cent level (Student's

t = 1. 54 with 161 degrees of freedom; Table 2). The mean date for class (c) is thus
separated by one interoestrous period from the mean date for class (a). The standard
deviation of class (c) oestrous dates is however only hdf the interoestrous period, so
that the distribution of these and of class (a) oestrous dates are fairly discrete. It
seems reasonable to infer that ewes which show heat once only have a 'silent heat' or
undetected ovulation at the time the others first exhibit overt oestrus. The result is
that the equivalent stages in the polyoestrous cycle can be distinguished throughout
the population.
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TABLE 2. DISTRIBUTION OF DATES OF THREE
CATEGORIES OF OESTRUS.

(Data collected autumn 1966)

Category of oestrus Number in sample Mean date
(expressed as nth

day of year)
(a) first observed 19 298 +7.5
(b) second observed 19 314 £7.6
(c) sole observed 144 333+6.1

Although 'sole observed' oestrous dates, class (c), have a restricted distribution,
these dates are even more closely aggregated for ewes from a single home range
group (Fig. 3). There is a very highly significant difference between different home
range groups in the mean day of oestrus, (F ratio = 10.04, P = 0.001).

EWES COMING ON HEAT
o o =] o

1 | | |

2 F
3
2
2
-b
]
z 2
: 2
.
0 0
2
s

Fig. 3. Frequency distribution of dates of onset of oestrus in two adjacent
ewe home range groups in 1966. Symbols as in figure 1.
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The gestation period is 151. 2 £ 1. 34 days (n = 162) so that the distribution of births
accurately mirrors the distribution of conceptions. When the dates of conceptions

are compared with the distribution of oestrous dates, it becomes clear that the oestrus
in which conception occurs usually corresponds to the second identifiable ovulation in
the series but in 10 per cent of cases (out of a total of 491 births) is known or in-
ferred to have been the first or third. This implies that the distribution of birth dates
is polymodal, and though the modes are usually hard to detect, they were demonstrated
by probability paper analysis for birth dates in 1966, two modes being clearly evident
and separated by 16 days, approximately one interoestrous period (Grubb, 1968).

5. AGONISTIC AND AMICABLE BEHAVIOUR PATTERNS OF RAMS

(& Nudging

During the rut encounters between single rams become frequent once the ram groups
disperse. Brief encounters involve certain mutual or reciprocated displays, rubbing,
horning of vegetation, or clashing. Within the first category are two behaviours, the
twist (a turn of the head about its longitudinal axis) and the kick or laufschlag (afor-
ward poking movement of the foreleg) which have already been described by Geist
(2968) for mountain sheep (Ovis canadensis). In the Soay these displays contribute

to a series of activities which for the moment | assume reflect a scale of increasing
intensity. At one end of the scale, there are movements of the tongue (empty licking)
combined with a growling vocalisation (rutting call), made when one ram meets
another. To this behaviour, more an excited state than a display, a twist may be added,
and in a fuller display this is accompanied by a kick and partial erection of the penis,
with rapidly repeated kicking in the most intense version. There is a close relation
between kick and twist, for a kick with the left leg is accompanied by a clockwise
twist and vice versa. As the kick is rarely shown without the twist, | refer to displays
of this type as 'nudging’, following a usage by Banks (1964) and to avoid coining a new
phrase. Although a nudging display is usually directed towards an opponent, mutual
displays occur in a variety of positions, for instance with the two rams standing in
parallel (head-to-head or nose-to-tail) or in tandem (nose-to-tail).

A ram which retreats from a nudging display is usually smaller than the displaying
male. Ram lambs never nudge larger, older males, and yearling rams (1. 5-year-olds)
hardly ever do so. Out of about 50 older rams present in the rut of 1966, only one was
nudged or butted by yearlings, and this was a particularly small 2. 5-year-old. Size
disparities are evident among mature rams in cases where a younger ram nudges an
older one. Among rams of similar size, the relationship is not so clear. Some con-
sistently nudged other individuals, but there are also many reciprocated displays.

TABLE 3. NUMBERS OF ENCOUNTERS INVOLVING NUDGING OBSERVED IN
1966 IN RELATION TO THE AGE CLASSES OF RAMS INVOLVED.

Approx. age in years of displaying ram

0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5

Y 0.5 51 1 2 3 1 4
1.5 48 4 8 1 9 2
ggpepro?x 2.5 3 11 15 3 10 2 1
recipi- | 3.5 12 13 10 18 3
ents ?4.5 2 10 1 9 2
display 5.5 1 6 4 80 14 6
6.5 3 14
/175 2 1 3 2
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TABLE 4  THE NUMBER OF ENCOUNTERS INVOLVING NUDGING IN
RELATION TO AGE DIFFERENCES BETWEEN THE RAMS

(Data from 1966)

Number of years by which nudging ram differs in
age from recipient of display

5 4 3 2 -1 0 +1 +2 +3 +4 +5 +6
Number of encounters 0 2 2 14 31 21753 39 14 15 7 O

The numbers of interactions involving nudging vary with the abundance of animals in
each age class (Table 3) and with the relative age of participants. Over 50 per cent
of nudging encounters are between animals of the same age and there are successive-
ly less between animals separated in age by one, two or more years (Table 4). Size is
related to age, and it is reasonable to infer that rams are more likely to display to
others of similar size, results which are close to those of Geist (1968) and Schaller
and Mirza (this volume, Paper 13). Nudging may be an assertion of dominance, or an
attempt at such when the relative status of two individuals is not established.

(b) Submissive posture

A ram may respond to nudging by reciproacating the display or by walking away. In
the latter case a well defined avoidance-posture is shown, with the neck extended, a
little above the line of the back, and the head tilted upwards. It is taken to be a sub-
missive action, but is only manifested by a few individuals.

(c) Clashing

Soay rams do not jump into the clash, which resembles that of the mouflon (Pfeffer,
1967) and is frequently, but not invariably, shown in a 'blocking' sequence. Rams
march backwards before clashing and a ram may solicit a clash by stepping back-
wards in front of another, without necessarily eliciting a response.

(d) Horning of vegetation

A solitary ram, or two rams together, may rub their horns in vegetation by rapidly
moving the lowered head from side to side, sometimes erecting the penis at the same
time. Horning appears to combine elements of autoeroticism and redirected aggres-
sion.

(3) Nosing

Young rams (1. 5-year-olds) sometimes nose the groin or penis sheath of elder
strangers, apparently an investigatory behaviour shown with a low level of fear.

() Rubbing

Another non-aggressive activity is for one ram to rub his throat and face over the
horns of another who receives the attention by yielding slightly or by nudging. Of 40
cases observed in 1966 only two involved reciprocated activity. 6 concerned old rams
rubbing younger ones, 14 involved rams of the same age and the majority, 29, involved
young rams rubbing older ones (Table 5). In nearly all cases the ram performing the
rubbing was the smaller individual. | suggest that rubbing is a submissive gesture
shown with a low level of fear. Geist (1968, 1971) notes that rubbing is performed by
subordinates.

TABLE 5. THE NUMBER OF ENCOUNTERS INVOLVING RUBBING IN
RELATION TO AGE DIFFERENCE BETWEEN RAMS

Number of years by which rubbing ram differs
in age from recipient

6 5 4 3 2 -1 0 +1 +2 +3 +4 +5
Number of encounters 1 0 2 4 13 914 4 1 1 0 O
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() Blocking

A short exchange of nudging between rams can develop into much more complex
sequences of behaviour. A pair of rams take up a 'reverse-parallel’ position, standing
side by side, nose to tail. Various activities are exhibited in this position and the
animals return to it if a new one is temporarily adopted while they participate in some
other behaviour. It is convenient to have aterm for these long engagements, which

can last for as long as a day or more, and | refer to them as 'blocking'. Principal
kinds of behaviour shown in blocking, usually by both rams simultaneously, are as
follows:

(1) Reverse parallel position:

(& standing with head lowered to ground

(b) standing with head raised, sometimes making cud chewing move-
ments

() circling

(d) striking opponent on rump with sideways thrust of horns

(e) standing, pushing on opponent's rump

() grazing

(9) urinating, then nosing own urine, and flehmen

(h) nudging

(i) horning of vegetation

(2) Parallel, head to head position

(8 standing and pushing shoulder to shoulder

(b) circling, pushing shoulder to shoulder

(c) nudging (sometimes combined with the above)

(d) trotting, pushing shoulder to shoulder, sometimes with horns inter-
locked

(e) trotting separated and with head lowered

(3) Clashing.

Blocking appears to be the development of an inconclusive encounter, in which tactical
manoeuvering rather than retreat is shown in response to aggressive displays and
assaults. In some cases, a bout of clashing or sideways butting in a 'reverse parallel’
position leads to blocking being terminated with the retreat of one participant, and in
other cases it is evident that the contestants are not quite evenly matched. Neverthe-
less, only rams of about the same size engage in blocking, so that in most cases they
are of about the same age (Table 6). In other words, only very evenly matched rams
have difficulty in determining their relative rank. Geist (1966a, b, 1971) notes that
strangers approaching bands of rams receive most attention from individuals of the
same horn-size class.

TABLE 6.

Age class distribution of 'blocking' rams, from data collected in 1966. The
figures indicate the numbers of pairs of different age class composition

involved.
Age of (senior) combatant in years
0.5 15 2.5 35 4.5 5.5 6.5 75
0.5 22
15 20 3
Age class 2.5 4 5 1 3
of (junior)
combatant 35 3
4.5 1

5.5 11 2 3
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(h) Familiarity and agonistic interaction

Rams remain relatively tolerant of their group-mates during the rut. Blocking

usually involves unfamiliar adversaries. Of 56 examples observed in 1966, where the
participants were known individuals, only two concerned animals from the same social
group. The same situation was seen in ram lambs, for of 22 cases of blocking in lambs
16 involved animals from different ewe home range groups and in the other six cases,
one or both were not certainly identified.

(i) Social hierarchy

In many encounters between males during the rut, the role of dominant and of sub-
ordinate can be distinguished. When this is not the case the animals involved are
often strangers and they spend much time and energy in an apparent attempt to dis-
cover each other's rank. Such a situation is most likely to arise with evenly matched
animals and in general rams are more likely to react aggressively to near equals.

The resulting social hierarchy is an imperfectly linear one. The hierarchical pattern
is not completely known, for many individuals are not seen to interact and, as several
encounters between the same individuals are equivocal, relative rank may not always
be determined. From all observations of encounters in 1966, a linear hierarchy was
drawn up, though the position of some individuals had to be decided a little arbitrarily.
The sequence was later used for comparison with individual mating success.

6. CONTACT BETWEEN RAM AND EWE

In the 'flehmen-urination' sequence a ram approached a ewe and if she does not trot
away, noses her tail or vulva. She then squats and urinates and he, after nosing the
urine, raises his head with the lips drawn back in the 'flehmen-face'. Such tests for
oestrus (Fraser, 1968) are shown early in the season, when the rams are first re-
covering from weight loss in winter, but they become part of a systematic search for
oestrous ewes during the rut. If an oestrous ewe is located, several rams may join

in chasing her as she attempts to avoid them. The leading ram trots in a 'low-stretch’
position (head and neck extended in line with the back), occasionally 'twisting' his head
to right or left or stopping to turn on the other males with a full nudging display
(twist plus kick). Sometimes he may butt the smaller individuals, and may even clash
with another large male.

Such chases usually occur in the early stages of the rut and later it is possible for
the larger males to establish a 'tending bond' with a ewe, in which he remains close
to her for the whole of the oestrous period.

Ram lambs are very persistent in approaching the consort pair, but the tending ram
will chase and butt them. Other approaching males are greeted with a violent nudging
display. A dominant ram displaces a subordinate tending a ewe merely by nudging at
him. The new arrival immediately approaches the ewe and nudges, standing beside
and a little behind her. When she is receptive, little nudging is shown before she
allows mounting but at other times he may make over 100 nudging movements before
the ewe stands for him. One to four mounts with thrusts (rarely up to 15) occur
before ejaculation is achieved. The act of nudging may include twist and kick but is
variable, both within a single sequence and between individuals. It may for instance
take the form of atwist with a forward step or flexure of the foreleg; or a series of
backward and forward steps without any head movements. The precise form of these
variants and their hesitant nature is interpreted as an incorporation of intention-
mounting movements into the behaviour.

The oestrous ewe overtly ignores the tending ram but association with him is a
positive action, as she temporarily stops following her group-mates. Untended
oestrous ewes may associate with consort-pairs but are ignored, and are then ap-
proached by other rams.

The tending ram appears to exhibit a cycle of sexual activity. Mating is attempted

when he first approaches the oestrous ewe and in one 8 hour period of tending, the
dominant ram in the study area then mated regularly at hourly intervals. On another
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day the same ram tended a series of 6 ewes and mating was then attempted on 13
occasions in 8 hours, so the pattern may be more complicated.

Ewes are less ready to stand for mating late during oestrus and try to evade the
tending ram. This change in behaviour can be noted even within one day. Rams nudge

more and mount more frequently before achieving ejaculation later in the oestrous

467

cycle of the ewe and they show less continuous interest in ewes late in oestrus. As a
result a ewe may be mated more often by more rams later in oestrus. For instance,
one ewe was mated 15 times by nine rams on her second day.

In 1966, the numbers of ewes tended on their first and second days of oestrus were

noted for each ram in the Village Glen by closely checking all the sheep three or
more times daily. As copulation is usually achieved only after the formation of a
tending bond, the numbers of bonds established by rams is an indication of success in
mating. Records for individual rams are illustrated in Fig. 4 in the order of rank of

the rams, information being derived quite separately from the results of agonistic
encounters. It is apparent that rams of higher rank form more tending bonds than

those lower in the scale, and hence are responsible for more conceptions.
The stronger rams associate less with ewes on their second or later days of oestrus

than do subordinate rams. For instance, the alpha dominant was seen with 34 ewes

on their first day, and with only seven on their second day of oestrus. A younger
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Fig. 4. Numbers of tending bonds established by rams in 1966 arranged
in the order of their social rank as determined in agonistic encounters for
the day of onset of oestrus in ewes (s) and the second day of oestrus (0).
Data are lumped together for the first (lamb) and second age classes.
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animal, 4. 5-years-old, was seen with 7 and 9 ewes respectively. The three rams of
highest rank each tended twice as many or more ewes as those next in rank and
accounted for nearly 30 per cent of the 304 associations recorded in 1966. 38 adult
rams and many yearlings and ram lambs accounted for the ather associations.
Records of mating activity during the 1966 season are most complete for the dominant
rams. Conceptions could be achieved by such individuals at the rate of one per day.
The alpha dominant made his 34 observed bonds with ewes over a 38 day period. The
lower mating success of subordinate rams is less reliably assessed. These males
are forced to wander more and allowed to tend ewes for shorter periods, so that their
mating activity can be less accurately interpreted from regular daily observations.
On many days their contact with ewes is minimal. For instance, within a 10 hour
period a 4. 5-year-old ram made several circuits of the Village Glen, investigated
ewes 95 times and showed flehmen 44 times. A ram lamb during a 8. 5 hour period
approached ewes on 81 occasions and showed flehmen 18 times. Neither remained
with a ewe for more than a few minutes though the first was displaced twice from
oestrous ewes by older rams.

7. RAM LAMBS AND THE MATING SEASON

Ram lambs are especially agile in mounting a moving ewe and can trot in a mounted
position, attempting copulatory thrusts when she pauses. Mounting from the side is
sometimes seen and though this is only in situations where another male is correctly
mounted, adult rams are never seen mounting incorrectly, no matter how highly moti-
vated. Ram lambs sometimes persist in pursuing ewes that are not on heat or start
chasing a ewe in which adult rams have lost interest — that is, whose oestrous period
is waning. Clashing between adults seemsto provoke ram lambs to mount one of the
contestants and exhibit pelvic thrusting. On a few occasions ram lambs form tending
bonds with ewes, but it is not known whether they ever successfully achieve concep-
tion. Park-reared Soay lambs will fertilise ewes (Jewell, personal communication).

The status of ram lambs before the rut is varied. Sometimes a ewe treated to a
sexual approach rounds on the lamb and butts him, but in other cases she responds by
urinating. During the rut, ewes usually react to lambs as they do to adult males but
there are exceptions. In one case an oestrous ewe was approached by a small lamb
and she turned and faced it each time it attempted to approach from behind. In the end
the two butted and pushed at each other. It is possible that the lamb was not large
enough to dominate the ewe but was so sexually motivated that it persisted in app-
roaching her even when attacked.

8. SEXUAL AND AGONISTIC BEHAVIOUR-SOME COMPARISONS

Nudging is shown in the apparently separate contexts of agonistic and sexual behaviour.
During the ontogeny of sheep it is apparent that these two categories of behaviour
differentiate from a single kind, namely the nudge with mount of the two month old

ram lamb (Table 7). The nudging display is here incomplete and the sequence of
appearance of further elements is not related either to the sequence in which they are
shown by the adult ram or to the variation of the display with different levels of inten-
sity.

Following the summer lull in social interaction between lambs, there is a return of
activity during the rut, and at this time differences between nudging in male-male and
male-female contexts become apparent. In the former, higher levels of intensity are
reached than in the latter context. The position of the nudging ram relative to the
oestrous ewe is much more rigid than in male-male contexts, for he displays only
from behind the female. There is further differentiation of nudging in different con-
texts among older males. Ram lambs may attempt mounting with little preliminary
solicitation of the ewe but among mature rams, the nudging of an oestrous ewe aways
preceded copulation. It becomes a cautious and delicate manoeuvre often combined
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TABLE 7
Ontogenic differentiation of behaviour patterns involving nudging and mounting.

(1) Ram lambs (first two months): nudging display incomplete (no empty licking,
rutting call, penis erection) and in essentially a single context; mounting in a
‘non-sexual’ context.

(2 Ram lambs (next six months): nudging display now complete (rutting call, empty
licking, twist, kick; and penis erection?); mounting of adult ewes may occur.

(3 Ram lambs (first rutting season): nudging now shown in two distinct contexts
with different associated behaviour; mounting of oestrous ewes shown in
definitely sexual context; mounting of clashing or blocking males also occurs.

(4  Younger rams (1. 5 to 4. 5-years-old): the same, but mounting almost completely
confined to sexual contexts; mounting of other rams may occur, but rare.

(5 Older rams: the same, but nudging may form part of a 'mixed’ display, in sexual
contexts only; mounting of other rams never shown apparently.

TABLE 8

Estimates of the numbers of litters conceived in 1966 in the
Village Glen or born there in 1967

litters conceived

litter rams ewes litters born to ewes
size:

0 approx. 100 61 26
1 17 197 157
2 6 21 15
3 2

4 1

5 2

6 3

7 3

8 1

9

10

11 1

12

13 1
14 2

15

16 2

17 1

18 1

19
29 1

36 1
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with mounting intention movements, perhaps the result of negative reinforcement by
past failures to achieve intromission and ejaculation with indiscriminant mounting.

It seems that with greater experience rams distinguish the different contexts to which
agonistic or sexual behaviour is appropriate. There are also cases when rams are
confused as to the context of nudging—a ram nudges another from behind and then
mounts, his orientation facilitating the action. Such exceptional behaviour is seen only
in young rams (less than 4 years of age). In many other situations clear distinction is
made between ‘courting nudging' and ‘aggressive nudging', as when a ram 'twists'
while following an oestrous ewe in alow stretch position and intermittently turns on
other pursuers with a high intensity nudging display.

9. LITTER SZE

The reproductive potential of the two sexes can be compared by estimating litter size
and age-class fecundity. 'Litter size’ commonly means the number of offspring
resulting from one birth and the sole impregnation of one male. As sheep are poly-
gynous, several 'ewe litters' may be sired by a single ram and represent a ‘ram
litter'. The number of lambs sired in the study area in 1966 can be inferred from the
numbers of lambs born in the following spring. The assumption is made that the

TABLE 9

Estimates of age specific fecundity tabulated against generalised sur-
vival data based on all available records of individual life histories on
Hirta, assuming initially the birth of 1,000 ewe lambs and 1,000 ram

lambs.
Mean fecundity or mean Percentage
Age Numbers of number of ewes contribution to
class ewes or rams tended total conceptions
Ewes
1 695 0.40 10
2 388 0.82 11
3 339 0.96 11
4 317 1.08 12
5 295 1.09 11
6 278 112 11
7 254 112 10
8 225 112 9
9 187 112 7
10 124 112 4
11 45 112 1
12 16 112 1
13 6 112 1
14 2 112 1
Rams
1 695 0.03 2
2 290 0.3 7
3 193 14 23
4 131 19 21
5 83 4.0 28
6 51 13.5 59
7 29 6.7 29
8 16 6.0 8
9 5 6.0 3
10 3 6.0 2




Paper No. 23 471

WEIGHT IN POUNDS

AGE IN YEARS

Fig. 5. Growth curves based on monthly means of
weights of live known-age animals recorded in 1964
and 1965, for males and females.
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Fig.6. Annua variation in the growth of the horn in the
second summer of life among Soay rams. Measurements
are of the greatest length of the growth increment, and
mean, range and standard deviation are indicated.
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fecundity of ewes which died during the winter of 1966 was the same as that of the ones
which survived. The numbers of those conceptions per ram is taken to be directly
proportional to the numbers of tending bonds observed. It is felt that any inevitably
speculative correction of the figures provides no increase of accuracy. The results
(Table 8) emphasise that the majority of males sire no offspring and of the remainder
about a third sire only one.

A very few individuals sire as many as 20 or more lambs. In contrast, most females
conceive and a small proportion produce twins. The life-time fecundity of individuals
would show a greater variation, especially among rams and it is possible that a few
males achieve 20 to 30 conceptions several years running.

10. COMPARATIVE AGE CLASS FECUNDITY

Age specific fecundity of ewes on Hirta is known with some accuracy from three
years' records of over 500 births to known-age ewes. For the males it is estimated
from the 1966 records of tending bonds. For a theoretical population, whose mortality
pattern is provided by a composite life table, based on data for over 800 known-age
animals (Grubb, 1968), estimated age specific fecundities are given in Table 9. The
results are only a very rough guide but they demonstrate the different fecundity pat-
terns in the two sexes. In ewes, age specific fecundity is largely a function of the size
of the age class, while in rams it is much more dependent on age. The real differen-
tial in age-specific fecundity is probably not as exaggerated as the figures suggest,
for they are based on only one set of records in which three individual rams of the
same age dominated mating activity.

11. RUTTING AND MORTALITY

Reduced grazing time and increased energy expenditure during the rut lead to a
greater winter weight-loss among rams than among ewes (Fig. 5). This is associated
with a sex differential in mortality rate primarily reflected in the sex-ratio. In the
Village Glen population there were between 2.8 and 3.6 ewes per ram in 1964-1966
(excluding lambs) and the figure rose to 8.0 after a population crash in 1967.

Levels of mortality and presumably of mean weight loss appear to have some relation
to growth rate in the subsequent summer. Annua growth increments of the horns,
which presumably reflect general growth patterns, show significant differences from
year to year (Fig. 6), at least in some cases reflecting changes in population density.

At any one time age structure of the Village Glen subpopulation is irregular, that is
there are not necessarily successively fewer individuals in successively older age
classes. It is not possible therefore to construct 'horizontal' or time specific life
tables. Although a generalised life table can be drawn up (See Table 9) it is more
informative to prepare separate life tables for each cohort or year class (Table 10).

The irregular age distribution reflects the cycle of abundance in the population, for it
is the result of a greater density-sensitivity in mortality among the lamb and yearling
classes and a less variable mortality among older animals. The neonatal death rate is
of equal severity in the two sexes and at this stage differentials in mortality are
related not to sex but to dam age, birth weight, weight of dam and size of litter (Grubb,
1968). First winter mortality is of greater magnitude and is always higher in males
than in females. These two early phases of mortality are quite distinct in character
and in timing, and produce a kink in the mortality curve (Fig. 7; cf. Caughley, 1966).

Among older males, mortality rate exhibits a higher but more erratic sensitivity to
population density than is evident among females (Table 10).
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TABLE 10

Relation between sex, age, population size and scale of mortality (expressed to
the nearest one percent) for sheep in the Village Glen from 1961-1967. Data
available for rams in 1961-1963 are less reliable than those for ewes, explain-
ing the apparent sex differential in neonatal mortality for 1962.

Year in which post winter mortality occurs

1967 1966 1965 1964 1963 1962 1961

Age in years at
which mortality

occurs age-class percentage mortality, females

0 45 32 20 53 31 11 10
1 79 47 32 63 31 8 0
2 10 4 9 22 12 14 9
3 4 0 3 14 8 0 19
4 0 3 0 27 0 8

5 24 3 0 10 0

6 13 0 0 0

7 37 33 8

8 67 9

9 60

age-class percentage mortality, males

0 45 36 20 48 28 (352) 10
1 94 64 86 80 49 15 10
2 59 0 23 44 30 17

3 50 30 21 57 40

4 86 55 26 11

5 100 24 25

6 67 33

7 100

Village Glen population size in previous season

404 392 317 425 392 313 174

12. DISCUSSON

Agonistic interaction between males has the same adaptive value in Soay and mountain
sheep (Geist, 1971). A social hierarchy develops which establishes the freedom of the
male to tend and inseminate females. Soay sheep nevertheless differ in behaviour
from these wild relatives, reflecting their more primitive status as descendents of
wild mouflon. The twist and kick are closely associated; there is a submissive posture;
contestants step back before clashing and do not rise into a bipedal position; the

threat jump and present are not shown; and during dominance fights (blocking) a
reverse-parallel position is taken up and the opponents butt each other in the rump,
recalling the fighting techniques of rupicaprines (Geist, 1971).

In the absence of horn displays (low stretch and present) and with the relative weak-
ness of the clash, social rank in Soay rams is evidently determined less exclusively by
the appearance of the horns and by the blows which they actually deliver. The nudge,
in which mane and ruff as well as horns are displayed; wrestling during blocking, when
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Fig. 7. Mortality curves for males and females, composed
by plotting the mean percentage of animals dying in each
class in different years against the time when mortality
occurs, taking the date of birth as '0' years. The scatter of
values is also indicated for comparison. The difference in
mortality rate between '0' and 1 year old animals repre-
sents the kink in the mortality curve.

relative strength can be evaluated, play a significant role. The Soay lamb partly fore-
shadows evolutionary advances in behaviour shown by adult mountain sheep, for it
exhibits a threat jump and does not discriminate between the sexes when mounting or
nudging. To increase the force of the clash and for the subordinate male to be treated
more as if it were an oestrous female, there is in mountain sheep an extension into
adulthood of what used to be juvenile behaviour patterns (see Geist, 1968, 1971).

Pfeffer (1967) records male mouflon mounting other rams and Schaller and Mirza
(this Volume, Paper 13) note the same in urial, as well as low stretch used towards
other males. Perhaps the behaviour of the Soay has in fact been modified significantly
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following domestication. There is not yet enough information to be certain of this. It
is somewhat inappropriate to regard the Soay sheep as a domestic animal, however,
for this feral stock is closer to the wild mouflon in proportions, general form and
growth rate (see Pfeffer, 1967). Sexual maturity is admittedly relatively precocious
(cf. Mottl in Pfeffer, 1967, p. 151). We may explain this in terms of unconscious or
weakly directed selection by Neolithic pastoralists and natural selection over perhaps
a millenium on St Kilda. probably reflecting special aspects of population dynamics
under these conditions.

Although the decline in intake of nutrients over the season on Hirta has still to be fully
reported, annua starvation doubtless reflects the restricted growth period of fodder
plants and the absence of alternative winter grazing grounds. While ensuing mortality
mainly affects lambs from the previous spring, and males of all ages (see Table 10),
adult females have a mortality pattern not unlike that given for bighorn rams by Geist
(1971, p. 295). Ultimately the differential in mortality between the sexes (see Table 9)
must be explained by the independence of male ruminants from rearing their offspring.
Selection then favours a much higher optimum litter size (see Lack, 1948) than in the
females, as well as all the behavioural and physical devices which maximise repro-
ductive output. In the Soay sheep these involve extreme physical exertion and reduced
feeding during the rut. Resulting energy loss cannot be restored adequately by winter
grazing. Under such conditions males are likely to have a higher mortality rate (see
also Cowan, 1950, Taber and Dasmann, 1954 and Flook, 1970) though this is not selec-
tively disadvantageous as long as lifetime reproductive output is not critically reduced
in all individuals.

One would expect selection against sexual precocity in males, however, for the heaviest
losses are among the ram lambs, indicative of their apparently futile participation in
the rut. Subsequent life expectancy is still so low (> 3 years) that males which mature
early may nevertheless have a higher probability of siring many offspring in a lifetime
than those who take longer to mature, even though these latter have a higher life
expectancy. More records of rutting on Hirta are needed before this suggestion can be
critically evaluated. If lambs are small, growth rates reduced and survival rates high,
then quite different patterns of selection may come into operation, as noted by Geist
(1971) in comparing ibex and mountain sheep.

Annual winter mortality on Hirta increases as the population enlarges until natality
(which is declining) no longer compensates for it, and there is a drop in numbers.
Survival rates increase in the next season and the population builds up again (see
Table 10; and also Marburger and Thomas, 1965, for a similar case). While the effect
of population density on fodder supply probably accounts for this controlled situation,
many factors are involved in the relationship and precise scales of mortality cannot
be predicted from one year to the next. The crash in 1960 for instance was particu-
larly severe (Boyd et al., 1964), delaying subsequent recovery of numbers. Population
quality (Geist, 1971) apparently declined during this phase though not on the scale
illustrated by Geist or Nievergelt (1966). It may in turn have had an effect on the date
of lambing.

Even though this is usually very constant (mean date of births between April 12th and
20th for 3 years of accurate data), sheep do have means whereby they could alter the
date of overt oestrous (section 5). It would be attractive to believe that higher quality
animals are served early by showing overt heat at what is usually a 'silent' oestrus
(see Perry, 1971) in the population. This may enhance the survival rate of offspring by
lengthening their effective growth period in the first year. Speculation along these
lines receives a little support from P. Jewell's ms. notes. He found that lambing in
1963 was approximately one inter-oestrus early. Quality of sheep in the previous year
must have been good, for the year-old ewes successfully reared lambs and in turn they
must have weathered the winter well, a reflection of reduced population density after
1960. A crash of less severity in 1964 did not precipitate a similar chain of events.

It is hoped that such complications of what at first might seem a simple population
control mechanism receive more attention in future. This preliminary account has
treated the Soay as a primitive sheep compared with the wild American species. But
domestication may have introduced new adaptations that can only be evaluated by
critical comparisons with wild mouflon.
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The Social Behavior of the Vicuna
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ABSTRACT

Vicuna (Vicugna vicugna) behavioral ecology and social organization was studied at
the Pampa Galeras National Vicuna Reserve in southern Peru. With its specialized
territorial system, it is one of the few ungulates to defend a year-round feeding
territory and a separate sleeping territory. Within their socially isolated territories,
a family group feeds, sleeps, reproduces and raises its young. Non-territorial males
gather into all male groups and are prevented from utilizing occupied and preferred
habitat by resident territorial males. The territorial male's role in the system is
strategic: he not only determines the location, limits, and size of his territory, but

he regulates the number of animals within his family group by accepting or rejecting
outsiders and expelling juvenile members.

Fig. 1. Portrait of avicuna
(Photo by W. L. Franklin)

INTRODUCTION

The approach to the biological study of animal behavior has been expanded over the
past few years to include the question of how an animal's behavior is interrelated to
its environment. This field of behavioral ecology is concerned with two general prob-
lems: (1) what effect the environment has had on shaping the animal's behavior and
social organization; and (2) how the animal's social organization effects the animal's
utilization of its environment.

477
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The social organization of a species refers to the system by which the individuals in
a population are organized. Are they solitary? In permanent or temporary groups
or herds? What is the age structure and sex composition of the social groups? Do
they live in home ranges or in defended territories? Are there social rankings with-
in groups? Beyond a description of an animal's social system, behavioral ecology
examines the mechanisms that maintain the system as well as the adaptive values
and advantages of that system that have enabled the species to succeed in its environ-
ment. So the door swings in two directions: a species' social organization deter-
mines how the members in a population are distributed in and use their environment,
and how the environment has influenced the type of social organization that envolved
there.

Of what value is behavioral ecology to the management and conservation of the en-
dangered vicuna (Vicugna vicugna) ? Scott (1968) stated that until we have a general
picture of an animal's social behavior and organization, we lack a firm foundation
for experimental work. More recently Geist (1971) emphasized that a knowledge of
an ungulate's total biology is essential if we are to manage and conserve it in the
wild state. In light of the vicuna's unique social organization of year-round terri-
toriality, a basic understanding of its ecology and behavioral ecology are important
for future management planning.

A field study on vicuna was conducted at the Pampa Galeras National Vicuna Reserve
in southern Peru from May 1967 to June 1971. This paper will summarize basic
features of vicuna social organization and behavioral ecology. Prior to the present
investigation, the only other systematic study of the vicuna was by Koford (1957).

The present study has been supported by the Conservation Foundation, World Wild-
life Fund, Peruvian Ministry of Agriculture and Utah State University.

STUDY AREA AND METHODS

In 1966 Peru established the Pampa Galeras National Vicuna Reserve, 450 km (280
miles) south of Lima, in the Department of Ayacucho between Nazca and Puquio. The
reserve was urgently needed since the vicuna had experienced a 98 per cent decrease
in total (world) population size during the previous 20 years. In the early 1950's
there was an estimated 400, 000 vicuna in the Andes (Koford, 1957). Due to illegal
hunting for their valuable wool, numbers had been reduced to less than 10, 000 by the
late sixties (Grimwood, 1968). The vicuna was declared rare and endangered by IUCN
in 1968 (Franklin, 1969a).

Pampa Galeras' contribution to the initial recovery of an endangered and rapidly de-
clining population has been paramount. Within the limits of the 6, 500 hectare (16, 062
acres) reserve, the numbers of vicuna have increased at an annual average rate of

16 per cent with atotal increase of 50 per cent (814 to 1217) from 1967 to 1971.

Located at 4, 000 meters (13, 120 feet) above sea level, Pampa Galeras is an alpine
short grassland whose treeless landscape is characterized by broad open valleys,
interspersed by flat wide ridges. There are basically two climatological periods: a
summer-rainy-season from November through April when plant growth occurs, and
a cold-dry-season from May until October.

A 5 km (3.1 miles) straight portion of a road on the northern limits of the reserve
served as a base line for a grid. Rock piles spaced 200 meters apart formed a rec-
tangular grid 4. 4 x 3.0 km (2.73 x 1. 9 miles). The 1, 525 hectare (3, 768 acre)
study area included a large valley, the slopes on each side, and one of the adjacent
flattened ridges. A map of the area made it possible to record a vicuna group's
location within 20 meters by using the grid co-ordinates. Observations were made
from huts built on high vantage points around the valley.

GENERAL ECOLOGY

Vicuna graze almost exclusively on perennial short grasses and forbs. Although
other members of the camel family may go for periods without water, vicuna must
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water once to twice daily during the dry season. Open water is needed less fre-
quently when forage is green.

Some females breed as yearlings (one-year-olds), but most females breed as two-
year-olds and give birth to their first offspring as three-year-olds. Gestation is
approximately 11 months and only one offspring is born. The parturition-breeding
season occurs during February, March and April when forage is abundant and tem-
peratures are favorable. The puma (Felis concolor) and the Andean fox (Dusicyon
culpaeus) are predators of the vicuna

Forage productivity is low and preferred habitat types are limited in this high alti-
tude environment, factors which are suspected to have greatly influenced the envolu-
tion of the vicuna's unusual social system.

FEEDING

TERRITORIES
/

LS

e / SLEEP

PING

TERRI Tr'l_‘J.: ES

ROAD

Fig. 2. (A) Lateral view of study area's topography, Cupitay
Valley, Pampa Galeras National Vicuna Reserve, Peru.
(B) Schematic illustration of vicuna family group feeding
and sleeping territories.
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SOCIAL ORGANIZATION

The vicuna population consisted of five principal types of social groups.

(1) Permanent Territorial Family Groups (PTFGs) occupied the preferred habitat
types that were found on the slopes, flats and bottomlands (Fig. 2A). A PTFG was
composed of one adult male and females with and without crias. (The Spanish term
‘cria’ here refers to baby vicuna less than one-year-old). Their territory consisted
of two parts: a feeding territory where the group spent most of the day, and a sleep-
ing territory located on higher terrain where the vicuna spent the night. The feeding
and sleeping territory were connected by an undefended neutral corridor. Terri-
tories were exclusively occupied by the resident family group and defended by the
adult male against all intruding outside vicuna. Territorial boundaries were discrete
and well defined. The size and shape of feeding territories occasionally changed
slightly from one season to the next but remained in the same basic location for the
entire year. The PTFG's feeding territory included permanent water. The family
group was a stable unit with essentially the same adult females remaining through-
out the year.

(2) Marginal Territorial Family Groups (MTFGs) were found on secondary habitat
surrounding the better areas occupied by the PTFGs. The size, shape and location
of their feeding territories were less consistent and more susceptible to change than
the territories of the PTFGs. The feeding territory was less likely to include a per-
manent open source of water (spring or stream). As a result, marginal groups had
to make brief daily movements (usually no more than two km) out of their territory
during the dry season. Compared to PTFGs, marginal groups began making daily
watering movements earlier in the dry season, were on the move more, and spent
less time in their feeding territories. PTFGs and MTFGs commonly ranged in size
from five to ten animals. For example, a group of seven might include one adult
male, three adult females, one yearling female, and two crias.

(3) Mobile Family Groups (MFGs) consisted of two to five animals and often included
yearling females. For example, a group of four might have included one adult male,
one adult female and two yearling females. Mobile family groups appeared only to be
a temporary group of females associated with a male that was without an established
territory. When they entered unfamiliar zones and inadvertently trespassed onto
terrain already occupied by PTFGs and MTFGs, they were promptly attacked and
forced out by the resident territorial males.

(4) Male Groups (MGs) were composed of non-territorial all-male groups. They
varied in size from two to 100 animals, but more often had only 15 to 25. They were
not tolerated on occupied habitat and were quickly chased out by territorial males.
Consequently, male groups lived in unoccupied and non-preferred habitat types. Be-
cause of the frequent attacks upon them by territorial males, male groups moved
long distances in search of areas to feed undisturbed. Male group size fluctuated
often due to subgroups leaving and joining.

(5) Solo Males (SMls) were sexually and physically mature individuals that had left
their all-male groups and were ready to establish a territory of their own. Solo
males did much wandering while looking for suitable unoccupied or poorly defended
sites to set up their territories. They were usually aggressive to established males
that attempted to force them out of the territorial zones. Old or injured males no
longer able to hold aterritory were also occasionally seen by themselves; they were
not considered part of this category because of their small numbers and lack of
social involvement with the remainder of the population.

TERRITORIALITY

The territorial system formed the foundation of how the vicuna population was orga-
nized and made use of its environment. Essentially all adult females were found in

family groups with territorial males. Those that became attached to a male without
a territory remained only temporarily until accepted into an established territorial
family group.
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Many of the vicuna's vital life functions took place within the socially isolated terri-
tory free from intraspecific interference. The family group fed, reproduced, and
raised its young in the feeding territory, while they passed their nights in the
sleeping territory. The feeding territory played the important role of providing

the reproductive units of the population, the adult females, a secure and favorable
site to successfully raise their young. (Hereafter, the term territory will refer to
the feeding territory. Sleeping territories will be referred to as such.)

DAILY CYCLE

The members of a permanent territorial family group began to move around about
half an hour before sunrise. Each animal defecated and began to feed immediately
after rising. Within an hour after sunrise, the male led the group in its downhill
walk from the sleeping to the feeding territory. Groups with territories on the slopes
and upper flat, sleep about one kilometer (0. 6 mile) away on the ridge. Groups feed-
ing on the bottomland and lower flat slept on the ridge 1. 8 kilometers (1.1 miles)
away (Fig. 1B), athough during the warm season they would occasionally choose to
sleep only 200 meters uphill on the upper flat. On the ridge, the small sleeping
territories of some eight to ten groups clustered together to form a compact sleep-
ing ground. Klingel (1967) reports that family bands of plains zebra (Equus quagga)
also gather at night on a common sleeping ground.

When groups moved through the unoccupied neutral zones between the sleeping and
feeding territories, group males tolerated the closeness of other family groups. It
was not uncommon to see several groups temporarily feeding next to each other on
the way to their feeding territories. On one occasion, five groups totaling 42 animals
were within 50 to 200 meters of each other on an area of only two hectares (5. 0 acres).

After a group arrived on its territory, the integrity or exclusiveness of the area was
maintained by the male, who actively defended it against trespassing groups. In the
late afternoon before darkness, family groups made the reverse movement uphill
back to their sleeping territory.

TERRITORY SZE AND ANIMAL DENSITY

Territories for six PTFGs during April, May and June 1969 ranged from 7 to 30 hec-
tares and averaged 17 hectares (17-74, 42 acres). Corridors ranged from 2 to 59
hectares and averaged 19 hectares (5-146, 47 acres). The size of a group's feeding
territory from one month to the next was more constant than the size of its corridor.

Roads, streams and dry creek beds sometimes acted as obvious physical borders
between territories, as Koford (1957) also found during his study. But more commonly
boundaries were well defined strips or even 'lines' that separated territories. It was
not uncommon to see two neighboring territorial males only two to three meters
apart, each within his own respective territory, giving threat displays to the other. If
one crossed over into the other's territory, he was promptly chased back to his own.

The surface area of territories was compared to the average number of animals
using each territory for April, May and June 1969. The mean number of hectares
per animal unit for eight groups was 3. 4 and ranged from 1. 0 to 7.3 hectares (8.4,
2.5-18.0 acres per animal unit). In order to equate juveniles to older animals, an
‘animal unit' was considered equal to four crias, since the weight of two to four
month old crias during that time of year was one-fourth that of the adults. An animal
one-year-old or older was treated as one animal unit.

During the same three-month period, variations in the size of the feeding territories
appeared to be related to changes in group size. For group 207 the territory ex-
panded from 22 to 30 hectares (54-74 acres) at the same time that the group in-
creased in size from 8. 7 to 12. 2 animal units. The result was a constant area for
each animal unit. For groups 211 and 213 the surface area per animal unit, the
number of animal units, and the size of the territory all remained about the same.

A decrease in territory size for groups 208 and 212 was proportionally greater than
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the decrease in group size, resulting in a decrease of surface area per animal unit.
Group 214's territory size remained about the same, but had an increase in group
size that caused a decrease in the surface area per animal unit.

TERRITORIAL DEFENSE AND INTERGROUP ENCOUNTERS

The territorial male defended his territory against all intruding family groups, male
groups and solo males. When an unattached female (one without a family group and
not accompanied by an adult male) attempted to enter a male's territory and his
family group, the male either permitted her to remain or he expelled her from his
group and territory.

The male defended his territory by aggressive display, threatening charges and
chases; only occasional body contact was made with an intruder. The resident male
initiated and dominated intergroup aggressive encounters. This was an all-or-none
type of territorial defense: winning all inside the territory, while losing all outside.
Males were most active defending their territories in the morning. Of all the inter-
group encounters observed during April, May and June 1969, 80 per cent occurred
before 1300. In April the peak of defense was between 0800 and 0900, shifting to
later in the morning between 1000 and 1100 for May and June.

Of the intergroup encounters observed in April, 1969, 72 per cent were among the
family groups established on the study area (PTFGs and MTFGs); 26 per cent were
between these family groups and outside family groups trying to enter the area; and
2 per cent between male groups. By June the percentage of encounters between
locally established groups had decreased to 34 per cent, while the proportion of en-
counters directed toward outside family and male groups increased to 46 per cent
and 20 per cent respectively. The increase was correlated with the onset of the dry
season in May. The outside groups were most likely marginal territorial groups
without access to water that had to pass through territories of locally established
groups during their search for water. Outside groups were also attempting to en-
croach upon the resources found within the territories of the local PTFGs.

The relative involvement of territorial males in intergroup encounters differed
greatly. To compare this difference, Daily Intergroup Encounter Rates were calcu-
lated by dividing the number of encounters seen during the month with the number
of hours observed. The Initiator Rate (IR) was the average number of times per

day a male initiated and won an encounter, while the Recipient Rate (RR) measured
the average number of times per day the group was the recipient and subordinate
member of an encounter. A high RR indicated a group was leaving its own territory
and trespassing onto others. By contrast, groups with a low RR were staying within
their own territory. When IRs and RRs were numerically listed, groups tended to be
in similar order from one month to the next. The average IR-RR for all groups was
1. 2-0. 5in April, 2. 1-1. 0 in May and 1. 4-0. 5 in June. The May increase again re-
flected the transition period between the availability of green and dry forage.

Males that initiated and dominated encounters the most, also maintained a constant
relationship between the size of their territory and family group. Males who initiated
the least encounters and who were often subordinate to other males, experienced a
decrease in the available area per animal unit within their territory. It appeared
that some males, such as 207, 211 and 213, were more successful at maintaining the
integrity of their territories, and perhaps a better balance between the number of
animal units and resources within the feeding territory.

ESTABLISHMENT OF TERRITORIES

The most common way non-territorial single males became territorial was by taking
over a suitable unoccupied site or an abandoned territory. Non-territorial males
looking for a favorable site to establish themselves on, were constantly on the move
in search of locations poorly defended or not already occupied. Of all the social
groups in the population, such males offered the greatest threat to established terri-
torial males. They might permanently encroach upon a portion of a male's territory,
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or even displace him and his family group from their territory. As a result, mature
males seeking a territorial site were quickly confronted and attacked by the local
territory owners. The high mobility of a male seeking a territory was adaptive for
testing and finding a site where he might become established.

If a male discovered a likely location and was not driven away by the neighboring
territorial males, he would remain. At first he spent most of his time feeding or
resting, and was only occasionally involved in boundary conflicts with neighboring
males. Perhaps this was a low profile phase of habituating his presence to the ad-
jacent territorial males. Gradually the newcomer became more involved in aggres-
sive encounters while testing and probing and learning the limits of the unoccupied
or poorly defended site. When he had firmly established himself as resident, he
would then attempt to secure females for a family group. Females were gotten
from non-neighboring groups moving through the area, yearling females without a
family group, or an occasional wandering unattached adult female. Once females
were obtained, the male temporarily turned his attention toward keeping the new
members in his territory and was less preoccupied with border defense. Females
who attempted to leave the territory were promptly forced back to the group by
the male. He was now a territorial male with a family group.

EXPULSION OF JUVENILES FROM THE FAMILY GROUP

During my August 1968 census of the 6,500 hectare (16,000 acre) reserve, the average
number of juveniles per 100 non-juvenile females was 48, although it was as low as
35: 100 in one valley and as high as 70 : 100 in another. In the study area during Sep-
tember 1968, the ratio was 86 : 100, the unusually high ratio at least in part reflecting
the more intensive observations made in the study area. By February 1969, the ratio
dropped to 23 :100 and ultimately to 7 : 100 in March when the crias were about
one-year-old, indicating a severe loss of juveniles.

One explanation stems from the behavior of the territorial male. Beginning in July,
the territorial males became increasingly aggressive towards the juvenile males
in their groups. Over the next few months they would expel each of the male crias,
but only after several unsuccessful attempts. The mothers of the juvenile males
vehemently defended their young from the attacking adult males. If the male was
persistently aggressive while the female remained protective of the young male,
she might try to leave the group with her juvenile male. The male would force the
female or the pair back to the group in such a case. Maternal protection appeared
to play the role of preventing the premature expulsion of juvenile males from the
family group in these instances. As male juveniles became older, protection by the
mothers waned and the adult male's antagonism took its affect, until the young male
was permanently forced to leave the group.

After the young males had been pushed out, only the juvenile females remained in
their family groups. As the March birth season approached, the adult male and the
mother of a juvenile female become more and more aggressive toward her female
juvenile. The juvenile female was at the bottom of the family hierarchy (the male
being the apha individual). Thus she was the recipient of frequent threats from
group members, especially the adult male and her mother. The juvenile female
commonly goes into submissive crouches in response to threats from her parents,
and may inhibit attacks in this way. Ultimately the male harshly attacks and drives
her from the territory. The expulsion of the juvenile females occurs only once

and is final.

The hierarchy within the family group functions to prevent unwanted animals from
joining the group, but it also functions to expel unwanted juvenile males and females.

DEFECATION-URINATION

Many ungulates defecate and urinate at random where ever they may be. Vicuna
differ by eliminating only on regularly used dung piles, a behavior that has both
social and environmental significance.
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All members of the family group defecate and urinate in their sleeping territory,
feeding territory, when they move between their territories, and in unoccupied zones
of neutrality while moving between their territory and watering site. Both males

and females go through basically the same preliminary behaviors of smelling the
dung pile, kneading with the forefeet, and making a quarter turn and positioning before
defecating and/or urinating.

Within the feeding territories the density of dung piles was five per hectare, and
seven per hectare in the sleeping territories. The amount of dung in a pile differed
greatly between the two territories. The mean dry weight of a dung pile in the
sleeping area was 24 kilograms (54 |1bs), as against 6 kg (14 Ibs) in the feeding
territories.

Males usually performed a defecation-urination display on the way to, at the end of,
or while returning from an intergroup encounter. They went through the same
sequence of ritualized preliminary behaviors given above, including positionings,
but did not necessarily defecate or urinate during each display. My observations
on territorial male vicuna agree with Ralls's (1971) statement that mammalian
marking displays increase when dominant to and intolerant of conspecifics. Vicuna
males may also be reinforcing territorial boundaries since such displays tended to
be toward the periphery of the feeding territory.

In this high Andean altiplano environment visual landmarks are scarce, so scent
marks are an obvious alternative. However, dung piles did not succeed in keeping
outside groups out during the absence of the owner. Male groups and non-neighboring
family groups would flagrantly enter and remain to feed in aterritory if the resident
group was absent. In contrast, neighboring groups learned through numerous con-
flicts where territorial boundaries lay and remained in their own territory even in
their neighbors' absence.

If dung piles do not communicate that an area is already occupied and are ineffective
at preventing outside groups from using the site when the owner is temporarily ab-
sent, what adaptive value do they serve? The traditional explanation for scent mark-
ing a territory since Hediger's (1949) classical work on territorial marking, has
been generally and simply that it is a system for keeping outsiders out. This could
be operating in part, but the vicuna scent-marking by defecation and urination may
well be operating more to keep insiders in. Hediger (1949) implied that some odor
signs might also serve for an animal's own orientation.

Dung piling by female and juvenile members of the family group appeared to function
for their own orientation (Franklin, 1971) to help them stay within their own territory.
When a group strayed beyond their own territorial limits into another male's terri-
tory, it was the adult female members that were attacked and chased out by the resi-
dent male. On one occasion adjacent family groups were feeding and moving in the
direction of each other and the mutual boundary that separated their territories.

The members of each group before coming to their common border, stopped to
smell, urinate and defecate on a dung pile just inside their own respective territory,
as if verifying where they were. Right after, each group advanced a few more meters
apart, separated only by the imaginary boundary between them. If one group crossed
over the line, they were promptly pushed back to their own side by the other group's
male.

When a group moved over a regularly used route through a neutral or unoccupied
area, for example between their territory and the river, members frequently stopped
to defecate and urinate. Animals always smelled the excrement as they paused on a
dung pile, but they sometimes failed to complete the behaviorial sequence. The im-
pression was they were checking or verifying their location. If the dung pile was one
they had passed before en route to the river they would smell familiar odors of their
own group, otherwise, only unfamiliar scents would be present. Surrounding their
regular route of movement were a number of territories from which they would be
chased if accidently trespassed onto.

In Pampa Galeras the slopes and flats have an obvious downhill alternating pattern
of wide-dark strips and narrow-light strips. The sparsely vegetated darker strips
are dominated by surface rocks, while the intermediate light-colored areas are rock-
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less and densely covered with small perennial forbs and grasses. Numerous dung
piles are scattered throughout the densely vegetated strips. Evidence indicates that
greater soil development on the heavily vegetated strips is due to long term deposi-
tion and subsequent downhill washing of the excrement by rain. The fertilizing effects
of the excrement and urination can especially be seen downhill from dung piles during
the beginning of the summer rainy season.

An obvious contribution of this excrement influenced vegetation (E.l.V.) was its higher
production of a preferred forage type. E.I.V.'s annual productivity was three times
that of the adjacent rock covered type.

Thus, dung-piling for the vicuna appeared to serve a short term primary function of
marking territories, especially for intragroup orientation, but also, over the long
term, a secondary side-effect of causing favorable environmental changes in the
vicuna's habitat.

THE ADAPTIVENESS OF THE SYSTEM AND THE ROLE OF THE TERRITORIAL
MALE

Essentially all life processes of the vicuna family take place within its sleeping and
feeding territories. The isolation and spacing of a year- round territorial system
guarantees the family group a secure place to carry out these life processes. The
fact that territoriality is year-round, suggests that the commodities being defended
are only enough to confer advantages upon those individuals who take the time and
energy to maintain their exclusive U6e of an area for the entire year. Intensive com-
petition for preferred defendable areas and the time-energy costs required to become
successfully territorial may have also made it more economical to establish a terri-
tory once and maintain it perennially than to repeat the establishing process each
year.

For a year-round feeding territorial system to be adaptive, it must somehow limit
animal density and maintain the number of animals near the carrying capacity of the
territory. Being selectively advantageous for a territorial male to pass on a large
number of offspring, one might expect him to secure as many females for his family
group as possible. But the opposite negative force of greater competition for avail-
able food would cause a reduction of reproduction and survival of group members.
Some balance must be achieved between group size and territorial resources for
maximum reproductive success.

The territorial males' role in achieving this balance appears to be paramount. Al-
though habitat resources probably dictate group size within the feeding territory,
they do not regulate it: the territorial male does. His individuality, pugnacity or even
'perceptiveness' ultimately determines the boundaries and size of his territory and
the number of adult females within his group. In addition, the territorial male aggres-
sively disperses the juvenile members from his group. Some males are obviously
more successful at being territorial than others. Yet, behavioral regulation of family
group size by the territorial male is a central factor in the social organization and
behavioral ecology of vicuna.

PRELIMINARY RESULTS APPLICABLE TO PRACTICAL MANAGEMENT

Full protection of the vicuna is clearly the best management at this stage. This
approach was not necessarily fully realized before, since range deterioration had
been suspected as a possible co-factor responsible for the sharp decline in vicuna
numbers over the past twenty years. Although domestic animals are abundant at
Pampa Galeras, vicuna have increased by over 50 per cent during the past four
years. This points out two important factors: (1) effective protection against hunters
appears to have been a key factor that enabled numbers to increase; and (2) popula-
tion recovery is possible in the face of common use with the domestic stock.

Vicuna got along with alpaca and Ilama herds in the same area. Sheep caused some
disturbance since they were normally accompanied by herders and dogs. Even when
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vicuna were displaced from their territory by herders it was only temporary. The
vicuna group escaped a few hundred meters up the nearest slope while the sheep
grazed through the area, and returned to their territory soon after the sheep had
moved on.

It is not practical to manipulate range at this stage because of high costs and ques-
tionable results. Qualitative observations indicate sheep have the greatest overlap
of use with vicuna, |lama the least, and alpaca intermediate. Limiting domestic
stock, especially sheep, is a management tool useful only in areas where vicuna
restoration has high land use priority, such as in wildlife reserves. Control, even
by the government, over private stock on community owned lands is unrealistic.

Another lesson learned from Pampa Galeras, supporting the thesis that the best
management strategy is well-protected areas, is that as vicuna density increases,
animals will disperse and repopulate the surrounding unoccupied vicuna habitat.

As discussed earlier, the basic social unit in a population of vicuna is the family
group: the territorial male, his adult females, and their offspring less than one-year-
old (crias). A typical group composition would be one male, three females, and two
crias. In future management programs when vicuna restoration can be speeded by
reintroducing animals into former parts of their range, best results will be obtained
when complete family groups are captured and transplated as intact units.

The excess non-territorial males represent a harvestable surplus; as live captures
for sale to zoos or for breeding alpaca-vicuna hybrids. The ratio of territorial to
non-territorial males that could be removed annually without endangering population
growth, will be discussed further in a later publication.

The average annual increase of vicuna numbers within the Pampa Galeras Reserve in
the past four years has been thirteen per cent, but the theoretical increase is much
higher. At the beginning of the summer birth season, 90 per cent of the females two-
years-old and older were pregnant (Franklin, 1969b). Six months later only 50 per
cent of these females had crias at their sides, or 40 per cent of the new born died
during their first six months of life. Exposure to cold and wet weather at birth re-
sulting in early death is not the expected cause since nearly 90 per cent of the births
recorded were during the morning hours when temperatures were warm. The timing
of this adaptation of morning birth is critical since altiplano storms begin daily
around noon.

It appears that Andean foxes prey on both adult and baby vicuna. Vicunas attack
members of the dog family by 'group mobbing', much like the treatment dogs
receive from North American elk (Cervus canadensis). But the full significance of
predation on baby vicuna and of the extent to which it contributes to this 40 per cent
mortality, needs further examination.

If the causes of juvenile mortality are correctable through management, then the
rate of vicuna restoration could be speeded up.
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ABSTRACTS

The social ethology of Coke's Hartebeest, a medium-sized Alcelaphine, was studied in
Nairobi National Park, Kenya. The study areaW|th|n the Park was 30 km? in size and
contained four small short grass plains, 13 1 km? of Acacia drepanolobium scrubland
on medium-length grassland, and 6. 6 km? of steep valley slopes bearing tall coarse
grasses. There were two seasons of rain with intervening dry seasons. The popula-
tion followed a twice yearly series of short feeding shifts in response to changes in
grass quality.

There were four major social classes: territorial males, isolated and mobile adult males,
male groups, and females with their offspring. Territoriality was the dominating
influence in the study area. 226 adult males and 37 adult females were individually
recognized using photographic record cards. 26 calves ear-tagged at birth gave in-
formation on development up to 32 months of age.

Territorial males defended their immediate surroundings more often than distant
parts of the territory. The area in which frequency of defence was over 5% was
called the Actual Defence Area (ADA)

At ten months of age males, unlike females, started to behave submissively towards
aterritorial male. The mother/male offspring bond ended when offspring were
between 10 and 30 months old. Above 20 months males joined male groups. Agonistic
interactions in these groups resulted in a linear dominance hierarchy. On achieving
high dominance status at 3-4 years of age males attempted to take over territories.
Interactions between territorial males and intruders varied, but always resulted in
the withdrawal of the intruder from the ADA and sometimes from the territory.
Interactions between territorial males were more stereotyped. Territory demarca-
tion was principally by the construction of dung piles at boundaries

There were 73 territories on average in the study area, resident males forming 38%
of the adult population. The territories were divided into six ecological types and
mean territory size was 0. 31 km?. There was evidence that territories crossing two
or more ecotones were preferred. Ecotone territories were occupied for 86-88% of
the time and other territories for 40-57%.

Most ownership change occurred when isolated high status non-territorial males
occupied termporarily vacant territories. Fights followed the return of the previous
occupant. The loser rejoined a male group but might later then return to the area of
the previously held territory. Of 76 instances of a second period of territoriality, 62%
were reoccupation of a previously held territory. The mean number of territory
changeovers in the 3 years was 2. 8, values for ecotone territories being higher.
Males first occupied territories between 3 and 4 years and finally lost them at 7 to 8
years. Territorial males attempted to stop females leaving their territories but in
general only temporarily halted such movements. Conception occurred throughout the
year but there was a consistent peak in June/July and a less consistent peak in about
November, with consequential calving peaks in February/March and about July. The
timing probably ultimately related to calf survival since new grass was present 4
months after birth when suckling was almost terminated.

The most important predators were lion and cheetah. 80% of cheetah kills were ani-
mals under 1 year old. Lions selected old animals and of 33 kills of adult Hartebeest
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26 were males. Females were probably not vulnerable to predation until they became
senile (rare in the young population of the study period). Of the adult skulls collected
3% were of females although females represented 58% of the live population.

The numerical success of Hartebeest in Nairobi National Park is attributable to the
strategy of feeding, which was adapted to the dynamic ecotone conditions of the Park,
and the timing of breeding which took advantage of all grassland productivity through
the year.

INTRODUCTION

Coke's Hartebeest is a large antelope of the tribe Alcelaphini (Simpson, 1945). Adult
males average 142 kg in weight and adult females 126 kg (Sachs, 1967). The sub-
species was once extremely common over central and southern Kenya and northern
Tanzania (Stewart and Stewart, 1963; Sydney, 1965) but its numbers are now reduced
and it retains its former density in only afew protected areas. The present study was
carried out in Nairobi National Park, Kenya, where the animals have been protected
since 1946, when the area was gazetted as a National Park. During the study period
from November 1965 to December 1968, hartebeest were the most numerous ungulate
and had the highest density in the subspecies range. Before 1960, however, wildebeest
(Connochaetes taurinus albojubatus Thomas) outnumbered them by about two to one.
During 1960/61 there was a catastrophic drought in which large numbers of both species
died (Stewart and Zaphiro, 1963; Foster and Kearney, 1967). From 1962 the numbers
of Hartebeest increased at an average rate of about 150 per yr. and in late 1967 num-
bered about 1, 400. Numbers remained similar during 1968 and 1969 but have re-
cently increased again (Stanley-Price, 1971). The recent increase may be a long term
result of the removal, in 1967, of over 900 cattle and 450 sheep which had previously
been kept in the Park. As hartebeest numbers rose after the drought wildebeest num-
bers declined and reached about 250 in 1966. Since 1966 the population has remained
at about this level. Wildebeest feed most efficiently from short to medium grasses
(Bell, 1969) while hartebeest feed selectively in medium to long grass communities
(present study). The reciprocal changes in the numbers of hartebeest and wildebeest
pose a problem which is related to the more specific aim of attempting to explain the
numerical success of hartebeest in the Park.

It became clear during preliminary observations that a proportion of the adult male
class occupied territories and also that territoriality was a dominating influence in
the social organization of the population. Because of this most effort was devoted

to a study of male behaviour. It immediately became obvious that behaviour at the
organizational level was inextricably related to the ecology and population dynamics
of the population. An integrated approach encompassing these aspects was thus adopt-
ed with the aim of obtaining an understanding of the adaptive significance of the
observed social organization and, in particular, as it related to male behaviour and
social development. The integrated approach adopted has since been called Social
Ethology by Crook (1970) following the precedent of Waxweiler (1906).

METHODS

The study was carried out entirely in the field. Observations were made from a Land
Rover which allowed closer approach to animals than was possible on foot. Zeiss

8 x 50 binoculars were used and notes were either written in the field or transcribed
later from a Phillips Cassette Recorder. Large numbers of monochrome and colour
photographs, and a few moving films, were taken of behaviour sequences. Inter-in-
dividual distances were measured by Wild rangefinder.

A total count of the study area was done at fortnightly intervals. The numbers of the
sexes and of various age classes were recorded on a data sheet and the locations of
all animals were placed on alarge scale field map. The presence of known indivi-
duals improved the accuracy of the counts by acting as group 'indicators' and prevent-
ing recounting; the average percentage of known individuals in the totals recorded

was 13.4%.
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Individual recognition of adults relied on natural variation. Horn shape and the com-
plex pattern of ridges on the horns were unique for each individual and provided a
final check on identity. 226 adult males and 37 adult females were recognised; photo-
graphic record cards were made for each individual and were carried in the field.

26 calves were ear-tagged shortly after birth; subsequent data on these animals pro-
vided information on growth and social development up to 32 months of age. On every
visit to the study area the locations of all known individuals seen and their associates
and behaviour were recorded; locations were marked on a field map.

The skulls of 171 animals which had died naturally were collected. Those under 2
years old were aged from horn development. Those over 2 years old were placed in
classes based on the eruption and wear of the maxilliary tooth row. Provisional ages
were assigned to the series by reference to physiological longevity, by comparisons
with the congeneric wildebeest (Watson, 1967) and by assuming a linear decrease in
the length of the thrid maxilliary molar after a maximum at 2-3 years of age.

Rainfall data were obtained from two meteorological stations near the study area, and
averaged. Changes in grassland were monitored by regular colour photography and
by field notes. Grass state was assessed from the photographs on a '% green' fre-
guency scale. The distribution of major grass and scrub communities was mapped
from aerial photographs and from field observations. The latter included a series of
transects in which such variables as the leaf table height and the amount of graze
were recorded in addition to the common grass species present. Grasses were identi-
fied at the East African Herbarium in Nairobi.
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A 30 km? study areawas selected. It contained representative areas of most of the
major vegetation zones in the Park (Fig. 1). The northern zone (13. 1 km?) was
characterized by a sparse to dense stand of the dwarf tree Acacia drepanolobium
on black grumosols; the dominant grasses were Sertaria spp. In the middle reaches
of the streams which dissected the areawere areas of lateritic soil which bore a
heterogeneous short to medium length open grassland. There were four such plains
which totalled 4. 0 km?. The total length of the ecotone between open grassland and
A drepanoloblum 'scrubland’ was 21.1 km and taking a mean width of 30 m its area
was 6.3 km?. This ecotone contained dense monodominant stands of Themeda
triandra and, further in towards the scrubland, mixed stands of T. triandra and
Pennisetum mezianum. The remaining 6. 6 km? consisted of medium to steep rocky
slopes which led down to river beds. The dominant grasses were tall coarse tufted
species such as Cymbopogon excavatus and Hyparrhenia lintoni which were mixed
with smaller species such as Michrochloa kunthii. Two bushes, Lippia javanica and
Carissa edulis, had a scattered distribution in the same zone.

CLIMATE AND SEASONAL CHANGES IN THE GRASSLAND

The most important climatic factor was rainfall and its distribution through the year.
Rain fell in two periods, the Long Rains in March to May and the Short Rains in
November (see Fig. 9.). There was thus a Long Dry Season from June to October

and a Short Dry Season from December to February. Evapotranspiration was lower
in the Long than in the Short Dry Season because of relatively cold overcast con-
ditions; drying out of soils and grasses therefore proceeded more slowly.

During the rains free water was widely available in temporary pools and streams but
as the dry seasons progressed it became restricted to a few permanent pools. During
the long rains grumosols became waterlogged and impassable while the more sandy
lateritic soils remained firm.

Grass started to sprout within afew days of the start of the rains. Bright green flush-
es first became visible on heavily grazed areas and in particular on the short grass
plains. Productivity was more massive in the Long than in the Short Rains. In June
and December, the start of the two dry seasons, grasses started to dry out and by the
late dry season consisted of a dry standing hay with poor nutritional qualities.

POPULATION DYNAMICS

The average number of hartebeest in the study area from 64 fortnighly counts was
671. The proportion of animals over two years old, which were referred to as 'adults’,
was 68% and of these 42. 4% were males and 57. 6% females.

The 26 calves ear-tagged on the day of birth were photographed when possible. From
the photographs it was shown that horn growth was rapid up to two years of age. Up
to this age animals could be aged to a month class.

A provisional survivorship curve was calculated from the distribution of age at death
in the 171 skulls which were found during the study (Fig. 2). Because the population
had not been stable in the decade before the study this curve can only be regarded as
an approximation. The curve shows few survivors over the age of 6 years which cor-
responds with the time from the drought of 1960/61 to the study period. This indica-
ted that the ageing method might be a good approximation, as did checks with the pro-
portions of broad age classes in the live population. The proportions of 0-1 and 0-2
year classes in the live population were established from counts at 26% and 32%
respectively; the same proportions from the survivorship curve were 22% and 37%.
Another check was available from the survivorship of ear-tagged calves: 19 of the
calves were observed for over a year and of these 13 (68%) survived to one year; the
equivalent value calculated from the survivorship curve was 60%.

The survivorship curve clearly shows that most of the population were under 6 years
old during the study period. This fact assumes considerable importance when the
competition between males for territories is considered.
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Fig. 2. A survivorship curve based on the age at death of 171 Hartebeest.
The curve was calculated by assuming that the survivors in the
unadjusted data were females and that females above 2 years old
produce one caf per year. The first assumption was necessary
because of the low proportion of female remains found (see text)
which would have resulted in an underestimate of natality. The
proportions surviving to pivotal ages of 1 and 2 years are as in
the unadjusted data.

GRASSLAND UTILIZATION

The distribution of all hartebeest in the study area was mapped at fortnightly intervals
and the proportions occupying major grass zones were calculated. It became clear
that there was a characteristic cycle of movements in response to seasonal changes
in grassland. In the early rains hartebeest dispersed to areas where there had been
intensive grazing in the preceding dry season and where sprouting grass first became
visible. The grass was not heavily utilized until it was over 10 cm high. As the rains
progressed they moved out of the waterlogged grumosol areas and fed from Themeda
and Themeda/Pennisetum grassland in the higher levels of valley slopes. As the
rains ended there was a movement of the distribution mode to the Themeda and
Themeda/Pennisetum communities at the ecotone between short grassland and A.
drepanolobium scrubland. This movement continued into the medium length grasses
of A. drepanolobium scrub as the dry season progressed. The dominant Sertaria
species were avoided in favour of more nutritious grasses found on termitaria and in
small clearings. At the end of the dry season animals formed large resting aggrega-
tions around permanent water holes and during grazing periods dispersed in small
groups and selectively utilized sump grasses and the tall Cymbopogon/Hyparrhenia
communities on the lower parts of valley slopes. The long thin muzzle and narrow
incisor row of hartebeest appear to be adapted for selective feeding in medium and
long grassland. This contrasts with the wildebeest which has a broad muzzle and
incisor row and which feeds non-selectively from short mat-forming grass types
(Bell. 1969).
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The movements undertaken by hartebeest were essentially a series of short perpen-
dicular shifts across a series of parallel grass zones and their intervening ecotones.
These were rapid because of the two periods of ephemeral grass productivity in each
year. In these shifts hartebeest utilized all the major grass communities of the area
in contrast to those herbivores which fed on short grasses such as wildebeest and
Thomson's gazelle (Gazella thomsoni Guenther) which were mainly restricted to short
grass plains. Wildebeest and Thomson's gazelle only utilized long grass areas when
a mosaic of short grass had been created within these by hartebeest grazing. This
facilitative succession is known as a 'grazing succession' (Vesey-Fitzgerald, 1960).
Hartebeest were independent of herbivore precursors for their movements into any
grass communities.

PRELIMINARY OBSERVATIONS ON SOCIAL ORGANIZATION

Preliminary observations indicated four major social categories:

1. Single adult males which were resident in small areas; these males were some-
times alone and sometimes with female groups.

Isolated adult males which stayed briefly in any one area and then moved on.

Groups of males in which the mean inter-individual distance (1.D.) was under
15 m;male groups sometimes contained afew sub-adult males.

4. Groups of females with their offspring in which the mean 1.D. was less than 10 m.

Interactions, identified as being agonistic through the occasional occurrence of overt
aggression, were seen between all classes of males. The resident males were always
dominant over al other males while in their areas. It was concluded that these males
were territorial.

A continuous network of territories covered most of the study area. All the males
resident in territories and a sample of non-territorial males were individually re-
cognized. By the end of the study 226 males had been recognized athough some of
these were killed or disappeared during the three years.

w N

TERRITORIALITY AND ACTUAL DEFENCE AREAS

A fundamental property of territory defence in hartebeest was that territories were
not defended uniformly at any one time. Intruders near to a territorial male elicited
aggression more frequently than those in distant parts of the territory. Following
the precedent of Marler (1956) in his treatment of 1.D. phenomena, the area around
aresident male in which the frequency of an aggressive response to intruders was
over 50% was used for convenient reference and was called the Actual Defence Area
(A.D.A.). This concept will be discussed later.

MALE SOCIAL DEVELOPMENT UP TO JOINING MALE GROUPS

The first period of a male's life was spent with its mother in female groups. Females
moved through the territory system and were accompanied by up to four consecutive
offspring. Up to 10 months of age there were no stereotyped interactions between
male offspring and territorial males. After this age, when the first curve of the horns
appeared, the behaviour of young males underwent a striking change. This change did
not occur in females. When territorial males approached, male offspring assumed the
Head-in posture (Fig. 3) and emitted juvenile 'quack’ vocalizations. Territorial males
sometimes Head-tossed towards the young males, a rapid movement retracting the
muzzle and bringing the horns forward, but did not usually chase them away. When
young males were chased by territorial males they lowered their necks and extended
the muzzle into the Low-head posture. When young males were chased out of terri-
tories, or out of the A.D.A. of the territory, their mothers almost invariably accom-
panied them.
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Fig. 3. The head-in posture, adopted here by
a 12-months-old male

The age at which young males separated from their mothers was measured during
a sample count in which 160 males were aged from horn development and in which it
was recorded whether or not each male was with its mother. A few males were
separated at 10 months, about haf by 17 to 23 months and most by 30 months. Two
calves ear-tagged at birth separated at 18 and 26 months, respectively.

Separation from the mother often coincided with the birth of a new calf, after which
the mother did not allow such close approach by elder offspring as previously. In
addition mothers did not accompany their male offspring so readily when they were
chased by territorial males.

When separated from their mother the Head-in posture did not occur. Territorial
males singled out isolated young males and chased them, often at a gallop, until they
were out of the territory. During these chases territorial males often Hooked at the
rump of the fleeing animal, first lowering the head and retracting the muzzle then
rapidly raising the head while extending the muzzle so that the horns moved in a fast
upward arc. Contact, when made, was by the horn tips and severe injuries were some-
times inflicted. Successive chases by a series of territorial males often resulted in
young males fleeing to scrubland areas where the density of territorial males

was lower than on plains.

When separated from their mother sub-adult males attempted to join male groups but
were sometimes chased away. Sub-adult males were thus often isolated in scrub

or else formed small groups with males of a similar age. This was not invariable:
sometimes small sub-groups of young males were seen in or near groups of adult
males.

SOCIAL DEVELOPMENT IN MALE GROUPS

When over 20 months of age males usually became regular members of male groups.
These groups contained from 2 to about 100 animals. They were flexible in composi-
tion being constantly splitting and reforming. The home ranges of individually known
males were shown from accumulated point observations of each male. Five randomly
selected mal es which were seen between 77 to 146 times had ranges of from 6. 7 to
10. 3 km?. Home ranges usually included three of the four short grass plains and
variable amounts of adjoining long grass areas.

Agonistic interactions within male groups were very common and constituted the
great majority of all interactions. The interactions always occurred at the Small 1.D.
(0-10 m) but the form and duration of the encounters were unstereotyped and from
two to five males participated. The most common behaviour elements were grooming.
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Horn contact behaviours often occurred. They included Forehead-pushing, in which
one male pressed its forehead against the face or neck of an opponent, Horn-tangling
in which the horns of two opponents were loosely interlocked and twisted about, and
more rarely Clashes. In the latter two males faced each other then leapt forward
into a kneeling position with the horns directed forwards. At the end of the movement
the horns met with great force. Nearly all interactions ended with the withdrawal of
a subdominant. Withdrawal was usually for a short distance only and a subdominant
was rarely chased out of the male group.

Because of the high frequency of agonistic encounters and the large proportion of
known individuals it was possible to examine dominance relationships within male
groups over short periods. No dominance reversals were seen in the short periods
involved and a linear dominance hierarchy was demonstrated. Before animals
reached maximum size at 2. 5 to 3 years, dominance was directly related to size.
Animals under 3 years old always had 'low dominance' status in a group, being domin-
ant in less than a third of their interactions. In between 3 and 4 years individual
males achieved 'middle’ then 'high' dominance status.

Some high status males at first semi-isolated then completely left the vicinity of male
groups and moved alone through their home ranges. Sometimes they remained in

one location, often in scrub, for a day or two but them moved on. Such males were
dominant over all males except those in territories. In some cases these males
acquired a territory while in others they returned to a male group for a while before
isolating again.

TERRITORY DEFENCE

) AT TR TRTAVIN (AN

Fig. 4. An agonistic interaction between a male resident in a Pivotal
territory and a non-territorial male:

(i) The territorial male (left) approaches then stands in the up-
right posture, facing-away, as the non-territorial male walks
towards it.

(ii) The non-territorial male, with its head and neck held low,
walks past the territorial male.

(iii) The territorial male turns its head and watches as the sub-
dominant intruder withdraws.
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The interactions between territorial males and non-territorial intruders were vari-
able in form and duration. Sometimes as a territorial male approached from over a
hundred metres away intruders turned and immediately withdrew. Sometimes the
intruders waited until the territorial male had reached the Small 1.D. and in some
cases they approached. On reaching the Small 1.D. territorial males usually stood in
the Upright posture with the head and neck held high and the tail stiffly elevated. The
head and tail positions of the intruders were generally lower (Fig. 4). Grooming was
again the most common behaviour. Neck-sliding was also common and was usually
initiated by the intruder; in this behaviour the muzzle was extended until it touched the
upper neck of the opponent then pushed down along the neck with nibbling movements
of the lips. Horn contact behaviours were brief and usually resulted in immediate
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Fig. 5. Encounters at boundary zones between males in
neighbouring pivotal territories

(i) A Defaecation encounter. The right-hand male
defaecates: the left-hand male grooms and thus de-
flects its head from a Head-on inter-individual
orientation

(ii) A Defaecation encounter: the right-hand male is
Neck-sliding

(iii) A Forward-parallel grazing encounter
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withdrawal by the intruder. Interactions with high status intruders were more com-
plex and prolonged than those with low status males.

The frequency with which territorial males reacted to intruders depended on a com-
bination of factors. These included the proximity of the intruder to the territorial
male, the prior activity of the territorial male, the behaviour of the intruder and
finaly climatic variations. The first of these has already been mentioned. When
active territorial males responded more frequently to intruders than when inactive.
When the intruder was more active a reaction from the territorial male was also
more frequent. Running intruders, for example, elicited defence more frequently
than did those which were walking. In other words the A.D.A.'s of territories became
larger as territorial males and intruders were progressively more active. Climatic
effects were predictable: in very hot periods territorial males responded less fre-
quently to intruders than in cooler periods.

Interactions between neighbouring territorial males were more stereotyped than
those between territorial and non-territorial males. They occurred in a number of
forms. The most common were called Defaecation encounters because both males
involved usually defaecated on dung piles in the common boundary zone where the
encounters occurred (Fig. 5 (1)). Defaecation encounters lasted for, on average, 11
mins. Grooming was again the most common behaviour and Neck-sliding occurred
in nearly all interactions (Fig. 5 (ii)). Horn contact was common but usually involved
only Forehead-pushing and Horn-tangling and not Clashes. Before defaecating males
nosed the ground, pawed, then knelt and rubbed the forehead on the ground. In the ter-
minal phase of Defaecation encounters males grazed and slowly moved away from
each other and back into their territories.

Grazing encounters at the Small I.D. were less common. In these encounters, which
also occurred at common boundary zones, males grazed throughout. The most com-
mon inter-individual orientation (I.0.) was the Forward-parallel 1.0. with the heads
opposite and the body axes parallel (Fig. 5 (iii)). In this 1.0. and in others males kept
their body axes at a similar angle relative to the boundary zone as that of the oppon-
ent. Small changes in the orientation of one male were followed by readjustment of
the other to the new position. The encounters were terminated by both males turning
slowly away from each other and grazing back into their respective territories.
Encounters of this type also occur between territorial male Thomson's gazelle

(F. R. Walther, pers. comm.).

In addition to Small 1.D. encounters there were also encounters in which the minimum
1.D. attained was 30-100 m; these encounters were called Medium 1.D. encounters. As
with encounters at the Small |.D. the main varieties of Medium I.D. encounters were
Defaecation and Grazing encounters. The encounters had periods of rapid I.D. reduc-
tion and enlargement at their start and finish, respectively, and action/response
sequences in the behaviour of the interacting males were obvious.

TERRITORY DEMARCATION AND BOUNDARY ZONES

The main observable method of territory demarcation was by faeces. Dung piles,
often consisting of several thousands of pellets, were most common along boundary
zones. In boundary zones the piles were of a scattered type because of the repeated
pawing by males during Defaecation encounters. The relatively few piles within
territories were not pawed and were usually very compact. The role of the inter-
digital and antorbital glands remains problematical. The former were the same size
in males and females and produced a copious black secretion. The latter were larger
in males but females and juveniles were seen marking at least as frequently as
territorial males.

Boundary zones were quite well defined in the most frequently visited parts of terri-
tories but even here formed a zone a few metres across rather than aline. In less
frequently visited areas boundaries were less well defined. Many boundaries cor-
responded with topographic features such as dirt roads and stream beds; possibly the
males used these features as visual cues.
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PROPERTIES OF THE TERRITORY SYSTEM

Territories were mapped from accumulated point observations of individually known
territorial males. Maps of the territory system were prepared for each of the three
years of the study; the map for 1967 is shown in Fig. 6. There were on average 73
territories and their resident males represented 38% of the adult male population.
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madium to long grossiend. by tha Park fence or Mokoyetl river

D Short and medium length open
grosslond
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Fig. 6. The arrangement of territories in the study area during 1967.
Broken lines indicate territory boundary zones which do not ad-
join neighbouring territories or zones at the outer limits of the

study area.

It was possible to divide territories into six major ecological types. These were:
1. Those which contained largely short grass and a little medium length grass.
2. Those across the grassland/A. drepanolobium scrub ecotone.

3.  Those across the ecotone between medium and short grass and the long grass
communities of valley slopes, sometimes mixed with Lippia/Carissa scrub.

4.  Those in sparse A. drepanolobium scrub with small clearings.

5. Those in dense A. drepanolobium scrub.

6. Those in the long grass communities of valley slopes sometimes with Lippia/
Carissa scrub.

In Fig. 6 it can be seen that territories across ecotones, as typified by Type 2 above

were elongated in shape with their longitudinal axes perpendicular to the ecotone.

Territories in homogeneous grassland, for example Type 5 above, were more rounded

in shape.

As far as the diversity of grass zones within territories allowed, the resident males

followed a similar pattern of seasonal grass utilization to that described for the popu-

lation as a whole.

The overall mean territory size was 0. 31 km? but as can be seen from Fig. 6 there

was variation in size which was consistent with ecological type. Territories in A.

drepanolobium scrubland for example, were usually much bigger than average.
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Several separate lines of evidence gave information about the relative preference of
males for the various types of territory. Sometimes a male occupied aterritory of
one type when aterritory of a different type was available nearby. In one instance a
male occupied a Type 3 territory and displaced the previously resident male to an
adjacent Type 6 territory which had been vacant.

Vacant areas in some ecotypes suggested that these areas were the least preferred.
On average 8% of the available A. drepanolobium scrub and 56% of the available long
grass with Lippia/Carissa scrub were vacant. The unoccupied A. drepanolobium scrub
was all dense. All other ecotypes were completely covered by territories. This indi-
cated that the long grass communities, Cymbopogon/Hyparrhenia, with Lippia/Carissa
scrub, were least preferred and dense A. drepanolobium scrub second least preferred.

The frequency of extra territorial movements also gave some information. Males in
scrubland left their territories more frequently than did those in ecotone territories.
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Males in Type 1 territories, the short grass type, sometimes left their territories to
feed when medium grasses were the seasonally optimum food.

The numbers of adult males in the area increased throughout the study. This resulted
in an increase in the number of territories. The different rates of increase in differ-
ent ecotypes provided data which is relevant in assessing preference. A sample com-
parison, between Type 2 and Type 5 territories is shown in Fig. 7. It is clear that the
number of Type 5 territories increased rapidly with increasing adult male density
while Type 2 territories did not. These data conform with predictions which could be
made from the ‘elastic disk' theory of territoriality proposed by Huxley (1934). Type
2 territories, by this theory, had reached minimum compressibility by the start of the
study period but Type 5 in a less preferred ecotype had not and continued to be com-
pressed, by the establishment of new territories, at a later stage of the population ex-
pansion.

Reviewing all the evidence of the types mentioned it was concluded that Types 2 and
3 were the most preferred territories, that Types 1 and 4 were intermediate and that
Types 5 and 6 were respectively the second least and the least preferred.

The proximity of water also influenced preference. Several examples were recorded
of males moving from a territory away from water to one near it leaving the first
territory vacant. There were however other consequences to occupying territories
adjacent to permanent water holes. In the late dry season such territories were
partly swamped by large aggregations of non-territorial males. The aggressive res-
ponse of the resident territorial males declined in frequency and intensity and they
often joined the male groups.

The duration of territoriality was analysed from 315 periods of territoriality involving
176 individually known males. These periods were grouped into three month classes.
The frequency curve obtained is shown in Fig. 8. 44% of the periods were of less than
3 mths, and only two males were continuously territorial throughout the 3 yr. study
period.
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Males were not continuously resident in their territories. They sometimes left for
periods of afew hours to a few days. The mean per cent occupancy from 64 total
counts was 76%. Occupancy was highest in Type 2 and Type 3 territories at 86% and
83% and was 57% and 40% in Types 4 and 5 respectively. Data were too few to calcul-
ate comparable results for Type 1 and Type 6 territories but males were certainly
most frequently absent from the few Type 6 territories. Occupancy in general was
lowest during heavy rain when males left territories on grumosols because of water-
logging (Fig. 9 (I)). During extra-territorial movements males spent much of their
time in male groups where they had high dominance status. In the late dry season
many males left to drink and then joined the male aggregations around water holes.

Fig. 9. Mean seasonal variation in (I) the percentage of males
absent from pivotal territories (1) the number of
central axial territories established and (Ill) the
number of ownership changeovers in pivotal terri-
tories. The histogram in (I) shows mean rainfall in
centimetres.
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Some, and possibly most, territory ownership changeovers occurred as a result of
these absences. While the territories were vacant they were sometimes occupied by
one of the isolated high status males mentioned earlier. On the return of the pre-
viously resident male an agonistic encounter followed; the male which eventually
proved dominant occupied the territory. Overt aggression was common in this con-
text. It involved numerous Clashes and Wrestling with the two males, kneeling on
their carpal joints with horns interlocked vigorously twisting their heads about and
apparently attempting to force the head of the opponent to one side. When a male
accomplished this it Thrust with the horns directed forwards or Hooked the horns
in a sideways arc. Contact was with the horn tips and the resulting injuries were
often severe. On two occasions males were found dead with typical fighting injuries
and in another the femur of one male was broken. When one animal was defeated it
was often pursued for several kilometres.

Territory changeover also occurred after the establishment of small territories near
to the activity centres of the usual large territories. The latter were constant in size
and shape within a range of adult male population density and were called Pivotal
territories. The small territories were called Axial territories and to distinguish
them from a second type of Axial territory, which will be mentioned below, were
called Central Axial territories.

Central Axial territories were established across or next to a boundary zone. At
first the resident males were subdominant to the males in adjacent Pivotal terri-
tories although all other intruders were expelled. Encounters with the neighbouring
males were frequent and sometimes involved intrusion into one Pivotal territory and
defaecation on the dung piles in it. Sometimes males became dominant in a Central
Axial territory over the neighbouring males and sometimes they eventually displaced
one of the resident males and occupied the whole or a large part of its Pivotal terri-
tory. More frequently the males abandoned Central Axial territories without accom-
plishing a takeover. These territories were always short lived and were not perman-
ent features of the territory system. This contrasted with Pivotal territories which
within a range of adult male population density retained similar boundaries through
changeovers.

Peaks of Central Axial territory formation occurred in the late dry season (Fig. 9
(I1)). Many were established near permanent water holes. The seasonal distribution
was probably influenced by the decline of the territorial male aggressive response
frequency in the hottest and most arid times of the year and the related reduction in
the size of A.D.A's.

Three peaks of Pivotal territory changeover occurred in an average year (Fig. 9
(111)). Two were in late dry seasons, January/February and September/October.
These corresponded with high frequencies of Central Axial territory establishment
and also the time when many males left their territories to drink at permanent water
holes. The third peak was in June which was a month of high conception frequency.

The mean seasonal frequency distribution of injuries from fighting showed highest
values in June/July and in September. The high values of June/July were probably
caused by the resistance of resident males to takeover attempts plus some fighting
between resident males which sometimes occurred at peak conception times. The
September value suggests that changeover was resisted when conditions were not as
arid as in the following month. In the late dry season changeover was probably
accomplished with comparatively little injury because of the decline in aggressive
response mentioned above.

The second type of Axial territories were called Peripheral Axial territories. They
were always in scrubland and away from the activity centres of territories. Activity
centres, the most intensively defended part of territories, were usually on short grass
areas. Peripheral Axial territories were occupied by old males which were unable
to regain their previously occupied Pivotal territories. They were not consistently
reoccupied after the death of the resident male and were thus not permanent features
of the territory system at a stated male population density. Peripheral Axial terri-
tories were few in number reflecting the small proportion of old animals in the
population. They were occupied throughout the year with little seasonal variation.
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After males had lost territories they were isolated for a short time then joined male
groups. After a variable period they reisolated and often returned to the area of

their previously held Pivotal territory. Sometimes they were successful in reoccupy-
ing a territory in one of the ways described.

Seventy-six instances of a second period of Pivotal territory occupancy were re-
corded. Of these 62% were reoccupations of the same territory, 25% of one adjacent
to it, 4% of one a single territory distant and 9% of one more than one territory away.
There was thus a high degree of area loyalty to a previously occupied territory.

The mean number of changeovers per Pivotal territory in the three year study period
was 2.4. The mean number of individually known males in successive occupancy was
2. 8. These values varied between territory types. Types 2 and 3 had the highest
mean number of territory changeovers, 2. 8 and 2. 4, and the highest number of resi-
dent males, 3. 2 and 3. 0. Types 4 and 5 were lower with 1.4 and 2. 0 changeovers and
2.1 and 2. 2. males, respectively.

Patterns of territory occupancy were plotted for all territories in a diagrammatic
form in which a horizontal line represents one territory throughout the study (Fig.
10). Breaks in each line represent changeovers and each period of territoriality is
marked with the male in occupancy. In the Figure, examples of territories splitting
and in one case coalescing can be seen; these changes are related to variation in
population density which will be considered in another paper.

An age scale was fitted to the occupancy pattern, in the first instance, from animals
which were either aged from horn development when young or which were collected
after a natural death and aged from their teeth. In Fig. 11 the social development of
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Fig.10. Diagrammatic representation of territory occupancy. Horizontal
lines represent continuous occupancy of territories which are
numbered at the right and left of the diagram. Males in occup-
ance are referred to by two-letter codes above each line. Dots
show the time of arrival or departure of a male. Oblique lines
show movements of males from one territory to another. P1 =
Pivotal Territory; CA = Central Axial Territory; PA = Peripheral
Axial Territory. Where aterritory is labelled PA or CA at the
left of the diagram and P1 at the right it had assumed pivotal
status during the three years.
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20 aged males is presented diagrammatically. Horizontal lines represent each male
and are subdividied into sections representing different social states. Only those
males which were seen frequently are included. The data suggest that males initially
occupied Pivotal territories at between 3 and 4 years of age. One male lost its terri-
tory soon after, then quickly regained it. The stage from 4 to about 7. 5 years was
characterized by long periods of continuous occupancy. After this males lost their
territories and only reoccupied them for short periods. In the post-Pivotal territory
occupancy period males sometimes unsuccessfully occupied Central Axial territories
and sometimes Peripheral Axial territories. They were frequently isolated and at
such times were often found in scrubland because of the higher density of territorial
males on the plains.
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Fig. 11. Diagrammatic representation of the social development, at age,
of 21 male Hartebeest over the age of two years. Horizontal
lines show the time spent with the mother (----- ), with male
groups (.. ... ), isolated (*), in pivotal territories (====), in
central axial territories ( ) and in peripheral axial terri-
tories (i ). o: the beginning or end of the study period;

@ the beginning or end of a period of territoriality;® the
death of a male.

C13 was ear-tagged at birth. B113, DAJ and SYJ were aged
from horn development while sub-adult. The remaining 17 males
were found dead and were provisionally aged from tooth eruption
and attrition; ageing was to a one year class; for the purposes of
the diagram it is assumed that the males died half way through
the year.

Provisional ageing of a large sample of live animals confirmed this overall pattern.

It also gave more examples of the short initial periods of occupancy which were more
common than is suggested in Fig. 10. Sometimes more than one short period occurred
and often the territories occupied were more scattered than in later stages of the life
history. This suggested that males established specific territory loyalty after an
initial exploratory phase.

When a young mature male competed for a territory with an old male the latter was
eventually displaced and seldom regained the territory. When two young mature
males competed the outcome was not predictable. Often such a pair alternated in the
occupancy of a Pivotal territory; in some cases one of the males was permanently
excluded. Regarding such situations as inefficient it is possible to conceive an ideal
and stable pattern of occupancy in which a male 3.5 years old replaces a 7.5 year-
old male and is itself replaced by a 3.5 year-old male when it reaches 7. 5 years.
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The number of males over 3 years old which would theoretically be required for this
model pattern of occupancy was calculated as 117 for the average number of 73 terri-
tories in the study area. In fact there were about 141 present or 21% more than re-
quired. In addition the survivorship curve presented earlier indicated that most of
these were young. Intense competition for territories might thus be expected and
this might explain the high frequency of injuries from fighting which sometimes re-
sulted in death.

REPRODUCTION

As females walked towards a territory the resident male approached and stood at the
boundary zone in the Ear-down posture (Fig. 12.). As the females passed the male
wheeled around and nosed their vulvae.

\
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Fig. 12. The ear-down posture

When females attempted to leave a territory the resident male often positioned itself
between them and the boundary zone. Sometimes male adopted the Upright posture at
this point then turned and threatened the females with Head-tossing. When females
ran past a herding male the male sometimes ran and attempted to cut them off. Once
females had started running however they normally soon escaped. In general herding
behaviour by territorial males only temporarily halted interterritorial movements by
females. When oestrous females were concerned, however, males herded more vigor-
ously, often at a gallop, and were frequently successful in keeping the females in their
territories for long periods.

In precopulatory behaviour males walked in front of a female and stood in the Ear-
down posture. After a period of immobility the male wheeled slowly around and
attempted to nose the vulva. Females usually withdrew at this point. When they were
in oestrus withdrawal was progressively reduced and eventually the male mounted.

Mating interactions involving repeated copulation were seen on 24 occasions. In all
cases the male involved was resident in a Pivotal territory.

During mating interactions with oestrous females there was sometimes interference
by males of three classes. These were male offspring in female groups, intruding

high status non-territorial males, and intruding territorial males from adjacent Pivo-
tal territories. In the 24 observations of mating the numbers with interference by
these three classes were 14, 4 and 5 respectively. In all cases the mating male left
the oestrous female at the approach of the other males and chased them away before
returning to the female. The interfering males were always immediately subdomin-
ant. The disruption caused by this interference sometimes resulted in females leaving
the territory. More usually the male quickly relocated the oestrous female and mating
continued.
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From counts of calves under a month old an index of the seasonal frequency of par-
turition was calculated. The values obtained were set back 8 months to give the sea-
sonal frequency of conception (Fig. 13.). Conception occurred throughout the year with
a distinct peak in June/July and a less consistent and smaller peak in about November.
The proximate initiating factor for conception may have been low temperature since
there was a statistically significant inverse correlation between monthly conception
values and monthly mean maximum temperature (r = —0.498, 31 df, p = 0.443 at
0. 01 significance level). There was no correlation between territorial male per
cent occupancy and conception (r = 0. 024, 19 df, p = 0.433 at 0.05 significance level).
Occupancy frequency showed different patterns in the three years but the major fea-
tures of the conception pattern persisted.
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Parturition peaks occurred in February/March and in a more variable position during
the middle of the long dry season (Fig. 14). From the parturition indices obtained
during fortnightly counts it was calculated that 55% of all calves were born in peak
months.

When calves had reached the age of 4 months they were suckled only infrequently and
were almost entirely dependent on grass for food. The calves born in the February/
March parturition peak had fresh grass when four months old from the growth of the
long rains. Those born in the peak which was in about July were 4 months old when

the growth of the short rains started. The females producing calves in the February/
March peak were lactating during the long rains but those calving in July were lactat-
ing in the late dry season, the most arid time of the year. The consistent feature of

the pattern was that when the calves born in peaks were 4 months old there was usually
high quality grass available.

The ultimate factor determining the seasonal distribution was thus thought to be calf
survival; females which conceived in 'peak’ months might theoretically make a greater
contribution to the gene pool. The lower level of calving in 'non-peak’ months was
probably a reflection of an unpredictable element in the rainfall regime. Calves born
in such months might have unseasonal new grass when weaning.

The home ranges of four randomly selected females which were seen from 18 to 115
times were from 3. 7 to 5. 5 km?.” Female home ranges, which were thus about half
those of non-territorial males, included one, two or three of the short grass plains.
24 females which were observed over 20 times and up to 224 times were seen in
from 7 to 26 pivotal territories; taking into account incomplete observation 20 to 30
territories is probably a correct range for most females.

Pivotal territories contained females for 29% of the time on average. There was how-
ever considerable variation between territory types: Type 2 and Type 3 territories
contained females for 34% and 29% of the time respectively and Types 4 and 5 for
21% and 16% respectively. Type 6 territories rarely contained any females.

PREDATION

The most important predators on hartebeest were lion (Panthera leo massaica, Neu-
mann) and cheetah (Acinonyx jubatus raineyi, Heller). Black-backed jackal (Canis
mesomelas mcmillani, Heller) probably killed a few very young calves. In Nairobi
National Park cheetah often use cover for stalking prey before attempting to run them
down (McLaughlin, 1970). Lion rely largely on concealment and a short dash in cap-
turing their prey (Kruuk and Turner, 1967).

Hartebeest reacted to lion and cheetah by snorting and by the assumption of an erect
posture in which the head was elevated to its maximum and the ears directed for-
wards toward the predator. For avariable period after detecting the predator they
often kept a fixed distance from it by retreating or approaching as the predator moved
towards or away from them. The animals which fled first from this fixed distance
were usually females with young calves. Territorial males rarely left their terri-
tories in response to the presence of predators.

Twenty-six cheetah kills and 27 lion kills were collected and aged. About 80% of
cheetah predation was on animals less than a year old; most of these were under
three months. From data supplied by R. McLaughlin, who studied cheetah predation
in the Park, it was calculated that at least 9% of the annual calf crop was removed by
cheetah. Cheetah predation was thus a major source of mortality in the first year of
life since as mentioned above only 28% of 19 calves ear-tagged at birth died in their
first year. The aged cheetah and lion kills were placed in year classes and a correc-
tion factor was applied to take account of the variation in the numbers of each class
available; the numbers available were taken from the calculated survivorship curve.
The frequency distributions obtained (Fig. 15.) show definite selection by cheetah for
young animals and selection by lion for old animals. The selection of young animals
by cheetah was confirmed by field observations of predation (McLaughlin, 1970).

Out of 33 Lion kills of adult hartebeest which could be sexed, 26 (78%) were of males
despite the fact that males were only 42% of the adult living population.
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Fig. 15. The frequency distribution of Hartebeest kills by cheetah
(o====~- o) and lion (e————@e ) correlated to take account of the
relative proportions of Hartebeest available in each year class.
The proportions available are taken from the survivorship
curve shown in Fig. 2. The correlation figures, A selection rat-
ing, are calculated from:

no.Kkills per class/Z all kills

no. survivors at pivotal age/Z all survivors
N = 26 and 27 respectively.

A priori several factors probably increase the chance of predation on hartebeest.
These are:

(& Isolation.

(b) An unfamiliar area.

(c) Cover for hunting cheetah and especially lion.
(d) Physical incapacity.

The occurrence of these factors at different stages of social development was con-
sidered in relation to data on the frequency of mortality. The best information was
from 14 individually known males whose social development had been recorded up to
the time of death. 9 were in the post-Pivotal territory occupancy stage and of these
5 were killed in long grass with Carissa/Lippia scrub. 5 were in Pivotal territories
when killed and 2 of these were in scrub. This indicates the vulnerability of old post-
Pivotal territory males which were often isolated in scrub and injured from fighting
in attempts to take over territories. There were many more males in Pivotal terri-
tories available but fewer were killed. Males in Pivotal territories were isolated for
about 71% of the time but they were in small familiar areas, were seldom injured and
usually had short grass areas where they rested.

Young males after separation from their mothers were often isolated in unfamiliar
scrub areas and were sometimes injured. In the 10-20 month age span 9 male corp-
ses and 4 females were found. No data is available for the isolated phases before
and after Pivotal territory occupancy but these times might also be expected to be of
high vulnerability to predators.

In general the transition stages between major social states were considered to be
the periods of greatest vulnerability to predation. The most vulnerable of all was
possibly the post-Pivotal territory occupancy period which can be regarded as a
prolonged transition period enforced by exclusion from territories. Females did not
undergo such drastic transitions during their social development. Apart from a brief
isolation during calving (Gosling, 1969) they were usually in a group, were in quite a
small home range and were very seldom injured. Females are thus likely to be most
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vulnerable to predation when they became senile. Since most animals in the Park
were probably born after the 1960/61 drought few females would have reached the age
of senility during the study period. This may explain the fact that in the entire skull
collection only 37% of the adult skulls were female despite females representing 58%
of the live adult population.

DISCUSSION.

The grasslands of the study area were essentially a series of distinct communities
and their ecotones which were arranged concentrically around short grass plains;
along any radial line they were a series of narrow parallel divisions. A twice yearly
pattern of wet and dry seasons resulted in two periods of ephemeral grassland pro-
ductivity. Hartebeest responded to changes in grass quality by a series of rapid shifts
perpendicular to the grass zonation. They occupied and selectively utilized all the
communities available, presumably when each provided seasonally optimum food.
This pattern of movement is that of an animal well adapted to the dynamic ecotone
conditions which characterize Nairobi National Park.

This situation contrasts with that of wildebeest which were partly limited by the rela-
tively small amounts of short mat-forming grasses. Before 1960, wildebeest were
twice as numerous as hartebeest (Foster and Kearney, 1967; Stewart and Zaphiro,
1963) and by the resulting high grazing pressure they probably maintained optimum
short grass conditions. After the drought of 1960/61 numbers were halved and ayear
of torrential rain followed. These factors possibly combined to allow a fundamental
change in the majority of the grassland in the Park; from being short swards they
may have changed to the longer grass communities which now characterize most of
the Park and which are optimum for hartebeest. This explanation largely conforms
with a general theory of the relationships between grazing herbivores, their feeding
methods and the nature of grasslands which has been suggested by Bell (1969).

An explanation for the observed seasonal pattern of breeding is that it is ultimately
adapted to the probability that high quality grass will occur in the fourth month after
birth; at this age calves are dependent on grass. Female hartebeest isolate to scrub-
land for parturition and calves 'lie-out' for the first fortnight of life (Gosling, 1969).
This behaviour probably reduces predation pressure to similar low values throughout
the year and allows a pattern of reproduction adapted to variation in grassland quality.
Wildebeest, on the other hand, give birth on short grassland and the calves are very
vulnerable to predators (Estes, 1966). Wildebeest calve synchronously and the high
numbers of calves produced in a short time may 'swamp' the predation effort and
thus reduce the proportion of the caf crop killed.

Several independent lines of evidence demonstrated that the most preferred harte-
beest Pivotal territories were those whose longitudinal axes were perpendicular to a
series of parallel grass communities. These territories contained several of the
communities which were optimum at different times of the year. Within the limita-
tions of their territories individual territorial males followed the same seasonal
movements in response to changes in grass quality as the population as a whole. It
seems likely that territorial males were defending a year round food supply. This
would be adaptive because females come into oestrus throughout the year and males
which could stay in their territories throughout the year could thus make a potentially
larger genetic contribution than those which were forced to leave for food.

Territories were not defended uniformly at a point in time. Within each territory
there was an 'aggressive response curve', of the type quantified by Patterson (1965),
with the apex at the location of the resident male. Regarded in this light there is a
direct link between territoriality and individual distance phenomena as envisaged by
Marler (1956). The area around the territorial male in which the frequency of an
aggressive response was over 50% was called the Actual Defence Area (A.D.A.); the
radius of the A.D.A. is thus similar to the '50% distance' of Marler (1956) in his
treatment of individual distance.

Since the locations of males while grazing in their Pivotal territories were deter-

mined by the seasonally optimum grass communities, the A.D.A. of ecotone terri-
tories covered much of the best quality food in the territories. Females and their
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offspring could thus utilize the optimum communities but male groups were to some
extent excluded. The exclusion might explain why the home ranges of non-territorial
males were twice as large as those of females; theoretically, high quality elements
would be more widely distributed in sub-optimum pasture and non-territorial males
would thus be forced to range more widely in order to obtain sufficient food. Males
which occupied territories in which optimum food was regularly distributed, as in the
case of territories in A. drepanolobium scrubland, could not defend a seasonally opti-
mum food in the manner described.

These properties of territoriality in the preferred ecotone territories suggest the
adaptive significance of the prolonged mother/male offspring bond. By staying with
their mothers young males could utilize optimum food within the A.D.A.'s of Pivotal
territories. In addition the young males probably experienced a reduced chance of
predation through group living. The Head-in posture probably had the function of in-
hibiting the aggressive response of territorial males to male intruders. It would have
been non-adoptive for territorial males to drive out male offspring because, when
they did so the potentially reproductive mothers left with them.

Males resident in Pivotal territories experienced a low rate of predation as is the
case with territorial male Thomson's gazelle (Walther, 1969). The transition stages
after severance of the mother/offspring bond and before and after periods of terri-
toriality were probably the most dangerous. Even males in scrubland Pivotal terri-
tories were not heavily preyed on, which can be explained by the advantage of living
in a small familiar area.

Only males in residence in Pivotal territories were seen mating successfully. The
interference by intruding males during mating and the way in which these males were
expelled, demonstrated that an area of undisputed dominance was necessary to achieve
successful copulation. In the high population density situation in the Park, interference
by other males was probably more disruptive than in more normal lower densities.

There was no correlation between the frequency of conception and per cent territory
occupancy. The values obtained showed that high levels of conception could occur
when relatively low proportions of males were in their territories. The males absent
were in general forced to leave their territories during waterlogging of grumosols
or to drink in the late dry season. It would thus be an advantage for individual males
to obtain territories which did not become prohibitively waterlogged and which were
within easy reach of permanent water. The ecotone territories were again optimum
from these points of view because they contained areas of lateritic soil which did not
become impassable when wet and were in and around the short grass plains most of
which contained permanent water.

The primary function of Pivotal territory occupancy was probably to secure an area
of undisputed dominance for mating. Since oestrous females were available through-
out the year it was necessary for males to defend their territories throughout the
year. The ecological properties of the territories thus become critical: males needed
a year-round food supply, easy access to permanent water and a substrate which did
not become impassable when wet. These requirements were fulfilled most completely
in the ecotone territories which because of their optimum character were preferred
by males competing for territories, as indicated by their higher owner changeover
rate, and were also more frequently visited by females. In this interpretation the
anti-predator function of Pivotal territory occupancy is regarded as secondary; the
reduced frequency of predation might even have been simply a consegquence of living
in a small familiar area with a reduced necessity for injurious fighting.

Pivotal territory occupancy can be regarded as the culmination of a continuum of
male social development. In this light an important aspect of the pre-territorial
behaviour of adult males is explainable. When males joined male groups they com-
peted for dominance and after achieving high status isolated and attempted to take
over Pivotal territories. Although one function of gregariousness in non-territorial
males was probably anti-predator, possibly more important was the opportunity to
encounter and establish dominance over all potential competitors for Pivotal terri-
tories.
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